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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 of External Events (IPEEE). This effort pro

fire risk assessment methodology for operations at power plants that was used by the m3 '0

IPEEE, EPRI and the U.S. Nuclear Regulatory Commissio
needed to be improved to support current requirements for §
(RI/PB) applications.

In 2001, EPRI and the NRC’s Office of Nuclear :
under a Memorandum of Understanding (MOU), gfalive project to improve
the state of the art in fire risk assessment to s isk-i ed environment in fire
protection. This project produced a cons RE -6850 (EPRI report
1011989)—Fire PRA Methodology for which addressed fire risk for

l
at-power operations. NUREG/CR- deWgtOped high % dance on the process for
identifying human failure events ( afd for i em in the fire PRA. The guidance
gMu

Uq 4K

also defined a process for assighin titative ning values to these HFEs. It outlined the
initial considerations of per cg shaping factofyPSFs) and related fire effects that may
est-esti human error probabilities (HEPs).

need to be addressed in o

NUREG/CR-6850 did %Ver, desgmi thod to develop best-estimate HEPs reflecting
the PSFs and the fj at®y effects. ® Q

In 2007, EPRI and -RES (3ga ing under the MOU) initiated another cooperative
project related to fire PRA to d explicit guidance for estimating HEPs for HFEs under fire
conditions, building on existi@an reliability analysis (HRA) methods. This report provides
a method and associat g% for conducting a fire HRA. The process includes the
identification and d@&} fire HFEs, qualitative analysis, quantification, recovery analysis,
dependency analysis, and the treatment of uncertainty. The report also provides three

approaches to quasitification: screening, scoping, and detailed HRA. Screening is based on the
R-6850, with some additional guidance for scenarios with long time

guidance in, N
windowgf S is a new approach to quantification developed specifically to support the
iterative n&ure of fire PRA quantification. Scoping is intended to provide less conservative
HEPs than sc¢teening but requires less time and effort than a detailed HRA analysis. For detailed
HRA quantification, guidance has been developed on how to apply existing methods to assess
fire HEPs.

il
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REPORT SUMMARY

Commission’s (NRC’s) Office of Nuclear Regulatory Research (RES), operating under a
Memorandum of Understanding (MOU), collaborated to improve the state of the art in fi
assessment to support the new risk-informed environment in fire protection. This prog
produced a consensus document—NUREG/CR-6850 (EPRI repgft 1011989), Fi 0,
Methodology for Nuclear Power Facilities—which addresseggfi i % at
nuclear power plants. NUREG/CR-6850 developed high-1 1

incorporating human failure events (HFEs) into the firggPR method 1§
quantitative screening values to these HFEs. It also put e initial cq 4
i that may peed%esbe addressed in

). Howgag REG/CR-6850 stops
te HEPs tRat aBcount for these PSFs and

In 2001, the Electric Power Research Institute (EPRI) and the U.S. Nuclear Regulatory
A

short of providing a method for developin
fire-related effects.

In 2007, EPRI and NRC-RES emba 0 ther coo &/eeoject under the original MOU
to develop explicit guidance for est@@iEPs nder fire-generated conditions,
building on existing human relj bil? alysis ( mcthods. This joint report provides the
methodology and guidance ucting a fire

Background

This report is inten garily for pra@gonducting a fire HRA to support a fire PRA.

Because fire HRA s on the inte &h nts HRA models, the fire HRA analyst needs

knowledge of HRA aRg the PRA ;@ e internal events model. This includes knowledge of

HRA terminology, a general u tanding of methodologies used for internal events HRA,

familiarity with general pla t%tlons including procedure usage, and an understanding of the
X

internal events scenarig@f afig fif’PRA scenarios being modeled. A fire HRA typically requires a
team effort because wdividuals have the full range of expertise and knowledge necessary to

HRA, espéCia the area of quantification, continue to evolve and likely will see additional
develop S. Such developments should be easily captured within the overall analysis
framework @escribed in this report.

complete the fire HRA
The guidance m eport represents the state of the art in fire HRA practice. Certain aspects of

Objectives

This project was conducted to develop the methodology and supporting guidelines for estimating
HEPs for human failure events following the fire-induced initiating events of a fire PRA.

XVvii



Approach

The EPRI/NRC team defined 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 possible.
Feedback on the use of HEP screening values from NUREG/CR-6850 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, subjected to peer review
by a team of industry and NRC members, and distributed for public comment. The scopi
approach was tested at two commercial nuclear power plants, and the draft guidelines we&
modified, revised, and developed further in the current report.

Results Q
This report reflects a state-of-the-art fire HRA approach. I sWw€ HRA practi 1s specific
guidance for each step of the HRA process and relates the ocess to fife RRA

development, which is typically performed in parallel. {1 rt build 1ak@rmation
documented in NUREG/CR-6850 regarding HRA ghd addfresses the nce of HRA in a
manner intended to satisfy the requirements of th bated PRA S&%d. This fire HRA

methodology is intended to provide an in-depgh, realig#fic way to @ for the key fire-induced
influencing factors that impact human actigns to prev. damage or large early

releases.

Applications, Value, and Use K
This report provides more comprehegsiye guida r pettorming HRA as part of a fire PRA

than has previously been avaflabje. "This is a final chnical report developed based on a
consensus process involy RI and R S and is issued as both an EPRI report and

a NUREG report. The ods desgri dress specific HRA methodological issues
such as identificati finition, u@ alysis, quantification, recovery, dependency,
and uncertainty re to the probabiliStic®nalysis of fire-initiated events.

.
This improved guidance for fire supports the development and regulatory application of
fire PRAs. It is anticipated thfit er improvements will be identified through the development

of fire PRAs and throu tﬁ cation of these methods and guidelines, such as during the
transition of a plant’ proection program to a performance-based approach under National
Fire Protection Associatiol (NFPA) Standard 805.

Keywords

Fire risk
Human r8§jgbility analysis (HRA)
NFPA 805

Performance based
Probabilistic risk assessment (PRA)
Risk informed
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PREFACE

Examination of External Event (IPEEE) program to facilitate identifying a nuclear power
possible vulnerabilities to severe accidents. However, in order to make refined, realisti
decisions for risk-informed regulation, fire PRA methods neededgd be improved. bust

Methods for fire probabilistic risk assessment (PRA) were used in the Individual Plant K!

fire PRA methods will benefit licensee applications and U.S. r Regulatory ission
(NRC) review guidance with respect to many regulatory acy¥itie as the risk-meTmed,

performance-based fire protection rulemaking (endorsing \\% Fire Prot Association
[NFPA] Standard 805). To address the need for impro
Nuclear Regulatory Research (NRC-RES) and the
collaborated in 2001 under a joint Memorandum
NUREG/CR-6850, EPRI/NRC-RES Fire PRA Meth
state-of-the-art fire PRA methodology.

ds, the ffice of
Power Res stitute (EPRI)
tanding ( to develop
ogy for ower Facilities, a

The fire HRA guidance provided in -6850 1nc&g\e process for identification and
inclusion of the fire-related human nts (HFEs), ethodology for assigning

quantitative screening values to thes Es, and on51derat10ns of performance

shaping factors (PSFs) and rejéte ﬁe fects thatgfay need to be addressed in developing best-
estimate human error probabiy EPs). HRA gui¥dance in NUREG/CR-6850 (EPRI report
L S€

detalled

ethods to address cases in which best-

estimate HEPs are nged & HO ever, e iled HRA methods did not provide fire-
specific HRA guidfncg stematlcax dress fire-specific PSFs and related effects but relied
on the judgment of thganalyst(g) t@ SFs, evaluate the fire effects, define HFEs, and
assess HEPs.

performing HRA for fj is project builds on information documented in NUREG/CR-
6850, Volume 2, Sectio] 2, and addresses the development of HRAs—satisfying the combined
PRA Standard, ASME/ANS RA-Sa-2009, Level 1 and Large Early Release Frequency (LERF)

PRA Standard. T applies to at-power internal events, internal fire events, and external events
for operatj

This rep the third product of the collaboration between EPRI and NRC-RES and comes
under the a8pices of 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 a transition to NFPA 805 and possibly in response to other
regulatory issues such as multiple spurious operation and operator manual actions. This is the

The NFPA 805 transition l&@has encouraged the development of additional guidance for
h
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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 report may benefit
from future improvements to better support industry-wide issues being addressed by fire PRAs.

This report does not constitute regulatory requirements. NRC-RES participation in this
study does not constitute or imply regulatory approval of applications based on this
methodology.
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1

INTRODUCTION

1.1 Background

Working jointly under a Memorandum of Understanding (MOU), the Electric Power Research
Institute (EPRI) and the U.S. Nuclear Regulatory Commission’s Office of Nuclear Regula
Research (NRC-RES) embarked on a cooperative program to improve the state of the a

risk studies. This program produced a joint document, EPRI 10 89/NUREG/

PRA Methodology for Nuclear Power Facilities [1]°. For the h reljability a H A)

task, NUREG/CR-6580 developed guidance for the follow

e The identification and inclusion in the fire PRA of fallure eve@iFEs)

e The assignment of quantitative screening valu FEs

e Initial considerations of performance sha 1ng (PSFs) d fire effects that may
need to be addressed in developing besg€ mat uman erro abilities (HEPs)

NUREG/CR-6850 did not, however, ide or oduce a ;e % to develop best-estimate HEPs

given the PSFs and the fire-related S.
The authors of NUREG/CR-6850 rec§gnized th letion of appropriate methods

(especially for developing begestinfatc EPs f s in fire PRAs) and additional guidance
for employing these metho e peeded. | PRI and NRC-RES embarked on another
i j e needs, r1nc1p1es consistent with existing HRA
is the re cooperative project, provides a methodology
a fire HR i process includes identification and definition of
ts, quali;at sis, quantification, recovery, dependency, and

uncertainty. This report offers thx proaches to quantification: screening, scoping, and
detailed HRA. Screening i 1s b the guidance in NUREG/CR-6850 [1], with additional
guidance provided i r scenarios with long time windows. Scoping is a new
approach to quantlfl& loped specifically to support the iterative nature of fire PRA
quantification. Scoping isWatended to provide less conservative HEPs than screening, but
requires fewer resﬁrfes than a detailed HRA. For detailed HRA quantification, guidance has
been devel e@ w to apply existing methods to assess fire HEPs.

3When reference is made in this document to NUREG/CR-6850/EPRI 1011989, it is intended to incorporate the
following supplement as well:

Supplement 1, Fire Probabilistic Risk Assessment Methods Enhancements. EPRI, Palo Alto, CA: September 2010.
1019259.
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Introduction

1.2 Programmatic Overview

Under a joint MOU [2], NRC-RES and EPRI initiated a collaborative project to document the
state of the art for conducting a fire PRA. This collaboration, known as the Fire Risk
Requantification Study, brings together the wealth of information generated by the fire research
programs at EPRI and NRC-RES in an environment that promotes the deliberation of differing
technical views yet encourages consensus. This report is the result of this collaboration between
EPRI and NRC-RES.

This report is the third product of the collaboration between EPRI and NRC-RES and comes

under the auspices of Memorandum of Understanding on Cooperative Nuclear Safety Researc
between NRC and EPRI, Addendum on Fire Risk (Rev. 2). As such, this project follows a grqge
similar to that initiated as part of the MOU and followed in the previous two projects. \

rt of a transitiqs

@ iSsues

nd 1.174 [4#5] with guidance
provided in several NEI documents [6-8].
However, because this is the first report addressingfTi A for fire } @at goes beyond the
screening level, the document may benefit from i ,
industry-wide issues being addressed by fire m example 1@ use only a few NFPA 805

submittals have been made at the time 0% publicati '“1' pfovements might be

identified as part of the NFPA 805 transi prgcess. Othef imMgadvements might be identified

through separate, future PRA effo a A devel ojects (e.g., NRC’s project to

respond to SRM-M061020 [9] on xamples of areas that might be
4

improved include the followi
ddress plagt-specific issues related to main control room

It is anticipated that this guidance will be used by the industry as

e Additional guidance
(MCR) abandonm

e Broadened sc defning and % % the impact of fire-induced electrical faults such as
6%@

fire-induced cab®tailures, incl impacts on equipment not part of the safe shutdown
equipment list and otential‘sxou indications not directly related to cues for modeled
operator actions in order assess the overall operator performance context

1.2.1 Objectives &K
The objective of thjs report is to develop methods and supporting guidelines for estimating

human error pro %ties for human failure events following fire-induced initiating events of a
PRA. This p@u ds on existing HRA information such as HRA process and methods and the
screeni hd&e#1ncluded in NUREG/CR-6850 [1]. The guidance provided in this report is
intended tOge both an improvement of, and an expansion on, the limited guidance given in
NUREG/CR-6850.
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1.2.2 Technical Process Overview

The fire* HRA method and supporting guidelines were developed using a structured, systematic
approach. The approach consisted of the following three primary tasks, each of which is
summarized next:

1. Fire data review
2. Fire HRA method and guideline development
3. Fire HRA review and testing

1.2.2.1 Fire Data Review
This first task consisted of the following three distinct efforts: \

e The requirements of a quality fire PRA as delineated in the € portion of theRA

Standard [10] were reviewed. This review included the re engs in the fifg on of the
PRA Standard associated with the undesired response t@ spui
instrumentation or component actuation, and is addressed in

signals, such 3

is report. 6

e Recent historical data from actual fire events wgre r d to deter whether additional
failure modes or PSFs would need to be consg fd¥ fire scen ond those identified
in NUREG/CR-6850. This task built on i Werie€onducted by Sandia

Laboratories and the NRC. The fire ev 1iey confirmeghtRg REG/CR-6850

ons edtires from PWR and BWR
derstand the fire protection

ire proc s in conjunction with normal emergency

e Operator interviews were cond
reactors were collected by EPR
philosophy and the intendg@l usg®
operating procedures du 1

The fire HRA dev ent task use, ights from the fire data review as well as insights
into HRA methods, baged on NR@ ustry experience. Insights from the development of
NRC documents evaluating th t state of the art in HRA such as Good Practices for
Implementing Human Reliah#i alysis [11] and Evaluation of Human Reliability Analysis
Methods Against Goo r&ic [12] were complemented with insights gained by EPRI in the
development of HR odS [13] and applying these methods using the PRA Standard [10].
The insights from {se reViews identified the subtasks described in more detail in Section 2.2.

(<O

* The term post-fire is used in NUREG/CR-6850 to describe events that occur once a fire is detected. In this report,
the term fire will be used instead of post-fire.

trespons to awre
1.2.2.2 Fire HRA E;@Ugy an:j (‘Q@Development
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1.2.2.3 Fire HRA Review and Testing

This task consisted of an independent peer review, application testing, internal review by NRC
and EPRI (in addition to the project team), and a public comment period. These subtasks are
summarized as follows:

¢ 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) composed of experts in the
subject areas of HRA, PRA, and/or fire. The specific missions of the IRT were to check the
validity of the method and technical bases and to check the detail and clarity of the guidan
to ensure the consistent and accurate application of the guidance.

e Testing. Portions of the fire HRA guidance developed in this document were te c@g
pilot applications at two plants, application as part of ongoing fize PRAs by th @ |Opment
team, and an owners group team independent of the dev e testing
were to ensure that: 1) the method is robust and appliesfto the range of

fire operator actions expected to be needed in a fir A, ere is suffies®mif and clear
guidance for the users to render consistent appligati 3) the gui roduces

reasonable values for human error probabilitigé’ (cgmmensurate uantification
method).

e Public comment. The draft for public W@f the Joi RC-RES Fire HRA
Guidelines was published in Decem 09, *Public ¢ were accepted through March
2010. Four organizations provid b mments %e ft Fire HRA Guidelines: 1) the
Boiling Water Reactor Owners WR %&I’s HRA Users Group (HRA UG),

3) the Pressurized Water cto ners G OG), and 4) Exelon. Each comment
was tracked by the numb€rigg system used by thg commenter. Although most of these

comments were pri itgfial in na they were used to update the document to its
present version.
.

1.3 Scope \

This report describes the proces‘s thical bases for the performance of the HRA as part of a
fire PRA. The report provide lete reference for fire HRA as part of a PRA modeling the
plant response to fire ipftiagingewents and specifically addresses quantification (for which there
was limited guidanC&Je G/CR-6850 [1]). It is intended to be a stand-alone reference that
supplements and extends the guidance in NUREG/CR-6850 Task 12 by providing additional
guidance for the dgvelopment of scoping and detailed human error probabilities for a fire HRA.

The purp 0 A is to identify, characterize, and quantify events representing human
failures figegdfin thHe development and quantification of a fire PRA model. Fire HRA includes

modificationg 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 fire PRA
model. The scope of the fire HRA focuses on post-initiating event (dynamic) human failure
events; these are grouped into the following categories:

¢ Internal events HFEs: events accounting for actions from, or associated with, the internal
events PRA, typically using the normal (non-fire) set of emergency operating procedures.
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e Fire response HFEs: events reflecting failures of actions added to the fire PRA, typically
from fire procedures, fire response plans or pre-plans. These actions include those associated
with MCR abandonment.

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

Pre-initiator (latent) HFEs, or latent human failure events, are not addressed in this report. All

existing pre-initiator HFEs in the Level 1, internal events PRA model are independent of the

initiating event and, therefore, independent of the fire initiating event as well. The existing pre-

initiator HFEs do not need to be reanalyzed but should be retained in the fire PRA model

because their impacts remain relevant to the conditional core damage probability (CCDP) and

conditional large early release probability (CLERP). NUREG/CR-6850 [1] states the follg %
11

...the scope of this procedure does not include pre-initiator human failure events spgeyf18g
related to fire systems, barriers, or programs. Undetected pregnitiator human jaskg8g suth
as improperly restoring fire suppression equipment after te€f, romising arrier, or
incorrectly storing a transient combustible can all affe k. Tasks 6,

make use of industry-wide data that contains contribu

m such h% failures....
Therefore, pre-initiator HFEs in fire suppression syste ready inc wf the empirical
@citly, latent HFEs
. ted that NUREG-1792
[11], documents that it is a good practice to réyiew h¥forical datz @ ire dampers. The
multicompartment analysis portion of th%‘w\ay con % positioned fire dampers, but
there is no difference from the standard thods for gfle ation or qualitative and
fite] S &se in this report.

are noﬁ
Manual fire detection is not incJuded Mythe HRA @ e is report. Manual fire detection is
credited as a guaranteed suc j ﬁntmuously o8€upied areas; in other areas, the fire detection
system and the operator . he alar e considered to determine detection probability.
NUREG/CR-6850 [1 1stical e l%?f historical events to assign reliability
estimates for fire s @ ssign system$ Qs n is modeled by a set of curves showing the
probability of non-Si@pression as a \) of time available for suppression; there are curves
for various types of fir®s and lo& Qithin a nuclear power plant (NPP). Because the fire
suppression probability is ad &1 plicitly with data, it is not necessary for the HRA to
explicitly model the fire,bri mponse as part of the HRA task. The NUREG/CR-6850
non-suppression cury ar&sed on historical data for automatically actuated suppression
systems. HFEs modelinghe manual actuation of suppression systems would be accomplished

following the gui%e in this report.

1.4 Inte e@dience and Prerequisite Expertise

This repo intended primarily for human reliability analysts involved in 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 report 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 [1].

would be added using standard HRA modeling te
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HRA involves qualitative and quantitative analysis of plant-specific, fire safe shutdown operator
actions. Therefore, 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 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 multidisciplinary team will benefit from
including deterministic fire modeling experts to describe the fire ignition and progression
modeling as well as electrical expertise to describe the fire impact on electrical circuits,

including open circuits and/or hot shorts. The HRA expert should help the PRA analyst identify
and appropriately incorporate human actions in the plant fire safe shutdown response model§

1.5 Report Structure \
This report is arranged in the following sections and associated appendices: Q

Section 1 (i.e., this section) delineates the objectives and sco port and § des the
background information on the project tasks conducted in d€v. the fire HRA methodology
and guidelines.

Section 2 defines the process framework for develgging@firc PRA. It is @ded to show to the
user the various steps in conducting fire HRA an th®se steps r ire PRA tasks.

Section 3 describes the methods for identifyifig action€ and definQJman failure events and
provides guidance on how to model thesgdAFESNugf fire PR an expansion of the
guidance provided in NUREG/CR-6830, 2, Secti [1].

i@ e quantification of HFEs, including
,@ deWsih NUREG/CR-6850, Volume 2,

tggdfiction of the cOfcept of feasibility.

1fication e approaches to quantification are offered:
RA q n. Screening human error probabilities are
Jis10y of the glidigce prd¥ided in NUREG/CR-6850, Volume 2, Sections
12.5.2 through 12.5%¢ The scoping is a new development, providing a more refined
quantification than scr®ening t fess refined than a detailed fire HRA. The detailed HRA
approaches defined in this re pplications of either the EPRI HRA approach [13] or A

Technique for Human Eye ysis (ATHEANA) [14] to the fire-specific human
g&ee

Section 4 describes the qualitative
PSFs. This is a major expansiog of t
Section 12.5.5, including th

Section 5 describes fire
screening, scoping, an
assigned based on

performance issues t o be addressed in fire PRA.

Section 6 describes_the preess for addressing recovery actions, dependency, and uncertainty.
First, recovery acti@ns are addressed. The recovery actions considered in Section 6 are those that
were not adde fault trees and event trees as part of the initial, planned plant response.
Instead, gfes s are added at the sequence or cutset level to realign the affected system or
to provid alternative system, such that success of these actions would have prevented core
damage and/®r large early release. Next, Section 6 describes the steps to assess dependencies and
conduct an uncertainty evaluation. Section 6 concludes with a description of uncertainty
considerations for fire HRA.

Section 7 presents an overview of information to include in HRA documentation.
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The appendices are presented in order of expected usage. Appendices A through D provide
details on the methods and guidance presented in the body of this report. Appendices E and F
provide background information developed in support of this report. Specifically:

Appendix A presents the definitions of terms used in this report.

Appendices B and C provide guidance for the detailed quantification of HFEs using

— The EPRI HRA approach (cause-based decision tree [CBDT] [13] and human cognitive
reliability/operator reliability experiment [HCR/ORE] [15] methods for the cognitive
portion of the HFE and technique for human error rate prediction (THERP) [16] for the
execution portion of the HFE), and

— The ATHEANA method [14]. @

Appendix D offers an evaluation of fire HRA analyses basedgn this guidanc
requirements of the fire portion of the combined PRA Sta 10].

Appendix E contains a summary of the review and tes
HRA methods presented in this report.

cted in developig the fire

6

Appendix F provides the justification for the s p1
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2

FIRE HRA FRAMEWORK

2.1 Introduction

The NFPA 805 [1] transition initiative has encouraged the development of guidance for

performing HRA for fire PRA. This project builds on what is documented in

NUREG/CR-6850 [2] (particularly Volume 2, Section 12) and addresses the developm:

human reliability analyses satisfying the combined ASME/ANS BRA Standard [ 3} g this

report, a more in-depth, realistic treatment has been developed ligitly accoey fire-

induced influencing factors that impact the human actions spond to fircam@uced
%ge early r S.

(non-spatial)

e PRA. Differences
ummarized in Section
2.5. Other differences such as procedures a impact on time development are described
in Section 4. Therefore, it is useful to re in conj with Section 2.

Although the process steps and concepts are the sa
PRA, several key differences need to be address

For fire HRA, this report recommen ss listed §e antyshown in Figure 2-1. This

conceptual approach is based on th ticH son Reliability Procedure (SHARP1)
framework for HRA [4] and thg app used i@i

A [5, 6]. The approach reflects the
elements presented in the G@0d Practices for Impl@genting Human Reliability Analysis,
NUREG-1792 [7]. The guida

&

ufthis repopetg also intended to support a fire HRA that would

satisfy the relevant reqdgegfients 1n the ASME/ANS PRA Standard [3].
.

2.2 Fire HRA PQess N\

.

The basic process for performin RA is outlined in NUREG/CR-6850 [2]. That process

has been augmented by thc( provided in this report. The following steps comprise the
anigetis

fire HRA process develgp ed in this guideline:
1. Identify and defi&an failure events (HFEs):
a. Identify ar&,ategorize HFEs:

. nt@ Nents HFES used in the fire PRA

ire response HFESs, including MCR abandonment

FEs corresponding to undesired operator responses to alarms and indications
b. Define the context and initial conditions for evaluating the HFE:

e [Initial assessment of the feasibility of the operator action
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2. Perform the qualitative analysis:
a. Assess the feasibility of the operator action
b. Assess the context for impact on the HFE

Assess performance shaping factors

o o

Develop an integrated timeline

e. Develop narrative describing the initial conditions and the context for the HFE

)

Incorporate plant-specific data:

e Deterministic data such as fire growth and thermal-hydraulic data *
e Operator interviews Q\

e Experience review

3. Perform the quantitative analysis developing the HEP f% using one O

following: 6

a. Screening approach

b. Scoping approach to quantification %v 6

c. Detailed approach to quantification O
4. Perform recovery analysis: V Q

a. Identify and define relevant erwgCtions K

b. Quantify HEP for recovery% Qg

¢

5. Perform dependency evagliagbn:

a. Identify combi ofgflultiple oactions
b. Evaluate dQe ies Q

L 4
c. Incorporate endency;v@ into the fire PRA model

6. Perform uncertainty analy?? \

7. Complete documen ti%
Note: Although this&{ process is shown as sequential steps, in practice, almost all of

these steps are iterative.

Figure 2-1 shoy gse high-level steps and relates them to HRA subtasks and other HRA
methods @ ice. The following summarizes the changes in this report from the original
NURE 8§50 HRA development:

Identification and definition. The intent of the identification and definition step in the fire

HRA process is unchanged from NUREG/CR-6850. However, this report introduces different
categories of HFEs in order to better capture the influence of the procedures from which the
actions are invoked. As part of the identification and definition step, the feasibility of the operator
action is first assessed. The feasibility check will be an ongoing step throughout the fire HRA
process (analogous to a continuous action step in the emergency operating procedures [EOPs]).
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Qualitative analysis. For fire HRA, a qualitative analysis step (Section 4) has been established
as a separate stand-alone step in the fire HRA process (as opposed to being embedded with other
steps). In many methods, this step is implicitly considered during the identification and definition
step. However, this step has proven to be important in the recent benchmarking exercises of
HRA predictions with empirical data [8]. Consequently, this report has addressed qualitative
HRA explicitly and has devoted an entire section to this step. The qualitative analysis presented
in Section 4 provides a foundation for all steps in the HRA process; therefore, reading Section 4
in conjunction with the identification and definition steps presented in Section 3 is
recommended.

Quantitative analysis. For fire HRA, this report provides three levels of quantification:
screening, scoping, and detailed HRA. Although the levels are presented sequentially, it i A
required that an analyst progress through them sequentially or use all of the methods. If

analyst finds the screening and scoping methods to be too conseryative or limitin Qt is
encouraged to use one of the more detailed HRA methods.

1
The screening methodology (Section 5.1) assigns quantitat@ ng values to t FEs

modeled in the fire PRA by addressing the unique conditionS cregted by fire instances in
which a less conservative analysis is required (i.e., whe rvative sc i alues are
unacceptable), the next stage presented is a scopi is. The scr proach presented
in this report is largely unchanged from that in N -6850, or some relaxation of

HEP values for longer time windows.

The scoping analysis (Section 5.2) is a si

specifically for this report that offers i
Although it has similarities to a sc
more detailed analysis of the fige P
understanding of the many P$Fs i

scenario.

It is likely that, for an f reaso %tions will not be able to meet the criteria for
the scoping HRA d.Yor such Qt ed HRA approach is required. NUREG/CR-
6850 did not provi detailed HR ch suitable for addressing the impacts of fire effects
on human performanc® This rep rovides two such detailed fire HRA approaches in

Appendices B and C: the EP pproach [9] and ATHEANA [5, 6], respectively.

Recovery, dependenc a&o ertainty. These are aspects of fire HRA that were not
addressed in NURE«&’ . The report reminds the reader of existing guidance for internal
events HRA/PRA, which Should be applicable to fire HRA/PRA. In addition, the report identifies
some fire-specificNssues that will need to be addressed by fire HRA.

(<O

RA qu ion approach developed

o the screening analysis.
i@ g quantification process requires a
cenariosd ewsSociated fire context as well as a good
y to influenc&he behavior of the operators in the fire

2-3



Fire HRA Framework

Fire HRA Process

Fire HRA Sub-Task

Relationship To Fire PRA

Tasks and Other HRA
Methodology Tasks

Identify and Define

4

_

Identify HFEs From Internal Events

Identify Fire Response HFE (MCR abandonment is a subset)
Identify Undesired (response to spurious indication or actuation)
operator actions

Define All HFEs (establish the context)

First Assessment of Feasibility of HFEs

Qualitative Assessment

p—

Develop narrative — (evaluate the
Assess PSFs

Operator Interviews
Experience Review
Develop Narrative

Quantification

-

Recovery

-

Dependency

=

Uncertainty

-

Documentation

NUREG/CR-685QTask?2, Kk 5,
Task 12 Post Fire ing
ASME/ANS PRA St r ter 2

A n
d
and Chapter rel ts
NUREG-18 teps
NU tion 4.3

UREG/CR-6850 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

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

ASME PRA High Level Requirement
HR-H

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

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

ress uncertainty and sensitivity

ASME Standard HF-G8
ATHEANA Step 8
NUREG-1792
NUREG-1855

EPRI 1016737

Figure 2-1
Fire HRA process overvj

Document HRA process
Document HRA key assumptions
Document HRA results

NUREG 1792

ASME PRA High Level Requirement
HR-1

ANS Fire PRA Standard HRA-E1
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2.3 Relationship to Other Fire PRA Tasks

Fire HRA is an iterative process developed in conjunction with a fire PRA. Fire PRA 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 [2]. Similarly, the
fire HRA output feeds several NUREG/CR-6850 fire PRA tasks, including various levels of fire
PRA quantification (e.g., 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-685
and represent either the end results or the inputs to the fire HRA (Task 12). The dotted lings ha
been added for completeness; the information is not necessarily considered an input or er&
according to NUREG/CR-6850. For example, the timing information necessary for the

quantification may come from an intermediate step such as Taskgll but is not exp
identified as an output of Task 11. NUREG/CR-6850 provide ollpwing list § the fire

HRA is linked to other NUREG/CR-6850 fire PRA tasks:

e NUREG/CR-6850 Task 2, Fire PRA Component S i0 is task j
mitigating equipment and diagnostic indication f%lar releva human actions
modeled in the fire PRA. Task 12 identifies t a® actions n the model. Tasks 2
and 12 are iterative because identified human a8ig@€ may im flional equipment and
diagnostic indications, which need addj '(Mnan actiop @ that the equipment and
indications will involve those neede e Potential syé @ of actions required by EOPs or
fire procedures and those whose influding s us@yents) during a fire can
influence operators to isolate o iion Criti nt into a less desirable position.

e NUREG/CR-6850 Task 5 gFire-dfced Ris el, provides a list of human actions already
included as basic events rtions of fhe imtgrnal events PRA modeled in the fire PRA.

s fire-scenario

ie and revi needed) in the Task 12 fire HRA. New human
failure events identified T ®Pask 12 ( review of fire procedures) will be added to
part of N 50 Task 5.

e NUREG/CR-6850ask 7, QuafititagVe Screening. The fire HRA in NUREG/CR-6850 Task
12 provides screening hu probabilities used in performing the quantitative
screening or first quanti % onducted in NUREG/CR-6850 Task 7. The Task 7
quantification res \i ide feedback to Task 12 based on the accident sequences or
cutsets and accofipMyin®@ CCDPs. The feedback will identify fire scenarios and fire HFEs
needing a moredetaile® best-estimate analysis to obtain more realistic core damage
frequencies %s) and/or large early release frequencies (LERFs).

Sele ; Task 9, Detailed Circuit Failure Analysis; and Task 10, Circuit Failure Mode
Likelih 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 HFEs. 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 to establish the best screening HEPs to carry out Task 7 most efficiently.
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e 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
can be useful in defining scenario-specific factors affecting HRA. These factors impact the
assignment of screening HEPs as well as scoping and best-estimate quantification of the
more important HFEs. 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 to establish the best screening HEPs to
carry out Task 7 more efficiently.

e 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 certart
HFEs—are inputs into the final risk quantification performed under NUREG/CR-68

14, Fire Risk Quantification.
Compared to the preceding discussion, Table 2-1 provides a moredetadled mappiach
P

NUREG/CR-6850 step and the interrelationships among fi s, fire HRA tasks, and the

associated elements and requirements of the combined RRA Stap@lard. This ives the
analyst an understanding of the information provided t we HRA ta other fire PRA
steps and which outputs from the fire HRA are fegfto gheVarger fire PR
% between fire PRA
hlO

Table 2-1 depicts the nominal, expected reprgsenta f the flo
N the perspective that a fire
t

tasks and fire HRA tasks. In other words, le yas develQpe
PRA is logically and sequentially devel iS¥hot intendg

interrelationships. For the developm t-specifig Mge PRA or in applying the fire PRA
to a particular issue, there are likel es in @ are conducted in parallel or with
varying levels of detail in the fige P i .., issing data or data that are being
developed). In these cases, t HRA method, for example, a screening

HEP during the quantific etailed s rio. In this case, the overall quantification may
be acceptable (e.g., PR Capabilit ory I), or it may lead to further refinement if
{C;&

best-estimate resulQ. RA Standar: y Category II) are needed.

«©
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KEY:
+ The solid lines are shown in NUREG/CR-
6850 and t either the end result TASK I:
0 and represent either the end results or Plant Boundary & TASK 2:
the inputs to Task 12. Partitionin. Fire PRA
+ The dotted lines have been added for & Component <« = "%
completeness to show intermediate steps. r— Selection |
\ 4
TASK 3: :
Fire PRA Cable \ 4 I
Selection TASK 5: 1
l Fire-Induced Risk 1
Model
TASK 6:
Fire Ignition Frequencies 4 N
|
v I I
TASK 7a: ! :

Quantitative Screening

TASK 12:
Fire HRA
Screening

TASK 12:

Fire HRA
Scoping, Detailed
HRA

v
TASK 11: Detailed
Fire Modeling

A. Single

B. Multi-
Compartment

e mmmmmmm e mmmmm e m— =

1 TASK7d:
CirQuit Failure Mode 5 Quantitative Screening >
d LiRelihood IV (Optional)
TASK 13: .| TASK 14: P v
Seismic-Fire Interactions Fire Risk Quantification
TASK 16: TASK 15: ¢ = = — ——
Fire PRA Documentation <« Uncertainty & Sensitivity
Analysis

Figure 2-2
Mapping of fire HRA Task 12 to NUREG/CR-6850 PRA Tasks
Note: Tasks 7c and 7d were added based on discussion in NUREG/CR-6850 [2].
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Table 2-1
Fire PRA/Fire HRA task interfaces
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into the dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category )
1. Plant PP (general) Compile a list of Not applicable (N/ A. This task provides
Partitioning areas to be input to the fire HRA
quantified in the by defining the fire
fire PRA. areas, boundaries,

2. Component
Selection

ES (general)

Identify fire-induced
initiating events

modeled in the fire
PRA.

Identify compo
modeledjn the ji
PRA. )

and locations.

ciated wit

ire A initiatiQ
ents
credi @ theae HRA.

etermy

elfire HRA identifies
s for the modeled fire

I’Q’RA operator actions;

these are translated into
associated instruments
for use in Task 2.

Starts with “existing
EOP” actions from
internal events PRA
and then adds HFEs
for fire-failed
indication (if
appropriate).

Components not
included in Task 2
likely do not have
their cables traced.

S

ES-B04 ompile QIis@ Address/include the N/A. Fire PRA needs to
power sup;& failure of instrument include the impact of
associ power supplies in fire- power supplies on
instr edited | induced failures of the modeled
i th% A. instruments and in instrumentation.

spurious operation of the
instruments.

ES-C Identify instrumentation impacting reliability of operators, including impact on cues for operator

High-le O actions and impact of spurious instrumentation failure.

requir
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Table 2-1

Fire PRA/Fire HRA task interfaces (continued)

Fire HRA Framework

Combined

2. Component
Selection
(contd.)

ES-CO02 (failure

modes other than

spurious)

NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into t dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category Il)

ES-CO1 Identify Identify each cue fro Identify spe Initially developed
instrumentation the start of the fig€ o nstruments a ted using the cues
credited as cues for | reactor trip, inclUeli with th . associated with the
operator actions. procedure t er % HFEs from the

the modgled @ internal events PRA
associgtedywith the modeled in the fire

PRA and expanded
to include fire
response actions.

n
ct on the &
iaifdedra or

If fire fails one train,
credited
instrumentation
needs to have
redundancy to allow
credit for an operator
action.

ES-CO02 (spurious

failures)

\

instri
&2 , even if
the Mstrument is not

duced failure
here firggm
cause a sp
failure i Xe
t may
ator

credited in the fire
PRA.

identify spurious
entation failures

t
\mthat lead to undesired

operator responses.

Potentially add new
component failure
modes into the fire PRA
as well as the potential
for new recovery action.

Capability Category
lll addresses up to
and including two
simultaneous
spurious events.

29
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into t dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category II)
3. Cable CS (general) Select the specific N/A. Used as input to the
Selection cables associated HFE definition and
with instrumentation % quantification. This
and components 9 task includes cable
credited in the fire @ tracing so that the
PRA in order for impact of fire on
these cables to be 6 instrumentation is
traced or located. a known for each area.
4. Qualitative QLS (general) Perform area review N /A. N/A.

Screening

and screening

operator action
impact g€ retgihe®d.

3 \&9
N\
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into the dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category II)
Perform event Identify operator actio del basic Context includes the
tree/accident typically EOP acti ro epresent hu initiating event and
progression. the internal event , in the fi A the preceding
the event tre q successes and
trees defi @ failures on the event
tree.
Develop fault I basic events to N/A.
tree/system @epresent human failures
models. : n the fire PRA.
5. Fire-
Induced Risk PRM (general)
Model

actions.

ing data such as
e of cues or system
time window from thermal-
hydraulic analyses, which
can be from the internal
events PRA or specific
analyses for fire-induced
conditions.

Operator actions
credited in the fire PRA
can influence the plant
response modeled in the
thermal-hydraulic
analyses.

Context includes the
system time window
from thermal-
hydraulic analyses.

Data®

Incorporate HEPs into the
fire PRA for each modeled
human failure event.

Human error
probabilities (HEPs) are
developed in HRA
quantification (Task 12).

N/A.
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into t dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category II)
6. Ignition IGN (general) Develop ignition N/A. This task does not
Frequencies sources and involve HRA.

frequencies into
initiating events,
independent of fire
HRA.

7. Quantitative
Screening

QNS (general)

Perform area
screening based on
quantitative impact,
typically with all

e screening
elimina reas from

f r analysis.

for modeled

Also called first
quantification or
whole-room burnup.

8. Scoping

Subsumed into
FSS (in general)

Ve
L 4

N\

y use scoping
efinement of

by credign %
factors, \ screening HEPs based

on looking more closely
at the area geometry and
associated fire
source/target impacts.

Refine HEPs for
modeled HFEs.

Fire impacts are
refined.

o)
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into t dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category Il)
9.and 10. CF (general) Determine which May eliminate the ne This task generally
Circuit Failure circuits are for operator acti does not involve
Analyses susceptible to fire- components are HRA. However, as
induced failures and | susceptible uri 6 the electrical impact
the likelihood of failures. @ on model
occurrence. components is
6 refined, there may be
@ HRA changes. For
V example, valves
susceptible to
K operability issues
such as Information
Notice 92-18 [10]
may be identified.
11. Detailed FSS (general) Refin s7and | TypicallAyse detailed Refine HEPs for Refinement could be
Fire Modeling 8. fj FE quantification, modeled HFEs. on an area basis or

a. Individual areas
All FSS (general)
except FSS-B and
FSS-G

use screening
ping HRA
methods as well.

scenario basis.

evelop c@

Identify scenario-specific
performance shaping
factors.

Refine HEPs for
modeled HFEs.

N/A.
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into the dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category II)
b. Main control Develop main Typically a NUREG/ Ps for mo May be refined,
room control room 6850 screening FEs. scenario-specific
FSS-B (general) abandonment approach is use 6 HEPs (similar to
scenarios. those for Task 11a)
@ for evaluation of
individual panel
11. Detailed burnup.
Fire Modeling | ¢. Multi- Develop multi- HRANGMmMensur Ps for modeled N/A.
(contd.) compartment compartment vel of detgf™ FEs.
analysis scenarios in a ntificatio
FSS-G (general) successive 7 HEPs ho
screening appfoag burnup) a
detail [@:ording
p 4 to Ta a for detailed
scenariog).
12. Fire HRA | HRA P A HEPs for modeled HFEs | This table addresses

)

Q)

ssed in this
area, nt:
h8ther on a WMIQ ntification/

om basis (Tas

coping r@‘in k&
ask 8), o ile
scenari 1).

o

definition of HFEs.

e Qualitative analysis.

e Quantification.

e Dependency
analysis.

e Recovery and
uncertainty.

plus the factors listed
above such as
instrumentation and
components needed to
support the credited
actions.

HRA also contributes to
result insights both
qualitatively (such as
procedures, training, and
timing) and quantitatively
(such as the list of
important operator
actions).

fire HRA-specific
requirements; for new
HFEs, the general
requirements for
HFEs from Chapter 2
of the PRA Standard

apply.
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Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds Fire HRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA Information into the dditional Notes
PRA Task Element Fire HRA Fire PRA
(Category II)
13. Seismic- SF (general) Perform a qualitative | Beyond the scope o yond the This task generally
Fire review of post- report. eport. does not involve
Interaction seismic fire HRA, but post-
response. 9 Fukushima
@ evaluations could
change this.
14. Integrated | FQ (general) Combine the overall , otes on Tasks 7, 8, | N/A.
Risk fire PRA using nd 11.
results from all
previous tasks.
15. UNC (general) Use fire HRA i HEP distribution data for | N/A.
Uncertainty for fire PRA evaluation of fire PRA

parametric data
uncertaj
sourc

ogeling

flemification of sources
Ohgodeling uncertainty.

parametric data
uncertainty.

Identification of sources
of modeling uncertainty.
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2.4 General Assumptions
The work performed under these guidelines assumes the following:

1. The fire PRA and fire HRA are concerned only with fires that cause an initiating event that
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 [2]:

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, multi
equipment alarms, and automatic trip).

e The crew is aware of the need for plant trip (if it is not atic). O

e The crew is aware of the need to implement a fire D@

e The crew is aware of the potential for unusual ior as a % the fire. Most
plants can be operated from the control rogpf withftwo or three agors as the
minimum, but a crew may consist of fou ensed op herefore assigning
one to the fire brigade does not dimingsh the rol roo y below what is
required.

2. All of the required fire protection ghutdéwn actloxﬁe from the Appendix R [11]

program or from NFPA 805 [1 esshutdown analys ptoceduralized in the plant fire
response procedures. It is not with§n the scop. ort to identify new Appendix R or
NFPA 805 safe shutdowngction€ retjuired to fy the plant’s fire protection program
requirements. This repor regses the identificakion of operator actions required for fire
PRA; these actions not be a o the Appendix R/NFPA 805 safe shutdown
list.

3. In general, a fi where in th troduces new accident contextual factors and
potential dependefigies amon an actions beyond those typically treated in the

internal events PRA. Thes ctors and dependencies will mildly or significantly
increase the potential f %ﬂ actions during an accident sequence and will be addressed in
the procedure. Th 1n% ¥lor instance, potential adverse environments (e.g., heat and
smoke), possible®acgssibllity and operability issues, use of fire procedures, potential
spurious eventggassocidted with both diagnostic and mitigating equipment, and increased
demands on %ﬂg and workload.

usly, it is assumed that the crew is aware of the fire location within a short
time (~10 minutes). After the crew is aware of the location, the fire brigade will
work qu¥ekly to extinguish the fire. For HFEs in which several hours are available after
reactor trip to perform the action, it is assumed that the action is time independent of the fire
and that fire impacts will have little, if any, effect on operator performance.

5. The objective of the MCR 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 Fire-Induced Cable Failure(s) and Electrical Fault(s)

Fire PRAs developed using the guidance of NUREG/CR-6850 [2] generally include a more
detailed treatment of fire-induced electrical cable failures than fire PRAs developed before 2000.
Specifically, the potential impact of fire-induced cable failures causing spurious component and
instrument impacts has been explicitly considered in NUREG/CR-6850 fire PRAs. This section
summarizes the various ways in which fire-induced cable failures are typically modeled in a fire
PRA as well as their treatment in the fire HRA.

Fire-induced failures of single and/or multiple cables have a wide range of potential impact on
the plant and subsequently on the fire PRA, as shown in Table 2-2. The following are example

of the types of fire damage
e Spurious actuation of equipment (e.g., opening or closing of valves and startlng ors x

of pumps)
e Spurious actuation of alarms (e.g., alarm lights and audib %efore act

conditions reach alarm set points)

e Failures of alarms to actuate (even when plant con

e Spurious indications that provide misleading j
mode dependent on the type of 1ndlcat10n [e. g.
associated fire damage), for example

— Readings that are too high, too | 1se n nt with plant parameters

— Trends that are inconsistent arameter
This fire damage is, of course, in ad n to the ipment failures caused by traditional

modes (e.g., failure to start Q to run). It is ortant for the HRA analyst to understand
fire-Tnduced failures as well as the random

the human failure event. Guidance on this is
provided in Section 48§t 1f not al]@f eplanidamage information will be developed by other

plant while other areas il ly complex, such as failing all of the motor-operated valves in
one train while the p SS ave power. For areas with many fire-induced cable failures, the
state of the art in fire HRW, currently has difficulty in fully capturing the impacts of these failures
during the quantifjgation of the HFE. Section 4.10 provides guidance on qualitatively treating the
operator respo ire-induced cable failures such as spurious actuation.

Some fire areas will have 11tt@1 pact on the components needed to safely shut down the

The issugfof i uced cable failures has a broader impact on the fire PRA than the fire HRA
quantifica®iOon of highly complex areas and scenarios. This section systematically identifies the
different ways in which fire-induced cable failures appear in a fire PRA model. Table 2-2
describes the variety of ways that fire-induced cable failure(s) can impact the plant, describes
how the plant impact is typically addressed in a fire PRA and fire HRA, and summarizes the
treatment of the category of spurious failure(s) in this document. As such, the table summarizes
the scope of the fire-induced cable failure(s) and electrical fault(s) treatment for operator actions
considered in this report.
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Table 2-2
Mapping fire-induced cable failure(s) and electrical fault(s) to fire PRA and HRA tasks
General Type of
Fire-induced Cable Fire PRA Impact Fire HRA Treatment in EPRI/NRC-RES Fire
Failure or Electrical P Impact HRA Guidelines
Fault
Fire-induced cable Initiating events are EOP actions | Identification and definition of EOP
failure(s) or electrical | added to the fire PRA | respond to actions are discussed in Section
fault(s) causes a PRA | model, often withan | the initiating | 3.2.
initiating event operator action to event.
(hardware failure), for | Prevent or terminate o _ _
example, loss-of- Eﬁf mltlatmtg eVenl;- Termination actions are disc
’ €se events can be H H HIH H
coolant accident cither local or control Fire in further detail in Sgctloq _1.
(LOCA); open steam | room actions. response and the process for identifigati
generator actio_ns to finition is deg i
atmospheric steam terminate or ong.3.2.

dump valve; spurious
safety injection (SI)
signal, which could
include spurious
containment spray
actuation; and
interfacing systems
LOCA (ISLOCA).

Fire-induced cable
failure(s) or electrical
fault(s) fails a
function or
component used in
post-initiating event
response; for
example, fire fail
charging pum
suction from the
volume control tan
(VCT) or fire fails
valves supplying
auxiliary feedwater
(AFW) to steam
generator (SG).

Is, ?e i
ator action

emptive a@are discussed
in further ifSection 3.3.1.2,

and theger for identification
and d@n is described in

W e response actions are
diScussed in further detail in
Section 3.3 and can be quantified
using screening (Section 5.1),
scoping using MCR tree (Section
5.2.6), or ex-CR tree (Section
5.2.7) or detailed analysis (see
Appendices B and C).

o
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Mapping fire-induced cable failure(s) and electrical fault(s) to fire PRA and HRA tasks

(continued)

General Type of

alarm or indication
failure that induces
the operator to take
an action that would
make the plant
response worse (an
error of commission).

conducted, with
most (if not all)
typically screening
out qualitatively. If
operator actions are
identified and not
screened from
consideration, an
“undesired
response to
spurious” event
would be added to
the fire PRA mo
(with a proba
1.0).

If the fir

results sh that

Fire-induced Cable Fire PRA Impact Fire HRA Treatment in EPRI/NRC-RES Fire
Failure or Electrical Impact HRA Guidelines
Fault
Fire-induced cable Screening for Undesired Section 3.4 describes the process
failure(s) or electrical | operator errors of response to of identifying and screening
fault(s) causes an commission is spurious. undesired responses. If an

Recovery
a fire

undesired response survwe
screening process, it is mcl
the,fire PRA with a pr

cutsets. These
tions can then be
coping using MCR tree
f2.6) or ex-CR tree
5.2.7) or detailed analysis
e Appendices B and C for
dance for these respective
roaches).
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Table 2-2

Mapping fire-induced cable failure(s) and electrical fault(s) to fire PRA and HRA tasks

(continued)

General Type of

failure(s) or electrical
fault(s) causes
alarm(s) and/or
indication(s) failure
during a scenario that
includes operator
actions (the case in
which the fire-
induced cable
failure[s] or electric
fault[s] alarm d

not induce an
operator error of
commission).

nd some
unrevea
passhe’

A
S

@

primarily cable
failures, affec

X Q
re.v aled/acti\QQ

>

Fire-induced Cable Fire PRA Fire HRA Impact Treatment in EPRI/NRC-RES
Failure or Electrical Impact Fire HRA Guidelines
Fault
Part of the context | The scenario context and
in the scenario qualitative analysis are described
definition (in in Section 4.
general).
SSC. Feasibility/reliability issugfin Wgi
fire-induced capfe Taj or
rical fault cau %
ent to be inBgeeble
rmation ice 92-18 [10]);
e Section ).
Indicafi@ns/aldrms | Quantific f the HFE focuses
on t% ity of the operator
Fire-induced cable . ast one reliable train of
Fire impacts,

erations of non-credited

mponents or instruments,
current methods have difficulty
quantifying the change in
reliability.

Explicit assessment of the impacts
of such spurious instrumentation
on HEP development is outside
the capabilities of existing HRA
methods.

Consequently, such events could
be flagged for review as potential
sources of modeling uncertainty
as described in Sections 4.10 and
6.3. For example, if one fire area
has action HFE1 and no spurious
indications and another area has
the same HFE but several
distracting spurious indications,
the HEP for each area may
appear to be the same using
today’s methods—but the
uncertainty associated with each
development should be assessed
as being different.

ig@xentation. If the fire impact
Q h that there are spurious
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2.6 Technical Bases

The fire HRA methodology has been developed within the framework of, and uses to the extent
practicable, HRA methods 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 fire conditions when the screening and scoping approaches are not
adequate. Although many HRA methods are available, this project focused on two
cognitive/execution methods, described next, to perform detailed HRA for fire context. It is also
not the objective of this project to research PSFs and screening human error probabilities beyond
what is documented in Volume 2, Section 12 of NUREG/CR-6850 [2]. These PSFs are similargo
and consistent with those derived by the NRC (defined as manual actions feasibility critenad
NUREG-1852 [12]. Lessons learned from this process can then be applied to other HR K
methods on an as-needed basis.

e EPRI HRA Methodology: Cause-Based Decision Tree ( )91, HC1 ] and
THERP [14]. Recent industry efforts have focused on n ed approaciasifig the

EPRI CBDT method for the cognitive aspect of HRA, ivefludihg detectiogf, diagnosis, and
decision making. CBDT is complemented by the E n cognitj i#bility/operator
reliability experiment (HCR/ORE) for modeli ion of time, e@/e actions. THERP
is used to model the execution/manipulation he HRA. ollective set of CBDT,

roach in this report.

HCR/ORE, and THERP methods is referged to
e ATHEANA [5, 6]. The NRC’s ATHE Aod 1S Sug @ or a fire HRA because it
offers a structured process for idepi{ Mg goftical aspedls oNgliccesses and failures associated
: EAN imited to a specific set of PSFs or
plant conditions, allowing fire-sp&gifi omgXts to be easily accommodated.
d Igauthors haveWgveloped a scoping HRA approach to be

pproach g#Mhis scoping approach was developed by drawing
beddeb HEANA and EPRI HRA methods as well as
cp

In addition to these two met
used as a simplified quangify
on the principles and ¢
other related HRA 4
NUREG-1852 [12

ion (e.g.,%€ easibility and time margin introduced in

. Q
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3

IDENTIFICATION AND DEFINITION

3.1 Introduction

The objectives of the identification and definition task are to identify operator actions and
associated instrumentation necessary for the successful mitigation of fire scenarios and to

the HFEs at the appropriate level of detail to support qualitative analysis and quantificats

These are the first steps in the fire HRA process described in Segon 2. The qualij#® %sis
(presented in Section 4) provides a foundation for all steps in t rocess; ifore
recommended that Section 4 be read in conjunction with th%

It is intended that the identification task be performed early in fig€ PRA dev@ent because the
list of associated instrumentation required for operator will need ded to the
component selection list in NUREG/CR-6850 [1 tification of
actions can be helpful during the development of ngdels in NUREG/CR-
6850 Task 5. As the initial risk model is de ed, fire PRA @nalysts may need to revisit the
identification task several times. %

HFE:s are typically defined in conju i FE ic@te and, as the fire PRA develops,

the definition is refined and revise E/A andard HLR-HR-F (Chapter 2) [2]
outlines the requirements for dgfinitiolyConsist hW€se requirements, the definition

activities described in this sg#liop afe those associdfgd with understanding the PRA boundary
involvegddig crediting plant staff actions in the PRA.

conditions for the HFE a
As in the internal even perator aef primarily identified by conducting accident
sequence and proc, rgew. The ¢ e@t of post-initiating event HFEs for fire HRA is
ce
res

primarily concernedNgith three typ dures: emergency operating procedures (EOPs),
annunciator/alarm nse pro¢ ARPs), and fire procedures:

e EOPs are required in res@ a reactor trip or safety injection. In the United States, EOPs
are standardized pi eﬁeO y vendor, such as Westinghouse, General Electric, and
Combustion En@g n which the operators are thoroughly trained. Most internal event
HRA actions are ident¥ied by reviewing EOPs and associated event trees.

e ARPsare ﬁ rocedures to which the operators are directed in response to an annunciator.

o Firegro s are those procedures (beyond the normal EOPs and/or abnormal operating
proceddres [AOPs]) that the operators will use in response to a fire. Currently in the United
States, tiere is no standardized fire procedure or procedure format among plants. Fire
procedures have historically been developed to meet 10CFR50 Appendix R’ [3]
requirements, but many utilities are transitioning their fire protection program to one based

3 Within the context of fire PRA, Title 10 Part 50 Appendix R of the Code of Federal Regulations (10CFR50) is
commonly referred to as Appendix R; this shorthand is used throughout this report.
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on the NFPA’s risk-informed, performance-based program: NFPA 805 [4]. A plant may have
one fire procedure or many, depending on the plant’s 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 comingled.

The naming of fire procedures can also vary among plants; common names include fire
procedures, fire response procedures, pre-fire plans, fire strategies, serious station fire
procedure, main control room abandonment procedures, and site emergency response
procedure (which include a section for fire). NUREG/CR-6850 [1] refers to all of the *
procedures as fire emergency procedures (FEPs). Throughout this report, the term fi \
procedure will be used to refer to any type of procedure (beygmd the normal E
that operators use in response to a fire.

For fire HRA, the following three types of post-initiating e% or actions are considered

and discussed in this section: %

e Fire response operator actions (including M angdonment @
e Undesired operator responses to spuri Wand indic

erato@o

d and defyg€d from an internal events PRA. The internal
d with these HFEs ®e actions required in response to a plant

r tiy” typically ed by the EOPs, ARPs, AOPs, and/or normal
S).

.

Because internal e operator acy ereen identified, their HFEs defined, and their
HEPs quantified as pd# of the intetgal @wents HRA, it is not necessary to repeat the internal
events HRA identification prg that is required for the fire PRA identification process is
to determine which of thes ould occur in fire scenarios by considering the fire-induced
initiating events and th€ir r fault and event trees from the internal events PRA. This is
accomplished by idehtifWng the fire-induced initiating events from NUREG/CR-6850 [1] Task 2
and the HFEs in t%)gic ructures associated with these fire-induced initiating events.

e Internal events operator actions

3.2 Identification and Definiti from Internal Events

PRA

A certain set of HFEs is alread ideftifl
events operator actions ass
initiating event and/or
operating procedure

For example, tgga®trip is a common fire-induced initiating event, and the internal events PRA
often mog€ls t ponse to turbine trip within a “general transient” event tree. All of the HFEs
associatc@y#ith the turbine trip portion of the general transient event tree or related fault trees
could therer@e occur in fire scenarios. An example of such an HFE is “Operator fails to start
auxiliary feedwater” with the implied operator action as “start auxiliary feedwater.”

¢ Normal operating procedures can also be referred to as operating procedures. In this report, the terms normal
operating procedures and operating procedures are assumed to be interchangeable; normal operating procedure
(NOP) will be used.
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Existing internal events HFEs 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 does not need to be considered in the fire PRA.

For fire HRA, there are potentially two subtypes 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 in the internal events PRA. The
second type of action is identified by the same process as that for actions already included in the
internal events PRA. The difference is that when the qualitative analysis stage is reached, the
HRA analyst will not have a base analysis from which to work. %

To ensure that the identification task is complete, the following steps are all required but n
necessarily in the current order. The point at which each of the steps is completed will
the development of the fire PRA.

identificati ld be
al events, PRA based on

Step 1: Identify operator actions in the internal events P
straightforward and, in most cases, is a data extraction fro

basic event name. At this stage, the pre- and post-initi e separat l existing pre-
initiator HFESs in the Level 1, internal events PRA mod independe Initiating event
and are therefore independent of a fire initiating sWell. The e¥iSt e-initiator HFEs do

not need to be reanalyzed but should be retained a{s ip#the fire P, el because their
impacts remain relevant to the conditional dama¥e probabili DP) and conditional
large early release probability (CLERP),

Step 2: Screen from considerationj H re not associated with fire-
induced initiating events. Initiatin A are identified in Task 2 of

g 1ca11y included in fire PRA are large
ans1ent without scram (ATWS) for BWRs

ere may@es in which a single HFE analysis is modeled

loss-of-coolant accidents (L
and PWRs and SGTR fo .
for several initiating e e limiti itiating event is not associated with the fire
PRA. In these case E should«no@r ed from consideration but should be
reevaluated from @inmples to model the fire impacts. For example, the timing of
an HFE may be based¥n the limiti ¢ for large LOCAs and then the same analysis is applied
to small and medium LOCA:s. istase, the HFE should be retained for the fire PRA for the
small LOCA, and the timin @eed to be reevaluated in the qualitative analysis. This

P

information may havedfee oped previously as part of NUREG/CR-6850 Task 2.

Step 3: Review fire-relatgd fault trees and event trees. ASME/ANS PRA Standard
Requirement HR-|#1 [2] requires that “when identifying the key human response actions

REVIEW (a) t -specific emergency operating procedures and other relevant procedures
(e.g., AOBE, a iator response procedures) in the context of the accident scenarios and (b)
system o tion such that an understanding of how the system(s) functions and the human
interfaces the system is obtained.” This fire HRA guideline has been written with the

assumption that the internal events PRA model is up-to-date and meets the requirements of the
PRA Standard. However, the fire fault trees and events trees must be reviewed 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 are proceduralized actions in the EOP and/or AOP/ARP/NOPs that were not considered
important for the internal events model because of a low probability of associated component
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failure. An example of this type of action is the manual backup 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. However, in a fire situation, the hardware could be failed by the
fire or its reliability severely degraded, such that these operator actions may become important
and could 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 that may be
revisited as the fire PRA model is developed.

Step 4: Define each internal events HFE for use in fire PRA. The human failures of fi
response actions are defined to represent the impact of the human failures at the function,r\
system, train, or component level as appropriate, consistent with requirement HRA-B1
ASME/ANS PRA Standard [2]. The definition should start withgfie collection of n
from PRA and engineering analyses, such as the following:

e Accident sequences, the initiating event, and subseque and ope actlon
successes and failures leading to the HFE

e Accident sequence—specific procedural guida ding fire p @s)

e The cues and other indications for detection a ation e %

e Accident sequence—specific timing of gte d e time a or successful completion
(timing terms defined in Section 4.6

e The high-level tasks required to goal oﬁ poRse
The information to be collected, to su ition of the HFE is presented in
Section 4.2. The identificati efinition proce 1s iterative and is included here as the

starting point of the HFE

Fire response operator actlon w post-initiating event operator actions required in response
to a fire and are typical y the fire procedure(s). They are sometimes called fire
manual actions, ope&8 al actions (OMAs), or recovery actions in other disciplines such
as fire protection or NFP 4] terminology. In this report, they are also referred to as new
MCR or ex- contr oom actzons (i.e., they are fire-specific and were not included as internal
events HFEs.) lowmg sections outline the different types of fire response actions based on
their fungifo fire PRA. The discussions of each of these types offer examples of HFEs

that may Wgfincorporated into a plant’s fire PRA and are provided as background information.
3.3.1.1 Fire Response Actions to Mitigate the Expected Consequences of Fire-
Damaged Equipment Needed in the Fire PRA

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 or area. This identification is typically accomplished during the performance
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of the NUREG/CR-6850 [1] fire modeling tasks during the review of the fire procedure(s). Note
that this information may change as the modeling progresses (e.g., information differences
related to a complete loss of instrumentation in the first quantification of NUREG/CR-6850 Task
7 versus those for a partial loss of instrumentation in a more detailed quantification of the same
area in NUREG/CR-6850 Task 11). 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.

Note that each of these HFEs may require redefinition into multiple HFEs (each representing a
subset of the actions originally considered part of the HFE definition). Alternately, some of these
HFEs may be consolidated into a single HFE. Such division or consolidation would be decide

by the HRA analyst working with the other PRA analysts, taking into account the charact %
of the operator actions being modeled and the level in the PRA model at which the HFE %

placed (e.g., HFE placement at the plant function, system, train@ponem lev

of fire response HFEs could include the following:
e Operators fail to open a level control valve using a loc el after the fire'Causes
remote control to be unavailable
}%reaker, @hat the pumps
s damaged coéc rcuits
e Operators fail to close a flow control va w ting the ai@ y
e Operators fail to locally operate a re h remova@when the motor control circuit

fails as a result of fire damage
e Operators fail to restore the stearfgenerator | Q}lly controlling auxiliary feedwater
after fire damages the congfol rq@fm ndicator

e Operators fail to isolgjeyth®poyfer-operatpygeliet valve (PORV) from the control room after
it spuriously opens
e Operators fail 1 isolate th’a@a er it spuriously opens during the fire and cannot

be closed from tR€ control rg)o

e Operators fail to manually operate a charging
cannot be controlled from the MCR because

It should be noted that in NFP ] transition projects, these fire response actions are
identified through fire proc view and are typically modeled (if needed) as recovery
actions during the NU, 50 Task 14 quantification stages. The reason for this is that the

NFPA 805 transitiorfe uses the fire PRA to provide input to fire procedure modifications.
3.3.1.2 Preemptye Fire Response Actions to Prevent Fire Damage to Equipment
(Bro ipment) Needed in the Fire PRA

Most pre@gabtive fire response HFEs involve failures to deenergize power supplies or disable
control syst@ms in order to prevent spurious actuations. When this type of HFE is identified, it
should be treated as described in Section 4.9. Examples of such HFEs include the following:

e Operators disable a solid-state protection system
e Operators deenergize a motor control center

e Operators deenergize pressurizer heaters
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Preemptive actions are typically performed following either the detection of a fire (e.g., the fire
alarm goes off) or the confirmation of a fire locally (e.g., the operator sees flame or significant
smoke), depending on the procedure. As such, the action is intended to occur prior to significant
fire damage.

The equipment manipulated during these preemptive actions is reviewed against the list of
components identified through the NUREG/CR-6850 [1] Task 2, Fire PRA Component
Selection. These preemptive actions are then discussed with the fire PRA modeling analyst to
evaluate the equipment state change involved and whether it should be reflected in the fire PRA
model and included in the component selection list communicated to Task 3, Fire PRA Cable

Selection, for cable tracing.
Although these actions are explicitly stated in the fire procedures, the procedures may or N
identify why the actions are to be performed.

At some plants, the fire procedures direct the operators to placeghegplant in a sel tion
blackout (SISBO) as a preemptive measure to mitigate any 1 uations. THg
implementation of SISBO fire procedures involves fault cl strategies jevensure that a

cooling train is protected if portions of a required bus ithimsthe affec . According to
an ACRS review of fire PRAs conducted by Broo \%nal Labo mn 1995 [5], these

om small 1rcuits to massive

ited po e bus. Each case
involves different procedures for performi W aring. @is of SISBO or single-
circuit fault clearance strategies should tfCrgfore 3¢

analysis to ensure that Appendix R [ 805 [4] sa¥g
requirements are met and that oper l acti s@

according to the criteria in NUREG-18§2 [6].

safety bus clearing and power restoration to cleari

M{down system protection
sidered feasible and reliable

Consequently, the fire HRA: ke use of inpulfrom the fire procedures, Appendix R
assumptions, and the ex n operatio d training personnel to aid in understanding
how the procedures are@”ed and 1 d as operator actions and therefore as
potential HFEs. *

As an example for thgase of fgul ce, according to some plant designs, operator actions
are required within the fire proce to manually check or position valves by “resetting” all

electrically controlled Valvesw n manually “realigning” selected valves in a single cooling

train. Therefore, models g% perator actions involves two distinct phases of valve alignment
when entering the fi cedwures:

1. If the operator js successful in implementing the fire procedure reset steps by deenergizing
&ical buses, all valves and components are placed in the fail-safe position.

appropriate

2. ThengOn valves and components used in the specified train (outside the fire zone) are
resto or active cooling. The operator is then considered to have been successful in
implementing the realign steps in the fire procedures by reenergizing the appropriate
electrical buses and ensuring that at least one train of cooling is operating.

Operator errors during either the reset or realignment steps are assumed to leave key valves and
components modeled in the PRA in the wrong position and should therefore be included as HFEs
in the fire PRA model.
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3.3.1.3 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 or wish to credit an
additional action. This action could be 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; however, 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) along with the potential success path to be applied. The
latter is often identified as a result of operator interviews. Given that the existing internal egn
actions applicable to the fire PRA have been identified, the fire impact on them resulti

fire damage to instrumentation is identified during the fire modelgfig tasks specifigé
NUREG/CR-6850 [1]. Other impacts such as timing delays als d tp be addre @ 2e
Section 4 of this report). As noted previously, the fire impagt 18 fi antified in tife=fire
modeling tasks of Task 7 and later refined in Task 11 of N R-6850.

Similarly, the fire response procedures can be writt

0 ed to ade::covery of fire-
induced or random equipment failures as describgl ingSe&ion 6.1. 6
3.3.1.4 Main Control Room Abandonm cti O
MCR abandonment actions are a specia@
ir

subset, %sponse actions. The same
ponse ac budthe procedure review would be

identification process applies as tha
limited to the fire procedures that a e decjst ndon the MCR, establishing control
outside of the MCR, and perf in%) comm@d control functions and actions taken

outside of the MCR. Comm d_control functiofg are typically performed at a single location
such as a remote or alter S wn pane versely, actions outside of the MCR may be
taken at multiple locati ding the utdown panel, or at one or more local control
panels, breakers, q es\gf equipnfepft rameter monitoring also can be performed at

the MCR—if it is habitable and if information that
is sttll available there.

multiple locations eeded), incl
aids diagnosis and dec¥sion maRi

Generally, there are two crite@ CR abandonment, either of which can be used to justify
abandoning the MCR: tlﬁ0 is uninhabitable (because of smoke, heat, and other fire effects)
or 2) the plant cann ontyolled from the MCR (for example, as a result of the fire effects on
control cables for the MCR in the cable spreading room). The criteria used in the fire PRA model
for MCR abandomgent or use of alternate shutdown need to be defined. The decision to abandon
the MCR iga uncertainty because there may not always be clear and explicit decision
criteria fgf a ment. When habitability is not an issue, the crew may not completely abandon
the MCR®gen if their ability to control the plant is hindered. In this report, the MCR is considered
to be abandohed if command and control are performed outside of the MCR.

In the initial stages of the fire PRA development, the decision for abandonment will be
determined by the fire PRA analyst as a simple “yes” (i.e., MCR abandonment is required) or
“no” (i.e., MCR abandonment is not required). If the fire PRA determines that the operators will
abandon the control room, it is the HRA analyst’s task to identify the operator actions required
for safe shutdown (based on a review of the MCR abandonment procedure) after the decision to
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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 fire PRA analyst will need to define the operator actions
required on a scenario-specific basis.

Section 4.8 provides guidance on MCR abandonment modeling.

3.3.1.5 Manual Actuation of Fixed Fire Suppression Systems

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. Because the fire suppression probability is addressed with data, it is n\

necessary for the HRA to model the fire brigade response.
om the control zee @g
or in the no @ psSion
ocedures. Nypigtlly, if

uralized igesthe fire procedures
cduraliz fire brigade

9

3.3.2 Fire Response Action Identification a finitiorQ
The fire response operator actions are id lfw systemQ‘ w of the fire procedure(s)

However, the manual actuation of fixed fire suppression systems
an event is within the scope of the HRA because it is not acco
probability curves. These actions are identified by reviewi
suppression is required from the control room, the action i
on a fire area-by-area basis. In some cases, these actio
response procedures.

to identify the fire response actions reguifed inghe fire PR&. derstand which fire response
actions are required in the fire PR eCeSsary to fir erstand the fire scenarios, which

may require modeling of the fire imp&ts on equi t nstrumentation in the fire PRA.
However, if the fire PRA mogdé€lingdfas Yot yet a ced to this stage, all procedural fire
ifiedy and some can Do excluded from further consideration if it is
equired i%ﬁ PRA. Because the fire HRA is being

y therefore differ with each fire PRA project,

later determined that the#
developed in conjunct

@ sented for ide‘ i

Approach 1: IdentifWspecific firelre se actions required for mitigation given the fire
impacts on equipment and i ntation. For this approach, ideally, the fire PRA has
developed past Task 5 (Ris evelopment) of NUREG/CR-6850 [1]. The HRA analyst

and fire PRA analys& rk%6gether to review the fire scenarios in conjunction with the fire
|
will

procedures, EOPs, f: ees,’and event trees. To identify the operator actions in this approach,
the fire PRA analy ed to create a timeline for the fire sequence of events with enough
detail to allow the%A analyst to map the expected operator action as directed in the fire
proceduresgto pctific fire sequence. This may also require operator interviews to confirm the
expectedgplamt Fesponse for each fire scenario.

Approach %g Identify all procedural fire response actions and incorporate only those that
are required for mitigation when the fire impacts on equipment and instrumentation
become 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 in Table 3-1.
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Table 3-1
Examples of fire response HFEs using identification Approach 2
Fire F_lesponse Related Basic Event . Fire Response Basic Event
Basic Event Identifier i Equipment L
. entifier in PRA Description
Identifier
ACP-OPS-ISO- | None 4160-V Bus 1F Operators fail to isolate 4160-V
1F1A Bus 1F from Bus 1A.
ACP-OPS-ISO- | EAC-OPS-FO-DG1 — DG1 Operators fail to align DG1 to
1FDGH1 Operators fail to operate 4160-V Bus 1F by isolati
Diesel Generator 1 (DG1) operating DG1 and Bre
G1 according to c@of
Pgocedure 5.4.
CS-OPS-0OC- LCS-OPS-FO-MO15 — CS-MO-12A tors fail toNgp
MO15 Operators fail to align -MO-15 using actor or
condensate storage tank handwhe rding to Section
(CST) to pump suction 11 of P, 5.4.30.1.
from the control room
HPCI-OPS-OC- | RHR-OPS-FO-RHRA - rs fail to cool down
CD Operators fail to cool Cl and establish RHR
down using high pressyré brding to Section 9 of
coolant injection (HE€T) Procedure 5.4.30.1.
for small LOCA
FZ50-OPS- None Operators fail to activate
SUPRESS suppression system for
AA-55 from control room.
AFW-OPS- S Té— Operators fail to cross-tie AFW
XTIE-FIRE failfo cross-tig according to the MCR
fe€dwater (AF Q‘ abandonment procedure
to AOPs_£\

the procedure review
approach also provides the fir.

HRA analyst but does provide clear documentation of
A Standard Requirements HR-E1 and HR-E2 [2]. This
alyst with all possible actions that can be credited,
plement these actions on an as-needed basis.

allowing the fire PRA anaL&1
a

Approach 3: An itep@tyye roach combining the first two approaches. Because the fire
HRA task is typically noterformed independently of the fire PRA, a hybrid approach of the
first two approachﬁlﬁlay be performed. The hybrid approach would be plant- and

model-specifi ample, as the risk model is being developed, the HRA analyst could
review the’Ii égedures to identify MCR abandonment actions with the assumption that MCR
abandonmgfit is required. After the fire PRA has developed the MCR abandonment scenarios,
the HRA andtyst can define the actions for the specific fire sequence. If the fire modeling has
progressed to a stage at which specific locations are determined to be risk-significant, the HRA
analyst could take these areas and review only sections of the fire procedures specific to the risk-
significant areas.
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Approach 4: Review the fire procedures to identify the equipment state changes produced
by the operator actions directed by the procedures. Another approach is to review the fire
procedures to identify the equipment state changes produced by the operator actions directed by
the procedures, such as in the examples in Table 3-2.

Table 3-2
Examples of fire response HFEs using identification Approach 4

Equipment Initial Desired Comments
quip Position Position

15123BKR Open Open For fires in Zone A, Fire Procedure (FP) -1
Attachment A and FP-2 Attachment B dir
operators to open the knife switch of 151

VLV-15 Closed Open For fires in Zon
reduce chargj
pulling th
For fi

pu

In the first example in Table 3-2, the desired posi f e breakg open, and the fire
i fire causes spurious

procedure action directs the operator to ope bred¥er. Therefd a
closure of the breaker, this would be a fi rew)perator at could be modeled either
up front or as a recovery action if the guahgTica#ion identiﬁ utsets in which this appears as
risk-significant.

In the second example, the desged peSigion for t ve' ¥ open, and the fire procedure action
directs the operator to close e yalVe. This operat8§action can be considered included in the
fire-specific basic event Qv
appropriate zone.

ils to op$ to fire” quantified with a 1.0 for fires in the
Modeling decisioQ a%these are’@n y between the fire HRA and fire PRA modeling

tasks.
2

3.3.2.1 Definition of Fire R Actions

The human failures o reﬁ) se actions are defined to represent the impact of the human
failures at the functi®n, Sgstem, train, or component level as appropriate. The definition should
start with the collegtion of Information from PRA and engineering analyses, such as the
following: {

e Accid¢nt s@\ces, the initiating event, and subsequent system and operator action
succ and failures leading to the HFE

e Accident%sequence—specific procedural guidance (such as fire procedures)
e The cues and other indications for detection and evaluation errors

e Accident sequence—specific timing of cues and the time available for successful completion
(timing terms defined in Section 4.6.2)

e The high-level tasks required to achieve the goal of the response
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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 process is iterative and is included here as the
starting point of the HFE development.

3.3.2.2 Unique Issues for the Identification and Definition of SISBO Human Failure
Events

The following are some unique issues that need to be considered in identifying and defining
HFE:s for the fault clearance scenario through the review of pre-emptive operator actions such as
SISBO fire procedures:

e The HRA review of the SISBO procedure may need to identify groups of steps that t
operators use to achieve each safety function in controlling the plant response to a firg a
function of the fire zone as well as other performance shaping factors.

e If unexpected conditions occur during the application of fir edures, the s can
insert contingency actions—some of which are preplan OIS, some are il
emergency procedures, and others are from general trai%n y equlp and hardware
with verified cable routing outside the fire zone are’ uch co % actions.

e As is the case for plants that do not employ t approach
not provide explicit guidance for responding t such as
in a PRA. The PRA scenarios will need t e rey ed in co ion with the fire

procedures in order to understand th or comp aSks. In many cases, the
operator’s response to SISBO fire will be at the event tree level as

opposed to the fault tree level.
nifio of HFQrorrespondmg to Undesired
Instruments and Alarms

ell-intentioned operator action that is
entionally aggravates the scenario. Undesired
or changing the state of mitigating equipment in a
way that increases theeed for§ own systems, structures, and components (SSCs). The
key criterion in 1dent1fy1ng u operator actions is that the action leads to a worsened plant
state (e.g., turning a trangsi ing event into a consequential LOCA). If an operator
responds to a spurio d‘:&on and the action is judged not to impact the CCDP or CLERP, it
does not need to be constered further.

ire procedures do
that may be relevant

3.4 Identification and

In fire events, spusgous indications occur when electrical cables routed through a zone in which

the fire is are shorted, grounded, or opened as the cable insulation is burned. These
instrum ed alarms and control indications that act as cues for operator actions.
ThereforeN@n 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 then shut down SI when it is inappropriate to do so. In addition, if the
instrument fails to operate because of fire damage and the cue is not provided to the operator, an
action could fail to be taken (i.e., an error of omission could occur) that could also be detrimental
to safe shutdown.
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This section describes the process for identifying and screening fire-induced cable failure(s) or
electrical fault(s) that causes a spurious alarm or indication failure that potentially induces the
operator to take an action that would make the plant response worse (i.e., an error of
commission). Section 2.5 provides an overview of the different types of fire-induced cable
failures and the location of the associated guidance in this report.

The undesired operator actions are 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, at which time 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 pertinent to the scenario. In
practice, when the accident diagnosis is complete, the required equipment status is verifie

the plant is stabilized, the operators would resume normal protocol for monitoring the c x
room and attending to annunciators or alarms. In a fire scenario, Q
implement the fire procedures, either in parallel with the EOPs
the fire procedure(s) are performed, depending on plant-spegife

To reasonably bound the number of modeled, undesired op ctions res% from spurious
indications, it is recommended that human performanc criteria b ed to be
applied consistently in the identification process. $fich cfiiferia shoul d on the plant-
specific factors that govern operator cognitive respgfise indicatié(%l as the following:

e (Cue parameter(s) V
e Cue (procedural) hierarchy @ &

e Cue verification
e Degree of redundancy forgfgivest p ameterQ

Each of these factors is b

Cue Parameters

The cue for an op may consist of a single parameter or multiple
parameters. For exarfigle, low Iybrjfa il pressure for a pump is a single parameter that
would actuate an alarm that wou\ uire the operator to trip the pump to protect the bearings.
As an example of multiple pafa s, the cue for implementing the functional restoration
procedure for loss of s \%@ oling on a PWR is based on multiple parameters: low steam
generator feed flow AKOW am generator narrow range level.

For operators to begnisled by a single parameter cue, a spurious indication on the single
parameter would %fﬁcient; for a multiple parameter cue, multiple spurious indications on
different a ould be required. It would seem that multiple spurious indications on
differenQag#m3ets would be less likely to mislead the operator than a spurious indication on a
single pardamgeter, but the relative likelihood would depend on the fire impact on instrumentation
in a specific scenario. To meet Capability Category II of the fire PRA Standard, only single-
instrument failures need to be considered.

It should be noted that the evaluation of potential multiple spurious operation (MSO) of SSCs on
the success path required for hot shutdown and those important to safe shutdown consistent with

the ASME/ANS PRA Standard [2] High-Level Requirement ES-B is conducted as part of the fire
PRA Task 2 on Component Selection. For those assessments, an expert panel is convened to
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evaluate a generic set of MSOs according to NEI 00-01 [7] (as referenced by
Regulatory Guide 1.189 [8] and NEI 04-02 [9]) for their plant-specific relevance and modeling
strategy for the fire PRA.

However, according to PRA Standard Requirement ES-C2, the fire PRA Component Selection
Task 2 is also required to identify instrumentation relevant to operator actions modeled in the fire
PRA, particularly when the spurious operation of the instruments could result in an undesired
operator action. This is discussed in detail in Section 2.5.5.2 of NUREG/CR-6850 [1]. For this
reason, it is important that the fire HRA task work closely with the component selection task to
ensure that the evaluations are consistent and complete.

Cue (Procedural) Hierarchy
Following a reactor trip or safety injection, operator response is governed by procedure;@\ng

with entry into the EOPs. During the initial EOP response, the creyv basically focu lawt
parameters and alarms that are called out in the EOPs. Other a tators and al be
ignored until the plant is stabilized unless the cue is pertine sg€nario. In t S,
certain cues are required to be monitored continuously; the ontinuous action

statements, floating steps, and/or foldout page instructi , nding o
operators also may have some cue-specific indicatign p ning, procedures,

required to suspend what they are doing and perfo
Cues may be further prioritized. For example, §Yestinghouse are prioritized by: 1)
safety function and 2) severity of challen@e ¢ safély functi e critical safety function status

trees (CSFSTs) that are monitored fr point i s. Although there may be
plant-specific deviations, operators%\/ prioritizeyth
Wr

s as follows:
1. Cues that are continuouslyghonj

2. Cues that are called oygi Ps as chggks btt are not continuously monitored
3. Cues that are not c%n the EQ @t may be pertinent to the scenario

4. Cues that are ledout in the @d that are not pertinent to the scenario
Cue Verification . Q

Certain cues may require an xte response, while other cues may require verification prior
to action. For example, a tyfic may require the operators to verify the validity of the cue
by comparing it wit er 1gications or by performing a local inspection.

Operators are morg,likely T be misled by a spurious indication(s) of a cue that requires an
immediate respon%lan a cue that is required to be verified first.

Degree offRe ncy for a Given Parameter

Most planMarameters have redundant instrumentation channels and indications. For example,
each steam generator level indicator may have three or four redundant instrumentation channels.
The operators expect all of 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 are likely to suspect that an instrumentation failure has occurred. The operators
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would enter the AOP for instrumentation failure, which would require the suspect
instrumentation channel to be placed in the tripped position. However, if additional indications
deviate, it may become progressively more difficult to determine 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.

3.4.1 Process for Identifying and Defining HFEs That Result in Undesired
Operator Response

Based on the previous discussion, a recommended process for identifying and defining t
represent inappropriate responses to spurious indications has been developed and is desdri
next. As part of the identification process, the HRA analyst maygfing it useful to gt

preliminary operator interviews to develop an understandin the plant-spée @ ew
anticipates responding to spurious indication.

tionfS. The A o be

rator actions n result from an
r systems modeled in

the fire PRA. Although operators may not regpond i ms that are not
i iators or alarms will

Step 1: Review ARPs for undesired operator respo
systematically reviewed to identify potential undesj

remain “in alarm” and will eventually befegfond€d to. At S. nuclear power plants, crews

are trained to rely on multiple and di i g action. The following

assumptions can be made to reason undesired operator actions in

accordance with Capability C gor} € PR

e Actions that require mul spyrious indigatior®on different parameters can be screened
from consideration.

e Actions that re tiple spusiow§ indjjcaiOns on redundant channels can be screened
from consideratigf. \

e Actions that includ€ a proce ed verification step can be screened from consideration if

the verification will be ef’ 1ven the fire scenario.

Step 2: Review EOP. or& red operator response actions. The EOPs are to be
systematically revieWe identify all steps in which an undesired operator action can result.
EOPs to review arggthose that the operators are expected to perform for all fire-induced initiating
event scenarios in%ofire PRA model. Each step in the procedure that contains some decision
logic with f a plant parameter is to be considered for the potential to cause an

undesire@ operd¥ef action if the indication associated with the parameter is spurious. The
instrument&gion 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.

The same assumptions used in the ARP review for screening undesired operator actions also can
be applied to the EOP review. EOP actions are typically based on parameter indications in the
MCR with redundant indication channels. In addition, the symptom-based EOPs are designed to
provide additional confirmation after significant decision points to allow the operating crew to
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correct any misdiagnoses that may have occurred. Experience gained in fire PRAs to date
indicates that detailed analysis of the EOPs to identify potential undesired operator responses in
response to a single instrument failure (as required to meet Capability Category II of Supporting
Requirements HRA-A3 and HRA-B4 [2]) will identify few, if any, undesired operator actions.

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.
There are three approaches to modeling these events:

e Approach #1: Model a single basic event representing the operator making the initial error
(prompted by the spurious indication) combined with an implicit recovery action.

e Approach #2: Model two basic events, one representing the operator making the initid
(prompted by the spurious indication) and the second modeling an explicit recovery g@¢ion o

the first event. In this approach, the first event should be assigmed an HEP of L/emiglegs
justification can be provided for a lower value, and the rec%‘nt shouldgbe mdadeled
h

following the fire HRA process defined in Sections 4 t is report.

e Approach #3: Model the spurious instrument operation and eguipment c% of state

i | basic events,
et(s) in which the
equipment basic event appears surfaces as ris nificant. Forgx®nple, the “instrument fails
spuriously due to fire” basic event is on ut to¥h OR gate @ event “flow from pumps
to condenser A stopped or reduced.” ewecovery fcitqitan then be addressed as an
HFE.

Similar to the internal events actio ponse actign ition should start with the

collection of information from PRA } engine nalSes, such as the following:

e Accident sequences, the %gi
successes and failur

fating event, and subgequent system and operator action
d o the HF

e Accident seque ific procgdugal Syidasce (such as fire procedures)

e The cues and cQ;dicatio’ns @ tion and evaluation errors

e Accident sequence—specifi N of cues, and the time window for successful completion
e The time available fpr t%

e The high-level t quited to achieve the goal of the response

required but ngpmgdgssarily in the order presented. The point at which each step is completed
will depe oevelopment of the fire PRA. Further discussion on how and what to consider

i€d definition of the HFE is presented in Section 4.2. The identification and definition
process is il8ative and is included here as the starting point of the HFE development.

To ensure that theﬁntification task is complete, the three steps described previously are all

3.4.2 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 3-3.
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Table 3-3
Examples of operator actions in EOPs that could result in undesired responses
Consequence if
Procedure | Parameter Sp!mo_us MCR _ Unde_swed Operators F_!espond
Indication | Instrumentation Action to Spurious
Indication
E-0 Step4 | Containme | >5 psig Pl LM100A Actuate SI | Fill pressurizer,
RNO nt (CNMT) | (0.03 MPa) | PI LM100B challenge PORVs,
pressure PI LM100C consequential LOCA
P1 LM100D
PR 1LM 100A
E-0 Reactor >275 psig PI RCS 402 Stop LHSI | Loss of oolmg
Step 25 coolant (1.90 MPa) | PI RCS 403
system
(RCS)
pressure %

In the first example, the operators are required t Rstatus and%@[e SI if required in

E-O Step 4. If SI is not required in the scenario but erators e high containment
pressure, they will actuate SI. The instrum w ociated i tainment pressure is
shown in the MCR Instrumentation colugin;gherdfare four nt pressure indications (PI)

and a diverse pressure recorder (PR) i

In the second example, the operator uired Qlow head safety injection (LHSI)
pumps if reactor coolant syste (R(} ressure er than 275 psig (1.90 MPa) in E-O Step
25. This step is also a conti action step; that iSzwhen the operators reach Step 25, they will
begin to monitor the RC o stop t SI pumps, if required.

fire sectiq Standard, both examples shown in Table 3-3
could be screened €gog# further considx n. The first example refers to a parameter for which
there are both diversSgnd redugdagft iAgi®ations; the second contains redundant indications.

Examples of operator actions page®oh spurious annunciators that could result in undesired
responses are listed in Tab{

Table 3-4
Examples of ope@tions based on spurious annunciators that could result in
undesired resp

Undesired Action Consequence

ES
trip

Place the affected
pump’s control switch
in lockout.

p motor instant One train of service water stopped,
reducing ESW probability of success
in CCDP calculation.

Can be restarted.

Place the affected
pump’s control switch
in lockout.

CCW pump motor instant
trip

Stopping one CCW pump increases
operating temperature on many
components but can be restarted.
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Table 3-4
Examples of operator actions based on spurious annunciators that could result in
undesired responses (continued)

Spurious Annunciator Undesired Action Consequence
East RHR pump suction Immediately open Depending on the scenario (size of
valves not fully open 1-IMO-310, east RHR | LOCA), could lead to cavitation of
pump suction, or the pump. Loss of pump in
1-ICM-305. recirculation mode.
RHR pumps motor Place pump control Delayed start of RHR if not on, or
instant trip switch in lockout. halts RHR if on. Impacts CCDP.
Can be manually started. \

Based on the information identified, all four examples in Table ould be retai off further
analysis and incorporated into the fire PRA because only o nt (annunciat®® has
been identified as leading to an undesired consequence. Th analyst m%sh to further
investigate other cues and indications that the operator cview be responding to this

i @d for diagnosis and

screened from further consideration.

of 1.0. As a result, the

These operator actions would be included 1 i
Mty of the equipment taken out

fire PRA logic would need to reflect, fo 5

of service by the operator because of edsfesponse t% fOus indications.

3.5 Initial Assessment of FeaSgility 0

After the operator action hasdegft identified and th E defined, the HRA analyst needs to

initially determine whet ator acti feasible. The feasibility check ensures that the

fire PRA is not crediti ator acti y not be possible. During the identification
1 i ent is conducted primarily based on

and definition sta al feasi

information obtaincguring the HE imttion and supplemented by any additional information
that may be known ab®ut the pAgi&glar®ction or PRA scenario. Feasibility should be treated as a
continuous action step and rey & eriodically as the HFE is further developed and refined.
Section 4.3 provides a ¢ m&%cussion on the assessment of feasibility.

If an operator action& ible, the HEP should be set to 1.0. After the preliminary results

have been incorporated it the model, additional resources can be used to reassess actions that
were previously cghsidered not feasible. There will always be cases in which, with enough

information, t analyst could make an argument that an action is feasible even though the
initial in uggests that the action will be extremely difficult or vice versa.

The follo questions represent feasibility information that may be known at this stage of the
analysis:

o Is there sufficient time to complete the action? The analyst should ensure that there is
sufficient time available to complete the action. If there is not, the HEP should be set to 1.0.
Both the total time required to accomplish the action and the time available should be
determined. 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
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time required must not exceed the total time available to complete the action. The total time
available can be an estimate based on thermal-hydraulic calculations or engineering
judgment early in the overall NUREG/CR-6850 [1] quantification tasks.

o Are there sufficient cues available for diagnosis? The analyst should ensure that there are
sufficient cues for diagnosis. If all of the cues for diagnosis are impacted by the fire such that
the action cannot be performed, the action is considered not feasible.

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

o s there enough staff available to complete the action? If there are not enough cre *
members available to complete the action (i.e., the number of people required for ea

1.0.

e Has the fire impacted equipment such that required crit S cannotformed?

This item includes instrumentation and/or alarms and c@mpegeW operabiljty considerations.
There must be at least one channel of instrumentatign an c@, larms for % for an operator
action to be feasible. Similarly, the components ma d during @ ator response
must be free of fire damage. If the fire has da e equipmen# sy at it will not
function (even if the operator takes the approph i e ould be set to 1.0. For

example, if an auxiliary feedwater pum hysi
start the pump locally would not be fgésible?
In the identification and definition s t E narrat

performance shaping factor (PSF) not ye
available, the feasibility step s UI% cassessed

exceeds the number of crew available), the HEP should be se

g

i & formation about each
A's this information becomes

to Fir A

and ‘def' can be incorporated into the PRA model. Task
[1] pl\ es the following guidance on incorporating HFEs into

3.6 Incorporating Fj

After HFEs have be
5, Step 1.3 of NU

function of the quantifi tool can be used to temporarily assign a value of 1.0 or
TRUE for surrogfite in the model. Surrogate events are typically existing human
failure events Tn thg Int€rnal Events logic model. New fire-specific human failure events

may have t({/adde to the logic models based on actions specified in the fire procedures.

the fire PRA model: o Q
During the early phasesz odel development process, the model configuration setting
e

During the f¥gal stages of the model development process, unscreened fire-induced human
fail ill be explicitly incorporated into the logic models. The fire-induced
h atfeffe basic events will be conditional on the appropriate fires.

Refinement$o these HFEs are likely to occur as other fire PRA tasks are performed. In deciding
which actions to credit initially, the analyst may choose to perform some sensitivity analyses to
determine whether 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.
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HRA analysts should use existing guidance on the interface between the HRA and PRA tasks,
including the way in which HFEs are modeled and placed into PRA logic models. For example,
Section 5.2.3.1 of NUREG-1792 [10] recommends that HFEs “be placed in proximity ... to the
component, train, system, and function affected by the human failure event.” In addition, Section
3.9.2 of NUREG-1624 [11] recommends that altering the PRA logic model to accommodate
HFEs, especially errors of commission (such as undesired responses to spurious indications) may
be needed, particularly if the HFEs occur only in very specific contexts.
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4

QUALITATIVE ANALYSIS

4.1 Introduction

Qualitative analysis is an essential part of an HRA although not always explicitly identified as
separate step in the HRA process. The objectives of the qualitative analysis are to underst
modeled PRA context for the HFE, understand the actual “as-built, as-operated” respo

operators and plant, and translate this information into factors, dg#f, and elements €t he
quantification of human error probabilities. A sound qualitativ sis allows tie to
provide feedback to the plant on the factors contributing to #Aic’s of an operatem#Ction and
those contributing to the failure of an operator action. Beca®s€ th§ qualitativ lysis provides a
foundation for all steps in the HRA process, it is reco at Sectj ead early in the
HRA process, and be revisited as needed throughout th

As an example, the objective data collected at the Srt gf the defigisiOf.of existing internal
events HFEs in Section 3.2 must be review W ed to undé @ d the impacts of the
modeled fire. Each of the assumptions apd inpu ed in th al events HFE analysis must
be systematically considered and eva orgfotential ir% cluding the following:

e Fire impact on instrumentation ation y\edfor detection and diagnosis as well as
the quality of the indicatio foly g a fireq

e Fire impact on the timin ugs, responsg, exedution, and time available

e Fire impact on suc , such ag a' requiring local, manual action after a fire
cRas

hether the fire procedures supplement or

e Fire impact o 4@0 bdial usage,
supersede the EQPs o
e Fire impact on manpower s, which may limit the operator’s responses
e Fire impact on l%@ example, accessibility, atmosphere, and lighting

The results of qualit. analysis are needed for two of the key HRA process steps: the
identification and definiti®n of HFEs and the development of human error probabilities for
HFEs. The qualitaq;eS analysis can also be a product itself, forming the basis for the HFEs that
plant perso e to improve plant response. In addition, qualitative analysis can be an
input imﬁ: ion of an HRA quantification method that is appropriate for specific HFEs.

In the SH 1 process [1], qualitative analysis tasks are embedded in the discussion of the HFE
identification and definition step (Stage 1 of SHARP1). Specific HRA quantification methods
(such as those used in the EPRI HRA approach [2]) explicitly identify the required input
information needed to perform quantification and implicitly define the information that needs to
be collected or developed as part of qualitative analysis. In ATHEANA [3,4], qualitative analysis
tasks are explicitly described in certain steps (e.g., identify potential vulnerabilities) and implied
in others (e.g., identify candidate HFEs).

4-1



Qualitative Analysis

Because it supports almost all other HRA tasks, qualitative analysis is iterative—just as HRA is
iterative. Information collection and evaluation starts with project initiation and continues until
the final HEPs are documented. Initially, the HRA analyst may be collecting and processing
basic information (e.g., EOPs) to gain enough information to appropriately identify and define
HFEs. Later, the HRA analyst is likely to be collecting and processing information on the way in
which EOPs are used by the operating crew in specific PRA scenarios (e.g., through interviews
of operators and operator trainers). Other sources of information (e.g., the timing of plant
behavior as predicted by thermal-hydraulic calculations) may be refined during the PRA study,
changing the time available for certain operator actions in particular PRA scenarios and, as a
result, changing HRA quantification inputs or indicating the need to define new HFE cases. :

This section includes an overview of the issues to be considered, qualitatively, in perform
fire HRA. It is based on guidance found in the combined PRA Standard [5], SHARPI [

ATHEANA [3, 4], and NUREG-1792 [6]. It is recommended thagthis section be rgwg
to performing any of the fire HRA tasks. The information in this

understanding of the issues associated with the fire context g#fere
S

identification and definition, and forming the basis for the

section establishes a knowledge base that is impoffapf#forthe though

quantification approaches. In addition, becau e the fygesllontext is t important driver in

deciding which information needs to be ¢ assesseqg t possible to develop a

generic, one-to-one relationship betwee uahtatlv sis activities and specific fire

HRA quantification methods (e.g., t pproach & e of the detailed fire HRA

approaches).

This section consists of eleve ub@tl s that a s the followmg

e Section 4.2 discusses informgtign typically collected to support the HRA
development (and

e Section 4.3 de s What a feas ment is and how it can be performed.

e Section 4.4 brieflf§gdiscusseg t Wthh qualitative inputs aid in the selection of an
appropriate HRA quantificati ethod

e Section 4.5 provides guj n developing an HFE narrative (as a qualitative input to HRA
quantification or predu®®in and of itself).

e Section 4.6 provides &general discussion of several PSFs that are typically addressed in
HRA and smr&#at are of specific concern for fire contexts.

@r ses the way in which a review of relevant operating experience can be used
e HRA

HFEs and preemptive operator actions such as those called out in SISBO procedures.

e Section 4.10 discusses the aspects of qualitative analysis associated with operator response to
fire-induced spurious operation of instrumentation and equipment.

e Section 4.11 explains how a review of plant-specific operations can be used as an input to
fire HRA.
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4.2 Information Collection

Qualitative analysis starts with a collection and review of information supporting the
development of the modeled HFEs. This information is likely to be collected as part of the
identification and definition task described in Section 3. If not, the data are collected at the start
of the HRA quantification.

The information comes from three general sources: the PRA, the plant, and the existing HRA.
The following types of data are useful to collect for each source:

e PRA information needed to understand the modeled context for each HFE:

— PRA model consisting of the fire-induced initiating events, event trees for plant re S
fault trees for system response, and data and results (such as for accident sequence&

important contributors) 9

— Success criteria analyses providing the basis for the accidengprogression and
times to component damage such as room or system jaeat™ culations

— Timing information such as from thermal-hydraulic%tions

— Other deterministic analyses such as circuit il%yses and t@ th models

¢ Plant information needed to understand the a@ uilt, as—o@ plant response:

— Procedures including EOPs, abnormalgperat procedur@u fi

— Alarms and instrumentation assogfat %ire ope sponse

— System descriptions for syst re@ig€d in the fi ANollowing NUREG/CR-6850
[7] Task 2 component selec

re procedures

—  Operator training infopfatiqff sith as the s and frequency of training associated with

the fire initiating eve
— Location and p 1nf0rmatioq

— Plant staffipé es follo@

evaluati(st asibility of operator manual actions
e HRA-specific informatim@% to understand existing HRA methods and data sources:

— HRA from the iptegfla nts PRA providing qualitative and quantitative data and
analyses

— Fire protectid

— Interview I{tes frot discussions and talk-throughs with operators and/or operator
trainers

—  Sigfula servations and walk-through data

4.3 Feasibility Assessment

Before an analyst can quantify the reliability of an operator action, the analyst must know
whether the action can succeed. The feasibility analysis in the fire HRA assesses whether the
operator action can be accomplished in the context associated with the response to a fire-induced
initiating event. The dictionary definition of a feasible action is one that is capable of being done
or carried out.
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The use of the term feasibility as applied to HRA appears to have its genesis in the consideration
of fire ex-control room manual operator actions submitted by nuclear plant licensees as
exemption requests from the deterministic requirements of 10 CFR Part 50, Appendix R [8] as a
way to achieve and maintain hot shutdown conditions during and after fire events.

The feasibility of operator actions is discussed in NUREG/CR-6850 [7] only from the standpoint
of recovery actions for fires in the MCR and the evaluation of crediting the operator use of
firefighting water for core injection, heat removal, or secondary heat removal. However, the
feasibility assessment actually correlates with several NUREG/CR-6850 tasks as discussed in
Subsection 4.3.1.

NRC Inspection Procedure (IP) 71111.05, Fire Protection (Triennial) [9] requires that eve%%

years, an inspection team select three to five risk-significant fire areas/zones and conduct a
informed inspection of selected aspects of the licensee’s fire protection program, inclu
“feasible and reliable manual actions to achieve safe shutdown.’

The subsequently issued NUREG-1852 [10], Demonstratin agibility and ity of
Operator Manual Actions in Response to Fire, provides gu%o assessi he feasibility of
local fire OMAs performed outside the MCR—either ing a fir ect critical
safety equipment that might be failed or spuriously f%d rendere ailable by the fire,
or to locally and manually align critical safety e nt§o perform 10n when needed.

NUREG-1852 defines a feasible OMA as one “tha alyzed a strated as belng able
to be performed within an available time sgras\Q ay, 1d a defi surable outcome.”

It should be noted that specific requirem e fea51b ssment of recovery actions in
NFPA 805 [11] transition projects se 1dent1f1 th section) are discussed in FAQ-
07-0030 [12] and include field demOngtrali®ns an rills that simulate the conditions to
the extent practical. The term gcovgry®ction in A 8 5 transition projects refers to OMAs

taken outside the MCR or “ y control station §such as a remote shutdown panel), as
defined in NEI 04-02 [1

In the context of fir

easzbzllt)‘a e s the qualitative consideration of whether the

operator action is ~go,rconsideri major performance influencing factors discussed
next. If the action is Bgt feasiblg, a@ﬁ 1.0 is assigned, or the HFE is not credited in the
fire PRA. For actions determine easible, a reliability assessment (i.e., the quantitative
evaluation of the llkehhood s of the operator action) is performed as discussed in
Section 5.

4.3.1 Where Fea %Assessment Fits into the Fire HRA

caglDility assessment process begins at the identification and definition stage and
% nitial qualitative analysis, new information may become available during the
continue elopment of the fire PRA model—especially during the quantification process—
that would Mguire the feasibility to be reassessed. Therefore, feasibility assessment is a
continuous action step throughout the fire HRA process.
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In terms of NUREG/CR-6850 [7] tasks, the fire HRA feasibility assessment performed as part of
NUREG/CR-6850 Task 12 involves the following interfaces:

e NUREG/CR-6850 Task 7, Quantitative Screening, conducts the first quantification of the fire
PRA model developed in Task 5 and screens out fire compartments based on quantitative
screening criteria. The feasibility assessment would be performed using the best information
available at that phase, and operator actions determined to be infeasible would be screened at
an HEP value of 1.0.

e NUREG/CR-6850 Task 3, Fire PRA Cable Selection; Task 9, Detailed Circuit Failure
Analysis; and Task 10, Circuit Failure Mode Likelihood Analysis, provide cable and circui
analyses that help determine the potential for equipment failures as well as spurious
operations and indications that the operators may face during a fire event. This infor N
factors into the availability of cues and the operability of equipment that can im ac@ or
action feasibility.

e Knowledge from NUREG/CR-6850 Task 8, Scoping Fi o@gliffe, and Task etailed
Fire Modeling, provides details on the fire modeling of% areas tha useful in
defining scenario-specific factors affecting HRA. affle, the p %or adverse
environments and timing information relative t ;%t dama

se ent

(@ from these two
tasks, providing essential input to the feasibi . %

The ASME/ANS PRA Standard [5] specifi disctifses operaton feasibility in High-
Level Requirements HR-H and HRA-D igfte BTy actions “only if it has

odelin
been demonstrated that the action is p e feasiblefor Wg@Se scenarios to which they are
applied.” HRA-D further states tha ho®l particula eﬁ dohe accounting for the effects of
fires. However, the PSFs discussed Ufer Suppori ement HR-G3 and listed in
Table 4-1 provide the basis fi e ffasility ass ent factors summarized in Section 4.3.4 for

evaluating whether an opera ctign postulatgd in e fire HRA is go/no-go.
In terms of documentatg ire HRAs e a separate feasibility assessment section or

sments and peer reviews.

attachment to facili itSyeview dugnglSe

4.3.2 Feasibility oNEOP Aciioqs Yersus Fire Response Actions

The first set of operator actio X\ated for relevance to the fire PRA are those reflected in the
HFE:s carried over fromythgfin 1 events PRA. The vast majority of these internal events
operator actions are & the EOP family of documents.

Following the Threg Mile ¥sland (TMI) accident, the NRC issued NUREG-0899 [14], which
provides requireni@gts for utility preparation and implementation of EOPs, including
developmegt, , and maintenance. The NRC then reinforced its expectations regarding
EOP verglicgtionmehd validation (V&V) and EOP training through the issuance of

NUREG- 1938 [15]. In general, plant-specific documentation must be verified for power uprates,
instrumentation design changes, and other plant modifications and changes to human

performance protocols. In addition, the EOPs are reviewed and validated by the plant operations
staff and their efficacy evaluated through simulator exercises and training drills.
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While in-control room EOP actions included in the internal events PRA have already been
evaluated for feasibility, it is important to reevaluate these EOP actions in the context of the fire
scenario to ensure that fire-related impacts to timing or cues do not render these actions
infeasible.

Fire procedures are not governed by the standard EOP set and therefore have not undergone the
same level of validation. For fire response actions, the initial feasibility assessment concentrates
on whether the postulated operator actions are demonstrated by the Appendix R compliance
evaluations to be feasible. Further assessment can be done as the fire scenario information is
better refined.

4.3.3 Special Cases in Which Little or No Credit Should Be Allowed $
In Section 12.5.5.3 of NUREG/CR-6850 [7], several cases are discussed in which it waQ

recommended that little or no credit be taken for human actions e cases werf

prior to the efforts described in this report in order to develo iled HRA Q fication
processes. Although the conditions addressed in these spec 1 ould sti be carefully
analyzed, a detailed HRA may identify situations in which 1 be appro to take some

credit for such actions. The following discussion of fea assessmer@ generally

addresses the issues associated with these cases, bift bgcdlise they we itly called out in

NUREG/CR-6850, they are revisited here to avoi 1on. Eac special cases from
by releva@ea‘ts

NUREG/CR-6850 is presented next, follow, w
e Tasks needing significant activity a unicati A\g individuals while wearing
self-contained breathing apparat Lt is belq % communication under such
elihood of success is assumed to be
es are high enough to necessitate the

conditions is difficult, and, unti ther
extremely low where levelgpof s heat,
use of SCBAs. In additi rming numero®g and strenuous actions wearing SCBAs
should also be given i

o

actions given the li isip1lity and ilar difficulties.

Caveat: Some As inch’a&ew es that would allow for communication among
personnel. In ad8igion, if adeq is available, personnel could communicate outside
the area where the SCBAs a utred and then return to the relevant areas to perform the
important actions. Where tuations exist, a careful analysis may be able to justify
crediting such actio, s mg numerous and strenuous actions while wearing SCBAs
should still be cr& rarely and only when a thorough analysis is performed and
Jjustification is provi

e The fire could@ause significant numbers of spurious equipment activations (and/or stops)
and affgct @ pItability of multiple instruments. Actions based on such instruments and
equi guld be assumed to fail unless alternative sources of reliable information can be
docum®@gted and a basis for using the alternative sources can be strongly supported. The
additional time, complexity, availability of procedures, and other relevant PSFs contributing
to identifying and using the alternative sources of information should be considered in
determining the likelihood of success.

Caveat: This caution still generally applies, but the issue and treatment of spurious effects
are treated in detail in other sections of this report; that guidance should be followed.
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e Actions to be performed in fire areas or actions needing operators or other personnel to travel
through fire areas should not be credited. Where alternative routes are possible, the demands
associated with identifying such routes and any extra time associated with using the
alternative routes should be factored into the analysis.

Caveat: If transit through a fire area is conducted after the fire is out then transit can be
credited unless precluded by fire damage.

e Actions needing the use of equipment that could have been damaged such that even manual
manipulation may be difficult or unlikely to succeed (e.g., a hot short on a control cable has
caused a valve to close and drive beyond its seat, possibly making it impossible to open, evgn
manually) should not be credited.

’

Caveat: None. However, a good example of this particular issue would be “92-18
as described in Reference 16.

e Actions to be performed without the basic needs of opera in parti @ ues,
procedure direction, training, necessary tools, and suffigie should not be Credited.
Caveat: Supporting Requirement HR-H?2 in Chapt, SME/A Standard [5]
provides the conditions under which credit can ¢%ut this cre uld be addressed
as part of the quantification of a detailed ancaysighisiRg the guld Appendix B or
Appendix C.

4.3.4 Feasibility Assessment Fact V Q
Table 4-1 lists the PSFs identified i Requlre & G3 of the ASME/ANS PRA
Standard [5] that should be evaluatedor post in from the standpoint of feasibility.

This list has been correlated tqa e gtePa from G-1852 [10]. It should be noted that the

latter reference provides ad al guidance bgyondghat presented in this report for conducting

a thorough feasibility a
Table 4-1
Feasibility ass nt |ter|a

ASME/ANS PRA tandara Corresponding NUREG-1852 [10] Operator
(HR-G3) Manual Action Feasibility Criteria

(a) Quality (type [cl imulator] | Procedures and training
and frequency) ope tor training
or experience

(b) Quallty of written procedures and | Procedures and training
rols

t OMAS

Ayailbility of instrumentation needed | Available indications

(d) Degree of clarity of cues/indications | Available indications

Available indications
(e) Human-machine interface

Equipment functionality and accessibility
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Table 4-1

Feasibility assessment criteria (continued)

ASME/ANS PRA Standard [5] PSFs
(HR-G3)

Corresponding NUREG-1852 [10] Operator
Manual Action Feasibility Criteria

(f) Time available and time required to
complete the response

Analysis showing adequate time available to
perform the actions (to address feasibility)

Analysis showing adequate time available to
ensure reliability

All criteria are related to this PSF (but,

generally, this PSF is addressed under \
“Timing”) :

(g) Complexity of the required response

(h) Environment (e.g., lighting, heat, and | Environmental facto
radiation) under which the operator is

working

(i) Accessibility of the equipment
requiring manipulation

(j) Necessity, adequacy, and availability
of special tools, parts, clothing, and so
on

Blank (not listed)

Blank (not listed)

Blank (not listed) DgmonsStrations

criteria R \%\ nsolidated into the major factors described
factors cou@ sufficient information to determine whether or not

sible. Fﬁxm le, the action requires the operators to locally disconnect

These feasibility a,
next. Any one of th
an operator action is
two breakers in the same roo the fire is occurring. However, more often, if all of these
factors are considered cgll l@it becomes obvious that the operator action is not feasible.
After the preliminar&i ve been incorporated into the model, additional resources can be
used to reassess actions th&t were previously considered not feasible. Cases might exist in which,
with enough infortgation, the HRA analyst can make an argument that an action is feasible even

though the j i@ rmation suggested that the action would be extremely difficult (or vice
versa).
4.3.4.1 Sufffcient Time

A key parameter for evaluating feasibility is time. The fire HRA must evaluate whether a given
action or set of actions for a particular HFE can be diagnosed and completed within the available
time. A definition of each of the timing terms such as available time and required time is
provided in Section 4.6.2 along with a diagram showing the relationship of these different timing
elements.
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The timeline used to model operator performance consists of several elements:

1. Time delays, such as the time at which the cue occurs relative to the initiating event or the
start of the event,

2. The time it takes the operators to formulate a response (i.e., to detect, diagnose, and decide
on the appropriate action),

3. The time it takes to execute the response, including the time to travel to a local area, the time
it takes to collect tools, and the time to don personnel protection equipment (PPE), if
necessary, and

4. The total time of the scenario, from initiating event until the action is no longer beneficial.

The evaluation of the time required to complete actions can be based either on talk-through
walk-throughs of the procedures with knowledgeable plant staff 0% on 51mulat10ns Q

supported by plant staff. However, the following sources may

and walk-throughs or to supplement the assessment and pro
time required:

e Job performance measures (JPMs)
e Training exercises

e Appendix R feasibility demonstrations. c1te UREG ] Section I1I.1.2 of
Appendix R states the following:

Practice sessions shall be hel 1ft [crew ide them with experience in
[performing the operator m s] undeﬁ us conditions encountered [during
the fire]. These practice sessi should h at least once per year for each
[operating crew] ... [aupfd] efforted in th&Ng#int so that the [crew] can practice as a team.

S of a simj ction in which the following characteristics exist:
ves are simik?
3

ed to when t s have to be performed and how long it would take
actlono

e Information from the

— The timing
to implement

— Locations for the acti ot so different that travel time to the locations is
significantly affgct

— Similar envirén ;&mst for the locations for the actions

Timing informatiqifrom the assessment of similar actions also can be used as a bounding case when
it is clear that t yons being evaluated would not require more time than the similar action.

Therefoid, a tor action is considered feasible if the time available to complete the action
(after the &fles for the action reach the operator) exceeds the time required. If it does not, the
action should not be considered feasible, and the initial HEP should be either set to 1.0 or
excluded from the fire PRA. When timing data are collected for crew response times, HRA
analysts need to collect a range of times in addition to the “point estimate” of an average crew—
especially when the required time is close to the time available. In these cases, a small change in
the estimation of the time required could change the operator action from feasible to infeasible or
could significantly change the reliability of the action.
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The issue of complexity cited in Supporting Requirement HR-G3 of the ASME/ANS PRA
Standard [5] involves several factors but is generally addressed in detailed HRA under “Timing”;
the more complex the diagnosis or execution, the longer it will take to implement these tasks.

In terms of recovery actions (i.e., operator actions to correct previous operator failures), the time
to accomplish the task must be adequate considering the total time available for the new recovery
action after the initial system alignment was found to be ineffective in preventing challenges that
could lead to core damage. Dependency issues regarding recovery actions that occur in
combination with other HFEs should be evaluated as discussed in Section 6.2 to demonstrate that
adequate time is available for the recovery action.

The following feasibility assessment factors could also affect the time required to complete
action (or set of actions) and should be taken into account in estimating the time required\
example, if the time required for operator diagnosis of the situation is impacted by spuribu

unavailable indications, and the time needed for local manual aggOn,is impacted
and travel paths, the available time may not be sufficient to cre e BFE in the

ations
A.

Section 4.2.2 of NUREG-1852 [10] also mentions equ1pm , enviro ntal conditions,
and expected variability between individuals and crew contr tlmlng
uncertainty. It is therefore important that the analys ec the poten r uncertamty in the
time estimates and be vigilant for cases in which ange in t tion of the time
required could change the operator action from fea 0 1nfeas

V

4.3.4.2 Sufficient Manpower

Feasibility assessment of staffing f includes &lu ion of the availability of a
sufficient number of trained personn 1thout co, es during a fire, such that the
required operator actions can ed as n€ . Therefore, because a fire could occur at
any time, all operating shift n evels should iffgJude enough trained personnel to perform
the required operator acj re are no gh crew members available to complete the
action (i.e., the numb e requl task exceeds the crew available), the operator
action should not Sl red feas h mitial HEP should be either set to 1.0 or
excluded from the

Staffing issues such as the foll ould be considered in the feasibility assessment:

[10]:

[A]n operato uld hot serve as both a Fire Brigade member and be responsible to
perform an operatO® manual action during a fire at the same time (i.e., the operator should
not serve b@th functions concurrently). The operator could serve as a Fire Brigade

memb ift provided another operator had the manual action responsibility that same
tent is that an individual who could be called upon to perform operator

al actions should not, for example, also be a member of the Fire Brigade for the
same¥ire, or have other duties that would interfere with the ability to perform the
operator manual action in a timely manner.

e As pointed out in N

e If personnel will have to be summoned from outside the MCR, an assessment of
how long it will take them to get to the control room should be performed, considering the
likely starting locations for the personnel. The analysis should consider the potential that the
personnel might be in remote locations from which it may be difficult to egress and that the
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personnel may have to complete some actions before they can leave an area. If the actions
will involve multiple staff in certain sequences, these activities, their coordination, and their
associated communication aspects should be assessed.

e Consideration should be given to the workload of the MCR crew while directing and
coordinating multiple teams involved in executing manual actions, particularly if the MCR
crew has other significant responsibilities at the same time.

4.3.4.3 Primary Cues Available/Sufficient

This factor addresses the instrumentation and/or alarms used as the cue(s) for the operator
response to answer the following question: Has the fire impacted the cue(s) such that diagnosis
not possible? K

t
g assumed

cue, the operators will not respond. Cues can be instrumentatiogf’a procedure stej
condition. A fire can impact the instrumentation; if the fire
that the operator action will not be successful.

In general, HRA assumes that all operator actions are taken in respgonse to a cue. If th
@umemaﬁo

One of the key issues regarding instrumentation in the xt is wh %ﬁre can cause
spurious indications that lead the operator to take gff inafy@ropriate actj

Supporting Requirement HRA-B4 of the ASME/ A Stan tates the following
Capability Category II requirement:

INCLUDE HFEs for cases Wher d 1nst
instrument could cause an u rator aci
Part and in accordance w1th -F an

ion failure of any single
istent with HLR ES-C of this
art 2 and DEVELOP a defined

basis to support the clai applica of the requirements under
HLR-HR-F in Part 2

nt states llowing:
Quirement js t that in cases where instrumentation required for
y a fire, the implication is that there is a potentially
or will either fail to perform an action or take an
inappropriate action (e. own a pump because of a spurious pump high temperature

alarm) due to the falle 1 entation. This requirement is to ensure that these types of
HFEs are not o & recognition that the corresponding HEPs could be high.

This single-instrument clgerion looks at single indications that, if failed, could lead to an error of
commission (EOCpor an error of omission (EOQO). The indicators associated with each operator
action in the firg, PRA model are identified and provided to the circuit analysis task early on so
that cabling as @ ted with each indicator can be routed. For each cable-route area (e.g., fire
initiator siC®vent is defined. For cases in which this fire initiator could cause failure of an
indication feguired for the operator to recognize the need for action, the event is included in the
fire PRA model under an OR gate with the HFE corresponding to the action that relies on this
indication. In so doing, when fire in this cable-route area fails the key indication, the associated
human action within the fire PRA model is also effectively failed. If the fire could cause a failure
that would lead to an expectation of undesired operator action (i.e., an EOC), the fire initiator is
typically included under an OR gate that also includes failure of the equipment that would be
affected by the undesired action, so that it is treated as unavailable.
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The circuit analysis task is required to evaluate the failure modes of each cable relevant to the
indicator functional states and is a detailed, complex, and time-consuming process that often
drives the fire PRA schedule and resources. In addition, the fire modeling task that evaluates
ignition likelihoods by fire area generally lags behind the fire PRA modeling task. For this
reason, the initial feasibility assessment associated with spurious indications is likely to require
assumptions or qualitative assessments on the part of the analyst to account for indication
uncertainty. The following is an example of such a qualitative evaluation:

The primary cue in this scenario is pressure. There are numerous redundant and
functionally redundant pressure instruments available to operators in the MCR, remote
shutdown panels, and Reactor Building cabinets. Therefore, fires which impact the
relevant pressure instruments are expected to be rare.

Another such assessment involves the review of the EOPs. For example, in the case of

such as “Operator Fails to Start a Charging Pump,” an EOP willdirect the operatgf e that
two charging pumps and both RHR pumps are operating. Oper wipl then che ontrol
board to verify that the charging pump(s) are operating as €quised® dications

arging pump
include discharge pressure indication, discharge flow indication, gmp meter %tion, and red
indicating lights. In addition, various annunciator boar m iflicate that the
charging pump is running. Therefore, multiple ind€atjo lable for this
e operator action.

action, and no single indication is considered to i ct
Many plants include tables in their fire pro es thadt identif ruments most likely to
have been impacted by fire and provide @. instrum the operators’ use in

parameter verification and scenario dj ese tab e valuable information to the
fire HRA for instrument vulnerabil 10ns.
When detailed fire modeling cigguibanalysi rther along, a more thorough analysis of

spurious instrumentation imfiacy# on operator diagn@gis and execution can be made.
The timing of the HFE @

d a0 be taken @ count during the evaluation of
instrumentation una, hLlity 1mpac; ) action feasibility; hot shorts that occur soon

after the fire may ger'be an issu ing long-term scenarios when diagnostic cues are
actually needed for ofgrator sugceg§.
4.3.4.4 Proceduralized an jfed Actions’

The feasibility analysg§shotld include evaluation of the quality of procedures based on their
ability to accomplish thegllowing:

e Assist the opefdtors in correctly diagnosing the fire event and plant response (with
considegati tential impacts to indications)

e Iden e appropriate preventive and mitigative manual actions, including the tools or
equipm@gt that should be used and where the action should be taken

e Reduce potential confusion from fire-induced conflicting signals, including spurious
actuations

7 or justified exceptions
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Training quality should be evaluated based on its ability to do the following:

e Engender operator familiarity with potential adverse conditions arising from a fire event as
well as the actions and equipment needed to mitigate the event

e Allow operators to be prepared to handle departures from the expected sequence of events

e Provide the opportunity to practice operator response and bolster confidence that these duties
can be performed in an actual fire event

Certain operator actions may be identified as skill-of-the-craft and credited on that basis although
not specifically proceduralized. However, the feasibility of these actions would have to be
justified through the performance of walk-throughs or talk-throughs or by an evaluation of
existing JPMs for fire safe shutdown. This is consistent with ASME/ANS PRA Standard
Supporting Requirement HR-H2, which states that recovery actions can be credited if *
procedure is available and operator training has included the actigft as part of cre aiing, or
justification for the omission for one or both is provided.” It sh Isp be notedovery
actions may be addressed in specialized procedures for whi e ators may noO eive
extensive training for the particular case being analyzed in% PRA.

4.3.4.5 Accessible Location Q

If any of the required critical tasks is in the same tighl as the fipe

\
is located in a large room) or it is known t tw tors will n@¢ bgable to reach the
location(s) because of the fire, the oper. ioRy§hould ng nsidered feasible, and the
initial HEP should be set to 1.0, K

travel path required for local manual

The evaluation of “accessibility” m evalu
actions given the location of thegfi sibility might be compromised by the fire
initiating event. It may be ne tive actions that can be taken in other locations to
achieve the same goal or ch as pullpa®fuses rather than locally actuating valves, as long as
these alternative action:@déd as feagj h operator interviews and walkdowns. Travel paths

should be identifie@ mented usj la#ft layout diagrams (indicating the specific room,

stairwell, and door with operations staff to ensure correctness for the given fire
scenario. Analysts shotNd consid® ing radiation hotspots and radiation areas as an additional,
potential information source in g possible impact on travel paths. The impact of alternative travel
paths on the timing of fir tion task must also be considered because, for short timeframe

actions, the addition o h8gtravel time could render the action infeasible.
Environmental and other &fects that might exist in a fire scenario include the following:

e Smoke and toXg gas effects, which could slow the implementation time for the action and
may regui erators to wear SCBA

e Obst on, such as from charged fire hoses
e Heat streSs

¢ Radiation. For the feasibility analysis, the analyst needs to determine whether the radiation level
or rating of an area would preclude access or otherwise prevent the action from being feasible.
For example, fire could damage equipment where contamination (radioactive particulate) is a
potential issue in the location in which the action needs to be taken; as a result, operators would
need to don personnel protective clothing (which takes extra time) before going to this location.
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e Locked doors. The fire may cause electric security systems to fail locked. In this case, the
operators will need to obtain keys for access. If all operators do not routinely carry the keys
to access a secure area, the HRA analyst must ensure that there is enough time for the
operators to obtain access. Normally locked doors should also be considered.

All of these effects should be considered possible, perhaps even likely, when determining the
feasibility of performing a manual action in a fire situation.

4.3.4.6 Equipment and Tools Available and Accessible

equipment may be needed and should also be considered from the standpoint of feas1b111t
falling under this category according to NUREG-1852 [10] include keys to open locked
(especially in light of tighter key controls that some plants may have implemented in r

security needs) or manipulate locked controls, portable radios, le generator
devices to turn handwheels, flashlights, ladders to reach hlg%\ electrlc er rack—

To access and manipulate plant equipment during local manual actions, portable and special g

out tools.

Protective clothing, gloves, and SCBAs may be neede e ope cess equipment
impacted by the fire when smoke propagates beyong thef§ghmediate fire %’Jredltlng the
feasibility of the local action requires that this e ntbe readlly e and functional; in a
known and designated location; and able to b, loca ccessed, ned by plant personnel
during an actual fire.

Often this special gear and its locatio ente i Q procedures or in the

appendices to plant fire procedures

Training on the use of this equi me importa @ redfing feasibility, and the training quality
and frequency should be no g the feasibili§ assessment.

4.3.4.7 Relevant Co Are Oper

As stated in NUR 10]: ‘
This criterion dresses&h@ ensure that the equipment that is necessary to enable
manual action to achieve and maintain fire hot shutdown

implementation of an g
is accessible, availa @ ot damaged or otherwise adversely affected by the fire and
its effects (suchfis Wgatoke, water, combustible products, spurious actuation).

Implicit in this feasibilitygriterion are the quality of the human-machine interface (HMI) and the
ability of the operggor to properly evaluate and address the fire conditions in order to maintain
i also addresses the equipment that may need to be manipulated to mitigate a

plant function
fire scen a considerations of the fire-related damage state that may even prevent that
equipme eing actuated manually.

If the fire ha® damaged the equipment such that it will not function even if the operator takes the
appropriate action (such as motor-operated valves [MOVs] affected by NRC Information Notice
92-18 [16]), the operator action should not be considered feasible, and the initial HEP should be
set to 1.0. For example, if the auxiliary feedwater pump is affected by fire, the operator will not

be able to restore the pump locally.
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4.4 Quantification Method Selection

One of the important insights from NRC’s Evaluation of Human Reliability Analysis Methods
Against Good Practices (NUREG-1842 [17]) is that the best quantification results are obtained
when the outputs of the HRA qualitative analysis (e.g., PSFs) are well matched with the HRA
quantification method chosen. For example, if the qualitative analysis shows that the time
available for operator action is a dominant factor on operator performance, choosing an HRA
quantification method that is based on time-reliability correlation would be appropriate.
Conversely, if the selected HRA quantification method does not address an important PSF that
was identified during qualitative analysis, the usefulness of the HRA quantification results is
likely to be limited.

approach) so that the user understands the limits and capabilitie
Beyond this guidance, the authors recommend that the userfbe by the gpecific needs for
each fire PRA scenario and HFE, as indicated by the qualitatiye ghalysis, to % choices
regarding HRA method selection.

4.5 Development of an HFE Narrative @ 6
Based on recent HRA research, one of the veor an He Qrst to communicate what is
understood about an HFE and its associ cenario j % elop an “operational story”

h

or, as described here, an HFE narratj ative in esWnd relates the elements of the
PRA context to other information,

better understand the plant res nsep how it tes to scenario-specific performance.

This section describes some e imformation (boti®‘raw” and assessed) that could be part of an
HFE narrative. Some o f thg'informati serve as input to HRA quantification (either
directly or indirectly € g on the d/or as a qualitative analysis product itself
(e.g., part of the HEA doct®nentation fdllowing HFE narrative elements are discussed in

this subsection:

. Q
e Fire-induced initiating ev \
e Accident sequenKrgﬁl unctional failures and successes)

¢ Timing informatfon
e Accident-specgfic procedural guidance

e Availapili es and other associated indications that may be needed to identify necessary
as those that might subsequently enable the operators to detect the need for a

correctigtion that has been omitted or performed incorrectly

e Preceding operator errors or successes in sequence
e Operator action success criteria

e Physical environment
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Additional discussion of PSFs (the details of which are likely to be needed in developing a
detailed HFE narrative) is provided in Section 4.6.

For existing internal events HRAs, many of their definitions will remain unchanged for the fire
HRA; however, these definitions should be verified to ensure that all PSFs are appropriately
accounted for in the context of fire. In addition, the scoping approach to quantification and the
EPRI HRA approach [2] both assume that the internal events HRA meets Capability Category I1
of the PRA Standard [5]. This assumption should 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 of whether the action is risk-significant or non-risk-significant in order to meet

ASME/ANS Standard Requirement HR-F2.

4.5.1 Fire-Induced Initiating Event Q\
For fire PRA, the initiating event is a fire that causes a reactor tgf. The reactor trj b&caused
either by the fire itself or by fire-induced equipment failures tha initi s loss of
offsite power (LOOP) or LOCA from stuck open power-opfra ef valve , which
will also lead to an automatic or manual trip of the reacfor. pe of initi vent, such as
transient or LOCA, will affect the overall time availabl ponse as e procedural

path to the modeled HFE. 6

4.5.2 Preceding Functional Failures Sucotésses for@dccident Sequence
Following the reactor trip, functional fai ang*Successe %ntified to understand how all
. This

of the PSFs could impact operator p stepalgo 1@gntifies the operator action in
the context of the fire PRA. For exi P acti antional failures and successes will
typically follow those in the i rna? ts PR eed'to be verified. The PRA analyst is not
always aware of the specifi etails, and theySgould unintentionally change the sequences
of events on which the i alkgyghits actio re based.

Identification of the %menc‘e wi ntify any potential dependencies among
HFEs.

4.5.3 Timing Information ’\Q

In the “Identification and @n > step described in Section 3, the timing information about
the feasibility of the o&s entified in a qualitative way by asking, “Is there enough time to
complete the action?” ANgefinition of each of the timing terms such as available time and

required time is prgvided in Section 4.6.2 along with a diagram showing the relationship of these
different timinggl®gents. For quantification, however, the following detailed timing information

needs to bgrde ‘@

e The tO4l time available: the period from initiating event (usually reactor trip) until an
undesire®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 (i.e., detect, diagnose, and decide)

e The time it takes to execute the response, including the time required to travel to a local area,
if necessary
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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
calculations or vendor-specific studies.

Using the guidance presented in Section 4.3.4, the time it takes for operators to formulate and
execute a response can be obtained from a variety of plant-specific sources, including the
following:

e Plant-specific simulator data

e Plant-specific operator interviews

e Job performance measures (for actions outside the control room)
e Estimation Q\

Often, it will be necessary to draw on combinations of these app#baches to obtai
realistic estimates possible.

For existing EOP actions, the timing information may be s% e inte events PRA but
may need to be adjusted to account for fire impacts su t lowing:

e Delays in implementing EOP procedures resu fr@mn first impl @g fire procedures

e Increases in manipulation time resulting from itgnal wor

e An increase in cognitive response resydti mislead' clear indications

e Increases in manipulation time re add1t10 time for local actions

See Section 4.6.2 for guidance on t ion o @Ia including considerations relating
to ranges of and uncertainty i imes.

4.5.4 Accident-Speci; ural G

For each HFE, the al guldange 1dentified This guidance includes not only
identifying the pr es, but also 1 g how the operators will arrive at the specific
procedure step. For PRA, p#o uldance may be available in both the fire procedures
and the EOPs. If procedural g IS unavallable an HEP for the HFE can still be developed

by using the ASME/ANS Ii ard [5] high-level and supporting requirements of HR-H.

4.5.5 Availability&e and Other Indications for Detection and Evaluation
Errors

used. Thegefi includes how the instrumentation is impacted by fire; secondary cues
(supple s) that could impact recovery also are to be identified. In fire scenarios, it
should be cOmfirmed that the cues and indications credited for the relevant internal events
operator actions are still valid. Note that the fire impact may directly affect the cues and
instrumentation.

The cues shou@&ﬁned at a functional level and by the specific instruments expected to be

In addition to ensuring that a minimal set of cues is available to conduct the operator action, the
fire PRA can also provide information regarding the additional fire impacts on instrumentation
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that can be a potential distraction to the operator. This additional information can be used during
the quantification of HEPs and/or identified as a potential source of modeling error.

4.5.6 Preceding Operator Errors or Successes in Sequence

Preceding operator errors or successes are defined in order to understand the workload and
potential stress levels. They also aid in understanding the procedural paths followed by the
operators. This definition is developed through a review of the event trees and fault trees and
may require interaction with the fire PRA analyst. For fire response actions, the HRA analyst
will need to work with the fire PRA analyst to ensure that the fire response actions are

incorporated appropriately. *
4.5.7 Operator Action Success Criteria Q\
The specific operator tasks required for success need to be defi rom the opefator gtton
success criteria, the failure model can be developed. The de f operatorggtigh success
criteria consists of subtasks for cognition and execution; thi t n subtas furt er divided
into detection, diagnosis, and decision making. Either lar a procedu will provide a
cue that will initiate the cognitive response and fulfil t tion and ﬂ" SIS portion of
cognition. The decision making is typically relat ing out a p6tY

execution tasks are associated with the man1pulat1 mponensll soflowing the procedure

after the operator’s response strategy has b . Executio
procedure.

4.5.8 Physical Environment $ !

Because the fire could have a g n1 1mpact physical environment in which the
operator actions are belng p the fire locatfqp must be identified and any changes to the
operators’ work enviro e consi for example:

e The fire locatlo equire the op ke a detour when performing local actions, or

the actions ma irethat the o wear SCBA gear.
e The fire may caus a loss of* thlch could fail-closed some locked doors. It should be
verified that the operators access (in the required time) to locations.
4.5.9 Impact of thg%@' ask on Narrative Elements
Each of the preceding narttive elements can be defined in various levels of detail, depending on
what is required i% fire PRA task. For example, in Task 7a of NUREG/CR-6850 [7], each fire
area is qua tif@ omplete room burnup. At this stage of the fire PRA development,
screeni ch as those provided in NUREG/CR-6850 would be applicable because the
ask 7a is to screen out fire compartments based on quantitative screening criteria. In
addition, theYire response scenarios may not be sufficiently defined for a complete detailed HRA
to be performed; for example, the detailed timing information will come from Task 8, which may

or may not be completed. 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); any HFE requiring this
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instrumentation should therefore be assumed failed. In addition, if the HFE requires a local
action to be performed in the fire location, the operator action should not be credited.

Beginning in NUREG/CR-6850 Task 8 and continuing through the early quantification of Task
11 for potentially risk-significant compartments, the fire PRA is quantified using a scoping
approach. At this stage of the fire PRA development, the HFEs can be quantified using
screening, scoping, or detailed analysis. Scoping for HRA quantification is considered more
detailed than NUREG/CR-6850 screening but less detailed than a detailed HRA quantification.
Many HFEs have not been screened out at this point and performing a detailed analysis could be
resource intensive because more HFEs will be screened out as the fire PRA is further refined.

HFEs required for final quantification in Task 12 of NUREG/CR-6850 must be defined tqQt
greatest level of detail because these HFEs are potentially risk-significant to the fire PRA%

and indications must be clearly identified and their fire impacts clearly understood. Thefin
information must be plant specific, and the preceding operator sy€cesses and fail 1l as
procedural guidance must be identified.

Guidance for the treatment of MCR abandonment, preemp rator actiops; and spurious
indications is provided in Sections 4.8, 4.9, and 4.10, rvﬁ . Q%
4.6 Performance Shaping Factors @ 6
Ps %€omplicat wever, for practical
1 e discus, ch next. The purpose of
dressed {Or RA. The discussion is
(an impo n

owledge base) for the specific
treatment of PSFs included in the sc methods. This section provides an
overview of considerations fopffire JRA; in man es, the same guidance for internal events

HFEs can also be applied toggfand, is reprodyced re for clarification. The implementation of
these PSFs is discussed4 opriate s@or quantification.

The following PSF vant for ﬁre@
e Cues and indicati€@ns . Q\
e Timing \

e Procedures and trainin @
e Complexity &(

e Workload, preggure, and stress
e Human-m '&nterface

EnvigOn Q
e Special guipment

e Special fitness needs

PSFs are interdependent, and their impact o
analysis, PSFs are often treated indepen
this section is to describe the PSFs tha
intended to provide understanding

e Crew communications, staffing, and dynamics

This list is a combination of PSFs listed in NUREG/CR-6850 [7], NUREG-1792 [6], NUREG-
1852 [10], and the ASME/ANS PRA Standard [5].
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4.6.1 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
therefore 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 still be credible if the
indications are impacted by the fire or the associated instrumentation cable routing is unknown.
For such actions to continue to be credited, it must be shown either that alternative (redundant Qr
diverse) indications are not impacted by the same fire or that the minimum required
instrumentation is sufficiently protected and procedurally identified as such. NRC Infor \
Notice 84-09 [18] lists the minimum instrumentation required to be protected by the A@ R
safe shutdown scheme:

e Diagnostic instrumentation for shutdown systems
e Level indication for all tanks used

9

e Pressurizer (PWR) or reactor water (BWR) levg® andyresSure @
e Reactor coolant hot-leg temperatures or core cXg ocoupl old-leg temperatures
(PWR)

e Steam generator level and pressure (@ PWR)
e Source range flux monitor (PW,
e Suppression pool level an re ( \NQ

e Emergency or isolation nger level (BWR)

The safe shutdown list d equ1p need to be compared to instruments credited
in the fire HRA, an, truments.n 1n the safe shutdown list will need to be added
to the component ion [ist for c 1ng For example, the safe shutdown analysis does
not consider mitigatiohs of a fire a LOCA and may not require refueling water storage
tank (RWST) level indication f its analysis. For fire PRA, RWST level indication would
be needed to credit operat for switchover to recirculation.

NUREG-1792 [6 the internal events HRA, it is often assumed that the cues and

indications are adequate cause of the redundancy and diversity in a typical control room.
However, in scen 0 in which redundancy and/or diversity could be impacted (such as loss of

DC power or f s assumption must be verified.
NURE notes that, in addition to the SSCs needed to directly perform the desired
function trumentatlon and cues are needed to provide diagnostic indications relevant to the

desired OM s. These indications, to the extent required by the nature of the OMA, may be
needed to enable the operators to determine which manual actions are appropriate for the fire
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scenario, to direct the personnel performing the manual actions, and to provide feedback to the
operators—if not already directly observable—to verify that the manual actions have had their
expected results and that 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 (or fail to take a needed
action) if a spurious indication appears to be valid within the context of the scenario. Spurious
indications that are clearly inconsistent with the scenario context would likely be identified as
invalid by operators, given an awareness of potential erratic instrumentation behavior as aresu
of the fire. For example, spurious high-temperature readings from core exit thermocouples

hot- and cold-leg temperatures are constant, or if subcooling magfin indications

The identification of the invalid indications will add to the ti ujp€d to perfo ssary
actions and, at worst, cause the operators to not take appropig ons or tggeerform procedure-
directed actions under the wrong circumstances or at t 0 e. An ¢ pIB of this would

be if the operator follows a procedure in response tgpa s
shuts down an otherwise operable pump because
be given to the spurious events, their potential effe
might affect subsequent operator performag latj

rious indifali@I™Consideration must
C fire, and how they
ging analyzed.

ex®as noted previously). Such
priate plant staff (e.g., operators and
trainers).

For MCR abandonment a
panels and the way in

t ave limited familiarity with the ex-CR

or actions presented. Furthermore, the HMI of these

panels may not be a as that in the WIGK-“Ih€se issues must be considered in evaluating the
adequacy of relev T post—Mandonment actions. For example, in applying the
scoping approach, arflysts willg sure that there are cues on the ex-control room panels

consistent with those indicated b rocedures. In addition, in cases of MCR abandonment or
the use of alternate shutdow% ches, the general effects of crews no longer having access to
n

all of the information'&h@ eed to be evaluated.
4.6.2 Timing

Figure 4-1 pre structured timeline for an individual HFE. This timeline is composed of
several elgfhe capture the various aspects of time during the progression from initiating
event un ¢ time at which the action will no longer succeed. Developing the timing
informatiorMNgccording to this timeline is useful in that it applies to all quantification methods.
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- Tew >
- Tavail >
- Treqd >
- Tdelay >
- Tcog >
- Texe >

To Cue Crew Action Actio Q
received diagnosis compl lon
Start complete bene
Figure 4-1 % 6

Timeline illustration diagram

The terms associated with each timing element agf’ dgfindgl mathematg xt and then further
described in the subsequent text: O

To = start time = start of the event V
Taelay = time delay = duration of timgsj esor an operafor tggacknowledge the cue
Tsw = system time window 0

Taai = time available = timgfavai}ébl® for acti (Tsw - Taelay)

Tewg = cognition time nggbf detectiphy diaghosis, and decision making

Texe = execution ti mg travel of tools, donning of PPE,

and mary ioMof relevaft
Treqda = time requird = resposeim&dF accomplish the action = (Teog + Texe)

Structuring the timeline in thi x ows the analyst to demonstrate, among other things, the
feasibility of the action fro @rspective of timing. Section 4.3.4.1 provides guidance on
developing the feasibily aSygssment. Specifically, the guidance indicates that the operator
action is feasible when tiig time required to complete the action is less than the time available.
The time availablegTavail) consists of the system time window (Tsw) minus any time delays

(Tderay), for exa e&ime delay until the relevant cue for the action is received. The time required
(Treqa) co ts@e time to recognize the needed action (Teg) and the time to execute the action
(Texe); th¥gig#also called the crew response time. Each of the timing elements, including the start
time, is deffaed next.

Start time. In Figure 4-1, To is modeled as the start of the event. For fire HRA, Tocan be either
reactor trip (which is commonly the starting point for internal, non-fire PRA) or the start of the
fire. The fire PRA typically assumes that reactor trip and the start of the fire occur at the same
time unless scenario-specific factors show a significant difference.
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System time window. Tsw is defined as the system time window and is the time from the start of
the event until the action is no longer beneficial (typically when irreversible damage occurs, such
as core or component damage). Tsw is typically derived from thermal-hydraulic data and, for
HRA quantification, is considered to be a static input. The system time window represents the
maximum amount of time available for the action.

Delay time. Ty represents the time from the start (typically the initiating event) until the time at
which the operators acknowledge the cue. This is a function of the fire damage and the plant
response, which includes taking into account any procedure delays or delays in responding to the
cue. If the cue, for example, is a step in the fire procedure, Taelay would be the time it takes the
operators to reach that step in the fire procedure. If the cue is an alarm that annunciates when aow
tank level is reached, Teelay would be the time it takes to drain the tank until the alarm ann

and the operator acknowledges the alarm. If the implementation of the appropriate proc is
delayed because the fire caused the control room crew to be activgly implementingse @ into
consideration) multiple procedures such as the EOPs and the fi
systematically increase the delay time when updating existipg®

the actuation of components, the guidance is to system
existing internal events HFEs for use in the fire PR&. i 1fig fire initiating
events is a source of modeling uncertainty in the

In addition to procedural and instrumentatiom§gmpact®On the del @ e, NUREG-1852 [10]
i if €rtainties such as the nature
that can impact fire growth. In

y

this NUREG, these factors are mod owever, because fire
detection and suppression in NURE tly based on empirical non-
suppression data curves, thesgsfactqp® afe often i itly accounted for and may not be available
for explicit consideration in reHRA.

Cognition (recognitio og 1s define @ bhe nominal time for cognition and includes
detection, diagnosi cision makinf. best obtained by simulator observations. For
fire response actio e diagnosis wi jcally be made in the control room and the execution
local—and therefore $gll possihle 4 oBgetve the cognition time from simulator observations. If
there is a need to model local itten, cognition time can be obtained by talk-throughs and/or
walk-throughs (see Section ,4.11.1,and 4.11.2).

For scenarios in whig/f§go ilggrumentation is impacted by fire, the cognition time would be
similar to internal eventsme because the EOPs are symptom based (not initiator based). It is
expected that the gperators will trust their instrumentation unless there is a compelling reason not
to. For cases i & the cues are partially impacted by the fire, the diagnosis and decision
making b e difficult given the extent of the fire damage. These are the cases for which
simulato ervation would be most beneficial.

Execution titme. Tex is the nominal time required for the execution of the action. Execution time
is defined as the time it takes for the operators to execute the action after successful diagnosis.
The execution time includes transit time to the local components, time to collect tools and don
PPE, and time to manipulate the local components. The transit (travel) time could be
significantly impacted by the fire location. Useful inputs to develop Texe can be obtained from
JPMs or by walk-throughs or talk-throughs with the operators (see Sections 4.11.1 and 4.11.2).
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For control room actions, the guidance is to use the same Texe from the internal events
development (often called the manipulation time because there is typically no need for tools or
PPE) for the fire event, unless the fire has impacted the control room (i.e., no smoke or hazard is
present that would make manipulation more difficult).

When timing data are collected for crew response times, HRA analysts should strive to collect a
range of times in addition to the “point estimate” of an average crew; this is especially important
when the required time is close to the time available. Although the availability of operations staff
may be limited, it is important to interview several operators for cases in which a small change in
the time estimation could render a feasible operator action infeasible or significantly impact the
resulting HEP. For example, the time required for an operator to locally align a particular valv
may be 15-20 minutes for the quickest response but in all cases would be complete withi

minutes (confirmed by a JPM in which 65 crews have completed the action within 35 mj on

bounding estimate can often be useful. Using the same exa
hours and the cue occurs at 90 minutes, knowing a range o

ay be intgeesting—but in
such a case a bounding statement would typically be a ., usin %mate of 35 or

40 minutes directly), and the analyst would not neeghto ortest se time.

As noted, potential uncertainty in the timing dataQg j Qwhich a small change
in the estimation of the time required could change  ¥F'0m feasible to infeasible
or significantly change the reliability of t & method and the EPRI
HRA approach [2] for quantification, ce Ing poingg wnight exist in which a few

additional minutes in the estimate ¢ action in iff@ent time margin regime. In
these cases, it is recommended that %ially use the more conservative
timing data (and resulting HE i er 1T the HFE significantly impacts the fire
th&analyst could run several test cases to
ility an. aps quantify the HFE with separate timing
w THEANA [3, 4] does not involve predefined
i lication might be identified as part of the

“tipping points,” a g Y i
expert elicitation qifification p% part of the typical ATHEANA process (see, for
R ° di

cases if the impact is s

example, Sections C and C.8 rences in timing that could result in the assignment of
dramatically different HEPs b should be identified and carefully explored. Such
differences in timing and a HEPs can be treated in two ways in ATHEANA: 1) capture
in the distribution of BHiEPs agcording to the typical ATHEANA quantification process or 2)
definition of two or mor&HFEs, each with its own probability distributions.

For the quantificagi®n of HEPs in the scoping analysis (see Section 5.2), the timing terms defined
previously are calculate the time margin. Time margin is defined as the ratio of time
available #Or t overy action to the time required to perform the action (Teog+Texe); it is
calculatc®hygf follows:

T...—T
Time Margin (TM) = 2L, 100% Equation 4-1
reqd
T), —Ty..) T, +T
Time Margin (TM) = l(( )SW delay) ( R ) J x 100% Equation 4-2
(Tcog + Texe
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Time margin is explicitly considered in the scoping quantification to account for potential
shortcomings in the plants’ ability to simulate plant conditions during fires and the potential
variability in crew response times. In addition, different time margins may be required if the
presence of certain conditions (e.g., short versus long timeframe events or simple versus complex
actions) suggests the potential for greater sensitivities to the effects of the fire or greater
variability in crew response times.

4.6.2.1 Background Information on Timing Considerations from HRA Reference
Documents

NUREG-1792 [6] and NUREG/CR-6850 [7] 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 follo
factors that could be impacted by fire:

o Crew

e Cues @ O
e Human-machine interface %

e Complexity of action involved v @
e Special tools or clothing @ 6

e Diversions and other concurrent require O
e Procedures HV

e Environmental conditions KQ

NUREG/CR-6850 provides the foll he overall estimates of the time

available and the time requiregfto cgm te the d action can be influenced by other PSFs

during a fire:

e A spurious closure G sed in th n path of many injection paths may need
quick detection onse by tile

e Use of less fa or 0therw1s rocedure steps and sequencing could change the
anticipated timing%f action$ j nse to a fire.

e Interfacing with the fire b, ay delay performing some actions.

internal events r .g., disabling an equipment item before repositioning it as opposed
to simply repositlomn it during an internal event).

e Accessibilit es, harsher environments, and/or the need for other special tools may
impacjthe @ pll timeline of how quickly actions normally addressed in response to internal
eve b&performed under fire conditions.

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

e The desired action & ore complex and/or lead to increased workload relative to the
P
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For MCR abandonment actions or alternate 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 the completion of actions within the time available (such as the
environmental conditions discussed next and elsewhere in this report) must be considered in
determining the HEPs.

Section 4.2.2 of NUREG-1852 [10] mentions equipment access, different travel paths resulting
from the fire location, and expected variability among individuals and crews as other

contributors to timing uncertainty. *
4.6.3 Procedures and Training \

Real-world events under complex situations have shown that OWSPOHSC 1

having procedures available. Operational experience also has that comple>
slow the typical response to procedures or may lead to the the wrong proCedure,
especially for scenarios in which instrumentation is affecte
specific situation. The fire HRA quantification method
appropriate procedures as the most desirable respgfisego@ire scenariggs ver, the current
state of the art in fire procedure and fire training opment is ipRM® and evolving as

insights from the fire PRA models and/or t e%itl to NFPA@

eghire

As stated in NUREG-1852 [10], plant pa€c ave thre @ that can contribute to
successful operator performance durj ; {
1. The procedures can assist the op8gftorsin cor iaghosing the type of plant event that

the fire may trigger (usua
select the appropriate o

2. The procedures dir
actions.

ators to thl @ dopriate preventive and mitigative manual
.
3. The procedures®gcmpt to mini Nl potential confusion that can arise from fire-induced
i
%a

conflicting signals¥includin s actuations, minimizing the likelihood of personnel
error during the required %

nual actions.
As stated in NUREG/ —ﬁ , depending on the fire, the operators may need to use
procedures or contm&:er an EOPs typically used in response to internal events.
Implementing unfamiliar 8@ multiple procedures simultaneously could lead to confusion. In some
cases, especially ﬂﬁome ex-CR actions, procedures might not exist or be readily retrievable or
might be ambi in some situations. The analyst must check the adequacy and availability of
these othgf p 0®res that would be needed to address the fires modeled in the fire PRA.
Obvious e amount of training the crews receive on implementing the procedures and the
degree of reism will be a critical factor.

For fire HRA, talk-throughs with operations and training staff can be helpful in uncovering
difficulties in using the relevant procedures. In contrast to EOPs, the fire 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.

4-26



Qualitative Analysis

If any fire response actions are 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 fire PRA is further developed, there may be a desire to credit non-
proceduralized actions. These cases could be considered if the following requirements in
Supporting Requirement HR-H2 of the ASME/ANS Standard [5] 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 that
procedure, training, or skill of the craft exist \]

(c) attention is given to the relevant performance shaping factors provided in H,
to those discussed in this report
(d) there is sufficient manpower to perform the actiq
For fire HRA, item (b) is especially important. It must be k%mt the cu@ be unaffected
by the fire. The following must also be known: Q
how€cessary tasks.

€ operators will be

e There is adequate time for the operators to p 1agn051s apd"

e Enough crew members are available. (In any1 nces, so

assigned to the fire bridge and unable s
e The location of the fire will not p h perators formlng the tasks.
As with procedures, training for bo c actlons is an important factor when
assessing operator performanc As din N [10], training supports three
functions for operator perforfhagee durmg a fire:

ocedures and equipment needed to perform the

desired actions a, an actual event.

e Training provi e level of e and understanding necessary for the personnel
performing the op8ator maﬁ ns to be well prepared to handle departures from the
expected sequence of eve

e Training gives the Q to personnel to practice their response without exposure to
adverse condltlo& ing confidence that they can reliably perform their duties in an

actual fire event

some minigaurf to perform their desired tasks. U.S. nuclear plants have standardized
require aining for all licensed operators on these types of procedures. Currently, there
is no standagdized approach to training on fire procedures among U.S. utilities. Therefore, the
crew’s familiarity and level of training (e.g., types of scenarios and frequency of training or
classroom discussions and/or simulations) need to be evaluated on a plant-specific basis.
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.

For actions procgd®alized in the EOPs/AOPs and NOPs, operators can be considered “trained at
o.
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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. This concern is an area of uncertainty because there
may not be 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. Section &.
provides further discussion on this subject. \

4.6.4 Complexity

As discussed in Appendix B of NUREG-1792 [6], the PSF ngfComplexit pts to
measure the overall complexity involved for the situation a%a for the getion itself (e.g.,
many steps have to be performed by the same operator gagapigdsticcessio @one simple
skill-of-the-craft action). Many other PSFs affect t \%mplexity as the need to
decipher numerous indications and alarms, the p steps in a
procedure, or poor HMI. Nonetheless, this factor a ” such as the ambiguity
associated with assessing the situation or i uti egree of mental effort or
knowledge involved, whether it is a mulgvagmb @ e task, whether special
sequencing or coordination is requiregsfpr¥e gCtion to bg Succ®sful (especially if it involves
multiple persons in different locati ether ctNtY may require sensitive and careful

he these g @ e scribe an overall complex situation,
iffed as a negatiwginfluence. To the extent that these measures

ambiguQug process (or one that the crew or individual is

ing), thi should be found to be nominal or even ideal

.

For local and MCR @jgindonment z@ crew may be required to visit various locations; as the
p

manipulations by the operator.
the more this PSF should be gée
suggest a simple, straightfg
familiar with and skill
(i.e., have a positiveg

number of locations in8reases, tf pkexity of the situation can increase. Adding to this
complexity is the extent to whj le actions must be coordinated. The number and complexity
of the actions and th:a&il il needed communication devices should be addressed.

4.6.5 Workload, PresSyre, and Stress

Although Workloﬁ)éessure, and stress are often associated with complexity, the emphasis here
is on the aggo rk that a crew or individual has to accomplish in the available time (e.g.,
task load¢fal h their overall sense of being pressured and/or threatened in some way with
respect to What they are trying to accomplish. NUREG/CR-1278 [19] provides a more detailed
definition and discussion of stress and workload. High workload, time pressure, and stress are
generally thought to have a negative impact on the performance of crews or individuals
(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 that of the other PSFs thought to be relevant. For example, in internal events HRA,
if the scenario is familiar, procedures and training are very good, and the crews typically

4-28



Qualitative Analysis

implement their procedures well within the available time, 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 considered only adequate, and the time available to complete the action has been
shortened because of 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 previously, the available time as perceived by the
operators. The hazards associated with performing the actions will also be relevant. $

4.6.6 Human-Machine Interface
HMI impacts operator performance differently, depending on th&#6cagon of the n
general, NUREG-1792 [6], NUREG-6850 [7], and NURE@-1 tha

] all agr , tor control
room actions, the HMI will have a minimal or positive gffec man perf%ce. This
minimal effect recognizes that problematic HMIs hayve een taken y control room

a

design reviews and improvements or are easily w und by th /o) g crew as a result

of the daily familiarity of the control room boards out. Ho [, ghy known poor HMI
should be considered a negative influence f; appNCable actio n in the control room. For
control room actions for fire HRA, the S main sim @ o those for internal events with
the exception of potential impacts on j epfation. g

For local actions, the HMIs can ha tally lagge

@t on operator performance during a
fire. Local actions may involv orz ied (andghotgpart¥€ularly human-factored) layouts and
require operators to take actighsgn fuch less famifgr surroundings and situations. Therefore,

any problematic HMIs cyae™qn igfportant tive Tactor on operator success. For instance, if
access to a valve requi rator to cli r pipes and turn the valve with a tool while in
an awkward positiq in-field labefin ipment is in poor condition and could

lengthen the time d the equip h “less ideal” HMIs could be a negative performance
shaping factor. In corgast, if a se eals no such problematic interfaces for the act(s) of
interest, this influence can be d adequate or even positive if the interface helps ensure
the appropriate response in %

gw
ay.
Local actions that regfigge th&pse of equipment that has been damaged such that manipulation
could be difficult or unlikgly to succeed should not be credited in the PRA. For example, the fire
modeling and elegffical evaluation defines a scenario as a hot short on a control cable that causes
a valve to clos ive beyond its seat, possibly making it impossible to open manually.

For con 0 andonment or alternate shutdown actions, the adequacy of the remote
shutdown'#gd local panels needs to be verified. These scenarios are typically not modeled in the
internal events PRA; the shutdown panel and related interfaces are plant-specific, and design
reviews and improvements have not always been completed. In addition, the operators are not as
familiar with the panel layout as they are in control room scenarios.
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HMI PSFs need to be considered in combination with other PSFs. NUREG-1852 [10] does not
explicitly discuss the HMI, but it does reference NUREG-0711, Human Factors Engineering
Program Review Model [20], in the context of environmental conditions and communications
insofar 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 the following:

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 the following:

e Loudspeaker coverage $

e Page stations Q

e Personnel page devices suitable for high-noise or remote argls J#nd commuv’
capability for personnel wearing protective clothing [sughmas[§oig€ communicagig with

masks

All of these factors can bear on the likely success of op ions an be evaluated in
assessing the time to respond. @ 6
4.6.7 Environment V O
If the fire does not directly impact the cafitrgfroo¥, the eny ntal conditions inside the
control room are not usually relevan ess of o or agtions because they rarely
1 the fj @ affects the MCR by smoke, the
eand r S control room to be abandoned,

change control room habitability.
environmental conditions negl tgb€ considered as\legative impacts to the crew’s success.

introduction of toxic gases, or fjre d

For local actions, fires ¢ t e additio vironmental considerations not normally
experienced in respons al event tors as radiation, lighting, temperature,
humidity, noise le , toxic g& Q@ water or other fire-suppression agents or
chemicals—even weagfer for outsid &t s (e.g., having to go on a potentially snow-covered
roof to reach the atmoSpheric dﬁ@& isolation valve)—can be varied and far less than ideal.
These considerations include oke, toxic gases, and different radiation exposure or

contamination levels. Apy these considerations may adversely impact the operator
actions in locations e thg actions are to be taken and along access routes.

During a fire, the potentialexists that the crew’s ideal travel path to the action location will be
blocked by the firgland lead to a delay or inability to reach the action location. Where alternative
routes are possf demands associated with identifying such routes and any extra time
associated wi mlg the alternative routes should be factored into the analysis. Pursuant to
NUREG/@&R-6850 [7], if the action is required to be performed in the same location as the fire,
the action sh®uld not be credited in the fire PRA.

4.6.8 Special Equipment

Because of varying environmental conditions during a fire, the crew may require the use of
special equipment. These items, identified in NUREG-1852 [10] as portable equipment, can
include keys, ladders, hoses, flashlights, clothing to enter high radiation areas, and fire special
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protective clothing and SCBA. 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 the success of local fire actions than control room actions.

A large fire may cause electric security systems to fail locked. In these cases, the operators will
need to use keys for access to certain locations. If the operators do not normally carry keys,
additional time will need to be considered for locating keys and/or obtaining access to locked
areas. Operator interviews are useful in understanding how operators can obtain access to locked
areas.

Abandoning the MCR might also require the donning of protective gear or SCBA. The higdgan:
of the special clothing on the operators’ actions needs to be accounted for. \

4.6.9 Special Fitness Needs Q

According to NUREG/CR-6850 [7], the fire and its effects pt the need sider
actions not previously considered under internal events or % to how prg®iously considered
actions are performed. For these reasons, the HRA ana h verify %ue fitness needs
are not introduced. Examples of unique fitness needs inClgfde the followifgs

e Having to climb up or over equipment to reacing’deytce becau @re has caused the ideal
travel path to be blocked 6

e Needing to move and connect hoses@ if usinggs

e Using SCBA, which can be ph

anding an&h i
in the next subsection)

Y 4
4.6.10 Crew Communicatiohs taffing,:sn ynamics

acayy or awkward tool

der*communication (as discussed

.
d crew ch%@ are essential to understanding how and where the

early responses to an Syent occer the overall strategy for dealing with the event as it
develops. In particular, the wayaj ich the procedures are written and what is (or is not)
emphasized in training can erall crew performance. The overall strategy may be related
to an organizational mifgstrative influence, which can cause systematic and nearly

homogeneous biases and Qtitudes in most or all crews. A review of team dynamics typically
includes the folloﬂg, as described in Appendix B of NUREG-1792 [6]:

e Arein pt ctions encouraged or discouraged among crew members? Allowing
indeEndent™®€tions may shorten response time but could cause inappropriate actions to go
unnoti®gd until much later in the scenario.

e Are there common biases or “informal rules?”” For example, is there a reluctance to perform
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 in which procedural steps are
interpreted?
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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 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 (a “we trust the procedures” type of attitude)—
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 positive
for some scenarios but not for others.

For fire HRA, the typical internal events crew dynamics may change as a result of respq
a fire and need to be reconsidered. For instance, the fire may crggfe gew or uniqug

responsibilities that have to be handled by a crew member. T ofglant status §sions by
the crew may be delayed or performed less frequently, allogvi I opportynities to recover
from previous mistakes. Such differences may best be determined by talk—th%s with
operations staff as well as observing simulated respgns ge scenari ain goal of such

an analysis is to determine whether any particula racteristicg#®r dynamics could
impact a given accident scenario and human actio in characteristics may

ing address
be acceptable for most scenarios but could W ems in oth
For the purpose of HRA in the context , (i€ review g dynamics is typically limited
to understanding the expected crew n sed on plg ic training. Within a given

plant, all crews are typically assum ond si and there is no expected variation
among crews for the same sce rio,

—

4.6.10.2 Crew Availabilj

Fire can introduce adgdi mands f esources beyond what are typically assumed
for handling inter @ :nt% These d& s Can take the form of using two procedures in
parallel or needing t&§ Q IXllth additional personnel to perform certain local
(ex-CR) actions and with the fire\ ¢ and/or local fire department personnel. According to
Appendix B of NUREG-179 r control room actions, the availability of staff is generally
not an important considgragfon@gf internal events PRA because plants are supposed to maintain
an assigned minimuv& ith the appropriate qualified staff available in or near the control
room. One of the key asstgiptions in NUREG/CR-6850 [7] is that even if one or more MCR
persons is used togfssist in ex-control room activities such as aiding the fire brigade, the
minimum allo umber of plant operators remains available.

For othegex room local actions, crew availability of staff can be an important
considerali@n particularly depending on the number and locations of the necessary actions, the
overall complexity of the actions that must be taken, and the time available to take and required
to perform the actions.

For MCR abandonment actions or alternate shutdown actions, the crew will be dispersed to various
alternate shutdown panels and controls. This dispersal requires additional coordination among all
crew members. It must therefore be ensured that adequate control room members are necessary to
fulfill the needs of proper shutdown actions from alternate and remote shutdown panels.
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4.6.10.3 Communication

For both internal events and fire HRA control room actions, communication among crew
members should be verified. Typically, an established strategy will be in place 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 while
wearing SCBA 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 a
less-than-ideal environment or situation. The way in which equipment faults caused by the fire
could affect the ability of operators to communicate as necessary to perform the desired agt(
should be understood. For instance, having to set up equipment and talk over significanta\
background noise and possibly having to repeat oneself many times should be considergfio
even if only as possible “time sinks” for the time to perform thegCt.
communication devices necessary to carry out the desired actj
for example, the plant loudspeaker coverage may be disabl
operators’ level of familiarity and training to use any spgci

assessed. There is also the potential that the crew will n A, and ¢
these devices can be difficult. %
Following MCR abandonment, the location of rem: d altern. wn panels and the

required related actions may be in a variet aceg. Therefo agjili‘[y to communicate from
esSeéd.
a4

different places should be considered andla Furth if SCBA is required to be

worn, the apparatus might interfere vy 1n com ati®ps among team members. The
ability of operators to communicat anot ri e initiation and execution of the
tasks and after their completion,is cri

complexity, and crew dj 1 out fau ications.

4.7 Review of Expeﬁ@

To gain a better undef§anding ef t response following an event, the fire HRA analyst
should consider reviewing re%e eriences. The analyst should look at both plant-specific
1

Communication can be dire lated to othef PS uch as environmental conditions, timing,

events and industry-wide ingi to populate these reviews. Typically, the experience review is
focused on events of ar% ype with an emphasis on the associated human performance. In
this way, the analyst®amgruly’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 a
HRA, they are a&ﬂaﬂy relevant to a detailed HRA in which more specifics are necessary.

The searcifto ant historical experiences will usually focus on a specific type or class of
events (€% particular type of initiating event such as a fire or small LOCA). When gathering
industry-w18 experiences, the analyst may want to look at NRC Information Notices or similar
types of information; these notices sometimes include summaries of example events along with a
discussion of the associated problems and surrounding context.

Conducting a historical review of plant-specific and industry-wide experiences exposes the
analyst to a variety of plant conditions and progressions (including timing issues) that should be
considered in the HRA. Furthermore, the review may reveal potential influences on operator
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performance (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 (e.g., PSFs) that lead the operators to make errors in responding to the situation.
The study of these situations helps the analyst identify 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 in general and the dependency analysis in
particular. These occurrences may have been affected by plant policies and/or the informal rules
that operators follow and would therefore impact the HEP. To this end—and as a further benef

to reviewing previous events—the discussion among PRA team members and operations A
often more productive if the specifics of a historical event can be used as an illustrative

4.8 Qualitative Analysis Associated with MCR Ab nment A'
be evaluated

Although several previous sections on PSFs address spec1f at need

when performing the qualitative analysis associated wi andonmen y aspect that
may need additional guidance concerns the dec1s10n of when” to @ e MCR. There
are two basic reasons for MCR abandonment in t t&t of a fire: inhabitable
environment in the MCR because of fire effects (% ke, ﬂa x1c gases) and 2) plant
monitoring and control cannot be achieved in t CR bec f an inability to control
key safe shutdown equipment such as mj ollowm preadmg room fire.

As discussed next, certain timing co S to be ad ong with PSFs. For example,
the time available for safe shutdow will b ceduc by the time taken to decide to
abandon the MCR and perfor ctio 0 switc ol an alternate shutdown location Some

plants (e.g., those that use t
address. In such cases, t

a t1m1 uirement involved with switching plant control
from the MCR to the a tdown aintain electrical independence between the
two locations. If so owld be appre % icitly model an HFE that represents the failure
of switchover to tht rnate shutd | using that timing requirement and including any
failures related to the @gcision t® az Ekn the MCR.

4.8.1 Habitability
For the habitability to abhsh when MCR abandonment might be expected to occur, it is

suggested that at least onNf the following criteria from NUREG/CR-6850 [7] be satisfied:

e The heat fl &ft (1.8 m) above the floor exceeds 1 kW/m? (relative short exposure). This
can be the minimum heat flux for pain to skin. Approximating radiation from the
Smo er
flux.

B g’ =0xT ./, a smoke layer of around 95°C (200°F) could generate such heat
e The smoke layer descends below 6 ft (1.8 m) from the floor, and the optical density of the
smoke is less than 3 m™'. With such optical density, a light-reflecting object would not be seen

if it is more than 0.4 m away. A light-emitting object will not be seen if it is more than 1 m
away.

e A fire inside the main control board damaging internal targets 7 ft (2.13 m) apart.
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If any of these criteria would be met based on the expected evolution of the fire scenario,
subsequent actions will need to be quantified as MCR abandonment or alternate shutdown
actions. The time relative to the start of the fire at which these criteria would be expected to be
reached will provide input to estimating the time available to perform safe shutdown actions after
MCR abandonment.

4.8.2 Ability to Control the Plant

When habitability is not an issue, it is reasonable to expect that the MCR would not be
completely abandoned.® For these cases, the HRA should focus on how the crew would need to
respond to the scenario given the specific fire effects. In particular, for a given fire and its
expected effects on equipment, analysts will need to determine whether the crews would K
switch command and control to an ex-CR location (alternate shutdown) or whether it w

possible to direct the actions and to control the plant from the MGR. This determipetiqn$hould
be based on interviews with plant operators and trainers and an tion of thi @ fire

i
procedures, given the expected fire effects. If it is decided h would notwmed to be
abandoned, timing considerations for modeled actions wouldsfiotiheed to be ed unless it
was thought that delays might occur as a result of the ¢ ering t ial need to
abandon the MCR.
However, if the effects of the fire could be signifiCafit epbugh tha ng command and

control to outside the MCR (e.g., switching,t&an alte¥hate shutd anel [ASP], remote
shutdown panel [RSP], or an alternate s Megy) w ably be required (e.g., large
fire in the cable spreading room), ana ill gfeed to estigha en switchover would be likely
ga s estimate, b ill’®be important for determining
how much time will be available for pRst-abando t ns. However, there may not be clear
C t the discretion of the shift supervisor.
MCRs—and the timeliness with which this
@ for reaching safe shutdown, analysts will need
iD¥e#t gt the time at which the decision to abandon
gbahdon will depend to some extent on the impact of

Nevertheless, because the d
decision is made—can

to provide as reasongh
would be made. A <@

bh the decisio

early or late abandomgent for a gi t, in general, unless information to the contrary is
obtained through interviews wit t personnel, analysts should assume that operating crews
will abandon as needed to su ly control the plant.

conditions along wit mdtion on how they are trained and experiences they have had related
to abandoning the YICR will be critical to obtaining reasonable estimates of the timing and
appropriate HEPs Sgor example, the timing of training exercises related to the performance of
sections oggth ety of MCR abandonment procedures may be available and can provide input
to time e€tingat r the fire HRA MCR abandonment analysis. In addition, individual tasks
performe part of the safe shutdown process may be consistent with HFEs already modeled in
the fire PRA and can be applied to the abandonment analysis—but with consideration for where

the task is taking place and whether the timing and actions are still applicable.

Discussions with thos es&: e for making the decision to abandon the MCR under various
iQr
R

$ Analysts may want to determine if there are exceptions to this expectation or if there are plant-specific reasons why
such an assumption would not be valid.
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4.9 Qualitative Analysis Associated with Preemptive Procedures

Revision 2 to Regulatory Guide 1.189, Fire Protection for Nuclear Power Plants [21], describes
certain assumptions under its stated fire protection program goals/objectives. One such assumption
(on page 17 of that document) discusses a special case involving LOOP/station blackout:

Several operating plant licensees have alternative methodologies that rely on intentional
disconnection of alternating current (AC) power to specific equipment or to the entire
plant as a means to achieve safe shutdown after a fire. The purpose of these self-induced
station blackouts (SISBOs) is to eliminate potential spurious actuations that could prevent
safe shutdown and allow manual control of required equipment. Some licensees have
procedures that cause a SISBO condition to be created as a result of fire effects (eg.
procedures that direct operators to manually trip the credited safe-shutdown emer &
diesel generator (EDG) in the event of fire damage to circuits of vital EDG su@
systems). The acceptability of safe-shutdown procedure g D

otherwise create, a SISBO condition is determined o -bycase basi @
The ability to cope with SISBO as part of the post-%-s utdow thodology
d

depends on such issues as time-line logic; assurfipéion bases and operator
response relative to component realignmenty h‘% of plant rs to monitor and
control plant parameters and align plant nefts before, dugmg, and after SISBO
control room evacuation and abando e practi d reliability of EDG

start and load (and restart, if apphc 1 postfire

The risk of self-imposed SISB ed the a posed by the fire, and the
licensee should consider th ly when ti the plant safe-shutdown
design and procedures. A pla yp1 ally roach to avoid or minimize the
number of potential s nprotected cables and the need for OMAs

accordance wit
risk than the

“criteria and associatdg technical bdse evaluating the feasibility and reliability of fire
operator manual actions.” Exa these technical bases are adequate time available to
implement actions, enviror{ ctors (e.g., radiation, temperature, and smoke), and

procedures and trainingf
Regulatory Position 5.3.8g o
When oneﬂt‘l:e redundant safe-shutdown trains in a fire area is maintained free of fire
da agm of the means specified in Regulatory Position 5.3.1.1 (Protection for the
e wn Success Path), then the use of operator manual actions may be credited
witd mitigating fire-induced operation or maloperation of components that are not part of
the pfotected success path. The crediting of operator manual actions should be in
accordance with the licensee’s FPP and license condition. Operator manual actions may

also be credited when an alternative or dedicated shutdown capability is provided as
described in Position 5.4.

no spemflci ess SISBO situations but rather provides a set of

Revision 2 to Regulatory Guide 1.189 states:
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All postfire operator manual actions should be feasible and reliable. [NUREG-1852]
provides the technical bases in the form of criteria and technical guidance that may be used
to demonstrate that operator manual actions are feasible and can be performed reliably under
a wide range of plant conditions that an operator might encounter during a fire. The use of
feasible and reliable manual actions alone may not be sufficient to address all levels of
defense in depth. Therefore, fire prevention, detection, and suppression should be
considered, in addition to the feasibility and reliability of operator manual actions.

In the excerpt above, the phrase “crediting of operator manual actions should be in accordance
with the licensee’s FPP and license condition” means that if the plant’s license condition is
Appendix R, then required protection of redundant systems located in the same fire area
according to Appendix R, Sections III.G.1 or III.G.2, must be provided. However, if the A
license condition is NFPA 805, then it must be shown that either the redundant systems K

protected, or the electrical faults in question are inconsequential hased on fire modgdi 8k
significance.

This essentially means that an analysis of SISBO or single-€ircui t clearance strategies
should be conducted as part of a safe shutdown analysig to efisurg/that Appe (or NFPA
805) safe shutdown system protection requirements are that O onsidered
feasible and reliable according to the criteria in N G¥852.

Within the U.S. nuclear industry, there is a range o clearan 10s—from small single

circuits, to massive safety bus clearing an
bus. Each case involves different proce
example, one part of the bus may be

ower restoration, 1Q ng a limited portion of the
r When a bug,® @ g would be performed. For

fire zo elffed to the selected train of

g0 at bus because they are protecting

a train. For plants in which uncgrtain i uipwient wiring schemes, the preference

might be to clear out and st do not have a short or ground that would

cause problems on the pr > Howevegbecalse each plant has its own strategy and
izations @ icult to make. Typically, these strategies are

procedure for this proc
implemented throu e of fire k)c?p ic, and often complicated, procedures.
This section offers Sgfisiderations f; N ting HRA issues for NPPs that use fire procedures to
clear electrical faults a¥sociated” @—induced spurious events. Because plant-specific

variations and explicit guida rforming fire HRA cannot be provided, this section instead

includes some general rgc tions for the way in which fire HRA tasks might need to be
performed differentlyf@ addwgss the HRA issues of concern for fault clearance strategies.

Section 3.3 provides disct®sion on the identification and definition of actions using SISBO
procedures. The q@;&;ﬁve assessment portion of the fault clearance scenario evaluation should
be performgd i er consistent with the discussions in this section as well as consideration
for the ugfq derations discussed next.

One proces§that has been implemented for SISBO evaluation is to qualitatively model the
human response to a fire as a chain of elements. The chain begins with a cue and ends in either a
success or failure event as follows:

Cue |- Error — Failure of Recovery — Failure Event

|- Success — New Cue or Success Event
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This structure facilitates the evaluation of success and failure states needed to model the
procedure selection between EOPs and fire procedures, allowing the analyst to focus on the
HFE:s that could fail a safety function required to prevent core damage. This process can assist in
grouping the analysis of many steps in the procedures. For the SISBO condition, this involves
two major steps: 1) clearing the bus or circuit by removing power and 2) restoring the section of
the bus or circuit needed to operate a selected safe shutdown cooling configuration. Within each
main step are many opportunities to define HFEs from the procedures. In addition, the workload
from these additional steps should be considered in qualitatively evaluating each HFE.

The following PSFs could be expected to be important for the fault clearance scenarios:

e Complicated procedures and potential interaction among EOPs, AOPs, and fire proceduigs,
particularly the consideration of hesitancy by operators to enter procedures that might r

SISBO

e Difficulty in communications between control room and fi rators (e.g., latter
must use SCBA)

e Coordination of multiple actions
¢ Field actions in a variety of locations (p0531bly ith Wfterent env1r0@al conditions)

Other special considerations for the detalled mo ire- relat O and single-fault
clearing scenarios are the following:

e Detailed modeling is required for unglr re zones 1ch operators are called upon
to use additional attachments or 1 proce try procedures to the fire
procedures) have the potential f safe f S resultmg from errors in applying
these modified parts and adged % ments.

e Detailed modeling is red@gd for conditions pri® to entering the fire procedures where hot
shorts have occurre r of the fi is causes valves and other components to be in

undesired positio operator
EOPs.

ble to make appropriate realignments using

Top events identifie the 1ntwn e PRA model are often used to define the initial

system-level operator actions % the success criteria for the equipment. Additional event
tree analysis may be neede ruct a logic model that links realigned functional safety

elements to the HEP ¢

The HEPs for HFEs ass ted with staying in the EOPs are, in many cases, lower than those for
implementing the fire procedures. This is an operator decision that impacts whether the clearing
and restoring agiQm§are carried out. The following should be considered:

1. The gHoi ocedures to use can significantly impact the HEP for the fire zone.

2. One asSymption for the initial modeling of the HEP is that, given that the fire was not put out
quickly, the operators always go directly to the fire procedures.

3. The use of fire procedures is delayed until the operators cannot control the plant.

4-38



Qualitative Analysis

4. A detailed decision model is needed to evaluate the error potential associated with decisions
that the operators could make to enter (or not enter) the fire procedures from the EOPs.

5. Data for implementing this model can be obtained through operator interviews. An interview
form can be used to record the results.

If abnormal conditions arise as a result of independent equipment failures prior to fire procedures
implementation, only equipment that is repositioned or verified within the fire procedures steps
is recovered. Cues for equipment failures outside the fire procedures or after application of the
fire procedures are assumed to be unobserved and not recovered in the model contributing to the
HEP value.

After the safety function has been identified for one or more actions in a portion of the

procedure, the likelihood of failure for that procedure element is based on the probabilit
one or more steps is omitted or performed incorrectly. The approxsmate time windg
associated with the scenario is based on the deterministic safe sifitdown assessmyg urhiented
in the fire hazards report.

The screening method discussed in Section 5.1 supports th ment of s%ng values by
addressing the conditions that can influence crew perfo uring fir, ing that the
time available to perform the necessary action is tely consid. @en the other
ongoing activities in the accident sequence) and otgiitial depen(%&s among HFEs

modeled in a given accident sequence are addgessed?

The Set 3 screening criteria discussed i &1.3 add w HFEs added to the fire PRA
or prior internal events PRA HFEs negdin®to b€ signific k red or modified in Step 1 of
this procedure because of fire condi is therefor: sidered to be the screening criteria
applicable to the fault clearance scendfjo. Depeng pnwle€ Set 3 criteria, a screening value of
either 1.0 or 0.1 may be use t¢fmine the inite impact and the need for scoping or detailed
modeling.

It is expected that HF wted with aring strategy scenarios will be quantified
using detailed HR nijcation. Fo Q@ I situation, using the scoping trees provided in
Section 5 of this re 1S not reco because of the complexities, crew interactions, and
various PSFs involveddin these $ e@ The scoping trees were not constructed to address

c

these bus clearing and reconfi tions. Detailed HRA quantification will be needed for any
HFE:s that survive screenin %ﬁcation.

1)

4.10 Qualitative Analysis Associated with Operator Response to Spurious
Operatio

One of the niects of performing a fire PRA is the need to address the effects of fire
damage Bs#find the resulting impact on components and instrumentation. These effects can
have a dird§t effect on the fire PRA, such as a loss of a safe shutdown component, or an indirect
impact, such'as causing a complex event or a distraction. An example of the fire increasing
complexity is a situation in which the fire affects the power supply to valves in a system but

not the pumps, so that the system may initially appear to be operating normally. An example of
the fire having an impact that may cause a distraction is a fire that affects balance-of-plant
components important to power generation, such as the turbine. As summarized in the discussion
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in Section 2.5 and Table 2-2, many fire PRA tasks (including component selection, MSO expert
panel, fire-induced risk model, and circuit analysis) are involved in this effort to determine such
damage and how to represent these effects in the HRA/PRA.

This report, NUREG/CR-6850 [7], and the fire PRA requirements in the PRA Standard [5] have
captured and attempted to advance the current state of the art with respect to the representation of
fire-damaged cables in fire HRA/PRA, particularly in the following areas:

e The spurious operation of equipment and associated control functions modeled in the PRA

e The spurious operation of instruments or alarms needed by the operators to achieve safe
shutdown

In the area of fire HRA, the state of the art has been advanced by addressing potential spuN
indications that could mislead operators into taking actions (i.e., errors of commission)gCsMigitg

in a damage state with additional components failed (beyond th irectly impa e).
Table 2-2 identifies this impact on the fire HRA task, and Secti 4 provides g on how
to identify such opportunities through procedure reviews. idfice in this reporthas focused
on a single spurious instrument or alarm that, by itself, js a Clle fgf an inappr@ps#ate action
(consistent with Capability Category II). Capability Ca of the fi Standard does,

however, address the possibility of more than onegPugio®s indicatio (e.g.,a
combinations of indications) resulting in an inappRggriage operator 2cwW6n) When identified, these
cases can also be addressed using the scopin% ed quanti @ on approaches provided in

this report.

Real-world events (e.g., Browns Fe nd Naro a&? ave demonstrated that multiple
spurious operations can occur, eve ose ¢ @\ lly modeled in fire HRA/PRA.
The impacts of these spurious gperat range S entation failure to spurious alarms
to spurious actuations of co né Although fiR{HRA/PRA addresses multiple spurious
operations to some exten i explicitlgidentify all of the potential spurious operations
that could occur. In gen re HRA/P%resses only spurious operations of the
equipment modele &PRA or spyrigis 9gs ents or alarms that are cues for operator
actions of interest fir€ PRA. In pNo®ple, many other potential spurious operations may

occur for a particular$ige scenagiogfoWgVer, these may not have been identified because they
are not directly relevant to the N tdown path and their impact on operators is uncertain.

Based on accounts of ey s Browns Ferry and Narora, operational experience data show
that it is possible for gfigratOys to become confused or distracted by spurious instruments or
alarms. In theory, operat®gs should be focused only on the safe shutdown paths (particularly the
available train[s] ygaffected by the fire), associated equipment, and instruments and alarms as
directed by the &able procedures. However, in a complicated scenario such as a fire,
maintainig€ th us might be difficult. In addition, good reasons might exist for the operators
to have d&ggller scope of attention (e.g., secondary-side systems or equipment that is commonly
important d@ging normal operations and systems or equipment of recent concern as a result of
current plant configurations and preexisting conditions).
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Unfortunately, because of the variety of potential fire scenarios and plant-specific configurations
and conditions, there is no generic and predictive way to identify which additional spurious
instruments or alarms might be sufficiently distracting or delaying to result in a human failure
event (e.g., system or plant function failures). However, the following potential information
might help:

e If the fire PRA can identify that there are no other cables in a particular fire location, the fire
HRA analyst can assume that distractions from other spurious indications or alarms do not
need to be considered.

e If fire procedures identify not only indications and alarms in a list of protected equipment
but also identify a list of possibly affected equipment (including all potentially affect
indications and alarms), the potential for operator distraction by such indications and&s
can be assumed to be significantly reduced (although not entirely eliminated).

In most cases, only a limited set of cables is traced. It is theref ily that the f @ A\ will

not be able to identify many areas in which no cables are affe®ted ause it is a cly that
the HRA analyst cannot eliminate the possibility of operat@c ion caus spurious
indications or alarms that have not been explicitly iden ould be ctice to
somehow reflect this possibility in HRA quantlflc n. Yfito unately t ident record for
such real-world fire events is too small—even ¢ theoretl ort from psychology
and cognitive and behavioral sciences—to s port Velopm enerlc and prescriptive
approach. In addition, the scope of fire co ad (mor for internal events PRA),
resulting in part from the variety of possi catlons wth potential, plant-specific
differences in spatial design, fire mit@a 1pment, &

Therefore, except for cases in which i inf0rmation eliminates the possibility of

off” the operator to potential spurious

rms, the HRA analyst must recognize that
rom virtually no effect to significant effect
ven if further fire PRA refinements were

actuations of specifically id
the potential impacts o
(i.e., failure of an HE
performed, this u t
the assumption that operator wi these additional spurious indications or alarms.
Consequently, the HRA can be idered to be at a sort of “dead end” because no existing HRA
method (including the flre H 1fication methods described in this report) is capable of

addressing such case 1f more information is made available.

The development of €n t quantlflcatlon approach to address potentially distracting
spurious 1nd1cat10 and alrms has not been included in the scope of this report. Instead, one of
the following stra ies could be implemented:

(. g) plant areas that fail instrumentation used to respond to the fire-induced
initiatigg events, and/or represent the impact of the failed instrumentation by modifying the
HEPs ssociated fire HFEs (either in the base case quantification of that area or in a
sensitivity case). For example, for areas in a PWR that fail steam generator level indication,
the analyst may quantify a revised HEP for manual control of feedwater—using the partial
instrumentation cases in the scoping and EPRI methods as part of the base case fire PRA
modeling of that area—or may revise the HEP in a sensitivity study.
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e Identify (flag) plant areas that fail important components in such a way that would divert the
operator’s attention from the safe shutdown train, for example, a PORV spuriously opening
or failure of components in the non-credited train or in an important balance-of-plant system.

Sensitivity studies could be conducted to identify whether the cable failures have little (or no)
effect, a significant effect, or perhaps a moderate effect. Effects might be represented and
evaluated simply as different “flavors” of HEPs for the same HFE. Alternatively, the timing of
associated operator actions might be varied to assess the way in which additional delays
(resulting from the distracting effects of additional spurious indications and alarms) translate into
altered HEPs. Such simple approaches could be applied to HFEs included and quantified in the

fire PRA with any of the fire HRA quantification approaches presented in this report. *
u\

However, given that explicit and prescriptive guidance is not given in this report, this iss
represents another area that could benefit from future research and development in f1re
HRA/PRA.

4.11 Reviews with Plant Operations

The fire HRA analyst typically conducts several interv nt oper rsonnel to

confirm an understanding of the plant response a el su e that the reflects the “as-

built, as-operated” plant.

The first interview session is typically condu ed eafly’in the HR 3 opment In this first

session, the HRA analyst should confirm operat10 nnel the general

organizational factors affecting fire HE crew st ocedural hierarchy, and
a&n veal that there are policies

communications protocols. Discussj ith' erators cag

and/or “informal rules” among oper@rs about whd e training staff may be unaware.

Understanding how and whengfie 'r/procedures a plemented can drive the HEP results.
Operator interviews have s agthe use of .e fireYprocedures can vary widely among plants and

that sometimes the use ro&¢dures is at fhe digcretion of the shift supervisor. At some plants,
the fire procedures a mented i W i-‘ he EOPs; at others, they are implemented after
completion of the HQ ? atstill other they are combined with EOPs. When and how the
procedures are implegnted willgaffgct such as timing and crew availability and workload.
Other informal rules can include dx ing from the EOPs when the diagnosis is clear to the
operators or anticipating al ting before the minimum time necessary.

In addition, the way ip@vhid th€ crew will interact with the fire brigade should be confirmed.
The crew’s tasks during®fire' may be varied; any additional tasks would lead to an increased
workload. It is 1m rtant tO confirm that a minimum set of operators and staff is available to
complete the modeled

Addition, are conducted after each HFE has been quantified, such as performing
addition erator interviews to review and confirm the modeling to date. In these operator
interviews, Mhant-specific data are collected through plant walk-downs, simulator observations,
and/or operator talk-throughs. These interviews “tune” the fire HRA model to the accident
scenario being modeled. The HRA analyst must know what is in the fire PRA model, what is in
the procedures, and what the operator is actually doing (or concerned with) for the fire HRA
model to be most representative of plant-specific behavior. Guidance on the performance of talk-
throughs and walk-throughs is provided next. The additional sessions of operator interviews are
repeated as the fire PRA model is developed and stabilized.
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Operator walk-throughs and talk-throughs provide timing information in addition to insights in
understanding the plant response. Specifically, the combined ASME/ANS PRA Standard in
Supporting Requirement HR-GS5 discusses basing the “required time to complete actions on
action time measurements in either walk-throughs or talk-throughs of the procedures or simulator
observations” [5].

The talk-through and walk-through processes are activities that seek to determine the likely
outcome(s) of a situation based on starting conditions and the effects of decisions made—the
former through structured discussions and the latter through enactments under the most realistic
conditions possible. The fire HRA information gathering process is therefore likely to involve
talk-throughs and walk-throughs with operations and training personnel, including photo-
documentation of locations to be accessed, equipment to be actuated, and tools to be use *

4.11.1 Talk-Throughs

The following are important aspects of performing talk-thro

1. Operators, trainers, and other knowledgeable plant staf e 1nv01 the extent
possible. Ideally, those who would have to perfor wof] (or set s) should be
0s31ble th o get more than
g

interviewed. More than one expert should be i
one opinion about the timing for the actions the estimate.

2. Do a thorough task breakdown so that th eces

3. Use the applicable procedures to 1de 1f d for the @ ns and the procedure steps that
will guide the execution of the acj uatlng anthdel®€mining the time requirements.
Consider how the procedures (e.g arefully in a step-by-step way or
used more generally) in estj ime requg SfOr the actions.

4. Determine the key mdlc ot the action andgw soon the operators would be expected to
detect and begin res e cues the fire scenario. Include any expected delays
in detecting and res 0 the cu ating crew response time for the actions.

5. Consider the li ea t factors discussed previously that could influence

e requirements for a given action or set of actions.

performance in eSggmating the Q
6. The team participating in M hrough should have a thorough discussion of the tasks to
be performed and the 1i acts on performance before estimating the time required.

rodess such as that described in the ATHEANA User’s Guide
1d also be used in estimating the time requirements for the actions

ility asse

7. An expert elicit
(NUREG-1880 [3]) c
being assesse

4.11.2 Wal. -@ughs

It will not Mgvays be possible to conduct all of the subtasks and simulate all of the conditions that
might occur during a fire that could affect the time to diagnose and perform an action. Even for
MCR actions, it will be difficult to simulate the effects of a fire (either inside or outside the
MCR) and how those effects might impact the crews’ ability to respond to an accident scenario.
Therefore, some estimates about aspects of the time required, given the expected conditions, will
have to be based on judgment. If the demands of the task and the time to complete the actions
must be based on the judgment of plant personnel, a process should be used to help ensure that
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the estimates are reasonable (e.g., obtain multiple independent judgments). It is primarily
important that a reasonable effort be made in conducting a realistic evaluation and that
knowledgeable plant staff are used to provide information and estimates to adequately simulate
the actual plant conditions during the walk-through.

Ideally, to get as realistic an estimate of the time required to perform the actions as possible,
several crews would be used in conducting the walk-throughs. However, because this may not
always be possible, at least one randomly selected, established crew should participate.

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

clearly discussed, evaluated, and documented during the structured interview or walk-thrQugh t
determine the reliability of situations or factors in the fire context. For example, the operaN
may need to recover from or respond to difficulties such as problems with instruments @

equipment (e.g., locked doors or an erratic communication devigg). Such difficultg
sometimes do happen and represent an uncertainty in how 1 11 gake to per

c
d
on action.
Environmental and other effects might exist that are not ea%u ated in
Or:

alk-through, such

as those cited in Section 4.6.7 regarding environmental t could j e operator
performance. These effects may not all be simulategpin “through b uld be considered
possible and discussed with operations in determifling?thdtime it ma perform the manual

action in a real situation. For example:

e The walk-through might be limited ingfs abWNityfo accou Qenvelop) all possible fire
locations in which actions are neede for all of thefi t travel paths and distances to
where the actions are to be perf: ) milar limi f‘& ishat the location or activities of
needed plant personnel when theNgfe stdrts co eir participation in executing the
OMAs (e.g., they may typi at is on the opposite side of the plant for a
postulated fire location certain equipment before being able to
participate, such as e ing mai ce). The intent is not to address temporary or
infrequent situati ccount f that are typical and may impact the timing of

the action. ¢

e It may not be posSile to excm@\ant actions during the walk-through because of normal
plant status and/or safety c tions while at power (e.g., operators cannot actually
operate the valve using heel; they can only “talk-through’ doing so).
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5

QUANTIFICATION

This report describes three types of approaches for quantifying the HFEs identified in the fire
PRA models. These methods offer a stepped approach, progressing from a simpler screening
method to more detailed methods. Although the stages are presented sequentially, it is not
intended that an analyst progress through them sequentially or use all of the methods.

Before quantifying an HFE, the analyst must have applied the criteria discussed in Sec@On
for assessing the feasibility of the operator action(s) associated hat HFE. A Sh
igm stage and &y part of

feasibility assessment process begins at the identification and
ng the quantifiCation
refore, feas1b1%§sessment isa

the initial qualitative analysis, new information may be avafla
process that would require the feasibility to be reassess
continuous action step throughout the fire HRA.

For each HFE requiring quantification, the analy@ followmg for quantification:
1. Screening HRA similar to that presented /CR- 685

Wth duced in this report.

es modifi lication in fire PRAs.

The first quantification method descriged (see S s a screening analysis. The screening
methodology assigns quantitgflv sofee ing value the HFEs modeled in the fire PRA by
addressing the unique con' i s Toddetermine appropriate HEPs, a given HFE

i gned in this manner are conservative and may
not be acceptable as .€., a more reahstlc HEP is needed) This
initial assignment
most important to ovegall risk rgs addition, because the screening approach assigns a
screening value of 1.0 for altern. tdown actions (including MCR abandonment as a result of
habitability), a possible next @ conservative approach (similar to an approach presented in
NUREG/CR-6850) is the end of the screening section. This approach allows the
assignment of a smg&1 failure probability value (e.g., 0.1) to represent the failure of

reaching safe shutdown uSing alternate means (including MCR abandonment) if certain minimal
criteria are met.

An altern ach—the scoping method—is presented to alleviate some of the
conserv e screening approach and may be used in lieu of the screening approach if
potentially ¥gss conservatlve initial HEPs are desired. The scoping fire HRA approach is a

simplified quantification approach developed specifically for this report that addresses fire-
specific aspects of operator performance. The scoping analysis outlined in Section 5.2 uses
decision-tree logic and descriptive text to guide the analyst to the appropriate HEP value.

Although it has similarities to a screening approach, the scoping quantification process requires a
somewhat more detailed analysis of the fire PRA scenarios and the associated fire context as
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well as a good understanding of several factors likely to influence the behavior of the operators
in the fire scenario. Given such an analysis, it is expected that the flowcharts provided can be
used to perform quantification for many of the HFEs being modeled. However, it is expected that
some actions will not be able to meet some of the criteria for any of a number of reasons

(and result in an HEP of 1.0). Furthermore, the HEPs developed using this method may be
conservative compared to those that could be developed using one of the two detailed HRA
approaches also described in this report.

In general, scoping will produce less conservative results than those produced by the screening
method; this is commensurate with the fact that scoping also generally requires a somewhat more
extensive qualitative analysis. There are, however, some cases in which screening might yield
lower HEPs than scoping. For certain situations, the screening method allows the use of t *
internal events PRA HEP. Many of these HEPs are based on a prior detailed analysis, p

a lower HEP than is obtainable using the scoping method.

For cases in which the scoping approach cannot be used or a m etailed and p’less
conservative analysis is desired (e.g., for risk-significant ey€ntsg fied for CapaD

Category II as defined in ASME/ANS Requirement HR-G )ganalysts h option of
performing a detailed analysis using either of the follo

e The EPRI HRA approach [3] presented in Apfengdix B of this re
e The ATHEANA HRA method [4, 5] pre%di ppendix

Section 5.3 provides additional discussiaff r detaileg RA. Another alternative

would be for the analyst to decide n dit fms t1 and assign an HEP of 1.0.
5.1 Screening HRA Quantlflc;on

Section 12 of NUREG/CR- 1 prov1des guiddqce for assigning initial screening HEPs as an
aid in simplifying and re re PRA 1 to focus analysis resources on risk-significant
fire scenarios and asso 1pmen d operator actions. This process is optional,
but it provides pr EPs forQ e PRA model quantification and helps rank the
fire sequences. T mg can be etermlne which sequences might be further analyzed
to reduce the calculat risk by @of cable separation, detailed fire modeling, or detailed

human reliability evaluatlons

Before quantifying lyst must have applied the criteria discussed in Section 4.3
for assessing the fea& the operator action(s) associated with that HFE. Although the
feasibility assessment pro®gss begins at the identification and definition stage and is a key part of
the initial quahtatﬁnalysm new information may be available during the quantification
process that w uire the feasibility to be reassessed. Therefore, feasibility assessment is a
continug @ep throughout the fire HRA

The scree methodology presented next stems from NUREG/CR-6850 [1]. Based on recent
plant-specific applications of the methodology, it was determined that the screening criteria for
Sets 1 and 2 did not adequately distinguish between short- and long-term actions. Long-term
actions are those that are not required during the early stage (e.g., the first hour) of a fire event
and are not expected to be performed until approximately 1 hour after the fire-induced plant trip
or until the fire is out. Therefore, short-term actions are those required within the first hour of a
trip. By not distinguishing between short- and long-term actions, the NUREG/CR-6850
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application of the screening criteria produced overly conservative HEPs for the longer term
actions. The screening criteria for Sets 1 and 2 described next have therefore been modified to
reflect the likely differences in the HEPs for long-term actions, but otherwise they are identical to
the criteria presented in NUREG/CR-6850.

As discussed in NUREG/CR-6850, the screening methodology described next is a method for
assigning quantitative screening values to the HFEs modeled in the fire PRA when performing
Task 7, Quantitative Screening, and subsequent model refinement activities. However, because
of the unique conditions created by fires, some level of analysis will be needed to determine
which screening “set” (described next) is applicable.

The method supports the assignment of screening values by addressing the conditions thag c
influence crew performance during fires, ensuring that the time available to perform the

necessary action is appropriately considered (given the other ongoing activities in the ag1

sequence) and that potential dependencies among HFEs modeled#n a given accid ce
are addressed. Note that the criteria are best applied on a fire sc8gafio gor groups ar
scenarios) basis, in order to decide which criteria set applief fo wh fire(s). For aParticular
HFE(s), if an appropriate set of criteria (discussed next) canfiot identified%et, no screening
value should be used (i.e., a 1.0 failure probability sho signed inj d/or a more
detailed analysis be performed, depending on wheghier,th€ HFE beco rtant after initial

model quantification).
5.1.1 Method for Assigning Screenjfig s to HF| s1,2 3 and 4)
the goal i &l‘e mine whether the fire
the ip 1%& ts PRA can simply be assigned the
generaldire Sffc®S during screening. Therefore, Set 1
in the internal§yents PRA. If the criteria can be met, analysts
still need to ensure that p,

endencigdgcross HFEs in the models are accounted for
according to the ASM dard [2 that the fire effects and the addition of any
new fire-related HE t S i€antly alter the dependencies among the internal
events HFEs and tq;sociated H

related scenarios in tli§internalev

In the first set of criteria described n
conditions are such that the HFEs
internal events PRA values mogifie
criteria apply only to existi

addresses 1) new HFEs added ire PRA to account for fire-specific effects and 2) prior
internal events PRA HFEs @to be significantly altered or modified during the identification
and definition step (sg e&‘ to reflect fire effects in the fire PRA. Set 4 addresses actions
involved with MCR onment and the abandonment decision. Each of the four sets of
HEP’screening values is presented in turn in the following subsections.

screening criteria <
5.1.1.1 Sgre alues Under Set 1

Given thagghe criteria for Set 1 are met, the internal events PRA probability values for the
applicable FWE(s), multiplied by a factor of 10 to account for effects not covered in the internal
events HEP evaluation (such as fire brigade interaction, increased workload and/or distraction
issues, and other unexpected fire effects), can be used as screening values for initial evaluations
of the fire PRA model in NUREG/CR-6850 [1] Task 7 and beyond.

However, if the actions can be determined to be long-term actions—that is, they would not need
to occur until the fire was almost assuredly extinguished—and all Set 1 criteria are met, the
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HEPs from the internal events PRA can be used. It must be clear that the fire effects would no
longer be dynamic and changing, that any equipment damage will be largely assessed and
understood, and that environmental effects will be stabilized and not significantly affect the
ability of the operators to perform the action.

The criteria for Set 1 are derived from NUREG/CR-6850 and are as follows:

1. The fire can cause an automatic plant trip or a forced and proceduralized manual trip, and the
fire does not significantly damage the safe shutdown equipment being credited for the
performance of the HFE, such as the equipment being used or the related indications and
instrumentation, other than discussed below. This condition demonstrates that, from the safe
shutdown perspective, the context is the same and the challenge of the particular fire is not
significantly different (functionally or in terms of effects on equipment) from that alre&

considered in the internal events PRA for the applicable HFE(s).

2. No spurious behavior of instrumentation (e.g., false or lost igllicgtions) or sp ipment
actuations can occur in this fire beyond those with the fo eral chard gfics:

a. The spurious events are not associated with safety- qulpmen instrumentation
relevant to the critical safety functions and ther e only stractions—not
immediate challenges to safe shutdown.

b. The operators can discern the events to be trlbuta t flre

c. The events do not need immediate I correctj ns from the crew (e.g., to
prevent damage to critical safety. o 1pm age to the core) while the

crew attempts to achieve safe
The information needed to mak ermi Q& d on input from the cable/circuit
analysis, if it is available } ndix R sis Safe shutdown equipment list, if

the
applicable. @
3. One train/division o n—relate

on the informatiogsg cat thls stagl
events or failur€S assoc1ate
functions such as¢ at removg |

-@ ipment and instrumentation is evaluated, based
® ghalysis, to be completely free of any spurious

b the fire, allowing the crew to maintain the critical

1ntegrity and reach safe shutdown using the EOPs.

4. Those members of the MC ost directly responsible for achieving and maintaining safe
shutdown (i.e., the boar rs responsible for controlling and monitoring plant status and
the crew supervisogffes

e for reading the procedures and directing crew actions) will not
have significant }ona resp0n51b111t1es. That is, they will be able to remain in the EOPs (as
when responding to an Tnternal event) or, if they are to follow fire procedures, those fire
procedures cloﬁresemble the EOP actions (so that the internal events PRA HFEs can still be
deemegpre r their definition and quantification). One way to demonstrate this, for
instafCe be to have someone else responsible for dealing with the fire-specific response
proced@ges and to ensure that the actions associated with those procedures do not significantly
disrupt the previously mentioned MCR members’ responsibilities and actions related to
reaching safe shutdown. The fire-specific actions also should not divert personnel normally
needed to assist the MCR crew in reaching safe shutdown.

5. There is no significant environmental impact or threat to the MCR crew (e.g., no significant
smoke, potential toxic gases, or loss of lighting if not already part of the internal events PRA
HEFE, such as for station blackout).
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6. There is no reason to suspect that the time available to diagnose and implement the action(s)
being addressed would be significantly different from that in the internal events PRA-related
scenario(s) for which the HFE(s) apply.

7. 1If any of the HFEs being modeled is a local (i.e., ex-CR) manual action originally modeled in
relevant accident sequences in the internal events PRA, it should be shown that achieving the
local actions will not be significantly affected by the presence of fire from an environment
and accessibility perspective (e.g., no significant interference from smoke or toxic gases,
either in traveling to the location of the action or in executing that action; no loss of lighting;
no new high radiation threat). It should also be demonstrated that the staff assumed to
conduct the action will still be available; that is, they will not be conducting other fire-relat
responses such as isolating electrical equipment or supporting the fire brigade. Furthe
other conditions assumed in evaluating the corresponding internal events PRA local X
(i.e., need for special tools, communication capability, and adgguacy of proced Q
training) should not be significantly different under fire confitighs. (Note: If afe
needed to carry out the local action, these Set 1 criteria for that actiag

If all of the conditions for Set 1 are met, the internal events EPs for tl@)licable
HFE(s), multiplied by a factor of 10 to account for the potentia@ gade interaction
and other minor increased workload and/or distrag#fon, isSues, can be
initial evaluations of the fire PRA model in NUR

actions a @

addition, if the HFEs can be determined to beélong-t
original HEPs from the internal events apgysis e used. Q
5.1.1.2 Screening Values Under, ,@) K
Mgh the S tert®related to spurious events are not met,
egeal still be applic® The Set 2 criteria still apply only to HFEs
previously modeled in thgsigt

ents P f the Set 2 criteria are met, screening values of
0.1 or 10 times the inte @ PRA v lf%ichever is greater, can be used.” However, if
the HFEs are long- gglons (as desclbe@premiously) and meet all of the other criteria for Set
2, screening value .1 or 10 tim % ernal events PRA values, whichever is smaller, can
be used. Potential depandenciessacgossSvents in a scenario still need to be examined (as

discussed under Set 1), and th x int probability of the HFEs in the scenario should be
reasonable, as outlined by {%ﬂ /ANS Standard [2].

The criteria for Set 2 defiged from NUREG/CR-6850 and are as follows:

If all of the S
likely to be

8¢ creening values for
and beyond. In
ribed previously, the

but a reasonable screening Vv,

t 1 comitions are met except that significant spurious electrical effects are
esent in one safety-related train/division (and one train/division only) of
equigne dfor instrumentation important to the critical safety functions, and therefore

mayf ngedSefe corrective responses on the part of the crew, the HFEs from similar
scendflos modeled in the internal events PRA may be assigned a Set 2 screening value as
long as*appropriate dependencies are considered. The point of this Set 2 condition is that, in
Set 1, the spurious effects are not in safety-related, critical function-related equipment and
do not need any immediate response from the crew. In Set 2, the crew might have to attend

? The Set 2 screening adjustments are intended to conservatively bound the general fire effects on Set 1 actions
modeled in the internal events PRA. Set 2 adjustments do not address operator actions added to the PRA model to
address additional fire scenario concerns.

5-5



Quantification

and respond to the spurious activity in the affected train/division to make sure that it does
not affect their ability to reach safe shutdown (e.g., causing a diversion of all injection).
However, the crew would likely detect the spurious activity quickly and not be confused by
it. They would still have at least one train/division of safe shutdown equipment unaffected,
and they would still be likely to conduct the safe shutdown actions as indicated by the
procedures without significant delays.

The information needed to make this determination is based on input from the cable/circuit
analysis, if available, and should consider instrumentation beyond the set identified in the
Appendix R safe shutdown equipment list (such as RWST level and AFW flow indication).

For the long-term HFEs, the fire impact to safety-related, critical function-related equipmgn
would essentially have occurred earlier in the event, and things will have since stabilized.\

with Set 1, it must be clear that the fire effects would no longer be dynamic and changi
any equipment damage will be largely assessed and understood gfhd, that environg % ects

will be stabilized and not significantly affect the ability of the opgafitogs to perfo tion.
5.1.1.3 Screening Values Under Set 3 %

These criteria address: 1) new HFEs added to the f1 2) prior in ents PRA HFEs
that need to be significantly altered or modified i 1 f thlS pro cause of fire

conditions. In such cases, existing internal events Ps eith. exist or are not

appropriate as a basis for the fire PRA.

The criteria for Set 3 are derived from

1. If the action being considered j @ . .e.,ex-CR) manual action and is to

be performed within approx1ma ¢ \ 1n1t1at10n set the HEP to 1.0 for
screening. The 1-hour li a reasona®@flimit for early response actions that will

most likely be (or need mplet s a time beyond which most plants can
have additional pe any tech%pport group available at the plant site.

2. If the action is ssary withi our, the fire can be assumed to be out and
therefore not uing to cau d spurious activity and other late-scenario
complicating distgbances.eA ere is plenty of time to diagnose and execute the action,

set the HEP to 0.1 or 10 tj
needs to ensure that po

1nterna1 events HEP, whichever is smaller. The analyst still
ependencies across HFEs in the models and the joint
probabilities of nudltip s are accounted for according to the ASME/ANS PRA Standard
[2]. In particulaf] tianalyst needs to verify that the fire effects and the inclusion of the new
actions in the gnodel do not create significant new dependencies among the HFEs (new and
old) in the m%l. If unaccounted-for dependencies are likely to exist, a 1.0 screening value
shoul e dependencies accounted for in some other way as part of the quantification.

5.1.1.4 SCsening Values Under Set 4

This criterion addresses HFEs associated with the decision to abandon the MCR and all
subsequent actions in reaching safe shutdown. Because of: 1) the unique nature of the decision to
abandon the MCR, 2) the wide variability on how and where plants implement safe shutdown
when the MCR is abandoned, and 3) the low likelihood that such actions could be screened,
unless the applicable fire initiating frequencies are extremely low, a global screening value of 1.0

C
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should be assigned for this entire set of actions. This acknowledges that more analysis will likely
be needed for these types of scenarios and that screening is therefore not appropriate for these

10
cases.

The criterion for Set 4 is from NUREG/CR-6850:

All HFEs involved in MCR abandonment and reaching safe shutdown from outside the
MCR, including HFEs representing the decision to abandon the MCR, should be assigned
screening value of 1.0.

5.1.2 Basis for Quantitative Screening Values
It is acknowledged that this set of screening values does not have a direct empirical basis \
The values selected are based mainly on experience with the range of screening values

traditionally used and accepted in HRA (e.g., in the HRAs perfoufned for the NR 1
Plant Examination Program [6]), experience in quantifying r grents in N S,
experience in applying a range of HRA methods and the v 1ated wi thos methods,

and experience in performing HRA in fire PRAs. The sgreeni proach in nally applies
values that may be conservative for some cases to ayoi overly op “However, this
avoidance is necessary for potentially important %

plex sce assoc1ated HFEs.
Table 5-1 summarizes the fire screening criteria a

5.1.3 Single Overall Failure Probabflit oach Abandonment or
Alternate Shutdown
NUREG/CR-6850 [1] suggests tha a si fallure probability value to

saf down 1te atlve means can be used if the
ervatlvely and agroper basis is provided. It notes that this
submit nd that, in many cases, 0.1 was used as a point-

represent the failure of reachi
probability value is evaluat
approach was used in s

value estimate for the . Before this approach, the analyst must have applied
the criteria dlscus tion 4.3 for e feasibility of the operator action(s)
associated with tha Addltlo tlon 4.8 provides qualitative analysis considerations
for modeling MCR a donmeﬁ

This approach may be suff1c1 ome applications, such as cases in which MCR
abandonment is not de 0 be risk-significant. The analyst also has the option to use the
scoping approach or% analysis method, as discussed in the following sections.

o

10 An initial possible alternative (similar to an approach initially presented in NUREG/CR-6850 [1]) that allows the
assignment of a single overall failure probability value (e.g., 0.1) to represent the failure of reaching safe shutdown
using alternate means (including MCR abandonment) is described in Section 5.1.3.
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Table 5-1
Screening criteria summary
Screening Short-Term Human Actions Long-Term Human Actions
Criteria Definition Value Definition Value
Set 1: similar to Same as
internal events 10x internal internal
HFE but with events HEP events HEP
some fire effects
Performed ~1
hour after
Set 2: similar to fire/trip

Set 1 but with (fire effectpno | 0.1 or 1
spurious 0.1, or 10x longer internal
equipment or Required internal events | gynamicy events
instrumentation within first HEP, whichever | oqufp whichever is
effects in one hour of is greater darmeQe
L sm

safety-related fire/trip d,
train/division e does

t significan
Set 3: new fire ffect abilijyaQ
!—|FEs or prior operators i@ 0.1, or 10x
internal events perfoyfiactie internal
HFEs needing to events HEP
be significantly \ K hich is
modified as a aeoverts
result of fire smaller
conditions
Set 4: alternate
shutdown 1.0 for initi ning (per Section 5.1.1.4), or
(including MCR A fo&ov@ e analysis (per Section 5.1.3)

abandonment
‘
5.2 Scoping Fire HRA N:cation

The scoping fire HRA a&ﬁ on approach allows the assignment of HEPs to new HFEs
identified specifical théNire PRA (i.e., outside the internal events PRA) and to HFEs
carried over from the inteMgal events analysis that survive quantitative screening. This approach
may be used in th%ermination and identification of risk-significant events that will require
detailed analys# ould be used in lieu of the screening approach if a less conservative initial
analysis jd m

Minimum &gjteria must be satisfied for the scoping fire HRA approach to be used. If the criteria
covered within this scoping procedure are not met, the analyst must use a more detailed HRA
evaluation method. Section 5.2.1 presents these scoping entry criteria.

When the minimum criteria have been met, analysts can use the steps for assigning HEPs to new
or existing HFEs detailed in the flowcharts presented in Figures 5-2 through 5-6 and discussed in
associated sections. A selection scheme (see Section 5.2.5 and Figure 5-2) is provided first to
direct the analyst to the correct scoping quantification guidance for the HFE being considered.
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The scoping fire HRA approach is used to quantify the probability of failure of the action or
actions (which may include multiple subtasks) represented within a single HFE. The flowcharts
provide a way to obtain HEPs (assumed to be mean values) for four categories of actions
associated with the following HFEs:

1. New and existing actions accomplished inside of the Main Control Room (MCR, Section
5.2.6 and Figure 5-3).

2. New and existing actions accomplished outside of the Main Control Room (ex-CR, Section
5.2.7 and Figure 5-4).

3. Actions associated with using alternate shutdown means as a result of either MCR
habitability issues or difficulties in controlling the plant from the MCR because of the
of the fire (Section 5.2.8 and Figure 5-5).

4. Cases in which the fire may affect critical instrumentation, cigfiting the potentj s or

EOQOs as a result of incorrect indications (Section 5.2.9 and Wigfire §-6). The @rt for
spurious indications will support addressing spurious ingfr fects for Ca 1ty
Categories I and II as defined in the ASME/ANS Requitéfhen#s HLR-ES nd C2 [2].

Sections for each of the four categories of actions pgovi mation o actors expected to
be important for this category of HFE and on hoyfto gse the relevan

5.2.1 Scoping Entry Criteria V O

Before quantifying an HFE, the analyst ¢ applied %ria discussed in Section 4.3
for assessing the feasibility of the o on(s) asi?&l ith that HFE. Although the
feasibility assessment process begin\gf theidentifs adl definition stage and is a key part of
the initial qualitative analysis gtew g#fOPmation e available during the quantification
process that would require t sibility to be reasSggsed. Therefore, feasibility assessment is a

% that requires only a few performance shaping

next, an example of a cognitivelg ex or challenging scenario would be one in which the

cues directly relevant to the ing modeled do not match the procedural guidance. If the
cues do match the rele ro@edures (as discussed in Section 5.2.3), the scoping approach
would be appropriat& ssuming that all other entry criteria are met.

There are some typgs of sctnarios, plant characteristics, and other factors for which cognitive
complexities are eXgected that cannot be addressed by the scoping approach. In particular, the
scoping q nto approach is not considered applicable to plants that implement SISBO
procedus€s. Fhé¥’procedures require the operators to travel to multiple locations and to employ
complex ns of communication. The complexity associated with these actions is considered
beyond the scope of scoping quantification.

Another example would be analyses directed at the decision to abandon the MCR as discussed in
Section 4.8. The scoping approach makes some simple assumptions about whether operators
abandon the MCR and should not be used to quantify any failures associated with making this
decision. The scoping approach can be used to quantify HFEs subsequent to the decision to
abandon; this is discussed in detail next.
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Another example of potentially cognitively complex scenarios is discussed in Section 4.10:
scenarios that may include potentially distracting spurious operations (e.g., indications that are
not required for safe shutdown and have not been explicitly identified as being affected by the
fire because the circuit analysis has not addressed them). However, as described in Section 4.10,
even the current state of the art, detailed fire HRA approaches are limited in their ability to
address the impact of such potential spurious indications on operator response. The approach for
these potentially complex scenarios is different because of the limitations in all HRA methods—
including detailed methods. Consequently, if the analyst is reasonably confident that no
information can be obtained that would allow the application of either detailed fire HRA
approach, an exception can be made to use the scoping approach for associated HFEs in
conjunction with the discussion in Section 4.10 to address the possible range of impacts f C
potentially spurious operations through, for example, sensitivity studies. \

For all other cases, the analyst should determine whether the mingnum criteria givgs a
met. These criteria are important because they allow the scopingapgroach to be 4p iately
applied to the HFE and associated scenario by limiting the e se minimufaggsiteria—
combined with a few elements of the selection scheme dis ection 2 5—allow the
scoping approach to address only certain performance # %

wfo factors tion, it should
be noted that meeting these criteria establishes onl um criteri does not preclude
additional consideration of these PSFs later in th&Scgfin®analysis.
These minimum criteria are as follows: y O
e Procedures. There should be plant pfocg@urc¥(e.g., fir @ dures, EOPs, ARPs, AOPs,
and/or NOPs) covering each ope i eing & N he procedures should support
both the diagnosis and executi ction, l% xecution of the action can be
demonstrated as skill of theycraft, Skill-of-th a®ons are those that one can assume that

trained staff would be a e{lily perform Wthout written procedures (e.g., simple tasks
such as turning a swi @gl valVe as opposed to a series of sequential

2d With the re @f OO0s or EOCs resulting from spurious
@it procedural (see Section 5.2.9 for guidance on dealing with these
HFEs) may not be vailable? ese€ cases, operators may be able to rely on the scenario
context and additional cu xnjunction with the existing procedures) to recover those
errors. An argumen e that the existing procedures, in conjunction with operator
training and availgle cig, will be adequate to support the recovery of the errors. If analysts
rely on such argumerig, they should be well documented and confirmed by appropriate plant

acti immperformed. The training should establish familiarity with the procedures, the
equipmignt needed to perform the desired actions, and the steps required to successfully
execute the action. The training should be performed according to the plant’s normal training
practices and, if appropriate, include special considerations given that the desired actions will
need to be carried out during a fire (e.g., wearing SCBA while performing the action). When
subtasks must be coordinated among more than one person to complete the action, the
training should also cover the way in which the coordination and communication aspects of
the action should be conducted.

staff (e.g., opeQrs and trainers).
e Trainipg. rs should have received training on the procedures being used and the
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e Availability and accessibility of equipment. All equipment and tools needed to perform the
modeled human actions during a fire should be readily available and accessible. The time
needed to access this equipment during fire scenarios will be included in estimating response
execution times (discussed further next).

These criteria are important because they allow the scoping approach to be appropriately applied
to the HFE and associated scenario by limiting the context. These minimum criteria, combined
with a few elements of the selection scheme discussed in Section 5.2.5, allow the scoping
approach to address only certain performance influencing factors.

5.2.2 Calculation of Time Margin

One of the key inputs to the scoping approach is time margin. Ti
between the total available time and the time required—essenti

not addressed in the feasibility assessment. For example, a ity assessmpent does not ensure
that the action would repeatedly be performed success e feasibi %essmen‘[ does
not address the reliability of the action). As discussgs i n 4.3, in plant staff’s best
efforts, there may be conditions that are difficult; i t for. Furthermore,
the fire situation may introduce additional variabilit§gi responses that were
not fully incorporated in the feasibility ass W and uncertainties could
affect the reliability of the performance action. Theref8

t more thoroughly ensure the
reliability of the action, the time avaijafle d be gre hafthe time required to account for
these uncertainties and variabilitie

Stimat,

A tradeoff exists between the gkten hich th 1bility assessment is realistic and the
uncertainties to be addresse arg of justifying th&g there is adequate time to perform the
action. For instance, mg idemonst s of feasibility (e.g., systematic walk-throughs
while simulating fire translat certainty with regard to justifying that there
is adequate time. Sd rlyhgathering j @i from a larger number of simulations with
additional crews cafdhcrease th‘e comfy e in the assessed crew response times.

One technique used to address

% ntial shortcomings in plants’ ability to realistically
ircs and the potential variability in crew response times is to

simulate plant conditions du

require particular time a\ﬁ ‘e., the difference between the total available time and the time
required, essentiallyﬁr ime available) to obtain certain HEPs. Therefore, a key factor in
applying the scoping quan#fication approach is the time margin available for a particular action.

Figure 5-1 preb timeline illustrating the components involved in calculating time margin.

N
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< Teow >

< Tavai —>

- Treqa >
<—Tdelay—>

<—Tcog—>

<_Texe_> \*
To Cue _ Crew . Action Actlo Q
received diagnosis complet long

Start complete benefi
Figure 5-1 a
Timeline illustrating total time available, time requir resulti argin
Section 4.6.2 defines each of the terms in the timgifne, I his d1agra s the total time
available from the initiating event (e.g., reactor tr i the actiog onger beneficial. The
ea

action time window, Tavail, is the amount able to p the action, including the
cognition and execution portions of the NI as follows: TO is the start
tiating event until the cue(s)

time (typically the initiating event), T
leth and formulate the response,

for the action is received, Tcog is t
and Texe is the execution time—inc¥ling transi f PPE, and manipulation of

components.

For quantification of the Usigh the scopiag ana ys1s the t1m1ng terms are used to calculate
the time margin. Time i i

the time required tg q O the acti(m C gXe) and is calculated as follows:
(T

= ﬂ‘—@l 0% Equation 5-1
"b dela (Tco + Texe )J
Time Margin (T - £ x100% Equation 5-2
(T, + T..)

Time Margin

exe

Time margin is e)%ltly considered in the scoping quantification to account for potential
shortcomi m ants’ ability to simulate plant conditions during fires and the potential
variabiligf1 esponse times. In addition, different time margins may be required if the
presence 8€certain conditions (e.g., short versus long timeframe events or simple versus
complex acti®ns) suggests the potential for greater sensitivities to the effects of the fire or greater
variability in crew response times.

Time margins should be calculated for all actions or sets of actions (underlying a given HFE)
being modeled and quantified using the scoping approach; in at least some cases, the explicit
development of a timeline or a timeline analysis can be useful. Recall that some actions
underlying an HFE may require multiple subtasks to be performed in parallel or may involve a
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mix of both serial and parallel actions. In addition, some tasks may overlap. In these cases, the
determination of the time margin may not always be as straightforward as illustrated previously.
The time for the tasks taken together, including where they overlap, needs to be considered in
determining the available time margin. For example, an action may involve several subtasks that,
if performed serially, would take 30 minutes to complete. However, if two people are involved
and two of the subtasks can be performed in parallel, the execution time may require only 20
minutes (or at least less than 30 minutes). In this case, less extra time would be needed to obtain
a 100% time margin. Although the application is somewhat different, Appendix A of NUREG-
1852 [7] provides guidelines and examples for using timelines to demonstrate sufficient time to
perform a range of combinations of serial and parallel subtasks.

When timing data are collected for crew response times, HRA analysts need to collect a r

times in addition to the point estimate of an average crew; this is especially important w
required time is close to the time available. As noted in Sections 4#3.4.1 and 4.6.2 pe @
uncertainty in the timing data is important for cases in which a change in ta on of
the time required could change the operator action from feagt ipfCasible or si®@aifaCantly
change the reliability of the action. The scoping quantifica roach can gfclude certain

“tipping points” where a few additional minutes of tim% i gptsthe action into a
ulfng

different time margin regime. In these cases, it is rggom
initially use the more conservative timing data (

HFE significantly impacts the fire PRA modgl qua tion res *rnatively, the analyst
could run several test cases to evaluate theg t Qb timing vgagBiliy and perhaps quantify the
HFE with separate timing cases if the in@ ong enoyg arrant it. HEP adjustments for

uncertainties in response times caus ariability dad ofger factors are accounted for
later in the scoping process based o ilable g angin.

tficular conditions and PSFs that could affect
; ecisions are required in all of the flowcharts; others
are specific to particéar flowclglrt al guidance for making these decisions is provided in
this section; however, In some CX efails associated with particular conditions and PSFs are
se details are discussed in the sections providing guidance

specific to particular flowchagfs

for the specific flowch sgf

It should be noted tlu&:< the decisions that need to be made will not be made exclusively
. For

by the HRA analys ample, explicit criteria were developed in NUREG/CR-6850 [1] for
determining when§moke, toxic gases, and heat levels would be high enough to require MCR
abandonmgnt % cSult of habitability issues. Similarly, questions are asked in all of the
flowchaifS rggatdifig smoke levels for areas in which operators will be performing actions or
through wilich they will have to pass on the way to perform actions. This information is used to
determine whether SCBAs will be needed or whether there may be smoke dense enough to cause
visibility problems and prevent the action from being taken. These determinations will be part of
the fire modeling tasks (NUREG/CR-6850 Task 8, Scoping Fire Modeling, and Task 11,
Detailed Fire Modeling), and the information will have to be supplied to the HRA analysts based
on what are likely to be conservative estimates of the likely smoke, toxic gases, and heat levels
in those areas and whether they could be high enough to require SCBAs or severely affect

5.2.3 Assess Key Condi nd PSFs
In applying the scopin , in additi addressing the timing issues discussed
¢be

5-13



Quantification

visibility. HRA analysts should participate in this process to help ensure that relatively
conservative estimates of the fire effects are made.

The following conditions and PSFs are important to the scoping flowcharts and are addressed
accordingly:

Do the procedures match the scenario? An important question asked in several of the
flowcharts concerns the diagnosis of a given action. In particular, the question asks whether the
cues being received (that are directly relevant to the action being modeled) match the procedural
guidance. In other words, is it expected that the cues and their timing will be correct and
consistent with the procedures? Another way to ask the question is whether the procedures should
be relatively easy to follow given the pattern of indications. If the cues and their timing are
expected to be correct given the accident conditions and are consistent with the proce%,d e
diagnosis for the need for the action can be considered relatively simple and straigk@ .

h

However, if the cues for an action are not expected to match gfe procedures clg ould be
assumed that the diagnosis will be difficult, and the HEP fo acgion should @ to 1.0 (ora

detailed analysis performed). This question is not askedfin ing flowcha hen it is
known that one or more key indicator(s) specific to an a€tionjwill likely ected by fire (i.e.,
in cases in which the fire could have effects on spe wgsStrumentati OOs or EOCs are
possible [see the SPI flowchart in Figure 5-6] e cases, the res (related to
determining the needed action) are not likely the patte r@es

Response execution complexity. The '@VOlved in executing the

response after the diagnosis is made j 8pecific scoping flowcharts.
Execution complexity is quantifie igh or low. In deciding on the

level of execution complexity, @ ote that the following
guidelines apply to both MCR an®local acti

— Single-step actions. ﬁon requiring 8Rly a single step (e.g., simply starting a pump
i ed and b can be performed by a single crew member

by cle res (i.e., trained personnel should be able to
follow the forwardlw) afca nsidered skill-of-the-craft, low complexity

can genera assumed.
— Multiple step Zctions. E@Z requires multiple steps to be completed successfully,

complexity may incre@ e execution of the multiple steps can be performed by

single crew memb ng independently of what other personnel (if any) involved in
the action are dQing the execution of the steps is supported by either clear procedures
(trained personnéfghould be able to follow them straightforwardly) or the actions can be
considered gkill-of-the-craft, low complexity can generally be assumed. However, if there
are con (ﬁhat procedures needed to support the actions may be ambiguous, that any of
th te@y be difficult to complete correctly, or that difficult judgments may be
rogudfed (even if only for some personnel), high complexity should be assumed.

— Multéple crew members performing coordinated steps. If multiple crew members are
required to complete an action and the steps require coordination and communication
among team members to successfully complete the action, high complexity should be
assumed. This will be true when the steps must be performed in a particular sequence and
when the steps involve a combination of sequential and parallel steps. Generally, high
complexity should be assumed for any actions requiring coordination and communication
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among crew members. Exceptions would be well-trained, EOP-based actions in the MCR
that are part of the expected response to an initiating event—but even these actions
should be examined carefully for potential ambiguity and difficulty.

— Multiple location steps. During the execution of an action, multiple locations may need
to be visited either by different members of the staff or by one staff member. The
necessity of visiting multiple locations (e.g., different electrical cabinets or different
rooms, not just different panels in the MCR) increases the complexity, particularly if
coordination and communication among staff members is required. Generally, if multiple
locations must be visited to complete the action, high complexity should be assumed.

— Multiple functions. Multiple functions may need to be addressed in the execution of a
action (e.g., both electrical alignment and mechanical) that will increase the execu
complexity of the action. When multiple functions must be addressed, the com

should generally be assumed to be high.

— Accessibility of location or tools. Factors such as e t, the abse .Q
adequate lighting, or the presence of the fire brlgad eam ke it more
difficult for the operator to reach the location o s or to acc e tools
necessary to perform the action. To the extept th ction wo come more

ich compl 1d be assumed.

As discussed in Section 4, Qualitative A r factors tribute to complexity.
For example, time pressure or stress ¢ en simplg seem more difficult.
Therefore although this gurdance ca 1n most Q determine whether complexity

e ynditions under which an action
will be performed (based on a q J d ose conditions may add to the
complexity, they should b ons ment of complexity level—generally
leading to low complexid agfions belng assessog as high complexity.

It should be noted t vetafTactors th d add to complexity are already included in
the scoping flowgha n d1t1on spnent of feasibility (as described in Section 4.3)
will show that @ tlo is not so leX that it cannot be performed in the time available;

the time margin Tjyntended fo or other factors that may not have been explicitly
included in the feasibility ass\ ent or covered in the scoping flowcharts.

Timing of cues for the @relaﬁve to expected fire suppression time. An assumption of
the scoping flowchfirts ®thdt actions that have to be performed during an ongoing fire (whether
the action is inside oRgutside the MCR) will be more susceptible to both the direct and indirect
effects of the f . Therefore, two of the flowcharts (regarding MCR actions and ex-CR actions;

Frgures 5 4) explicitly ask whether the cue(s) for an action will occur while the fire is
ongoing. B on the information in the original NUREG/CR-6850 [1] which was further
dev AQ 08-0050 [8] and then published as NUREG/CR-6850 Supplement 1 [1], for

the ap atron of the scoping flowcharts it is assumed that most fires (with exceptions noted
next) will be extinguished or contained within 70 minutes of the start of the fire. As such, upon
initiating the actions listed in Figures 5-3 and 5-4, the time from the beginning of the fire to the
presentation of the cue for an action needs to be determined. For the scoping analysis, the start
of the fire is considered concurrent with the initiating event (e.g., reactor trip). Although this is
rarely the case in actuality, estimating the times this way allows a conservative estimate of the
effect of the fire on the diagnosis and execution of the action.
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Depending on when the cue(s) occurs, analysts will take different paths through the
flowcharts. If the type of fire is known, the analyst may use the timing estimates for fire
suppression supplied in FAQ-08-0050 to determine whether the fire is ongoing. Table 5-2
reproduces the table presented in FAQ-08-0050 outlining expected suppression rates. For
each suppression time, the table provides the fraction of fires of a given type that would still
be ongoing at that time. The analyst should use at least the 99" percentile value (i.e.,
numerical results equal 0.01 and below) as a cutoff for the given fire type. If the type of fire
is not known, the analyst may use the “All Fires” category. For this category, the 99"
percentile fire suppression value corresponds to a time of 70 minutes; that is, the analyst
should assume that the fire has not been suppressed or contained if the cue for a given acti
is expected to be received within the first 70 minutes after the fire has started or the p
tripped. Furthermore, for the modeling of actions during more challenging fires (i.e., \1
generator [T/G] fires, outdoor transformers, high-energy arcing faults, and ﬂamma@

suppressed, regardless of when the cue occurs relative to
in these situations will be assigned a slightly higher H

effects of an ongoing fire.

e Time available. The time available for an actigft is ?me'd as the r@ of time from the
occurrence of the cues for action until the ac i€ noWonger ben€lie®l.” For actions that
have a short amount of time available, addition sideratiq #Cn to the time margin
and to determining feasibility. For the géo wcharts giNassumed that having a short

1

amount of time available (<30 minut€s, @proXimately )W re susceptible to

diversions and distractions caus t CUITENCE § ¢ in the plant. Therefore, for
HFEs in which there is a short ‘%& are gj iffigrent treatment in the scoping flow
charts than longer Tavail (>3 mi , appro ly)*®his different treatment is applied
whether the cue for the agli ogurs during ontgging fire suppression efforts or afterward. If

the time available fo 108 13230 minuge8ythe analyst is directed one way in the flowchart
and in another dired @ ' availab % >30 minutes.
.

o)

1 From Figure 5-1, the time available for action is defined as Tavail.
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Table 5-2
Numerical results for suppression curves
2 -
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[= = Tuw| OF| L o w = o = o <
0 .0 1.0 .0
5 .6 0.714
10 0.510
15 0.364
20 0.260
25 0.186
30 0.133
35 0.095
40 0.068
45 0.048
50 0.035
55 0.025
60 0.018
65 0.013
70 0.009
75 0.006
80 57 | 0.131 | 0.002 * 0.005
85 0.047 | 0.116 | 0.002 * 0.003
90 0.040 | 0.102 | 0.001 * 0.002
95 0.033 | 0.090 | * * * * * 0.002
100 | 0.084 | 0.337 | 0.028 | 0.079 | * * * * * 0.001

*A value of 1E-3 should be used.

Note: Values provided in this table are non-suppression probabilities as a function of time for each fire type [1].
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Levels of smoke and other hazardous elements in action areas. All of the specific scoping
flowcharts address the levels of smoke and other hazardous elements (referred to as smoke
levels) present in areas of the actions or in areas through which personnel must travel to reach
those areas. This information is used to make yes/no decisions with respect to whether
SCBAs will be needed or whether there may be smoke dense enough to cause visibility
problems and prevent the action from being accomplished. As briefly discussed previously,
these determinations will be part of the fire modeling tasks (NUREG/CR-6850 [1] Task 8,
Scoping Fire Modeling, and Task 11, Detailed Fire Modeling), and the information will have
to be supplied to the HRA analysts based on what are likely to be conservative estimates of
the likely smoke levels in those areas and whether they could be high enough to require
SCBAs or severely affect visibility. Plant criteria for donning SCBAs may also be takgp agt
account. Note that smoke removal systems that can be assumed to be functioning can X
taken into account in estimating smoke levels. If analysts are ngt sure about the po @
effects of likely smoke conditions on the ability of crews to

assessments can be made. For example, if some smoke e 1 i pcation of
the fire, but it is not known whether SCBAs will be neefle serva 1ve to

assume that they would be needed.

Branches for quantification in the scoping flow, a%ased on h@owmg levels of
smoke within the action areas:

— No smoke or hazardous elements ar w
— Smoke or hazardous elements areprgfentBut at a le 8 \ enough that the use of SCBA

is not required.

— Smoke or hazardous elemen e ala lev gh that SCBA is required.

— Smoke levels are hi 5 to affeet Vi ity and prevent the execution of the action.
(Note that actions wPthe vici f tite fire cannot be credited).

The guidelines for mg smoke t could lead to MCR abandonment as a result

of habitability } address in Section 5.2.5.1 (which describes the scheme

for selecting théNgfpropriate ﬂo or the action) and in the section describing the

alternate shutdowr®™lowcha’ ctidn 5.2.8).

Accessibility. In the sco charts for ex-CR actions (see Figure 5-4) and MCR

will be accessibl n tRe fire is still assumed to be ongoing. This question is concerned
with certain areas beirf® blocked or otherwise inaccessible because of the presence of the fire
and ongoing atfempts to suppress it. Analysts must determine whether the action needs to be
perfor ed@e icinity of the fire or if the presence of the fire and actions associated with
suppa€ssij ould prevent operators from being able to reach the action location. If either
of theXis true, the action cannot be credited.

abandonment actioﬁ (ske re 5-5), analysts need to determine whether the action location

5.2.4 Basis for Scoping HEPs

The scoping quantification guidance offered here is intended to be a simplified and conservative
HRA approach. The guidance is simplified in the sense that recommended HEP values are
associated with a minimal number of influencing factors (e.g., performance shaping factors or
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plant conditions), resulting in less effort being required of the HRA analyst. Similarly, the
guidance is conservative in the sense that recommended HEPs are expected to be higher in value
than those that could be derived if a more detailed and time-consuming HRA was performed.

As with the screening HEPs assigned in Section 5.1, it is acknowledged that the HEP values

used in the scoping analysis do not have a direct empirical basis. The values selected are based
mainly on experience with the range of values traditionally used and accepted in HRA (e.g., in
the HRAs performed for the NRC Individual Plant Examination Program [9] and the NRC
Individual Plant Examination of External Events Program [6]), experience in quantifying HEPs
for events in NPP HRAs, experience in applying a range of HRA methods and the values
associated with those methods, and experience in performing HRA in fire PRAs. The values

were selected with the goal of being somewhat conservative while crediting reasonable ti *
margins and other PSFs. A discussion of the basis of the HEPs quantified through the u e

scoping fire HRA method is presented in Appendix F. O

In Section 3, Identification and Definition, HFEs are i categori follows:

5.2.5 Guidance for Using the Selection Scheme %d
tifie

e Internal events operator actions (existing operagdr ac@@bns trom the ir@l events PRA

model) 6
e Fire response operator actions (operator, f&tions eX¥plicitly cal@:t in the fire procedures)
e Undesired operator actions (as a resx@ys instr; ion)
Although this classification aids in ing how th as identified, for the purposes

of scoping fire HRA quantification, her classified.

nee b
In the scoping fire HRA qu on approachQs are treated based on conditions within
the MCR, the location of thag is and exégution of the actions associated with the HFE
(MCR or ex-CR), and t @ i{fon of relev@rumentaﬁon. The selection scheme (see
Figure 5-2) uses pe guestions @ c@ hich action is being quantified and to direct
the analyst to one @nol owing s: MCR action, ex-CR or local action, alternate

shutdown, or recove f error sesulti om spurious instrumentation.

question in the selection,s wchart (Figure 5-2, Decision 1 [D1]) asks whether the
minimum criteria hay®beenNet (as discussed in Section 5.2.1). If the criteria have not been met,
an HEP of 1.0 can be assfgned immediately and detailed analysis can be performed (if desired).

In some instances, the HFE n%}luantiﬁed within the selection scheme. For instance, the first

Two other cases eﬁén the selection scheme for which the action is assumed to fail and an HEP
of 1.0 may e . First, prior to entering the “decision diamond,” determining whether the
action isgfer in the MCR or locally (D5), the question of whether the procedures match
the scenariis asked (D4)—that is, do the cues received by the control room staff to support
diagnosis mdtch the procedural guidance? (See Section 5.2.3 for guidance on this decision.) If
the cues do not match the procedures, it is assumed that diagnosis may be difficult and the action
is assumed to fail (i.e., HEP = 1.0). In the second case, for the execution of ex-CR actions, it is
assumed that procedures are present for directing the steps of the action or that the execution is
skill-of-the-craft (D6). Again, if these procedures or skills do not exist, the action is assumed to
fail (HEP = 1.0) from the scoping perspective.
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D1.
Have the
minimum criteria
been
met?

HEP=1.0
(SS1)
Or use detailed
analysis

Yes

Go to

D2.
Is command-and-
control located outside
the MCR?

ASD
Yes— P\ (Fig 5-5) @

Are the primary
cues or instruments

misleading or spuriously
affected by the
fire?

—In MCR actions

R — Ex-CR actions

— Alternate shutdown
actions

SPI — Recovery of errors

committed due to

spurious instruments

D6.
Is one of the following
conditions met: 1) there are
procedures for executing the ex -
MCR action or 2) it is skillof-
the-craft?

HEP=1.0
(SS3)
Or use detailed
analysis

Figure 5-2
Scoping HRA selection scheme
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Notice that the HEPs assigned in the selection scheme flowchart are identified with labels

(e.g., SS1). These labels—provided for all HEPs assigned through the use of the flowcharts—are
provided primarily to help later in tracing the way in which a particular HEP was decided on in
the analysis. The specific acronym associated with each HEP is determined based on the
flowchart used. Specifically, the labels represent which flowchart was used in assigning the
HEP as follows:

e SS =selection scheme

e INCR =in MCR

e EXCR =ex-CR (actions normally performed locally)

e ASD = alternate shutdown (including MCR abandonment because of habitability or ﬁ
transferring command and control to outside the MCR because of an inability to co@
plant)

e SPI = spurious instrumentation

Although some HFEs may be quantified with the use of the Selegfion schem: e, most HFEs
will be directed to the other flowcharts for quantificatio ries of qu asked in the
selection scheme to determine which of the flowclfirts is\appropriate je 1f1cat10n After

determining that the minimum criteria have been , the next deCigion (D2) determines
whether the analyst will be directed to the chart ant1fy1ng l@ ate shutdown, including
MCR abandonment (Figure 5-5; ASD) b d need to w &command and control (i.e.,
the location of diagnosis, communication oordlnatlx c action) outside the MCR.

Discussion and guidance on interp questiQg ﬁ the selection scheme (Figure 5-2)
and the transitions to other flo a € prese @ ollowing subsections. Following
these discussions, separate sg€ti rov1de guidaie on using the other flowcharts and the
resulting scoping fire HE tififation:

e Section 5.2.6: HE ed of a osed and executed within the MCR (INCR)

e Section 5.2.7: composed of dlagnosed in the MCR but executed locally
(EXCR). This in(hudes remgt n actions where command and control is still being
performed in the MCR but e of the effects or potential effects of the fire, some actions
must be performed outsi CR.

e Section 5.2.8: HFEE assqgiated with actions related to alternate shutdown, including
abandoning the MCRypecause of habitability or problems with monitoring or controlling the
plant from the MCR, resulting in relocating command and control outside the MCR (ASD)

e Section 5. s resulting from responses to spurious indications (SPI)

5.2.5.1 nate Shutdown (D2)

For fires that require that command and control be located in an area other than the MCR at any
time during the scenario, either because of an uninhabitable environment in the MCR or because
plant monitoring and control cannot be achieved within the MCR (i.e., an inability to control key
safe shutdown equipment), the crew will need to leave the MCR and achieve safe shutdown from
ex-CR locations. This decision to use alternate shutdown means that the execution and the
diagnosis of subsequent actions occur outside the MCR. The decision to abandon the MCR
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should not be quantified using the scoping approach; however, all actions following the decision
may be quantified using the scoping approach. Section 11.5.2 of NUREG/CR-6850 [1] provides
criteria for determining when the MCR would need to be abandoned because of habitability
issues. To establish the timing of this event, it is suggested that at least one of the following
criteria from NUREG/CR-6850 be satisfied:

e The heat flux at 6 ft (1.8 m) above the floor exceeds 1 kW/m? (relative short exposure). This
can be considered the minimum heat flux for pain to skin. Approximating radiation from the
smoke layer as ¢ = o« Ty, a smoke layer of around 95°C (200°F) could generate such heat
flux.

e The smoke layer descends below 6 ft (1.8 m) from the floor, and the optical density o
smoke is less than 3 m™'. With such optical density, a light-reflecting object would nQ
seen if it is more than 0.4 m away. A light-emitting object will not be seen if it lj

m away.
¢ A fire inside the main control board, damaging 1nternal (2.13 m) ap

If any of the criteria is met, subsequent actions will ne nt1f1ed as ate shutdown
actions, and analysts will follow the selection scheme t to the al utdown (ASD)
flowchart for each action (see Figure 5-5).

When habitability is not an issue, it is reasongble t0 ct that t would not be
completely abandoned.'* Therefore, the H @ crew would need to

respond to the scenario given the specifi , for a given fire and its

expected effects on equipment, anal d to det hether the crews would need to
switch command and control to an ation utdown) or whether it would be
possible to direct the actions a the pla CR. This determination should be
based on interviews w1th pl tors and train and an examination of the plant fire
procedures. However, t 0 aband oul not be quantified using the scoping
approach.

If the effects of th, be mgnY te ough that relocating command and control to
outside the MCR (e w1tch1ng t or an ASD strategy) would probably be required
(e.g., a large fire in the cable spr oom), analysts will need to estimate the time at which
switchover is likely to occur to the start of the initiating event."” At that point, the analyst
can quantify the switch V usmg the ex-control room flowchart (EXCR), but all
subsequent actions uantlfled using the ASD flowchart. The timing for the subsequent
actions will have to take o account the time to perform the switchover and the timing of the

critical cues at the
safe shutdown gsig
the HFE th! @

flternative locations. If it is determined that the operating crew could reach
x-CR actions, as necessary—without relocating command and control—
tions would be quantified using the EXCR flowchart.

O

12 Analysts may want to determine whether there are exceptions to this expectation or if there are plant-specific
reasons that such an assumption would not be valid.

13 Estimating the need for switchover and when it may occur may require nontrivial analysis of the plant state. If the
information cannot be obtained, either the screening value presented in Section 5.1.3 or detailed analysis may be
used.
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A scenario involving alternate shutdown (switching command and control to outside the MCR)
introduces a level of complexity that cannot be adequately addressed by quantifying these
actions as usual local (i.e., ex-CR) actions. In general, the inability to use the EXCR flowchart
results from the need to relocate command and control to an area outside the MCR so that
diagnosis and coordination of the actions are done at some remote location(s). Furthermore, by
operating at a remote location, it is likely that many factors may introduce more serious
challenges to operator success under these conditions, for example:

e [Less available instrumentation and controls

e The need for communications among personnel at distributed locations

e Less familiar procedures Q\

e The need for the organized involvement of many operators in various locations in the pleg

e Less frequent training

e More time needed to reach the necessary locations %

e More time needed to perform actions that in other i ould eagi ne in the MCR
In general, if it is known that habitability or monigdti d control (%l t from the MCR
would not be affected to the extent that switching hjéint gpmmand gnd€optrol outside the MCR

would be required, analysts will progress i seleClOn scheme @ e next question about
indicators for the specific actions being % e fire (@
5.2.5.2 Actions Caused by Spurj nstiments K

D
According to the fire PRA Stapgdard analyst & determine whether there are
particular actions (either E Os) that coulgbe caused by the effects of single spurious
instruments or by combinatj urious igdgguments if the contribution to risk would be high
(see ASME/ANS Requifergi

LR-ES- 2 for more detail [2]). Therefore, the next
decision diamond ks whether¢haprimaraCues or instruments are damaged or spuriously
affected by the fireNgafising them @ eading. A cue is a signal or alert (plant parameter,

a
es

procedure step, or plalg conditie: rompts an operating crew to take a specific action. An
operator action could have muylé ; the first cue received and responded to is considered
the primary cue. A second. ¥s one that occurs after the primary cue or that occurs in
conjunction with the a but is acknowledged only for verification of the primary cue.
See Section 4.3 for flrtigg discussion of primary cues.

Therefore, if cuest MCR instruments are misleading or spuriously affected by the fire such that
the operator hagmi{Rgulty in diagnosis or could be led to either an EOC or EOO, the SPI tree
must be ygd. ments spuriously affected by the fire that have no direct bearing on the
action at Wgfld do not require the analyst to use the SPI tree.

If the cues or instruments are fed by “protected” cables, they can generally be assumed to be
unaffected by the fire. Some instruments and cues associated with safety systems—in particular,
those associated with achieving and maintaining safe shutdown conditions—are considered
protected in accordance with 10 CFR Part 50 Appendix R [10] or as unaffected in an

NFPA 805 [11] project.
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For scoping quantification, an instrument is considered protected if it is free of fire damage; such
as cables are not routed through the fire area in question or if the cables are protected with an
electrical raceway fire barrier system (ERFBS) sufficient for the postulated HFE and the given
fire scenario.

5.2.5.3 Diagnosis Complexity (D4)

If the action being quantified deals neither with alternate shutdown nor with the response to
spurious instruments caused by the fire, the final two choices for quantification are based on the
location of the execution of the action.

The PRA models will include both existing HFEs from the internal events models and ne
based on the presence of the fire, the initiating event, and the plant-specific fire procedures:
These HFEs will represent both MCR and ex-CR actions, with the diagnosis for the act4dn tq
place in the MCR. They will include the traditional human acti odeled in PR gy also
include fire response actions such as the fire manual actions i 1
deterministic requirements (e.g., see NUREG-1852 [7]). F at involyg mu
that occur in both the MCR and ex-CR, the EXCR flo hoalld be used%nuse all of the
HEPs for the EXCR flowchart are higher than those fo R flowc@ the scoping
approach has been limited to contexts for which diffgnosi§ is not co “h€refore, diagnosis
will not be considered a dominant influence). 61%

As discussed previously, a preliminary qu Wre 5-2, D4 e quantification of these
MCR and ex-CR actions asks whether th€ pgfced¥res matc % enario (see Section 5.2.3 for
guidance). The intent of this questio 0 s the diff§ % diagnosing the problem. If the
specific cues for the action do not proce eé

a

ssumed that diagnosis will be
difficult and that the event needs to valuate
5.2.5.4 MCR and Ex-C ong’ (D5 an )

ferent method.
AN
Prior to transferring to the flo tYor quantifying ex-CR actions (Figure 5-4, EXCR), the final
question asks whether eithe; ollowing conditions exists (D6):

support executing the action outside the MCR.

1. Procedures are a&&
2. The action (and relate@®subtasks) can be assumed to be skill-of-the-craft, therefore does not
require procedNres.

Skill-of-t —Crtions are those that one can assume trained staff would be able to readily
igfou
a

perform t'Wwritten procedures (e.g., simple tasks such as turning a switch or opening a
manual v as opposed to a series of sequential actions or set of actions that need to be
coordinated). If neither of these conditions is true, the action is assumed to fail (HEP = 1.0). If
one of the conditions applies, the analyst is directed to Figure 5-4 to quantify the ex-CR action.
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D7.
Has the fire been
suppressed before the
cue is received?

Is the time available

(Tavail) greater than
30 minutes?
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No Yes
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execution

Is the time available

(Tavail) greater than
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HEP
Lookup Table
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Lookup Table
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execution
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D13.
Is there smoke or
other hazardous
elements in the
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HEP

Lookup Table HEP HEP
L Lookup Table Lookup Table
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Figure 5-3
INCR: Scoping HRA for in-MCR actions
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D22.
Has the fire been
suppressed before the
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Is the time available
(T avail) greater than
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No Yes
(< or =30 mins) (> 30 mins)

D26.
Are both
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0
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HEP HEP
Lookup Table Lo@Kup Table
P Q
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Lookup Table
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Lookup Table
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Lookup Table
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other effect)
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visibility?
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Lookup Table
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z
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other effect)
largely impairing
visibility?
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Y
os (EXCR4) Yes

HEP=1.0
(EXCRS5)

(EXCR3)

Figure 5-4
EXCR: Scoping HRA for ex-CR actions
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D40.
Are all the
necessary cues for
required actions
protected?

D41.
For the given action, do
the procedures match
the scenario?

l4—No

(ASD1)

D43.
Are both
conditions met: 1) the
area is accessible and 2)
there is no fire in the
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No
(< or =30 mins)

Yes

execution
complexity
high?
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Is there smoke or
other hazardous
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vicinity?

Lookup Table
AJ
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vicinity?

Yes

apkup Table
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Lookup Table 4—No

HEP
Lookup Table
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HEP
Lookup Table
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Yes

D52.
Dense smoke (o

other effect)
largely impairing
visibility?

HEP
Lookup Table
Al

D55.
Dense smoke (o

other effect)
largely impairing
visibility?

Lookup Table 4—No

HEP
Lookup Table
AF

Dense smoke (o
other effect)
largely impairing
visibility?
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HEP
(ASD7)

Yes

HEP = 1.0
(ASD8)

Figure 5-5
ASD: Scoping HRA for alternate shutdown actions
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D56.
Are there:
- Procedural guidance,
- Subsequent cues, or
- Contextual information
Informing them of the

D57.
Is there a

0
(SPI2)
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HEP = 1.0
D59. (SPI1)
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available (Tayai) >¢——Yes Can the execution
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complexity

Is there smoke or
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elements in the
MCR?
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ere smoke or

Is

Is there smoke or
other hazardous
elements in the
vicinity?

Is there smoke or
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MCR?

Is SCBA
required?
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other effect)
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HEP = 1.0
(SPIB)

HEP Lookup
Table AW

HEP Lookup
Table AS

Table AN Table AV
Figure 5-6
SPI: Scoping HRA for E r EOO resulting from spurious instrumentation
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5.2.6 Guidance for Using the INCR Flowchart for In-MCR Actions

The flowchart presented in Figure 5-3 (INCR) walks through the steps of assigning scoping
HEPs to HFEs within the MCR. This flowchart is intended to be used for new HFEs identified
outside the internal events PRA or existing HFEs from the internal events analysis.

The flowchart is used for actions in which the diagnosis and execution of the action take place
within the MCR. Following the guidance provided in Section 5.2.1, analysts will generally need
the following information to apply the flowchart:

e The general expectations for the time at which the cue for an action would occur relative to
the start of the fire (e.g., based on guidance in FAQ-08-0050 [1, 8], does the cue occ ith
70 minutes of the start of the fire, or does it occur after that 70-minute time frame). INJ
for an action occurs before the fire has been suppressed, different paths are taken tiQ e
flowchart (D7). Note that for more challenging fires—such a€figes of turbine S

outdoor transformers, high-energy arcing faults, and fla gag fires—thd&a 5t should
always assume that the cue occurs before the fire has b ssed, regardless of when the
cue occurs relative to the start of the fire. %
e A determination of the action time window'* fr. W at Wthh e for the action
occurs until the response is no longer benefi time wmd I an action is
approximately <30 minutes as opposed t >30 es, dlffer® s are taken through the

flowchart (D8 and D11).

e The level of execution complexity, te hlgh orl Qates different paths (D9, D10,
D12, and D17).

e The expected level of smo er haz cle ent effects in the MCR (D13, D15,
D18, and D20). The pre smoke leads t 2 different path. Note that smoke removal
systems that can be e functl can be taken into account in estimating smoke
levels in the MCR.

e A determinatl er SCB @e needed (D14, D16, D19, and D21).

e An estimate of th ime ma e in the lookup tables.

If analysts are not sure about ntlal effects of likely smoke conditions on the ability of

crews to respond, cons V ssments can be made. For example, if some smoke effects are

likely given the locay flre but it is not known whether SCBAs will be needed, it would
be conservative to assum&ghat they would be needed.

Based on the ans&to each question in the flowchart, the action is either assumed to fail

(i.e., HEP 1 te analyst will be directed to find the HEP value in the lookup tables. The
lookup t¢bl e INCR flowchart are located in Table 5-3. Within the lookup table, the HEP
assigned f8geach action is based on the time margin available.

' The time available for actions is identified in Figure 5-1 as Tavail.
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Table 5-3
In-MCR actions HEP lookup tables
HEP Lookup Table Time Margin HEP* HEP Label
2100% 0.005 INCR2
A 50-99% 0.025 INCR3
<50% 1.0 INCR4
2100% 0.025 INCR5
B 50-99% 0.125 INCR6
<50% 1.0 INCR7
>100%
C 50-99%
<50%
>100%
D 50-99%

E
INCR16
INCR17
F INCR18
INCR19
INCR20

G
@' INCR21
« >100% 0.25 INCR22
: <100% 1.0 INCR23
>100% 0.5 INCR24
<100% 1.0 INCR25
>100% 0.01 INCR26
J 50-99% 0.05 INCR27
<50% 1.0 INCR28
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Table 5-3
In-MCR actions HEP lookup tables (continued)

HEP Lookup Table Time Margin HEP* HEP Label

2100% 0.02 INCR29
K 50-99% 0.1 INCR30
<50% 1.0 INCR31
2100% 0.04 INCR32

L 50-99% 0.2 INCR33 %
<50% 1.0 INCR34 Q\
2100% 0.05 INCR3 O
M 50-99% 0.25 IN 6
<50% 1.0 N% 9
2100% 0.1 CH38 @

N 50-99% 0. CR39 i

0]

*Note: HEPs provided may sh ; these are provided to show traceability between the
resulting number and the muflipli€ts used and are not infgnded to imply a level of precision beyond a single

significant digit. The an: S@yvel e values to one significant digit in the analysis.
The termination point 0 choft t will direct the analyst to the correct row in
the HEP lookup ta @ plutgn in Tabf e Second column lists the time margins available

for selection by the aalyst base’d 0 culation of the time margin for the action. The next

column provides the HEP Value.ﬂ 11y” the last column gives the label to use for identifying

how the HEP was assigned. @

5.2.7 Guidance fo@ he EXCR Flowchart for Ex-CR Actions

The flowchart presgnted i’Figure 5-4 (EXCR) assigns scoping HEPs to actions that are
diagnosed within %S/ICR but must be executed locally. As with the MCR action flowchart
(Figure 5-3p 1 is flowchart is intended to be used for new HFEs identified outside the
internal e or existing HFEs from the internal events analysis.
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In general, the EXCR flowchart (Figure 5-4) is similar to the INCR flowchart (Figure 5-3). The
additional pieces of information that will be needed beyond those necessary for the INCR
flowchart (according to the guidance in Section 5.2.6) include the following:

e A determination of whether the area for the ex-CR action is accessible (D26). If it is not,
credit for the action cannot be taken.

e A determination of whether the action must take place in the direct vicinity of the fire (D26).
If the answer is “yes,” credit for the action cannot be taken.

e An estimate of the effects of the expected levels of smoke and other hazardous elements in
the areas in which the action must take place (D29, D30, D34, and D37).

Other than answering these questions, analysts will step through the flowchart for ex-CR &

(Figure 5-4; EXCR) just as was done for MCR actions in the flowchart in Figure 5-3 (I

Lookup tables for the ex-CR flowchart are provided in Table 5-4#/(seg the guidan jon
5.2.6 for the use of the lookup tables).

Table 5-4
Ex-CR actions HEP lookup tables

HEP Lookup Table Time Margin

2100%

50-99%

EXCR10

EXCR11

EXCR12

EXCR13

: EXCR14

& 2100% . EXCR15
S 50-99% 0.05 EXCR16
K <50% 1.0 EXCR17

2100% 0.5 EXCR18

<100% 1.0 EXCR19
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Table 5-4 (continued)
Ex-CR actions HEP lookup tables

HEP Lookup Table | Time Margin HEP* HEP Label
>100% 0.1 EXCR20
U 50-99% 0.5 EXCR21
<50% 1.0 EXCR22
>100% 0.2 EXCR23
Y <100% 1.0 EXCR24 \%
>100% 0.4 EXCR Q
W
<100% 1.0 O
>100% 0.02 9
X 50-99% 0.1 @
<50% 1.
EX
Y
R32
EXCR33
y4 EXCR34
EXCR35
EXCR36
AA EXCR37
& 0% 1.0 EXCR38
& >100% 0.2 EXCR39
AB
<100% 1.0 EXCRA40
>100% 0.4 EXCR41
A <100% 1.0 EXCRA42

*Note: HEPs provided may show multiple significant digits; these are provided to show traceability between
the resulting number and the multipliers used and are not intended to imply a level of precision beyond a
single significant digit. The analyst is welcome to round the values to one significant digit in the analysis.
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5.2.8 Guidance for Using the ASD Flowchart for Alternate Shutdown Actions

The flowchart presented in Figure 5-5 (ASD) provides analysts with a way to obtain HEPs for
the actions associated with the use of alternate shutdown. The actions quantified through the use
of this flowchart are those in which command and control are located outside the MCR (i.e.,
diagnosis of the action, coordination of efforts, and communication occur outside the MCR).
Factors impacting the qualitative analysis of alternate shutdown are provided in Section 4.8. The
following information will be needed to conduct the scoping quantitative analysis (following the
guidance in Section 5.2.5.1):

e The identification of the cues necessary for diagnosing the needed actions and whether the
instruments supporting the necessary cues have been verified to be protected from thegfi
effects (D40).

e A determination of whether the procedures related to diagnosihg the action wi %
match the expected pattern of cues for a given scenario (D

e The availability of procedures to support the executlo asfion or d mentation that

the action can be considered skill-of-the-craft (D42
e A determination of whether the area for the ex4R a&#fon 1s access:?@w) If it is not,

credit for the action cannot be taken.

take Place in the . vicinity of the fire (D43).
ot be tak

e A determination of whether the action
If the answer is “yes,” credit for the agtiq

e A determination of the available hen the orwhe action occurs until the
response is no longer beneficial? , il an action is approximately <30
minutes as opposed to >30, 1nly 1fferen D art taken through the flowchart (D44).

e The level of execution co xipy expectedy high%r low indicates different paths (D45 and D49).

e An estimate of the xpect smoke and other hazardous elements in the
areas in which must tahe , D48, and D50-D55); for example, whether
SCBAs will ne be worn.

With this information, nalysts a le to step through the decision flowchart for alternate

shutdown actions and, in mo obtaln HEPs useable for HFEs involving actions taken after

command and control

S K ched to outside the MCR.
th

Upon initiating the s€€psWa thi8 flowchart, the first questions ask whether the necessary cues for the
action have been vegified t0’be protected from the effects of the fire (D40) and whether the
scenario matches %)rocedures (D41). If the answer to either is “no,” the action is assumed to fail
(HEP = 1.0p. @ wer to both is “yes,” it is asked whether either of the following applies:

es are available to support executing the action outside the MCR.

e The action (and related subtasks) can be assumed to be skill-of-the-craft and therefore not
requiring step-by-step procedures (D42).

If neither of these options is true, the action is assumed to fail (HEP = 1.0). If one of the options
can be assumed, the analyst continues in the flowchart and addresses the area in which the
action(s) will be taken as well as the path to the target location (D43). If neither the area nor the
path to the area is accessible, the action is assumed to fail (HEP = 1.0). If the area and path are
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accessible, quantification continues similar to those steps taken for ex-CR and MCR actions in
which the action time window is measured, the execution complexity assessed, and the need for
SCBA is determined.

The lookup tables for the alternate shutdown flowchart are presented in Table 5-5. In
determining the time margin to use in the quantification of the actions, the analyst must take into
account timing issues important to alternate shutdown (e.g., the time required to perform a
switchover to an ASP or ASD strategy or the additional time required to perform what were
formerly in-MCR actions outside the MCR).

Table 5-5
Alternate shutdown actions HEP lookup tables

HEP Lookup Table Time Margin HEP* HEP Label \*
2100% 0.2 AS Q
AD
<100% 1.0
2100% 04 D
AE
<100% . @
2100%
AF
AG
AH
Al % 0.8 ASD22
<50% 1.0 ASD23
2100% 0.2 ASD24
AJ
& <100% 1.0 ASD25
@ >100% 0.4 ASD26
<100% 1.0 ASD27
2100% 0.8 ASD28
AL
<100% 1.0 ASD29

*Note: HEPs provided may show multiple significant digits; these are provided to show traceability between the
resulting number and the multipliers used and are not intended to imply a level of precision beyond a single
significant digit. The analyst is welcome to round the values to one significant digit in the analysis.
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Of particular importance is the consideration of the time required for the conditions to reach a
state in which the crew would need to use alternate shutdown, that is, the time it would take for
the MCR to become uninhabitable (see criteria from Section 11.5.2 of NUREG/CR-6850 [1]) or
the time it would take to reach a state in which the plant could no longer be controlled (or
adequately controlled) from the MCR because of fire effects (see NUREG/CR-6776 [12] for
information relevant to determining such timing). These times will have to be factored into the
analysis. They may also affect assumptions about which operator actions would be performed
in the control room prior to using alternate shutdown methods and which automatic system
actuations would have occurred. In general, it can be assumed that there would be adequate time
for most “immediate emergency operator actions” to be accomplished before the crew has to
switch to the alternate shutdown. \

Even if the crews do not fully abandon the control room, as long as they have switche
alternate shutdown (command and control outside the MCR), addisi

considered. An estimate of the time required before the fire mi #nificantly af

control from the MCR (see NUREG/CR-6776 [12]) can be estimate of the crew
would need to switch plant control to alternate methods. Thi may be i rate: some
crews may anticipate the need to switch to alternate sh ddoite %hers may be

s@d on the plant-
uman actions that
ade, the time required
hods will have to be taken
available to perform the

reluctant and stay longer. However, the assumptiongma il’have to b
specific analysis and consideration of PSFs (see $gctfn 4. In quanti

will need to occur after the decision to use alternat down ha
to set up or switch over to an ASP or use Wate shutd
into account. This time would need to befSubfracteéd from t
remaining actions." {

Two other issues also arise. If there ®eason to b @he crews would switch to alternate

shutdown early, the potential gffficyhtic? associa ith performing the remaining actions
outside the MCR would ha e gjaken into accouRy in their quantification. Similarly, if there is
reason to believe that t W uld switc etime after the point at which control would be
lost or the MCR wou ed to begmi able, this time would have to be subtracted
from the available oted preV' )¥Furthermore, credit could not be taken for
completing any criti&gl actions in t after the time estimated for when control relevant to
those actions could be Tost.

Spurious | tation

5.2.9 Guidance for s@' SPI Flowchart for EOC or EOO Resulting from
lv{m

recover an EOC_ofEOO committed as a response to misleading cues or damaged or spurious
instrumen ia se of fire effects. Response may be to a single or to multiple spurious
indicato te”assumption in both cases is that an error (EOC or EOO) has already occurred.
(Note that'Sgction 4.10 goes into greater detail about the complexity involved with identifying

The flowchart preﬁed in’Figure 5-6 (SPI) addresses the assignment of HEPs for the failure to

'S Analysts are encouraged to perform plant-specific analyses and strive to make reasonable estimates of the timing
of events based on the guidance in this report; however, trying to precisely anticipate when operating crews will
decide to abandon the MCR (for example) in these conditions may not always be realistic. It is assumed that
operating crews will respond to the conditions they face and take necessary steps to reach safe shutdown. The use of
time margins and the general conservatism of the scoping approach are assumed to adequately account for potential
imprecision in estimating the related timing.
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and addressing multiple spurious indicators and operations). Upon initiating the steps in the
flowchart, it is assumed that the EOC or EOO has been committed (i.e., an HFE has been
modeled to address the potential error); the flowchart then assesses the probability that this error
would remain uncorrected (i.e., operator recovery of the EOO or EOC fails).

As discussed in Sections 4.3 and 5.2.5.2, a primary cue is defined as the first cue received and
responded to. A cue is a signal or alert (i.e., plant parameter, procedure step, or plant condition)
that prompts an operating crew to take a specific action. A secondary cue is one that occurs after
the primary cue or in conjunction with the primary cue but is acknowledged only for verification
of the primary cue.

To quantify the recovery of EOCs or EOOs resulting from spurious instrumentation with the,
scoping fire HRA approach (i.e., go beyond the 1.0 HEP value set with the screening appr: >

the HRA analyst must know the cable routing for the spurious instrumentation in questi@n e

instrumentation (e.g., level in the reactor pressure vessel or steagffgenerator) is re a fire
manual action, the cable routing may be known prior to fire PR alysis. In ma gs, the
fire procedures specifically indicate which trains of instrungentasi dentified as protected or

available by the fire protection program) are available givei the Jbcation of @'e.
However, there are HFEs required for fire PRA tha r%uired for @terministic safe
shutdown analysis (Appendix R [10] or NFPA 8 1), $or examplg, the Bperator action for
, BAvel indicators will

need to be obtained to credit this action. If W or RWS
through the fire area in question, EOOs afid purious indicators need to be

considered. If the cables are not rout nd EOCs do not need to be
considered. If the instrumentation i red foradget nistic safe shutdown action, it can

be assumed that it is not protecged b} ERFBS

Some instruments and cues d with safety sgtems—in particular, those associated with
achieving and maintaini down ¢ jons—are considered “protected” in accordance
with 10 CFR Part 50 A or NFP, wever, even if the equipment and cables are
protected accordi cterministi own analysis criteria, it will need to be
verified that the lik ature and | f the fire in a given area would not damage the cables

(e.g., due because of d¥rect flan¥ ingement or explosive fires). If a cue can be verified to be
protected such that a spuriousg x r would not result, there is no need to model the EOC or
EOO. 'S

0

Furthermore, some a list of equipment and indications that, based on the specific fire
location(s), can be regarded as “suspect.” For this scoping fire HRA guidance, if a plant has such
a list to be used imMfire scenarios, it can be assumed that the operating crew is “suspicious” of a
listed spuri u;@ ion (or a spurious equipment actuation) if it appears during the appropriate
fire scengfio fore, the analyst does not need to model the response to spurious indicators
for situati®s in which the instrument in question is listed as being suspect because of the
location of tite fire. If, however, the HRA analyst believes that other circumstances might cause
the operator to ignore this warning and might commit the error regardless (e.g., time pressure,
real or inferred, keeping the operator from verifying the suspect instrument), the analyst may still
model the action as if an EOC or EOO has occurred.
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Following the assumption that the operator would commit an EOC or EOO because of a spurious
indicator, Figure 5-6 quantifies the probability of recovering this error. The initial question asked
upon beginning the steps in Figure 5-6 is whether information is available to help the operators
recognize the need to recover the error (D56). Recovery of the error may be through either of the
following:

e For the committal of an EOC, reversal of the action or the use of an alternative system
e If an EOO has been committed, performance of the necessary action

The indications directing the operator to the need to recover may be through procedural guidance
or through subsequent (in particular, different) cues or the contextual information informing th:
operator that an error has been made (e.g., if operators have turned off a needed pump to
it because of a spurious alarm, it is reasonable to expect that they would recognize the nq
tu
derator

replace the function given the context). If procedural guidance is got available, theeeg
information or subsequent cues must be strong enough (i.e., co ng) to make @
aware that the situation must be remedied (e.g., a compelli a is is partiClgad¥ true if

the operator was following procedural guidance when resp to the spu indicator. It
will naturally be the operator’s predilection to believe 10n was
question further. Therefore, the cues (either existingedi
a suspicion in the operator to more carefully con:
If the guidance or cues do not exist and make,the o r aware ed to remedy the

situation—either by recognizing that an er Wn made

function or action—the recovery action #a to fail (j P =1.0).

After it is decided that recognition fo @ ve present, s for recovery should be
evaluated. Although the operator ma ogtlize th ogheeds to be corrected or that the

function needs to be started, re red’r covereds g so may not be possible. Therefore, the
availability and feasibility of coyery action shoulg be ensured before progressing further (D57).

e next decision point is the location of the
CR, the analyst is pointed in one direction

Given that the recover
action (D58). If the

in the flowchart a
quantification procectlg as was do
CR actions (Figure 5-4). For M

quantification of in-MCR actions (Figure 5-3) and ex-
ions, a series of questions is asked to determine the time

required and the time availabl€; evel of execution complexity; the level of smoke, heat, or
other toxins; and the n SCBA. For more discussion on how each of these is
considered, see Secti 2.3%

and the travel pg the area are accessible (D68). If this is not the case, the action is assumed
to fail (HEP = ssuming that the area and travel path are accessible, the analyst must work
through es ot questions similar to those asked for MCR actions. Specifically, the analyst
needs to dtgrmine the time required and the time available; the level of execution complexity;
the level of smoke, heat, or other toxins at the site of the action; and the need to wear SCBA.

For ex-CR actionsgile first issue is to ensure that both the area in which the action takes place

Depending on the response to each of the questions posed in the flowchart, the action will either
immediately be assigned an HEP of 1.0 or the analyst will be directed to an HEP lookup table.
The lookup tables for the SPI flowchart are provided in Table 5-6. From there (in the HEP
lookup table), the analyst is directed to the appropriate HEP based on the time margin associated
with the action.
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EOC or EOO resulting from spurious instrumentation HEP lookup tables

HEP Lookup Table Time Margin HEP* HEP Label
2100% 0.25 SPI11
AM
<100% 1.0 SPI12
>100% 0.5 SPI13
AN
<100% 1.0 SPI14
2100% 0.05 SPI15
AO 50-99% 0.25 SPI16
<50% 1.0 P,
>100% 0.1
AP 50-99%

<50%

<50% 1.0 SPI29
2100% 0.2 SPI30
<100% 1.0 SPI31
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Table 5-6
EOC or EOO resulting from spurious instrumentation HEP lookup tables (continued)
HEP Lookup Table Time Margin HEP* HEP Label
2100% 0.4 SPI32
AV
<100% 1.0 SPI33
2100% 0.5 SPI34
AW
<100% 1.0 SPI35
>100% 0.5 SPI36 \
AX
<100% 1.0 SP
*“Note: HEPs provided may show multiple significant digits; these show trace®g petween the
resulting number and the multipliers used and are not intended to i pl of precision beyord a single
significant digit. The analyst is welcome to round the values to on ant d1g1t in ly51s

5.3 Detailed HRA Quantification

Before quantifying an HFE, the analyst must have i the crit ussed in Section 4.3
for assessing the feasibility of the operator w sociated w@at HFE. Although the
feasibility assessment process begins at € identidCation and 1tion stage and is a key part of
the initial qualitative analysis, new infa during the quantification

i ore, feasibility assessment is a

continuous action step throughout thé§ire HRA.

{cted that so ctions will not be able to meet some of the
criteria in the scoping fir oach fo of a number of reasons (and result in an HEP
of 1.0). Furthermore, t evelope is approach may be fairly conservative
compared to those be devetg j ne of the two detailed HRA approaches
described in this re

As discussed in Section 5.2,

For cases in which the Scoping ?r% d Cannot be used or a more detailed and possibly less

conservative analysis is desir ysts have the option of performing a detailed analysis using
either of the following: \

e The EPRI HRA
e The ATHEAX\XHRA method [4, 5] presented in Appendix C

h3] presented in Appendix B of this report

With appr I‘l’ ideration of the fire context as described in Section 4, Qualitative Analysis,
and speaflicgomderation of PSFs as determined by the methods, the two detailed HRA
methodologjes presented can be used to address fire-specific issues and PSF impacts.

Additional guidance on method selection (given the fire context) is desirable but not available
at this time. At present, the method selected for detailed quantification will be based on
considerations such as plant-specific scenario information, fire context/impact, and general
suitability (for non-fire conditions). NUREG/CR-1842 [13] provides general insights on the
strengths and weaknesses of HRA methods for non-fire conditions.
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6

RECOVERY, DEPENDENCY, AND UNCERTAINTY

This section provides guidance on recovery, dependency, and uncertainty. The fundamentals of
each of these steps in the HRA process are not unique to fire HRA; this section summarizes the
steps with respect to both internal events and fire HRA. These are the last tasks in the fire HR
process outlined in Section 2. The other fire HRA tasks are described in Section 3, Identitx
and Definition; Section 4, Qualitative Analysis; and Section 5, Quantification. Of these |
tasks, the qualitative analysis (Section 4) provides a foundation fgf understandin %and
the fire PRA context and is useful for the proper conduct of th ery, depend

uncertainty analysis.

6.1 Recovery Analysis

A recovery human failure event is the failure to regfor ed equip d alternative
equipment or configurations within the time perio&g€quared, as defi Dougherty and
Fragola [1]. New recovery actions are often % the devel t and evaluation of

realistic fire PRA models at different sta opment k 7b and/or Task 11 of
NUREG/CR-6850 [2]). Recovery actig ingorporate @ fire PRA models in the same
way as in the internal events PRA. ’@ S ANS P&d d [3] Supporting Requirement
HR-H2 permits the modeling of recOV€ry acCtions e)Cues, procedures, and training (or
justification for why these arggffot ngeeSary) an@asible. It should be noted that recovery
mechanisms such as peer ch8gkgfig ginexpected instRgment responses in response to an action,
and new alarms are typi
basic events in the PRAN

identified by cutseg

ed in the HFE and not modeled explicitly as separate
»This secty erned with new operator actions, typically
nd crediﬂ\:h A as one or more explicit basic events.

[
1

Recovery actions areQgdentified ydefin d quantified following the same process as all other
HFEs in the fire PRA model. Th%r' difference for a fire HRA is the consideration of the
impact of the fire on the abili form recovery actions associated with specific fire

scenarios. S
After the initial fire odel quantification, recovery actions may be identified to restore or
n

reconfigure a functjon, system, or component initially unavailable in the scenario. Accounting
for such a recov ould reduce the frequency of the scenario. The need for recovery actions
can followgro model iterations with a screening, scoping, or detailed analysis. The

identificgliqu oI*#e recovery actions includes not only the identification and definition covered
in Section $ybut also a preliminary feasibility assessment consistent with that discussed in
Section 4.3. Feasible recovery actions require sufficient time, a cue (instruments or procedure),
and the necessary tools and staff to carry out the recovery action. Realignments, manual starts,
and breaker operations are examples of recoveries that can be modeled in fault trees, event trees,

or as cutset events.

The qualitative analysis of fire PRA recovery actions covers the issues and PSFs described in
Section 4, and quantification is performed using the methods discussed in Section 5.
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The fire PRA also considers the fire brigade and their actions to extinguish the fire. Note that
NUREG/CR-6850 [2] addresses this type of recovery action in the fire modeling task through
statistical models derived from fire suppression event data. Because the impact is on the fire
itself, it is not addressed as an HRA modeling issue. Instead, a fire scenario with suppression
considered is defined to include its impact on the electrical instruments, controls, and power
cables to define the input conditions for the HRA models that impact the CDF PRA model.

The term recovery action is not a term unique to fire PRA or PRA in general—although it is an
important term in NFPA 805 [4]. NFPA 805 recovery actions are documented in their own
section of the plant’s license amendment request; NFPA 805 defines recovery actions as
“activities to achieve the nuclear safety performance criteria that take place outside of the MC

or outside of the primary control station(s) for the equipment being operated, including thi %
replacement or modification of components.” NFPA 805 recovery actions are a subset @

PRA actions because fire PRA recovery actions are not specific tgsthe execution k@
6.2 Dependency Analysis %

The analysis of multiple HFEs is important because riskgnetricsguch as CD be
significantly underestimated in cutsets or sequences co multiple potential
dependencies are not considered. The ASME/AN, d [3] requj multiple human
actions in the same accident sequence or cutset be ified, an a t of the degree of
dependency performed, and a joint human ility be cal ed. For fire PRA, a
preliminary dependency analysis is perf mbinati REG/CR-6850 [2],

Detailed Fire Modeling Task 11, and j

A dependency assessment of the a infynal events PRA has been performed
according to the ASME/ANS PRA S ard [3] gsurc™®hat the dependencies are accounted
for in the fire PRA. Potentiajdlependencies created@ither by the fire effects or by the associated
introduction of new HFEgsi odel alsgshged to be addressed. If new HFEs related to the
fire have been added t , these s should be shown to not create new
dependencies amo Es in thesacgid ence. In addition, any likely strong
dependencies sho shown to l& ted for during the screening so that accident

as part ofld’a 4, Fire Risk Quantification.

sequences/cutsets are Wot artifictalig relgoved because of multiplying many supposedly
independent HEPs together. \

This section is concern identification of dependencies among post-initiator HFEs at
the cutset level that so W been quantified as independent HFEs. The identification and
qualitative analysis steps Way also identify relationships (often referred to as dependencies)

among PSFs. Theglationships among multiple PSFs within a single HFE are addressed in
scoping or deta A quantification.

A reviewfof sets for dependencies will show some combinations in which both screening
and scopig HEPs exist. The screening HEPs, by definition, are considered conservative; further
adjusting theSe HEPs may either increase the HEP to 1.0 or make them overly and unrealistically
conservative. The screening HEPs will not usually need to be further adjusted to account for
dependencies as long as the combination of operator actions is shown to be feasible (i.e., there
are enough time and available crew members to complete all of the actions).
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Scoping HEPs can be treated using the same approach as described in the following section, but
the criteria for the scoping HEPs must still be met. That is, if credit for the action is taken, the
adjustments in the HEPs should still reflect both that the actions are feasible and that there is

an adequate time margin given the dependent effects.

Through a review of cutsets and sequences, combinations of multiple sets of HFEs are identified
for potential dependencies. This review can be facilitated by conducting a sensitivity analysis
that sets the HFESs to a high value, such as 0.9 or 1.0, to allow them to surface in the cutsets.
When the cutsets or sequences are identified, they should be reviewed as follows:

e The review should ensure that no accident sequences with multiple human actions were

prematurely truncated
e An assessment of the feasibility of multiple operator actions performed within the

sequence should be performed. For fire PRA, there is the pot ial for several
actions to be performed within the same sequence. If feasibglitydas been den‘\:
ase if it is anual
ilable to p m all actions in

the operator action as an independent action—which co%

action—there is the potential that insufficient crew will

the sequence. In addition, there may be enough tim m each dependently;
however, in combination, not enough time is aygilablgf @
For HRA, it is important to not only identify failu in the segqueficg, as would be the case
in a review of the cutsets, but also to reV1ew ccess operator @ S that occur in the same
sequence. The success paths would be id ugh a r Pthe event trees and should
be noted in the HFE def1n1t10n in acco Wi h the AS PRA Standard Supporting

Requirement HR-F2 [3

Where it is found that combinatj on erator s are unduly multiplied in the
cutsets, the appropriate leve dency amon the HEPs is to be assessed. In accordance

with the ASME/ANS PR , influeng@g of stfccess or failure on parallel and subsequent
human actions and sys ance sho ' ude the following:
e The time requ plete alf®: n clation to the time available to perform the

actions

e Factors that could lead to ce (e g., common instrumentation or procedures, an
inappropriate understan indset as reflected by the failure of a preceding HFE, and
increased stress)

e The avallablhty of re urces (e.g., crew members and other plant personnel to support the
performance Qffex-CR actions)

of HFE:s is identified, a level of dependency is assigned. One approach to
dependency is shown in Figure 6-1 [5]. Table 6-1 translates the level of
into the conditional probability of the second HFE given that the first HFE has
ternal events HRA and fire HRA evaluate the same elements in the dependency

dependen
failed. Both
analysis.
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Figure 6-1

Dependency rules for post;ini &FES

Note: The units of the “Sequenti

Tiaftin ranch are in minutes.

6-4

. Dependence
Inéervemng Crew Cognitive Cue Demand Manpower Location Sequential Timing Stress Case p
uccess onde
Common
Sufficient
Same .
Simultaneous Different
Insufficient
H@h or Moderate 7 cD
0-15
8 HD
Different
High or Moderate 9 HD
15
10 MD
No Same

High or Moderate 11

MD
0-60

12
V4 o
High or Moderate 13 LD

3 ! >(60-120)
14 7D
¢ High or Moderate 15 LD
\ Different

16
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Different
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The following elements are evaluated in the dependency analysis:

Intervening Success. In accordance with THERP [6], an HFE is independent of an
immediately preceding success. Therefore, if two HFEs are identified in a cutset and a
successful action can be identified between the two HFEs, the two HFEs in that cutset are
considered independent.

Crew. If the time between the cues for the required actions exceeds the length of a shift
(typically 12 hours), the actions are to be performed by a different crew. In this case, the
“No” branch on the “Crew” decision node is selected. The different crew can be considered
independent because the shift change will involve a complete reevaluation of the plant statys,
so ZD can be assigned for low stress situations (Branch 18). For elevated stress such i
LD is assigned. If the time between the cues is less than the length of a shift, the probN
of a shift change during the time window needs to be considered. For a typical HF@
window of 1 hour and a shift length of 12 hours, the probabi#ty of no shift chghge
1-(1/12) = 0.92, so HFEs by different crew are typically ediged in scen which
the HFE time window is longer than the length of a shiff.

e., perfo %the same crew

ognitive” decision
e regarded as

completely dependent. The analyst should dete Whetherm mon cognitive element
had been modeled as a separate basic gfen®f ighas, the ch can be selected.

Cue Demand. If the cues for two HEFRglocgtr at the saﬁl , the “Yes” branch on the
fSelg i ion$ for these HFEs are to be

performed simultaneously. If the'® on occurs before the preceding
action can be completed (#€ shosfn T Figure , the “Yes” branch on the “Same Time”

Cognitive. If the HFEs have a common cognitive
and driven by the same cue or procedural step)

decision node is also sel bgcause the gequir@ actions would have to be performed
simultaneously or t w choose ither one or the other based on some
prioritization. T re ter‘me mitapeous HFEs.

| HFE1Te. |
[

7

O ‘ HFE2 Tcog | HFE2 Tex§|
Q HFE1 Cue

HFE2 Cue

!

\4

Time

Figure 6-2
Simultaneous HFEs
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With the proper levelQf

Manpower. For simultaneous HFEs, the next consideration is whether there are sufficient
resources to support the required actions. This determination can be made by comparing the
required tasks with the number of crew available. If the resources are inadequate, the “No”
branch on the “Manpower” branch is selected, which implies complete dependence. If it can
be shown that there are adequate resources to support both HFEs and that the scenario is
feasible, the ““Yes” branch on the “Adequate Resources” branch is selected. Next, location
and stress are considered. For the same location, the “Yes” branch on the “Location” decision
node is selected. For high or moderate stress scenarios, assign complete dependence; for low
stress, assign high dependence. For different locations, the “No” branch on the “Location”

decision node is selected. For high or moderate stress scenarios, assign moderate
dependence; for low stress, assign low dependence. $

Location. Location refers to the room or general area in Wthh the crew members a

located. For example, the control room is a location; locationg® not differentia

individual panels in the control room. If the execution of th s occurs in ‘
location, the dependency level is either high or comple 1ons are peri® d in
different locations, the dependency level is either mode 0 low %

Sequential Timing. This timing decision branc co the time l@ the cues. The
more time between the cues, the lower the dep€ndgn level

Stress. Stress is a culmination of all othe erfo ce shap1
include preceding functional failures cegles, precegmgeag

@'

ots. These factors may
rator errors or successes,

the availability of cues and appropr1 res wo nvironment (i.e., heat,
humidity, lighting, atmosphere, n) the r mayt and availability of tools or
parts, and the accessibility of lo % 1s considered high for loss-of-
support-system scenarios wh? operat ed O progress to functional restoration or

emergency contingency Ctigh procedures. Théigher the stress level, the higher the
dependency level.

dependent HEPs can be reassessed by

applying the appra «@ : endency 1a8 in Table 10-17 in THERP [6], shown here in
Table 6-1.
Table 6-1
THERP dependency equ
Dependence L Equation Approximate Value for Small HEP
Zero (ZD) EP HEP
Low (LD) K (1+19 X HEP)/20 0.05

Me (1+ 6 X HEP)/7 0.14
High (H®) (1 + HEP)/2 0.5
Complete (CD) 1.0 1.0
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Some HRA methods, such as ATHEANA, use a different approach to address dependencies. For
example, ATHEANA [7, 8] explicitly models both the initial HFE and the non-recovery event
together, on a cutset-by-cutset basis. Failure probabilities of post-initiator HFEs that occur after
the first HFE in an accident sequence are evaluated as conditional probabilities given the context
of the preceding HFEs, the initial scenario context, and any subsequent context elements.

NUREG-1792 [9] and EPRI 1021081 [10] address the need to consider a minimum value for the
joint probability of multiple HFEs. The following is stated in NUREG-1792:

The resulting joint probability of the HEPs in an accident sequence should be such that it is
in line with the above characteristics [which are the conditions under which the operator
actions may be dependent] and the following guidance, unless otherwise justified:

The total combined probability of all the HFEs in the same accident sequence/cu?@ ul
S
edte

not be less than a justified value. It is suggested that the valyg not be below ~J1d inee it
is typically hard to defend that other dependent failure mqges ghat are not ug @ d
(e.g., random events such as even a heart attack) cann . D€pending oMthg
independent HFE values, the combined probability m 0 be higher.

EPRI 1021081 recognizes this statement in NUREG-1 oes on t resS the issue

further in the following discussion:
NUREG-1792 introduces formally the concepfofgflimiting je % the combined HEP,
and the use of such a value is widely gedagded a5 being exp a% in regulatory applications.

While it may not have been intendgd i @ more as a sort of trigger, to
have the analyst check lower joiagH®Ps 46 see if sQmg Crlying dependence had been

@__‘

overlooked, it has often been i

When a limiting value fogpthe pined H a group of HFE:s is proposed, it would be
applied when the pres approach for deafagg with dependency results in a total
combined HEP thagi®e that limyg value. A strict application of the guidance
from NUREG-17 would b the limiting value even if the HFEs were
considered tg endent a&o@ e criteria the analyst has adopted for
determining thggegree of dep or independence.

This has caused 1fficulty‘i lying the Significance Determination Process (SDP) of the
NRC’s Reactor Oversi ss, particularly for shutdown events, where operator action

due, to some e man action. Using a minimum value of 1 x 107 has resulted in

is usually an ir&hp f the response, and where the initiating event may have been
to
findings that would 8gherwise have characterized an event or condition as having very low

risk becomir&white” findings.

Thergfor il it might be reasonable to adopt some sort of limit, it needs to be done
car§luldy, at the results of PRAs are not distorted by arbitrary assignments of
probdfylities. As discussed in detail later on, any limiting values should be consistent within
the context of the scenarios in which they are applied.

For fire HRA, it is recommended that the application of a lower bound follow the same guidance
as was applied to the internal events PRA.
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6.3 Uncertainty Analysis

For fire HRA, uncertainties should be addressed in the same manner as for internal events HRA.
Therefore, similar to the internal events HRA/PRA, assumptions are one source of uncertainty
for fire HRA. Other sources of uncertainty include timing assessments or selections of
performance shaping factors.

Table 6-2 lists potential sources of fire HRA modeling uncertainty based on experience and on
results of fire HRAs performed by the authors. Other plant-specific fire HRA applications might
have different sources of modeling uncertainty; this list is therefore not all-inclusive.

Table 6-2
Potential sources of fire HRA modeling uncertainty \
Category Potential Sources of HRA Modeling Uncertainty

Timing data inputs (Tsw, Tdelay, Tcog, @nd Texe)
impacted by uncertainty in the fire modelin
damage based on the selected heat rel

Impact of timing variability on short or

ere Tdelay can be
as,the time t

ralhed timefra%}ents.
jr ation.
i imates.

Timing

Dependency

Spurious and ing indigati g Yaa¥ distract the operator from the
multiple spurious

Stress
Workload

Communications

Training Freq

0 ngle versus multiple procedures.

t
Procedures F — -
nt-specific emergency procedures not in standard format.

Crew Personnel availability and attentiveness during fire.
dependency
The app on of an error factor or other distribution uncertainty measure to a fire PRA

screening oRgcoping HEP is not considered appropriate because these values are intended to be
conservative estimates representing a higher, bounding HEP. It should be noted, however, that
there may be specific cases in which the scoping and screening HEPs are not conservative with
respect to internal events HRA values; in those instances, some consideration of the uncertainty
surrounding these values might be desirable.
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The ATHEANA HRA method [7, 8] addresses uncertainty analysis more directly. In particular,
if the full expert elicitation approach for quantification is used in ATHEANA, uncertainty
distributions for HFEs are produced as part of the quantification process.

Active research is ongoing in the area of uncertainty analysis, and the topic is still evolving. The
following references are applicable to uncertainty analysis for internal events HRA and should
also be considered for fire HRA:

e NUREG-1855[11]
e EPRI 1009652 [12]
e NUREG-1792 [9]

e NUREG/CR-1278 [6] @

6.4 References

1. Dougherty, E. M. and Fragola, J. R., Human Reliabili A Systems Englneering
Approach with Nuclear Power Plant Applications, John"Wilgy & Sons, %

2. U.S. Nuclear Regulatory Commission. NUREG/CR YEPRI 101 PRI/NRC-RES
Fire PRA Methodology for Nuclear Power Fgiliges.\September
Note: When reference is made in this dogumen UREG/ /EPRI 1011989, it is
intended to incorporate the following %
Supplement 1, Fire Probabilistic B segBment Met@hancements. EPRI, Palo Alto,
CA: September 2010. 1019259

3. ASME/ANS RA-Sa-2009, dd[? to AS '@' S RA-S-2008, Standard for Level 1/Large

Early Release FrequencyfPr ilistic Risk AS€ssment for Nuclear Power Plant
Applications, The Amggi iety of hanical Engineers, New York, NY, February
2009.

4. National Fire P t10g Associa®Q tandard 805, Performance-Based Standard for
Fire Protectio Light Water Electric Generating Plants, 2001 Edition.

5. “HRA Dependenc Analysfs e EPRI HRA Approach,” J. A. Julius, J. F. Grobbelaar,
and K. D. Kohlhepp, Scie Curtiss-Wright Flow Control company, Paper presented at

ESREL Conference OQ
6. U.S. Nuclear Re ory €ommission. NUREG/CR-1278, Handbook of Human Reliability

Analysis with Emphas® on Nuclear Power Plant Applications” (THERP), Swain, A. D. and
Guttman, H. August 1983.

7. US.N 1@ latory Commission. NUREG-1624, Revision 1, Technical Basis and
Implme, Guidelines for a Technique for Human Event Analysis (ATHEANA),

May 28Q0.
8. U.S. Nuclear Regulatory Commission. NUREG-1880, ATHEANA User’s Guide, June 2007.

9. U.S. Nuclear Regulatory Commission. NUREG-1792, Good Practices for Implementing
Human Reliability Analysis (HRA), 2005.
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10. Establishing Minimum Acceptable Values for Probabilities of Human Failure Events,
Practical Guidance for Probabilistic Risk Assessment: Interim Report. EPRI, Palo Alto, CA:
2010. 1021081.

11. U.S. Nuclear Regulatory Commission. NUREG-1855, Guidance on Treatment of
Uncertainties Associated with PRAs in Risk-Informed Decision Making, March 2009.

12. Guideline for Treatment of Uncertainty in Risk-Informed Applications. EPRI, Palo Alto, CA:
2005. 1009652.
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DOCUMENTATION

In accordance with NUREG/CR-6850 [1], the output of this entire task is a calculation package
(file or document). Based on the various requirements of the ASME/ANS PRA Standard [2], this
package should contain the following:

e Event name, description, and resulting HEP of each HFE considered in the fire analy \

including internal events HFEs carried over to the fire PRA and recovery actio
e Description of the processes used to identify, characterize, antify post- and
recovery actions considered in the fire PRA, including @ SFs, metho®ssafid tools,

and results

e The method and treatment of dependencies for S%r and recc@ ;tions

e Discussion of the sources of model and quanti§icdtio ncertaint@related assumptions as
well as the sensitivity of the PRA risk megsures ese assugfiptipff and uncertainties

e Review of the post-initiator HEPs to :Mstency em and reasonableness

considering contextual issues
* Disposition of the peer review f@s and defi®dendes for the internal events PRA (i.e.,

how they were addressed, clu deter *‘@ on that they did not adversely affect the fire
PRA model developme

e Sufficient docume toAcilitate ap ons, upgrades, and peer review

The documentatio irc HRA mus{be ¢Cient to provide traceability of the analysis
from the identifica and definitio % through to the quantification. For example, if walk-
throughs are conducté® with ope @nd training personnel, documentation of these sessions
should be provided, equipme tuated, and tools to be used for the HFEs evaluated.
Photo-documentation of lo 22:}0 be accessed should be considered. The final table of HEP
results should match outputfrom the HRA calculation tool or method (such as EPRI HRA
Calculator file inforthat and the input included in the fire PRA model. Thorough
documentation faciitates titure updates of the analysis and provides a sound basis for the
analysis so that j &withstand the scrutiny of a peer review. A pre—peer review self-assessment
against th S@A S PRA Standard [2] supporting requirements relevant to fire HRA, as
indicate ppendix D of this report, is recommended so that the documentation can be
updated asWgeded to meet the requirements.

In some cases the HRA calculation tool or method may generate supporting documentation.
This documentation alone (i.e., the EPRI HRA Calculator information file) is usually not
sufficient as stand-alone documentation for the full HRA. Table 7-1 shows an example outline
for a fire HRA report.
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Table 7-1
Example fire HRA report outline

1.0 PURPOSE

2.0 SCOPE

3.0 REFERENCES

4.0 FIRE HRA PROCESS

4.1 IDENTIFICATION AND DEFINITION

4.1.1 Internal Events PRA Operator Actions

4.1.2 Fire Response Operator Actions

4.1.3 HFEs Corresponding to Undesired Operator Responses to Spurious
Instrumentation or Spurious Actuations \

4.2 QUALITATIVE ANALYSIS AND PRELIMINARY FEASIBILIT
ASSESSMENT

4.2.1 Context Information

4.2.2 Performance Shaping Factors

423 Preliminary Feasibility Assessment

4.3 QUANTITATIVE ANALYSIS E 6
4.3.1 Screening Analysis @ 6

4.3.2 Scoping Analysis

4.3.3 Detailed Analysis

4.3.4 Recovery Analysis V

4.3.5 Dependency Analysis Q
4.3.6 Main Control Room i

5.0 RESULTS: HEP V RF ODEL

6.0 ASSUMPTIONS ANDNJNCER I
ATTACHMENT 1, R /RESOLUTIONS
ATTACHMENT 2,

ATTACHMENT Y ASSESSMENT

ATTACHME
ANALYSIS

EVACUATION AND SAFE SHUTDOWN

*
7.1 References

1. U.S. Nuclear Regulgto ission. NUREG/CR-6850, EPRI 1011989, EPRI/NRC-RES
Fire PRA Metho&% uclear Power Facilities. September 2005.

Note: When referenc®is made in this document to NUREG/CR-6850/EPRI 1011989, it is
intended to ine@rporate the following as well:

Suppl eg 1re Probabilistic Risk Assessment Methods Enhancements. EPRI, Palo Alto,
CA:% 2010. 1019259.

2. ASME S RA-Sa-2009, Addenda to ASME/ANS RA-S-2008, Standard for Level 1/Large
Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant
Applications, The American Society of Mechanical Engineers, New York, NY, February
2009.
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APPENDIX A

DEFINITION OF TERMS?¢

Accident sequence. A representation in terms of an initiating event followed by a sequence of
failures or successes of events (such as system, function, or operator performance) that can lea
to undesired consequences, with a specified end state (e.g., core damage or large early relcage)®

Adbversely affect. In the context of fire PRA, to impact—through fire—plant equipme
and cables leading to equipment or circuit failure (including spu#foys operation o

Aleatory uncertainty. An uncertainty resulting from inhergfft*ra ness or stoclas#C process.
Such uncertainties are irreducible: regardless of the level o edge, son@redictability in

the variable of interest still exists.
tig signal from p @or protection
systems (RPS) in response to off-normal conditio e conte PRA, this could be a
fire affecting certain plant equipment and/o W 6
Cable. In the context of fire PRA, the t ble¥efers to @ies designed to conduct
n

electrical current. Therefore, a cable4 ly of o j -conductor cable) or more
(multi-conductor cable) insulated e onduct %rally copper or aluminum) that may
or may not be surrounded by ap outeg facket. (Th «ﬁ in

n excludes fiber-optic type cables.)
apd circuits that, if damaged by fire, could

Automatic trip. Reactor trip initiated by an auto

Circuit analysis. The proce 1dgntifying cables

prevent a fire PRA co t operati ectly.
Compartment. A erm used §o @e room defined by four walls, a floor, and a
ceiling. The boun may not be fj % .

Conditional core dan¥age proBaBility¥CCDP). The conditional core damage probability
calculated by the fire PRA m s probability is conditional on a specific fire scenario in a
fire compartment postulat e-induced initiating event and includes the likelihoods of the
combinations of equipfigent Wgilures (some may be directly induced by the fire itself) and operator
failures that result in corddamage. The CCDP for a given fire scenario times the frequency of
that scenario resu%l the core damage frequency contribution for the given fire scenario.

O

16 The definif®yns provided in this appendix have been developed, in part, by duplicating or adapting definitions
from the following sources:

e ASME/ANS PRA Standard

e NUREG/CR-6850/EPRI 1011989

e 10 CFR 50, Appendix R

e Regulatory Guide 1.189

Full reference citations for these sources are given in the main body of the report.
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Definition of Terms
Containment failure. Loss of integrity of the containment pressure boundary from a core
damage accident that results in unacceptable leakage of radionuclides to the environment.

Core damage. Uncovery and heatup of the reactor core to the point at which prolonged
oxidation and severe fuel damage involving a large fraction of the core are anticipated.

Core damage frequency (CDF). Expected number of core damage events per unit of time.
Cue. A change in condition or signal that triggers the need for an action.

Electrical Raceway Fire Barrier System (ERFBS). A rated protective fire barrier specifically
designed to protect cables, cable raceways, or other equipment from external fire-induced damage.

Such uncertainties can, theoretically, be reduced by obtaining more knowledge such as t

Epistemic uncertainty. An uncertainty resulting from a lack of, or weakness in, knowled&
observation of repeated trials of an event to learn the true value ofhe variable of

10

Equipment includes electrical and mechanical components
switches, integrated circuit components, valves, motors, an

ns) and instru%lation and
indication components (e.g., status indicator lights, me chart re nd sensors).

Equipment, as used in the Fire PRA Standard, exc ctrical cablgs.
Event tree. A logic diagram that begins with an i ig® event o on and progresses
through a series of branches that represent stem or 0 performance that either

succeeds or fails and arrives at either a sy€ce failed e (€.
By 4

system failures, operator errors, or
release. Events such as earthquakes, podS"Trom sources outside the plant and
fires from sources either wi .g., forest fires or other wildfires) are

considered external evenjs 1). By convention, loss of offsite power not

caused by another exte gpl’1s consi internal event.

Failure mode. A ¢@ ic Nnctional TagMiestation of a failure (i.e., the means by which an

observer can determ¥e that a failu nchurred) by precluding the successful operation of a
. . L 4 . .

piece of equipment, a Cable, or a m’ (e.g., fails to start, fails to run, or leaks). Note: In the

context of fire PRA, spuriou ion (see definition following) is also considered a failure

mode above and beyon fﬁf at “preclude successful operation.”

Failure probability? liketihood that a system, structure, or component (SSC) will fail to

r for

specific mission time.

adequate #6r t hazard (per Regulatory Guide [RG] 1.189). (Note that a rated fire barrier is

operate on deman
Fire area. A @ of a building or plant that is separated from other areas by rated fire barriers
a fire barNgf with a fire-resistance rating.)

Fire compartment.'” A subdivision of a building or plant that is a well-defined enclosed room,
not necessarily bounded by rated fire barriers. A fire compartment generally falls within a fire

71t is noted that the term fire compartment is used in other contexts, such as general fire protection engineering, and
that the term’s meaning as used here may differ from that implied in an alternative context. However, the term also
has a long history of use in fire PRA and is used in this report based on that historical and common fire PRA
practice.
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Definition of Terms

area and is bounded by noncombustible barriers where heat and products of combustion from a
fire within the enclosure will be substantially confined. Boundaries of a fire compartment may
have open equipment hatches, stairways, doorways, or unsealed penetrations. This term is
defined specifically for fire risk analysis and maps plant fire areas and/or zones, defined by

the plant and based on fire protection systems design and/or operations considerations, into
compartments defined by fire damage potential. For example, the control room or certain areas
within the turbine building may be defined as a fire compartment (a definition derived from
NUREG/CR-6850/EPRI 1011989). In the PRA Standard, physical analysis unit is used to
represent all subdivisions of a plant for fire PRA. Physical analysis units include fire

compartments
Fire-induced initiating event. The initiating event assigned to occur in the fire PRA pla
response model for a given fire scenario (adapted from NUREG/CR-6850/EPRI 101 19%

Fire modeling. As used in the PRA Standard, fire modeling refesf t the process

fire analysis tool, including the specification and verification o rameter he
performance of any required supporting calculations, the a at10n of the fif€analysis
tool itself, and the interpretation of the fire analysis tool out d results

Fire PRA. The collection of analyses, computer m el eports CO and prepared for
estimating the risk associated with fire events in wer pla

co nent, stru ments and cables
ectlng th al for core damage or large

Fire PRA component. Equipment item, sys
(power, instrumentation, and control) inc
early release in the fire PRA model.

Fire PRA plant response model. tation of natlon of equipment, cable,
circuit, system, function, and o erato ilures o f an accident that, when combined
with a fire initiating event, ¢ deb undesired sequences with a specified end state

(e.g., core damage or lar ase).
Fire safe shutdown a e deter %alysis conducted often in the context of
Appendix R of 10 50 to en down capability during identified fire
scenarios.

Fire scenario. A set o elements escrlbes a fire event. The elements usually include a

physical analysis unit, a sour: CatIOIl and characteristics, detection and suppression
features to be consideregd, % targets, and intervening combustibles.
G

Fire suppression sySte enerally refers to permanently installed fire protection systems
provided for the exgpress purpose of suppressing fires. Fire suppression systems may be either
automatically o ually actuated. However, once activated, the system should perform its
design fungtio ittle or no manual intervention.

Fire zon bdivisions of fire areas defined in the context of the fire protection program. A fire
zone is not Mecessarily bounded by fire barriers. Zone divisions are often defined based on the
fire suppression and/or detection systems designed to combat particular types of fires. A fire
zone may contain one or more rooms. A fire compartment may contain one or more fire zones.

Hot gas layer. Refers to the volume under the ceiling of a fire enclosure where smoke
accumulates and high gas temperatures are observed. It is the upper zone in a two-zone model
formulation.

A-3



Definition of Terms

Hot short. Individual conductors of the same or different cables coming in contact with one
another, where at least one of the conductors involved in the shorting is energized—resulting in
an impressed voltage or current on the circuit being analyzed.

Human action. The motion(s), decision(s), or thinking of one or more persons required to
complete a mission defined by the context of an accident scenario.

Human error. The failure of a human action modeled in a PRA that results in the failure of a
plant function, system, or component. Excludes malevolent behavior.

Human error probability (HEP). A measure of the likelihood that plant personnel will fail to
initiate the correct, required, or specific action or response in a given situation or by commissi

perform the wrong action. \1
Human failure event (HFE). A basic event in the fire PRA plant response model that g€p t
a failure or unavailability of a piece of equipment, system, or fupgfion that is cau an
inaction or inappropriate action.

Human reliability analysis (HRA). A structured approac ovdentify patential human

failure events and to systematically estimate the probahality o S€ errors uSe ata, models, or
expert judgment.

Ignition frequency. Frequency of fire occurrenc erglty express@ire ignitions per

reactor-year. Q
Ignition source. Piece of equipment or 1VN:auses er G 1.189).
P

Initiating event. Any event—either4

n external t—that perturbs the steady-
state operation of the plant, if opera eby i abnormal event such as transient or
loss-of-coolant accident (LOCA) w? the pla iatifg events trigger sequences of events

that challenge plant control gfid gafcty systems wh&§e failure could potentially lead to core

damage or large early re .
Internal event. An 1gMating wi ar power plant that, in combination with

safety system fail d operato? s, can affect the operability of plant systems and may
lead to core damage§ large eagly y convention, loss of offsite power not caused by
another external event Is consid nternal event.

Internal events PRA moc@ogic model (typically in terms of event trees and fault trees)
f

2

depicting the combingi@On rnal initiating events (compared to external events such as
tornadoes and seismfC eWgnts), component failures (of causes internal to the components
themselves), and hyman fatlure events that lead to core damage or large early release of other
adverse events co%ered in a PRA.

Intervenjpfg c stibles. Materials that burn but are not ignition sources. These combustibles
contribu the propagation of the fire from the ignition source to the target and are usually
located betWgen the ignition source and the target.
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Key safety functions. The minimum set of safety functions that must be maintained to prevent
core damage and large early release. These include reactivity control, reactor pressure control,
reactor coolant inventory control, decay heat removal, and containment integrity in appropriate
combinations to prevent core damage and large early release.

Large early release frequency (LERF). Expected number of large early releases per unit of
time.

LEREF analysis. Evaluation of containment response to severe accident challenges and
quantification of the mechanisms, amounts, and probabilities of subsequent radioactive material
releases from the containment.

Level 1 analysis. Identification and quantification of the sequences of events leading to tﬁ

of core damage.
Manual trip. A reactor trip initiated by the operators in respon@offnorma@% and

in the absence of an automatic trip.

May. Used to state an option to be implemented at the use ieiction in thed’RA Standard.
Mistake. A human cognitive error typically stemming re of di sisgdecision
making, or planning.

Modeling uncertainty. Imprecision in the analys ledge oL.8 %le information about
how well the analyst’s model represents th ¢ of that bodeled in the PRA.
Multi-compartment fire scenario. A fi involvi ts in a room or fire

i
compartment other than, or in additi s e in whi e originated.
Multiple spurious operations. Con&rent spuri p ns of two or more equipment items.

c c&tinuity in an'#ectrical circuit, either intentional or
e cable, cirCuit faults may result, for example, from a
m the trj of circuit protection devices.
1,°0r

@- i perating@
i i 1.
-

Open circuit. A loss of ele
unintentional. As applied
loss of conductor conti

Operator. One of,
responsible for per

generally, any of a plant’s personnel

8,

Operator manual action (O minology used under pre-transition (Appendix R)
licensing basis for an action ed by operators to manipulate components and equipment
from outside the main g&nfpl f®@¥m to achieve and maintain post-fire hot shutdown, not
including repairs.

Performance shaping factor (PSF). A factor that influences human error probabilities as
's human reliability analysis. It includes such items as level of training,

considered in

quality/ay, a@o procedural guidance, and time available to perform an action. In the
context ire PRA, factors may include the influences of environmental factors such as
visibility, tOgic fumes, and smoke.

Plant. A general term used to refer to a nuclear power facility; for example, plant could be used
to refer to a single unit or multi-unit site.

Point estimate. Estimate of a parameter in the form of a single number.

A-5



Definition of Terms

Primary control station (PCS). According to RG 1.205 Section C.2.4,"® there are two cases in
which operator actions taken outside the main control room may be considered as taking place at
a primary control station. These two cases involve dedicated shutdown or alternate shutdown
controls, which have been reviewed and approved by the NRC. In either case, the location or
locations become primary when command and control is shifted from the main control room to
these other locations. For these two cases, the operator actions are not considered recovery
actions, even if they are necessary to achieve the nuclear safety performance criteria.

For the alternate shutdown case, such controls may be considered the primary control station—
if, once enabled, the systems and equipment controlled from the panel are independent and
electrically separated from the fire area and if the following additional criteria are met:

1. The location should be considered the primary command and control center when theN‘
control room can no longer be used. The control room team will evacuate to this logfit1
use its alternate shutdown controls to safely shut down the plnt,

2. The location should have the requisite system and compgment®gon#fols, plant ter
indications, and communications so that the operator C%u tely and%ely monitor and
t

control the plant using the alternate shutdown equi
ocation. A trol station
al handw n a motor-operated

More than one component should be controlled fr
provided to allow an individual component, such
valve, to be locally controlled does not meet Qis de

Probabilistic risk assessment (PRA).

associated with plant operation and mgas ¢ & in terms of frequency of
occurrence of risk metrics, such as georar (We material release, and its effects
on the health of the public (alsq refe to as ap c safety assessment [PSA]).

4

Probability of non-suppres§iop€ Probability of fafyg to suppress a fire before target damage

occurs.
Raceway. An encloggg nnel of me ta allic materials designed expressly for holding
wires, cables, or bef§ bafs, With add1t1 nctlons as permitted by code. Raceways include rigid
metal conduit, rigid Bignmetallig ¢ intermediate metal conduit, liquid-tight flexible
conduit, flexible metallic tubln ) ble metal conduit, electrical nonmetallic tubing, electrical
metallic tubing, underfloor rafe , cellular concrete floor raceways, cellular metal floor

raceways, surface race yg ays, and busways (per RG 1.189).
Reactor-year. A cal&e 1 in the operating life of one reactor, regardless of power level.
Recovery action.ﬁf‘lman action performed to regain equipment or system operability from a

an error to mitigate or reduce the consequences of the failure.

specific fallureQ
Respons€. ThefedCtion to a cue or symptom of an event using procedures to control a function
or system.

Response models. Represent post-initiator operator actions, following a cue or symptom of an
event, to satisfy the procedural requirements for control of a function or system.

18 The reference citation for RG 1.205 is given in Section 1 of this report.
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Risk. Probability and consequences of an event as expressed by the risk triplet, that is, the
answer to the following three questions: 1) What can go wrong? 2) How likely is it? and
3) What are the consequences if it occurs?.

Risk-relevant damage targets. Any equipment item or cable whose operation is credited in the
fire PRA plant response model or whose operation may be required to support a credited post-
fire operator action.

Risk-significant equipment. Equipment associated with a significant basic event as defined by
the PRA Standard.

Safe shutdown (SSD) systems and equipment. Structures, systems, cables (power,
instrumentation, and control), equipment, and components within the framework of Appefgdt
of 10 CFR Part 50 identified to achieve and maintain sub-critical reactivity conditions i \
reactor, maintain reactor coolant inventory, and maintain safe andgtable shutdow @
following a fire-initiated event.

Safety function. Function that must be performed to contr es of energy e plant
and radiation hazards.

Screening. A process that eliminates items from fughe eration b:@n their negligible
contribution to the probability of an accident or igfc

e§uences. %
Screening criteria. The values and conditiong use etermine r an item is a negligible

contributor to the probability of an accidepf’se orits c ces.
Secondary combustible. Combustib able matesfals\ggat are not part of the fire

ignition source that may be ignited ¢ is Spread beypon fir€ ignition source.

model structure or data valug§ ogrthe products of thg analysis (e.g., CDF). Although often done

Sensitivity analysis. An analygis pe ed to iga he sensitivity of the variability in
e and

by changing the model o one at determining the change in the analysis
products, this analysis ne by c oups of variables in a logical manner.

Severity factor. T¢ ility that'f nition would include certain specific conditions that
influence its rate of 8owth, level Xy emanated, and duration (time to self-extinguishment)
to levels at which target damage 4 efated.

Shall. Used to state a mand, uirement in the PRA Standard.
Should. Used to stat& mendation in the PRA Standard.

Skill-of-the-craft actions®Actions that one can assume that trained staff would be able to
readily perform V\%\l/lt written procedures (e.g., simple tasks such as turning a switch or
opening a ga e as opposed to a series of sequential actions or set of actions that need to
be coordfia

Smoke lay@&g, Refers to the volume under the ceiling of a fire enclosure where smoke
accumulates and high gas temperatures are observed. It is the upper zone in a two-zone model
formulation.

Spurious operation. A circuit fault mode in which an operational mode of the circuit is initiated
(in full or in part) because of failure(s) in one or more components (including cables) of the
circuit.
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Support system. A system that provides a support function (e.g., electric power, control power,
or cooling) for one or more other systems.

Surrogate event. A PRA basic event used to simulate the impact of a fire-induced initiating
event, including the resulting plant initiating event and/or component failures.

Target. May refer to a fire damage target and/or to an ignition target. A fire damage target is
any item whose function can be adversely affected by the modeled fire. Typically, a fire damage
target is a cable or equipment item that belongs to the fire PRA cable or equipment list and that
is included in event trees and fault trees for fire risk estimation. An ignition target would be any
flammable or combustible material to which fire might spread (per NUREG/CR-6850/EPRI
1011989).

Timeline and timing terms. Developing the timing information following the timeline@
%6.2.

Figure A-1 is useful in that it applies to all quantification method;as described in

- Tow

-

- Tdelay >

I

Action Action no

Cr
Initiating el diag @ complete longer
Event IeIc beneficial
L 2
Figure A-1 \
Timeline illustratioh diagranm® Q

The terms associated with ea \1g element are defined mathematically next and then further
described in the subse rﬁ‘
To = start time :&f e event

Tdelay = time delt duration of time it takes for an operator to acknowledge the cue

]

Tow te©| window

Tavail available = time available for action = (Tsw - Tdelay)

Tewg = coghition time consisting of detection, diagnosis, and decision making

Texe = execution time including travel, collection of tools, donning personnel protection
equipment (PPE), and manipulation of components

Trqa = time required = response time to accomplish the action = (Tcog + Texe)
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Start time. In Figures 4-1 and A-1, To is modeled as the start of the event. For fire HRA, To
can be either reactor trip (which is commonly the starting point for internal, non-fire PRA) or
the start of the fire. The fire PRA typically assumes that reactor trip and the start of the fire
occur at the same time unless scenario-specific factors show a significant difference.

System time window. Tsw is defined as the system time window and is the time from the start
of the event until the action is no longer beneficial (typically when irreversible damage
occurs, such as core damage or component damage). Tsw is typically derived from thermal
hydraulic data and, for HRA quantification, is considered to be a static input. The system time
window represents the maximum amount of time available for the action.

Delay time. Taelay represents the time from the start (typically the initiating event) until t
time at which the operators acknowledge the cue. This is a function of the fire damage
the plant response, which includes taking into account any procedure delays or delags

responding to the cue. If the cue, for example, is a step in th be
the time it takes the operators to reach the step in the fire pr larm
that annunciates when a low tank level is reached, TaeclafWo 0 drain
the tank until the alarm annunciates and the operator ackiow}edges the If the
implementation of the appropriate procedures is de cause the@ ed the control
gency operating

procedures and the fire procedure(s)—the gui to systema increase the delay
time when updating existing internal everiggs HFES#or use in t RA. Similarly, if a
particular fire area or fire scenario cayées iwus alarm, flions, or actuation of
components, the guidance is to syste calpy extend & time when updating existing
] A. The de e Tollowing fire initiating events
is a source of modeling uncertaiif in the cur the art in fire PRA.

Cognition (recognition . ﬁog is defined @ the nominal time for cognition and includes
detection, diagnosis, 3 isigh making&l . is'best obtained by simulator observations.
For fire response aa «@ iagnosis ically be made in the control room and the
execution local; cfare, it willstil@o ible to observe the cognition time from

t

simulator obsé ns. 1f there i N o model local cognition, cognition time can be
obtained by talk-thgoughs and/@ -throughs (see Sections 4.3.4.1,4.11.1, and 4.11.2).
Execution time. Texe is t nal time required for execution of the action. Execution time
is defined as the timg i r the operators to execute the action after successful
diagnosis. The e tiomgime includes the transit time to the local components, the time to

collect tools and donRPE, and the time to manipulate the local components. The transit
(travel) time c&}d be significantly impacted by the fire location. Useful inputs to develop

room crew to be in, or to consider, multiple pgg€edur@s—such as
e i g @

Texe can be ed from job performance measures (JPMs) or walk-throughs or talk-
throughs e operators (guidance provided in Sections 4.11.1 and 4.11.2). For control
roo ons, the guidance is to use the same Texe from the internal events development (often

called tig manipulation time because typically there is no need for tools or PPE) for the fire
event, unless the fire has impacted the control room (i.e., no smoke or hazards are present
that would make manipulation more difficult). It is rare that the HRA analyst has the
opportunity to collect enough data points for the same HFE to allow a distribution of times to
be developed and the uncertainty to be formally calculated. More often, the availability of
operations staff is limited, and there may be few opportunities to review the same HFE
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timing with different individuals. It therefore becomes important for the analyst to recognize
the potential for uncertainty in the time estimates and to be vigilant for cases in which a small
change in the time estimation could render a feasible operator action infeasible or
significantly impact the resulting HEP.

Time margin. Time margin is defined as the ratio of time available for the recovery action to the
time required to perform the action (Teog+Texe) and is calculated as follows:

. . Tavail - Treqd
Time Marin (TM) = —— x100% Equation A-1
reqd
. . l((T )SW - Tdelay ) - (Tcog + Texe )J 0
Time Marin (TM) = x 100% Equation A 2
(Tcog + Texe)
Transient combustibles. These combustible materials are stored 1 in z@on that is
usually associated with (but not limited to) maintenance or tion act s. Examples of
transient combustibles are combustible and flammable ¢ d and © roducts, waste,
scrap, rags, or any other combustibles resulting fro act1v1ty.
Uncertainty. A representation of the confidence e gpdte of kno about the parameter
values and models used in constructing the PRA.
Uncertainty analysis. The process of idgfiti d chara g the sources of uncertainty in
the analysis and evaluating their imp esu t certainty analysis includes
developing a quantitative measure t practl
Verify. To determine that a p icul}r tion ha performed in accordance with the
requirements of the PRA St , either by witneS§ing the action or by reviewing records.
Walkdown. Inspectio asina n power plant in which structures, systems,
equipment, and cabl ys cally 10 o er to ensure the accuracy of procedures and
drawings, equipm operatl tus and environmental effects or system interaction
effects on the equiprignt that cQul uring accident conditions.

/\@

o
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APPENDIX B

DETAILED QUANTIFICATION OF FIRE HUMAN
FAILURE EVENTS USING THE EPRI FIRE HRA
METHODOLOGY

B.1 Objective

This appendix presents a detailed methodology for the quantificgsfon of fire humagfcrig
probabilities (HEPs) using the human reliability analysis (HRA rogch recomf % !

by EPRI, specifically to use one or more of the following Niman cogniti
or, ause—base%ision tree
N error r, rediction (THERP)

reliability/operator reliability experiment (HCR/ORE) [1] a
[3] for execution. The EPRI HRA methodology isgfased¥€n EPRI’s % d SHARP1 HRA

method (CBDTM) [2] for cognition, and the technique

framework [4]. The approach in this appendix is A analys ugh the HRA tasks
needed to develop, quantify, and document l—%

The EPRI HRA approach and methodol S severa

currently used in the U.S. industry. T

RA quantification methods
ily\gpplied to Level 1 internal events
cy (LERF) HRA. The methods are

mostly task-based and decompoge opefator errorsd tegories: cognitive failures (detection,
diagnosis, and decision maki dxetution failhgds (manipulation or implementation). These
i regolution to meet tie needs of the internal events PRA model.
ethods for is that they evaluate fundamental aspects

O per ormaglce@ Elofe, applying these methods to fire scenarios

One advantage of using
and factors affectin

should yield a good -order approxi of operator failure and would further be consistent
with the modeling fofgon-fire sgengr1 many nuclear power plants.

Although the methods used fopf A modeling are the same as those used for Level 1
internal initiating events, t t and fire impact require the analyst to consider fire-specific

factors as provided ingfe gidance of this appendix. Potential fire impacts are summarized in
Section 2.5 and Section #This quantification approach follows HFE identification and definition
(described in Sectign 3) and qualitative analysis (presented in Section 4).

B.2 Per n@e Shaping Factors Using EPRI Approach

NUREG/(®R-6850 [5] suggests that the following performance shaping factors (PSFs) (from NUREG-
1792 [6]) be Considered in quantification but does not describe how to model these effects:

e Auvailable staffing resources
e Applicability and suitability of training and experiences
e Suitability of relevant procedures

e Availability and clarity of instrumentation
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Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

e Time available

e Environment in which the act needs to be performed

e Accessibility and operability of equipment to be manipulated
e Need for special tools

e Communications

e Team and crew dynamics

e Special fitness needs

The ASME/ANS PRA Standard [7] requires that the PSFs listed in Table B-1 be considered
for post-initiators. These PSFs include most of the PSFs suggested by NUREG/CR-6850,
“communications” and “team/crew dynamics” are not explicitly stated in the ASME/ANS
PRA Standard. “Special fitness needs” from NUREG/CR-6850 be consideredfidg

“Environment” (e.g., lighting, heat, radiation) under which the tor is worki
ASME/ANS PRA Standard.
Table B-1
PRA Standard supporting requirements (SRs) and p nce shapi S
SR [7] Perfor Shaping Fact

HR-F2 | Accident sequence—specific timi

HR-G3

HR-

Factors that could lead to dependence (e.g., common instrumentation, common
procedures, and increased stress

Availability of resources (e.g., personnel)
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Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

The general PSFs incorporated in the EPRI HRA methodology are shown in Table B-2. The
EPRI HRA methodology was specifically designed to meet the requirements of the ASME/ANS
PRA Standard; therefore, the PSFs in the EPRI HRA methodology reflect those of the
ASME/ANS PRA Standard.

Table B-2
EPRI HRA methodology performance shaping factors

Category Performance Shaping Factors
Cue(s) Initial
Subsequent
Procedures Cognitive
Execution \
Other

Complexity of response Cognitive

Execution

Training Classroom

Simulator
JPM

Timing

Accessibility

Environmental

Special requirements

othing
Stress Plant response as expected
K Workload
Environmental PSFs (above)
Depgnd alysis Shift change

Common cognitive

Timing between cues

Time required to complete actions

Available resources

Stress

Same or different locations
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Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology
The PSFs considered in the CBDTM implemented in the EPRI HRA methodology are listed in
Table B-3.

Table B-3
CBDTM performance shaping factors

Type Designator Decision Tree Performance Shaping Factors
pc a: Data not available ¢ Indication available in control
room.

e Indication accurate.

e Warning or alternative in
procedure.

e Training on indication.
pc b: Data not attended ¢ 4 Low versus high
to heck versus

Failures in the
operator-information Frght versus bagk pasel.
interface % armed vegsus not alarmed.

P C: Data misrea Indicators? to locate.
miscommuni Good indicator.
munications.

as stated.
rning of differences.
pecific training.
General training.
Single versus multiple
procedures.
Graphically distinct.

e Placekeeping aids.

rpret e Standard unambiguous
n wording.
* e All required information.

e Training on step.
Eailures in the Error in interpreting | o NOT” statement.

operator-procedure 0[} logic e “AND” or “OR” statement.

e Both “AND” and “OR”

interface
statements.
e Practiced scenario.

pec h: Deliberate violation | e Belief in adequacy of
K instruction.
O e Adverse consequence if
comply.

e Reasonable alternatives.

e Policy of “verbatim”
compliance.

The PSFs from NUREG-1792 [6], the ASME/ANS PRA Standard [7], and the CBDTM/THERP
[2, 3] as embodied in the EPRI HRA methodology are summarized in Table B-4.
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Table B-4
Performance shaping factors mapping

Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

NUREG-1792 [6]

ASME/ANS PRA Standard [7] CBDTM/THERP [2, 3]

Time available and time required to complete
the action, including the impact of concurrent
and competing activities.

Timing delay ti hen cue occurs with

Accident sequence—specific timing of cues respect to origin

and time window for successful completion
(SR HR-F2)

window (time to
utcome)

time window (time to
reach undesired outcome)

manipulation time (to perform
ed action)

ming: median response time (to detect,
diagnose, and decide)

Timing: time available for recovery

Time available and time re
the response (SR HR4&3)

omplete

Availability and clarity of instrumentation
(cues to take actions as well as to confirm
expected plant response).

The availa
for detegti

Cue(s): initial

it c and othg
nandgValuation )

Cue(s): subsequent

face

A
Q\

Ergonomic quality of human-system in
(HSI).

Data not available: indication available in
control room

Data not available: indication accurate

Data not attended to: check versus
monitor

L 2 b
Degr NQtyof the cues/indications
(S@

-machine interface (SR HR-G3)

Data not attended to: front versus back
panel

Data not attended to: alarmed versus not
alarmed

Data misread or miscommunicated:
indicators easy to locate

Data misread or miscommunicated:
good/bad indicator

Information misleading: all cues as stated
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Table B-4
Performance shaping factors mapping (continued)

NUREG-1792 [6] ASME/ANS PRA Standard [7] CBDTM/THERP [2, 3]

: - . Procedures: cognitiv
Accident sequence—specific procedural guidance (SR Procedures: ex%
J

HR-F2) Procedures:
Data ng¥aWailable:"warning or alternative
in proc %
%@ Informsleading: warning of

graphically distinct

dijierences
‘F%nt step in procedure missed:
versus multiple
E Q@Ievant step in procedure missed:

Relevant step in procedure missed:

unambiguous wording

O placekeeping aids
& Misinterpret instruction: standard

Suitability of relevant procedures Misinterpret instruction: all required

and administrative controls.

Quality of the writ procedur ) nistrative information
controls HRAG3 Error in interpreting logic: “NOT”
statement

“OR” statements

2 2 Deliberate violation: belief in adequacy of

Error in interpreting logic: “AND” or “OR”
statement
‘\Q Error in interpreting logic: both “AND” and

instruction

Deliberate violation: reasonable
alternatives

®\ Deliberate violation: adverse
&K conseqguence if comply

achieve the goal of the response (SR HR-F2) and EOC for each step

Deliberate violation: policy of “verbatim”
compliance
Q he specific high-level tasks (e.g., train level) required to | THERP [3] execution steps with EOM

B-6



Table B-4

Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

Performance shaping factors mapping (continued)

NUREG-1792 [6]

ASME/ANS PRA Standard [7]

CBDTM/THERP [2,3]

Applicability and suitability of training and
experience.

Quality (type [classroom or sim r
frequency) of the operator tra|
experience (SR HR-G3)

Complexity of required diagnosis and
response. In addition to the usual as

complexity.

complexity, special sequencing, or tion
and coordination can also be contribUf@rs to

Training classr

Training sim

able: training on indication

isinterpret instruction: training on step

I‘(o'ﬂation misleading: specific training
% ation misleading: general training
i

Error in interpreting logic: practiced
scenario

Complexity of response: cognitive

Complexity of response: execution

THERP [3] execution steps with EOM
and EOC for each step

dures, and increased stress)
HR-G7)

@t could lead to dependence
\ mon instrumentation, common

Dependency analysis: timing between
cues

Dependency analysis: timing shift change

Dependency analysis: common cognitive

Dependency analysis: time required to
complete actions

Dependency analysis: stress

Dependency analysis: same or different
locations
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Table B-4
Performance shaping factors mapping (continued)

NUREG-1792 [6] ASME/ANS PRA Standard [7]

CBDTM/THERP [2,3]

Workload, time pressure, and stress. All listed under SR-HR-F2 and SR-HR-

not attended to: low versus high
ad

Environment (e.g., |
radiation) under,which

(SR HR-G3) V

Environment in which the action needs to be
performed.

@mnmentalz lighting
% Environmental: heat/humidity

Environmental: radiation

Environmental: atmosphere

Special fitness needs (for special situations
expected to involve the use of heavy or

awkward tools or equipment, carrying hose
climbing, and so on).

e spcific high-le

uired to achieve th al of the response

sks (e.g., train level)

THERP [3] execution steps with EOM
and EOC for each step

Special requirements: tools

Special requirements: parts

Special requirements: clothing

Accessibility and operability of equip

be manipulated. tion (SR HR-G3)

Accessibility: main control room

Accessibility: locally for manual actions

cessity, adequacy, and availability of
special tools, parts, clothing, and so on

The need for special tools (keys, laddegs,
hoses, and clothing such as to enter
(SR HR-G3)

Special requirements: tools

Special requirements: parts

Special requirements: clothing

radiation area). &
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Performance shaping factors mapping (continued)

NUREG-1792 [6]

ASME/ANS PRA Standard [7]

CBDTM/THERP [2,3]

Available staffing and resources.

Availability of resources (e.g., personnel)
(SR HR-G7)

Sufficient manpower to perform the on
(HR-SR-H2)

Communications (strategy and coordination)
as well as whether one can be easily heard.

Team/crew dynamics and crew
characteristics (degree of independence
among individuals, operator
attitudes/biases/rules, use of status checks,
and approach for implementing procedures
[e.g., aggressive versus slow and
methodical].

Dependency an vailable
resources e

D misread or miscommunicated:
f communications

Account for any dep

Consideration of “realistic” accident

sequence diversions and deviations (e.g.,
extraneous alarms, failed instruments,
outside discussions, and sequence evoluli
not exactly like the one trained on).

etween the
HFE for recovery and her HFE
sequence, s Mutset to whi
recovery i jed -SR-H3

Recovery by self-review, extra crew,
STA, or ERF

Data not available: indication available in
control room

Data not available: indication accurate

Information misleading: all cues as stated
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B.3 Post-Initiator HFE Analysis Framework Using the EPRI Approach

The EPRI approach for the quantification of post-initiator HFEs—regardless of the initiators
(e.g., fire, internal events, or flood)—is to classify the HFE into two phases: 1) detection,
diagnosis, and decision-making, and 2) action. There are three possible outcomes: 1) a success of
both the cognition and execution phases (correct response), 2) a failure in the execution phase
after successfully recognizing what actions must be taken, and 3) a failure to recognize what
action must be taken due to a failure of detection, failure of diagnosis, or failure of decision-
making. This representation is diagrammed in Figure B-1 for the purpose of quantification.

Execution \*
Detection, Diagnosis Q
Decision Making O

\Q

Failure
Figure B-1
Post-initiator general is frame
In Figure B-1, Peog 1S sing C or HCR/ORE [1], and Pexe is quantified using
THERP [3]. For P. | cogmt ilurt 1s calculated as either the sum or the maximum of

HRA.

For existing EOP actions, e previously modeled in detail following the EPRI HRA
methodology, the fire & is follows the same framework. For existing EOP actions that
m

the CBDTM and H O Valu 0 ent with the approach taken in the internal events

were not modeled u RI HRA methodology, this is not necessarily true. The base case
(existing EOP) HFE must¥$irst be quantified using the EPRI HRA methodology or other suitable
methodologies th&velop human error probabilities (HEPs); the base case analysis can then be
modified tg ac r fire impacts. For fire response actions where there was not a pre-existing
detailed opment the EPRI HRA methodology would be used for quantification and
the fire w111 follow this framework.

Before quantifying an HFE, the analyst must have applied the criteria discussed in Section 4.3
for assessing the feasibility of the operator action(s) associated with that HFE. Although the
feasibility assessment process begins at the identification and definition stage and is a key part of
the initial qualitative analysis, new information may be available during the quantification
process that would require the feasibility to be reassessed. Therefore, feasibility assessment is a
continuous action step throughout the fire HRA.
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Following the feasibility analysis for both fire HRA and internal events HRA, there are several
types of HFEs that can be evaluated to 1.0 based on a simple qualitative analysis. For the
scenario identified, if any one of the following is true, the HEP evaluates to 1.0. It is outside the
scope of the EPRI method to quantify these types of actions for the following reasons:

e There is not enough time to complete the action. In EPRI terms, this means that the time
available (Tavail) is less than the time required (Treqa).

e There is not enough crew available to complete the action within the required time.

e There are no cues for diagnosis. The EPRI approach bases the quantification of cognition on
the identification and interpretation of cues. If the fire fails all of the instrumentation requirgd
for diagnosis, there is no reason to expect that the operator will respond correctly.

is

e [f the manipulations of a component take place in a location that is inaccessible th@u\'
not feasible. Q O

B.4 Timing and Crew Response Structure

Developing the timeline is fundamental to understand t pproacl@%Rl HRA

4.6.2. The tj alysis documents
S,PRA Stand quirements HR-G4

O

-

i W

\

<_Texe_>
To & Cue Crew Action Action no
received diagnosis complete longer
Start complete beneficial

Figu€ B O

Timing@nalysis framework

The terms associated with each timing element are defined mathematically next and then further
described in Section 4.6.2.
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To = start time = start of the event

Taelay = time delay = duration of time it takes for an operator to acknowledge the cue

Tsw = system time window
Tavail = time available = time available for action = (Tsw - Tdelay)
Teweg = cognition time consisting of detection, diagnosis, and decision making
Texe = Tm = execution time including travel, collection of tools, donning of PPE, and
manipulation of components
Trqa = time required = response time to accomplish the action = (Teog 4 Texe) \*
For this appendix on the EPRI fire HRA quantification methods, the cognition timggistYRica¥y

taken as the same as the median response time used in the HC

terms are used interchangeably throughout the appendix. The=gu
that Teoe should be a bounding estimate, especially when usgdef fgaSibility apalyses. However,
ia

when used in the quantification of HCR/ORE, it is app t Teog to fferent time than
Tiz (the median response time), as long as the datas a

In the HCR/ORE method, the variance between C ., sigma) i portant factor in
quantifying the HFE. The HCR/ORE studiesg enti the three oI actions, based on cue

response structure and the timeline devel igfportant t ances between crews. The

three cue response structures are presentSggfi Figure B-3. Jhe ORE correlation uses these

classifications to determine sigma, is easure %&—t crew variability:

e (CP1 HFEs are simple procgduraligd action e is received, the operators will
respond to it, for examplgfa (é:dure step thagreads “Check AFW flow. If no flow, start
AFW pump.”

e (P2 HFEs are acti ich the o ceive an alert but must delay implementation
until a specific, @ pagameter is ed® example would be a situation in which the
cues for feed an@gleed are statoeeg n the procedure and the operators are directed to
continue with proc®dure untij ! & level reaches a specific point. When the SG level limits
are reached, the operators#8fOgni feed and bleed. CP2 actions require that the operators be

@ when—and not before—a plant limit is reached.

instructed to perfor

e CP3 HFEs are a&n hich the operators must diagnose and respond before a plant limit
is reached. For a loss 0¥ all AFW, the procedures direct the operators to try to restore AFW
until the cues feed and bleed are met. In this case, the cue for restoring AFW would be

the losgyof , and the operators must complete this action before the cues for feed and
bleedfar d.
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- Tou
IF
-
C P 1 | — o, |‘ Tip Ty

First Execution Execution Undesired
Cue Starts Ends Consequence
\V4 \V4 \V4 V

t=0 time

A

CP2
Cue Second ES% Ends’ gewequence
v v v %
t=0 time
&
. , O~ |
N . Q BEFORE
CP3 ‘
77 e Gucun  Sgond - Undeed
\V/ VARV,

t=0 time

L 2
Figure B-3

Cue-response strgture timdine\ype CP operator actions

B.5 Instrumentation @nd Spurious Component Impact Following

Fire &
tion

B.5.1 Instrumen

For discussion@) es, there are three categories of potential fire impacts on instrumentation
0 n

credited

No impagt: all of the required instrumentation is available.
Partial impact: a minimum set of the required instrumentation is available.

Total impact: less than the minimum set of required instrumentation is available.
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The following information is needed to evaluate the impact:
e Are the required indications available in the control room?

— This is successful if all indications for the specific action are available or if a minimum
set of information for the specific action is available.

— This is unsuccessful if all indications for the specific action are failed. This is the case for
total impact: no instrumentation is available, and the HEP evaluates to 1.0.

e Are the indications that are available accurate?

— The indications are known to be accurate if the fire does not impact any of the
instrumentation required for the specific action. \

— The indications are assumed to be inaccurate if there is a partial impact.
e If the normally displayed information is expected to be unreffable, is a warni @ e
directing alternative information sources provided in the, ugeS?

— The procedure lists alternative instrumentation to p%lhe specifi@( or provides
a warning of potentially incorrect readings.

— The procedure provides no alternative ins, nt@tion or a waffi n this case, for
existing EOP actions, there are no warning EOPs fi _pelated impact on the
instrumentation.

e Has the crew received training in int
conditions similar to those prevaj

r obtainj @(equired information under
scenari
i e

— The operating crew has receivéd trainin 1ng or obtaining the needed
information under a f sjtudffion. For cas which there is partial impact (i.e., a

minimum set of in; ion remaigs avaiable), the cognitive HEP evaluates to
5.0E-02 if nor iesfe applied.%
— The operati eWyhas not ree @a g in interpreting or obtaining the needed

informatio er a fire si@ operators are not trained on performing the EOPs

during fire sceRarios, the itiwve HEP will evaluate to 0.5 for cases with partial impact

on instrumentation if nyeege ries are applied.

These impacts can be dﬁi1 ectly in the EPRI HRA methodology using the CBDTM and
modifying the branc&ctl s for pca and pcd and are discussed in detail in the following

sections.
B.5.2 Fire-In Cable Failure(s) and Electrical Faults
Section sCttbes the range of fire-induced cable failure(s) and how these failures are

reflected ihe fire PRA models. Section 4.10 provides additional considerations for the
treatment of the qualitative analysis associated with the operator response to fire-induced cable
failures. One of the difficulties in the current fire HRA methods, including the EPRI HRA
methods, is capturing the impact of instrument and equipment failures on the operator when a
success path is available. Optimally, the operator recognizes—but is impervious to—the
instrument and equipment failures and focuses directly on the train available for safe shutdown.
More realistically, the operator may be distracted by these failures. The EPRI approach provides
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a rough accounting for the distractions by the treatment of delay time in the timing analysis and
by the selection of multiple procedures in the cognitive model. Additional guidance is provided
in Section 4.10, such as to flag scenarios in which distractions may be more likely and to reflect
the potential modeling uncertainty as discussed in Section 6.3.

B.6 Procedure Considerations Following Fire

Real-world events under complex situations have shown that operator response is improved by
having procedures available. Operational experience also has shown that complex situations
may slow the typical response to procedures or lead to the selection of the wrong procedure,
especially for scenarios in which instrumentation is affected or training does not cover the
specific situation. In addition, the current state of the art in fire procedures and fire trainin2\
improving as insights from the fire PRA models and/or the transition to National Fire P n
Association (NFPA) 805 occur. The EPRI quantification approagifassumes that the*op
follow procedures. Scenarios that may be challenging from a p ral perspecld be
treated similarly to those described in Section B.5.2 and fo i guidance prowdtd in

ay be m ikely and reflect

Section 4.10 (e.g., flag scenarios in which procedural distr
the potential modeling uncertainty as discussed in Sect
B.7 Quantification Using the EPRI Ap 6
Using the EPRI HRA methodology, it is re W y to modi ting internal events HFEs
to reflect fire impacts. Although the quagfifigatiowof fire regg @ actions follows the same
Xts

approach as for existing actions, thergst 1ous analyS§s tOQuild on—and the HFE must be
developed as a new HFE within th . Follqwing
operator interviews, the HFEs may be¥inalized 2

detailed fire PRA development and
and/or other insights from thgfTir; A model.

ating operator interview insights

B.7.1 Method Sehs'c@~
Similar to interna @ S A, bothﬁ.%B and the HCR/ORE are to be considered for

i (A@ds address d , diagnosis, and decision making—the HCR/ORE
implicitly and the CBDTM expﬁ@e CBDTM was developed to provide a lower limit
on the probability because th RE calculates very low probabilities for HFEs for which
the time available is lo i ejto the time required. For fire HRA, instrument impacts and
PSF impacts can be df tr&dressed using the CBDTM. The same questions that are asked for
internal events HRA for Qgantification are asked for fire HRA. The HRA analyst’s response (in
many cases, the sgfction in the decision trees) can be very different between the fire and internal
events case. B the EPRI approach for quantification is symptom based, not initiator based,

the sam% re still applicable for fire HRA.
B.7.2 EP FE Approach and Documentation
The subsections in this appendix follow the format of the EPRI HRA methodology. The fields

described are fields common to all methods used in the EPRI HRA methodology. The following
sections apply to all HFEs, whether they are fire response HFEs or existing internal events HFEs.
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B.7.2.1 HFE Approach

To begin quantification, a new HFE basic event ID is defined. It is good practice to set up a
naming convention for HFEs that will allow for multiple variations of the same HFE.

For existing HFEs, the basic event record can be copied to a new record to allow for consistency
and easy modification. Figures B-4 and B-5 show screen shots of the basic event data for a fire
HFE. The Related Human Interactions field could list the variations of the basic event (if any).

For existing EOP HFEs, the Related Human Interactions field could list the basic event from
which the HFE was derived.

For fire response HFEs, a new basic event is created.

<& POST-NIT-FIRE-S3 | \

rBEID:

;F‘DST-INIT-FIHE-SS D escription: ijelators Fails Feed and Blead [Fig@with gf®. instrumentation)

Revizion Contral
Andlyst |ANALYST Date:
i ate: 027214112
Revigwer. |EFRI Date: @

— Rigk Significance-

R iD P 0 Risk. Siypi

) Analyziz He®
Peo 21e2 -03 T
=L / 3 otal HEP | E.8e03

_ - mmor Factar | B
Pexe | 83e03 4 4e-04

Aszsigned to Common Cognitive . ; . : > —dssigned Basic Events
~ Related Human Interactio 1

POST-MITFIRE-ST L 3 »

POST-NITFIRE-S2

POST-IMIT-FEED-ELEED

Thig HFE iz for a fire with orly a mnlmum@vaton available

without Recoven

Figure B-4

EPRI HRA ology basic event setup for fire HFE analysis
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[—“_| POST-INIT-FEED-BLEED Post « . Operators fails feed and bleed (Base Case)
Annunciater Response/THERP 2.7e-04 4.4e-04 T1e-04 10
ASEP 3.6e-06 44e-04 44e-04 10
CBDTM/HCR Combination (Sum) 33e-04 4.4e-04 16e-04 10
CBDTM/THERP X 3.3e-04 44e-04 76e-04 10
HCR/ORE/THERP 41e-13 4.4e-04 44e-04 10
Screening HEP - - 1.0e+00 1
- SPAR-H 1.0e02 1.0e-03 11e-02 7
=- POST-INIT-FIRE-S1 Post w  Operators Fails Feed and Bleed (Fire with all instrumentation available)
Annunciator Response/THERP 2.7e-04 4.4e-04 71e-04 10
ASEP 3.6e-06 4.4e-04 44e-04 10
CBDTM/HCR Combination (Sum) 53e-03 4.4e-04 5.8e-03 5
CBDTM/THERP X 53e-03 44e-04 58e-03 5
HCR/ORE/THERP 4le-13 44e-04 44e-04 10
Screening HEP - = 1.0e+00 1
SPAR-H 10e02 1.0e-03 11e-02 7
= POST-INIT-FIRE-52 Post « . Operators Fails Feed and Bleed (Fire with all instrumentatign faied)
= Annunciator Response/THERP 2.7e-04 44e-04 711e-04 10
ASEP 3.6e-06 44e-04 44e-04 10
- CEDTM/HCR Combination (Sum) 1.0e+00 44e-04 1.0e+00 1
o CBDTM/THERP X 1.0e+00 44e-04 1.0e+00 1
- HCR/ORE/THERP 41e-13 4.4e-04 44e-04 10
Screening HEP - = 1.0e+00 1
- SPAR-H 1.0e02 1.0e-03 11e-02 7
=- POST-INIT-FIRE-53 Post - O aiWreed and Bleed (Figgawith min. instrumentation)
- Annunciator Response/THERP 2.7e-04 4.4e-04 71e-04 %

Screening HEP - = 10
------ SPAR-H 1.0e-02 1.0e-0, 11e-0

10
ASEP 3.6e-06 4.4e-04 44e-04
CBDTM/HCR Combination (Sum) 53e-03 4.4e-04 5.8e-03
CBDTM/THERP X 53e-03 4.4e-04 Beg 5
HCR/ORE/THERP 41e-13 4.4e-04 & 10 6

Figure B-5
EPRI HRA Calculator screen shot shoWi tiple varidti f a base case HFE

B.7.2.2 Cues % 0
Cues are addressed in the sa or both fire internal events HFE analyses. For

fire HRA, the identificatigg e ghies needsgQ inclifde the specific instrumentation required
for diagnosis in order '@ ‘@ of the cues for specific fires. If the
instrumentation is € nto the Inji Recovery Cue fields, a complete list of all

instrumentation re for fire HRA e generated; this list can easily be incorporated into
the component selec task (Tasld2) UREG/CR-6850 [5]. Figure B-6 shows how the
identification of cues is docum the EPRI HRA methodology.
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BE ID
|PDST-INIT-FIHE-83 Revision Date:  01/23/08

Cue(z]

Initial: Wide range level EB-100054 Select... Q
Fecovery: “wide range level EB-100058 Select... Q

"wide range level in either SG - GREATER THAM 9% [20%). 1/2 56 level indicators is required for success.

Degree of Clarity of Cues & Indi nz 6@

* Ve Good % " Poar
Figure B-6 K !
EPRI HRA methodology identlfl no cuesQ

B.7.2.3 Procedures
Procedures are address me w f‘é nd internal events HFEs. For fire HRA,

there may be both nd a fire r se at the same time. The screen in Figure B-7
shows how the pro res are docu n the EPRI HRA methodology for a specific HFE.
This window is providgd for docu 10n purposes; the effects of the procedures on cognition
are modeled in decision trees pce p<f, and pch. The procedures are also used to identify
the critical task required fo ion modeled using THERP.

In addition to the spegfic pragedures for each HFE, the complete list of fire procedures
reviewed during the fire cedures screening and review (ASME/ANS PRA Standard
Requirement HR could be added to the procedures database for documentation. The
procedures da shown in Figure B-8.
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BE ID

POST-IMIT-FIRE-53 Revigion Date:  01/23/08

Procedures

Cogritive: ~ 1FR-H.1 Responge to Loss of Secondary Heat Sink Select... g
Step Mumber: |2.a RHO Instyction: |Stop both RCP: AMD goto Step 3

Execution:  [1FR-H.1 Fesponise to Loz of Secondary Heat Sink Select... Q
Other: 1C28.1 diliary Feedwater Systern Unit 1 Select.. Q

Enter Procedure Mokes % %
Training @
™ Mone Frequency
[ Clazsraom 8 Pt year
W Sirnulatar [ per year

JP: EO-215F-1 RS Bleed And Feed During He@Vondaw Heat EIFW' Failing To Open Select... Q

Figure B-7
EPRI HRA methodology documemgtion of pro,

Procedure Notes

Import From CSVY Import From HRADB Report ]

Type Reference | Date
Post 2.39-3-2 PANEL 9-3 fl\l 05,/10,/2007
Post 203 COMNDUCT 05,/10,/2007
Post 215 REACTOR, 05,/05/2006
Post 219 43 TION FOR MAINTENANCE ACTIVITIES (HOT STAMDEY COMNDITION) 04/19/2007
Post 221 33 M ESSYURE RELIEF SYSTEM 11/14/2005
Post 2218 111 4 RY POWER DISTRIBUTIOM SYSTEM 04/05/2007
Post 2219 36 8 KILIARY POWER DISTRIBUTION SYSTEM 03/27/2007
Post 22202 37 OMN OF DIESEL GEMERATORS FROM DIESEL GENERATOR ROOMS 05/24/2007
Post 2222 47 INSTRUMEMT POWER. SYSTEM 05/01/2006
Post 2223 39 0/240 VAC INSTRUMENT POWER DISTRIBUTION SYSTEM 10/31/2006
Post 22241 6 250 VDC ELECTRICAL SYSTEM (DIV 1) 12/06,/2004
Post 22251 1 125 VDC ELECTRICAL SYSTEM (DIV 1) 12/28/2005
Post 22281 FEEDWATER SYSTEM OPERATION 02/09,/2007
Post 2230 FIRE PROTECTION SYSTEM 11/08,/2006
Post HIGH PRESSURE COOLAMT INJECTION SVSTEM OPERATIONS 03/14/2006
Post HVAC CONTROL BUILDING 06/29/2006
4 PORTABLE VENTILATION SYSTEM 09/07/2001

Post

EPRI HRA methodology documentation of fire procedure review
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B.7.2.4 Scenario Description

The HFE is defined and documented in accordance with the ASME/ANS PRA Standard
High-Level Requirement HR-F1. The definition includes a qualitative analysis as discussed
in Section 4 and can include specific descriptions of the following:

¢ [Initial conditions

e Accident sequence

e Preceding operator errors and successes

e Operator success criteria *
e Consequence of failure \
Instrumentation impacts are also identified in the scenario descriftign along with Q

equipment failed by the fire.

B.7.2.5 Operator Interviews

The insights gained from the operator interviews a do e ted in the tor Interview
Insights window (shown in Figure B-9) and incl lowing:

e Documentation of talk-throughs with pl operations and tral personnel to confirm that
the interpretation of the fire procedurgfis ent with eratlon
(ASME/ANS PRA Standard Requj t BR-E3).

e Documentation of talk-through
scenarios modeled (ASMELANS

the response models for the
ment HR-E4).

EE ID
POSTAMIT-FIRE-S2 Q Revizsion Date:  01/23/08

Operator [nterview Inzights
i 2
Operator Interviews [January 2008] identified that t}\ edures are used in parallel to EOP procedures)

o)

Figure B-9
EPRI HRA methodology operator interview insights window
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B.7.2.6 Manpower Requirements

As part of the analysis framework (see Figure B-1), the crew requirements should be identified
and documented in the Manpower Requirements window (shown in Figure B-10). If there is not
enough crew available to complete the actions, the HEP should be set to 1.0.

It should be noted that NUREG/CR-6850 Task 12 assumes the following:

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.

The manpower requirements for individual HFEs are used in the dependency analysis to yer
that sufficient manpower would be available to perform all the actions implied by the HFN
cutset or sequence.

OQ

ExAMPLE2-FIRE Description; |DPEHATDHS FAIL FEED AND B 6
Manpower Fequirements

Crew Member
Shift Manager
Shift Supervisor
S5TA

Reactor operators
Flant operators
techanics

Electicians =1
1&C Technicians

Health Physics Technicians 2 3
Chemizstry Technicians 1 3

Figure B-10
EPRI HRA methodology manpower requirements window

O
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B.7.2.7 Time
Timing is documented in the EPRI HRA methodology as shown in Figure B-11.

TS'W' |2.EIEI |Hu:|urs j

T oty 270 J| 1y 11000 J| Ty |8 ‘I_‘
| |
drit: | Minutes - drit: |Mintes = Unit: | Minutes - \*
Irreversible

Elile DamageState
1
t=0
Time available far Recovery = Tlzw, - [delay] =
SPAaR-H ilableffime [cognition) 82 30
SPAR- e [e:-:ecutlcun] 1|:| 04
el i =%l of dependence e IT
Figure B-11 O
EPRI HRA methodology timing windo
The EPRI HRA method applies the f f n1t10ns
e Tsw=system time window: this y the j# reactor trip (T=0) to an undesired
end state ,
® Tty = time from T=0 u reached
e Tw=manipulation Q
) 0 he timing in accordance with ASME/ANS PRA
Standard Requirements HR- G4 For existing internal events HFEs, this field can

document both the internal e ing and any adjustments made to account for the fire.

If the implementatio % s is delayed because of the performance of the fire
procedure(s), the delay thge for all existing internal events HFEs is systematically increased by
the average time itgwould take to perform the fire procedure(s), typically about 30 minutes. In
this case, Taelay 3 base case + 30 min.

The manjgulat me (Tm) should account for any travel time to reach the execution location.
This travéigime could be significantly impacted by the fire location. Tm can be obtained from a
demonstration of feasibility, JPMs, or walk-throughs or talk-throughs with the operators. As an
initial estimate for existing internal events HFEs, it is recommended that Tmbe increased by at
least 10 minutes for local actions. For control room actions, the same Tm used for internal events
can be applied to the fire event, assuming that the fire has not impacted the control room (i.e., no
smoke or hazards are present that would make manipulation more difficult).
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If the Time available for Recovery is less than zero as in the example shown in Figure B-12,
the HEP should evaluate to 1.0 because there is insufficient time to perform the action.

|1‘|.DEI

T |22.DD | T_”l2 I'I.DD | TM 1.00 |

delay

Irreverzible
Cue D amagestate

t=0

SPAR-H Avall

SPAR-H Availsbl G uhon] ratio =

o . Firvinniamg lew ence for recow
Timing Analysis

Figure B-12
Time window: time available for recovery@ zero

B.7.3 Cognitive Modeling Using C

The CBDTM is used to assess cog d glrected actions. It is applied to
major decision steps such as tra sfers [ the decision to initiate a process. The
CBDTM assesses HEPs by tifig separate de@i§ion trees that evaluate each of the cognitive

failure mechanisms show -5. Thegs vo high-level failure modes: failure of the
operator-information u@ failure o pperator-procedure interface. Each high-level

failure mode is co f four failyre
Table B-5 Q \

CBDTM failure meGhanisms*®

High-Level Failure M esignator Description
Failures in the o pca Data not available
information interface
pc b Data not attended to
é pc C Data misread or miscommunicated
pc d Information misleading
FailureS\n the operator- pc e Relevant step in procedure missed
procedure interface — ) }
Po f Misinterpret instruction
pc g Error in interpreting logic
pc h Deliberate violation
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Guidance from EPRI TR-100259 on each of the CBDTM decision trees is provided in the
following sections. Where applicable, additional guidance on how to model a fire scenario is also

included.

B.7.3.1 Failure Mechanism a: Data Not Available

Guidance on Failure Mechanism a is shown in Figure B-13, Table B-6, and Figure B-14.

—r Warning or
Indication _— .
. . Indication | Alternative
pc a Available in .
Accurate in
CR
Procedure

Training on
Indication

Yes

No

Figure B-13
Decision tree for pc3g

Note: The asterisk

from ex-control r urce® via a seco

Q\%

1 or situations where the crew must obtain information
eport, the same analysis should be performed for the local

control room crew. time for the $gcon§yparty to obtain the information should be included in the delay time

plant operator, wh y have differe@p es (or none) and very different training than members from the

described in Section 4.6.2.

4
o)
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Guidance on decision nodes for pca: data not available

Decision Guidance as Stated in EPRI Guidance Specific for Fire H
Node TR-100259 [2] P
Indication Is the required indication available in | The Yes branch is used when all indications for specifi€ a8§on ar€ available or if a
available in the control room? minimum set of information f e specific actiopTSe ble.
CR The No branch is used whe djgations for @ ific action are failed. This is
the case for total impac in entation is avaie®le, and the HEP should
evaluate to 1.0.
If branch g is selec decision , HRA methodology will display a
warning that thi¢ H ould be quan s two separate actions: one for the
control roomg@ndgnelor local acti ere are no additional indicators (either in
CR or locally)Sigat be crec% e HRA, the HEP should be set to 1.0.
Indication Are the available indications S Nn?is used w ations are known to be accurate and available
accurate accurate? If they are known to be fi
inaccurate (e.g., due to degradation nch is us &e e fire causes partial impact to the instrumentation and
because of local extreme jcations eRfote assumed to be inaccurate.
environment conditions or isolation of
the instrumentation), select No.
Warning or If the normally displayed in The Yes ranch¥s used when the procedure lists alternative instrumentation to
alternative in | is expected to be unreli ecific task or provides a warning of potentially incorrect readings
procedure warning or a note directi
alternative informa o Branch is used when the procedure provides no alternative instrumentation
provided in the pro arning during a fire.
Training on he Yes branch is used when the operating crew has received training in interpreting
indication or obtaining the needed information in a fire situation.

information under conditipng5i
to those prevailing in scengrio?

Has the crew received training i

interpreting or obtaining the re%
The No branch is used when the operating crew has not received training in

interpreting or obtaining the needed information under a fire situation.

o)
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pca: Availability of information

i

Ind. Awail in CR CFR Ind. Accurate | | Warndalt, in Proc. ‘ | Training on Ind.
Cancel
(T (a)neq.
0.0=+00 L (b)neg.
1.0e+00
0.0e+00 [ 1.0e-01 (€) neg.
[ 3.0e03 1 — (d)1.5e-03
| Yes 50201 ' (e} 5.0e-02
Mo | 1.0e-01
A 1.0e+00 L (f) 5.0e-01
~ 1.0e+00
| —— (g) 1.0e+00 \
Branch |nformation Motes/dssumptions Q
l= the required indication available in the contral room? P -~

97 o
g/

A

ch selec to account for instrumentation partially

Figure B-14
EPRI HRA methodol
impacted by fire wi

r genera
Branch (g) is sho . Figure but the software tool (EPRI HRA Calculator)
provides an addition® warning as 1Bed in Table B-6. If branch (g) is selected then the main
control room crew must obtain 1 ation from ex-control room sources via a second-party
erformed for the local plant operator, who may have

report, the same analysis sho%
different procedures (o Qg very different training than members from the control room
crew. The time for ‘&) party to obtain the information should be included in the delay
time described in Section%.6.2.

o)
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B.7.3.2 Failure Mechanism b: Data Not Attended to
Guidance on Failure Mechanism b is shown in Figure B-15, Table B-7, and Figure B-16.

Alarmed

Alarmed

Back

Low vs. Check vs Front vs Alarmed vs.
pcb High Monitor - Back Panél Not Value
Workload Alarmed
Front
Check (@) neg.
Al d
arme (b) 1.5E-04 %
Back \
c) 3.0E-03
Low © Q
(d) 1.5E-04 O
(e) 3.0E-%
Monitor

Q)

(i) 7.5E-04
(k) 1.5E-02
(1) 7.5E-04

(m) 1.5E-02
(n) 1.5E-03

(0) 3.0E-02

Figure B-15

Decision tree '(Jcb: data not attended to

O
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r Fire HRA

If the EOPs are imple injparallel to the fire
procedures, the WwQ @ assumed high.

istime independent and the
isting EOP HFEs) is

onsidered,to have a low workload, the fire
scenario Iso be considered to have a low

is case, it is assumed that the fire

iflgated long before the action is required.

If the critical value of the cue is signaled by an
annunciator, it must also be unaffected during the
fire in order to credit the alarm for recovery.

If it is not known if the alarm is available during the
fire, the alarm cannot be used as a recovery, and

Table B-7
Guidance on decision nodes for pcb: data not attended to
Dilcc:z:n Guidance as Stated in EPRI TR-100259 [2] Guidance Specific
Low vs. Do the cues critical to the human interaction (HI) occur at a time of high
High workload or distraction? Workload or distraction leading to a lapse of
Workload | attention (omission of an intended check) is the basic failure mechanis owever, if th
for peb, and it interacts with the next two factors. bafe case HFF )
% work
Check vs. | Is the operator required to perform a one-time check of itional guidance for fire.
Monitor or monitor it until some specified value is reached agapprodgfied? The
relatively high probabilities of failure for the monj Ws are
included to indicate a failure to monitor frequ o} to catch
required trigger value prior to its being exc r than co te
failure to check the parameter occasion
Front vs. Is the indicator to be checked displ No additional guidance for fire.
Back control area, or does the operatqogha
Panel read the indications? If so, th i
to simply decide that other S a
at the cue immediately. %ment in
increases the probabil itWill be for98
Alarmed Is the critical value of the'eue signalgd unciator? If so, the
vs. Not operator is more likely to allow himsel eck it, and the alarm acts as
Alarmed a preexisting recovery mechanis d safety factor. For parameters
that trigger action when a cegtaj s approached or exceeded (Type
CP-2 and CP-3 Hls), the r:&ehs should be used only if the alarm
setpoint is close to but ahticipgtes the critical value of interest; where the the lower branch is used.

alarm comes in long before theéWalue of interest is reached, it will
probably be silenced @hd thus not effective as a recovery mechanism.

N
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pch: Failure of attention

Low v, Hi'wWorkload Check ws. Monitar Front we. Back Panel Alarmed vs.
Mot Alarmed
Cancel
Frant
Check S oeton {a) neg.
0.0e+00 M—E (b3 1.5e-04
3.0e-03 i
Lo & e {c) 3.0e-03
i 0.0e+00 i
tanitor e R ey 3.0e-03
2.0e-02 £
i F.0e-03 o
1. Choice & e o) 6.0e-03
0.0e+00 j
Check & e (i) neq.
0.0e+00 Back ) 7.5e-04
Hi e (k) 1.6e-02
£.0e+00 i ¥.9e-04
Manitor {m) 1.5e-02
2 0e-03 1.5
Branch Information
Do the cues critical to the HI occur at a time of high warkload or
distraction? Warkload or distraction leading to a lapse of
attention [omizsion of an intended check] is the bazic failure
mechanism for piclb, and it interacts with the nest two factors,

Figure B-16

EPRI HRA methodology pcbsbran i for high workload from the use of
fire procedures in parallelto s
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B.7.3.3 Failure Mechanism c: Data Misread or Miscommunicated

Guidance on Failure Mechanism c is shown in Figure B-17, Table B-8, and Figure B-18.

Indicator
Good/Bad Formal
pcc Easy to . Value
Indicator Comms
Locate

(a) neg.

e N\
| OQ

Figure B-17
Decision tree for pcc; : ad or mi@unicated
Q\Q
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Guidance on decision nodes for pcc: data misread or miscommunicated

Decision Node

Guidance as Stated in EPRI TR-100259 [2]

Indicator Easy to
Locate

Are the layout, demarcation, and labeling of the control
boards such that it is easy to locate the required indicator?

The answer is no if there are obvious human factors
deficiencies in these areas and the plausible candidates for
confusion with the correct indicator are sufficiently similar

that the values displayed would not cause the operator to
recheck the identity of the indicator after reading it.

Communications

Good/Bad Does the required indicator have human engineeri iti ujglance for fire.
Indicator deficiencies that are conducive to errors in readirfgt

display? If so, the lower branch is followed.
Formal Is a formal or semi-formal communicatio,

n for formal communication, and the No branch is

sed in erequires the operators to wear SCBA, no credit
us

value with which the parameter is

formality is sufficient to allow the iving t
information to detect any mistakes i i
request.) < Y 4
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pec: Misread/miscommunicate data

\ Ind. Easy to Locate ‘ | Good/Bad Indicator ‘ I Farmal Comms
Yes Cancel
Good [Tig 00e+0 2y nag,
Easy 0 D e+00 i (b} 3.0e-03
Yes S.0e-03
0.0e+00 Bad (c11.0e-03
| Mo 0.0e+00
1.0e-03 | (d) 4.0e-03
—_— Yag 2.0e-02 (E) 1.06-03
Good il
0.0=+00 : By = :
Mot Easy g R M 6.0e-03
30e03 Bad Lo (g) 4.0e-03
G [ 0De+0 :
1.0e-03 | (h) 7.0e-03
2.0e-02
Branch Information Motes/Azsumptions
Iz a farmal or zemi-farmal communications protocal used in which Mo credit can be take ormal communication be
the person tranzsmitting a value alwayps identifies with what HFE operatars will neéd to wear SCUEA gear in onfe
parameter the walue iz agzociated [thiz limited formality iz sufficient the location of the

to allow the person receiving the information to detect any
miztakes in understanding his request]?

Figure B-18

EPRI HRA methodology pcc: br iculties in communication

eledfion to ac@r

tion ding
igure B-19, Table B-9, and Figure B-20.

B.7.3.4 Failure Mechanis

Guidance on Failure Me shown j

Specific General
pcd Training Training Value
& (a) neg
Y
©s (b) 3.0E-03
No
(c) 1.0E-02
(d) 1.0E-01
(e)1.0
Figure B-19

Decision tree pcd: information misleading
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Table B-9
Guidance on decision nodes for pcd: information misleading
Dt'e\lccl)zlgn Guidance as Stated in EPRI TR-100259 [2] Guidance Specifi§ for Fire HRA
All Cues as | Are cue states or parameter values as stated in the procedure? For If the instrumentatiog IS\¢ongidered to be fully
Stated example, if high steam line radiation is given as one of the criteria for impacted by {i e ranch should be
decision or action, the steam line radiation indicators will read high, r used.
than normal. The No branch is to be used if an indicator is not obvio fthe instr ion is considered to be
failed but yvould not give the vall_Je stated in the procedure (as it partially impaCted or not impacted by fire, the
example, if the steam line were isolated). Yes l&\ should be used.
4
Warning of Does the procedure itself provide a warning that a cue rgay |t|onal guidance for fire.

Differences | expected or provide instructions on how to proceed if ghe

not as stated?
W\e cue Fire-specific training is to be verified by training
te { staff and/or operators.
i 0

Specific Have the operators received simulator trainin
Training configuration was the same as in the situati
emphasized the correct interpretation of
degraded cue state?

General Have the operators received training th i Fire-specific training is to be verified by training
Training that the cue information is not staff and/or operators.

something that every license
example of the radiation
yes because isolations a

Ation

unless the particula ad recej x e emphaS|s in training.
Operators cannot be eXgected to gagbn their general knowledge of
instrumentation the behavior of a spP&cifig indicator in a situation where
they are not forewarned and th any other demands on their time

and attention.

o)

B-33



Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

ped: Information misleading

W' arning of - . i
All Cues az Stated e aeais Specific Training | General Training
LCancel
a) neq.
Yas 0.0e+00 ( ) 4
soeesnie ] hy 3.0e-03
Mo F0e-03 (k)
TO:r00 TR (c) 1.0e-02
1.0e+00 T (cd) 1.0e-01
1 0e+00 L (e} 1.0e+00
1.0e+00
Branch Information Motesibzzumptions
Hawe the operatars received training that should allow them to Instrumentation partial@rmpaaied by fire.
recoghize that the cue information iz not comrect in the
circumstances? That ig, iz it something that every icensed operator
iz exnpected to know? For the example of the radiation monitor o the
izolated steanline, the anzwer is "pes because izolations are so
cornmaon; for instrument abhormalities that only ocour under a very
zpecial set of circumstances, the answer would be "no' unless the
particular situation had received some emphazis in training.
Operators cannot be expected to reazon from their general
knowledge of instrumentation to the behavior of a zpecific indicatar in
a situation where they are not forewarned and there are many other
dernands on their time and attention. V O

Figure B-20 ,
EPRI HRA methodolo ragfich selectjgn to aCcount for instrumentation partially

impacted by fire
L 2

A
@\Q

o)
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B.7.3.5 Failure Mechanism e: Relevant Step in Procedure Missed

Guidance on Failure Mechanism e is shown in Figure B-21, Table B-10, and Figure B-22.

Obvious vs. Single vs. Graphically | Placekeeping

pce Hidden Multiple Distinct Aids Value
(a) 1.0E-03

Single (b) 3.0E-0

(c) 3.0E-0
-02

Obvious
(e) 2.0E-03
&— (f) 4.0E-03
ves M \JL () 6.0E-03
No / e

Q L (h)1.3E-02

® (i) 1.0E-01

en
73
Figure B-21

Decision tree for pce: reIe%\p in procedure missed
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Guidance@pecific for Fire HRA

No@ al guidance for fire.
tajements in a O

If the EOPs are implemented in
parallel to the fire procedures,
multiple procedures will be in effect.

Table B-10
Guidance on decision nodes for pce: relevant step in procedure missed
Decision Guidance as Stated in EPRI TR-100259 [2]
Node
Obvious vs. Is the relevant instruction a separate, stand-alone numbered step, in which case the
Hidden answer is Yes or the upper branch is followed in the decision tree? Or js it “hidden” in
some way that makes it easy to overlook, for example, one of sever,
paragraph, in a note or a caution, or on the back of a page?
Single vs. At the time of the HI, is the procedure reader using more than pfocedure
Multiple concurrently following more than one column of a flowchar, ? If so, ansx@
with Yes, or follow the upper branch in the decision treg, G , multiple @
procedures apply only to BWRs.
Graphically Is the step governing the HI in some way more conspli han surrgé@ teps?
Distinct For example, steps that form the apex of brangh®g in flgWchart procedured) steps
preceded by notes or cautions, and steps t to emp ogic terms are
more eye-catching than simple action ste ess likely, erlooked simply
because they look different from surr s. Howevefythig effct is diluted if
there are several such steps in view (as o I%Iowchart); for this
reason, the only steps on flowchgrts th ould be ed eing graphically

A procedure step is consi istingt, (as uSed in pce) if it is preceded by a
“caution” note, set off in el

No additional guidance for fire.

Placekeeping
Aids

marking through completed steps and

may incorporate check-offs an ve provisions for placekeeping. Use of both of
these aids would be no ri erator training on the simulator.

eckj C
marking pending stepSyused by gll é
The EOPs are written in a colu x ponse/response not obtained” format. They
a
?&

No additional guidance for fire.

o)
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pce: Skip a step in procedure

Ok,
Obvious vz Hidden Single vz. Multiple Graphically Distinct Placekeeping Aids _
Cancel
—— IE.DE_M (ay 1.0e-03
Single i T (b 3.0e-03
0.0e+00 [ (c) 3.0e-03
: T.0e+00 G () 1.0e-02
Ohvious : o0 :
0.0e+00 (e) 2.0e-03
i 53e01 b (f) 4.06-03
Yes Multiple ' T0e0Z2 '
3.0e-03 (o) 6.0e-03
Mo |z0e02
. 1.0e+00 | — (hy1.3e-02
Hidden ! (i) 1.0-01
1.0e-01 Q
Branch Information Motesidezumptions
Are placekeeping aids, such as checking off or marking through During a fire th re implemented in par he
completed steps and marking pending steps uzed by all crewsY E0Ps.
The pr C i1 one proced e@palt of the crew
are perf 1 [handed off] @
Figure B-22
EPRI HRA methodology pcegbran i for fire procedures used in
parallel to EOPs
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B.7.3.6 Failure Mechanism f: Misinterpret Instruction

Guidance on Failure Mechanism fis shown in Figure B-23 and Table B-11.

Standard,
pc f Unamiguous
Wording

All Required
Information

Training on
Step

Value

Yes
No

V4

(a) neg.

) 3.0E-03

"OE-02

(d) 3. OE

) 6.0E-03

(g) 6.0E-02

Q&

Figure B-23
Decision tree for pc ret mstru
0\
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Guidance on decision nodes for pcf: misinterpret instruction

Decision Node

Guidance as Stated in EPRI TR-100259 [2] Guidance Specific for Fire HRA

Standard Unambiguous
Wording

Does the step include unfamiliar nomenclature or an | No additional guidance f

unusual grammatical construction? Does anything (\
about the wording require explanation in order to : Q

interpretation of the step require an inference about
the future state of the plant? Standard wording
Ambiguous; Unusual = No.

All Required Information

Does the step present all information re
identify the actions directed and their

arrive at the intended interpretation? Does the proper,

Training on Step

interpretation of this step unde imi
those in this HI? Q
y N
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B.7.3.7 Failure Mechanism g: Error in Interpreting Logic

Guidance on Failure Mechanism g is shown in Figure B-24 and Table B-12.

pcg

NOT

AND or OR

Both AND
& OR

Practised
Scenario

Value

Yes
No

R

,Q@

R

S

(a) 1.6E-02

L (b)4.9E-02

(c) 6.0E-03 O

(d)1. 9E-§E
(e)

E 03
(g) 1.0E-02
(h) 3.1E-02
(i) 3.0E-04
() 1.0E-03
(k) neg.

(1) neg.

Figure B-24

Decision tree for &

o)

<
?}6

in interpreting logic
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Table B-12
Guidance on decision nodes for pcg: error in interpreting logic
Decision Node Guidance as Stated in EPRI TR-100259 [2] Guidance Specific fO\Fire HRA
NOT Statement Does the step contain the word not? No additional guidance for firc\\
AND or OR Does the procedure step present diagnostic logic in which Q
more than one condition is combined to determine the
Statement
outcome?
Does the step contain a complex logic involving a
Both AND and OF combination of AND and OR terms? 9
Practiced Scenario Has the crew practiced executing this step in a na @

similar to this one in a simulator?
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B.7.3.8 Failure Mechanism h: Deliberate Violation

Guidance on Failure Mechanism # is shown in Figure B-25 and Table B-13.

Belief in Adequacy of Adverse . Reasonable Policy of Verbatim
pc h ) Consequence if . . Value
Instruction Alternative Compliance
Comply
(a) neg.
Yes
No
.0
%V ‘\ (e) neg.
Figure B-25 Y 4 Q

Decision tree for pch: de

<

te yiolation

&

@\
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Table B-13
Guidance on decision nodes for pch: deliberate violation
. Guidance
Dectston Guidance as Stated in EPRI TR-100259 [2] Specific for
ode .
Fire HRA
Belief in Does the crew believe that the instructions presented are | No additional
Adequacy of | appropriate to the situation (even in spite of any potential | guidance for fire.
Instruction adverse consequences)? Do they have confidence in the
effectiveness of the procedure for dealing with the
current situation? In practice, this may come down to
whether they have tried it in the simulator and found that
it worked.
Adverse Will literal compliance produce undesirable
Consequence | consequences, such as release of radioactivity, damage
if Comply to the plant (e.g., thermal shock to the vessel)
unavailability of needed systems, or violation 0 ndimg
orders? In the current regulatory climate, @cre
have strong motivation for deliberately vi g
procedure.
Reasonable Are there any fairly obvious alte

Alternatives

compliance or use of different
accomplish some or all of the go
the adverse consequen rodu
written? Does simply i
to offer a reasonable

consequences? ply delay

the response m onsid ion if the

response ig ultim execut Ily.
Policy of Does t tiligy have and enforc pollcy of strict
“Verbatim” verbaji pli€nce with EQPs ard other procedures?
Compliance
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B.7.3.9 CBDTM Cognitive Recovery

The EPRI HRA methodology uses the following rules based on crew availability for determining
which recovery factors can be applied to each CBDTM decision tree:

o If Taelay is greater than the shift length, shift change can be credited.
e [If Tswis greater than or equal to ERF activation time, ERF review can be credited.
e [If T.w is greater than or equal to 15 minutes, STA review can be credited.

e The self-review and extra crew do not have time thresholds but should not be credited for
extremely time-limited cases, such as when the time required equals the time availabl%

Multiple recoveries to a single decision tree are permitted by the CBDTM method. The
dependency levels are applied to each recovery individually; the ggcoveries are thejammguigipligd to
obtain the value shown in the Multiply By column in Figure B—@edependens are

calculated using THERP. %

CBDTM/THERP Recovery Factors Applied to Po E.a%8 on 1200.00 Seconds for W epegfiency should not be less than MD
BE Data Self Extra STA  Shift ; q g
Cus(s) Branch Iniial HEP ~ Review  Crew  Review Change i3 trixw LG D\}::L'se \f;?:;

Procedures and Training

Scenario Description [ F 5002 NE J NC J 1.0 5.0e-02

Time Windaw pebi | [m [18e02 | WC 10 156012

Cognitive Unrecovered pes: F ’Tg. N NC J J ‘ 1.0 | | 0.0e+00

v pett] [ [ 10202 ne ] [ 10 [ [ 10e02

Execubion Stress poe: E E.0e-03 J J ‘ 1.0 | | £.0e-03

Execution Unrecoverded pef: |T ’m NE J | J ‘ 10 | | 5002

Exgcution Recovere = 1

Execution Summary | [d [ 13:02 | | J | 10 | | 1302
| [a NN e -] [ 10 | [ 00600

Sum of recovered Pea through Pch = Recovered P [1.7e-01

Recalculate

. N
//)ELL

L 2
Figure B-26 \Q

Cognitive recovery
For existing EOP actigffs, &a endency levels may need to be increased from the base case if
the timing available flasNecreased. If the dependency level is below the minimum recommended
level set by the EPRI HRA"methodology, the DF column shown in Figure B-26 will be red.

If the base cas ics multiple recoveries to decision trees pca and ped and the scenario being
modeled uffol pact on instrumentation, the recoveries need to be reevaluated.

For fire rdgfonse actions, the assignment for recoveries follows the same process as for internal
events HRAS
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B.7.4 Cognitive Modeling Using HCR/ORE

The HCR/ORE is an empirical method that relies on time-reliability correlations. The crew non-
response probability in this case represents the probability that an operating crew, while making
the correct decision, takes too much time in comparison with the time available to respond. This
contribution to the crew overall non-response is particularly important for situations in which a
relatively fast response to a cue must be made. The HCR/ORE then forms a function based on
the normalized time (i.e., the dimensionless unit that reflects the ratio of time available to crew
median response time) of the probability of crew non-response. Each non-response curve is
characterized by two crew response time parameters: a crew median response time (T12) and a
logarithmic standard deviation of normalized time (o). With these two parameters, the
probability of crew non-response (P¢) in a time window (Ti) is given as follows: \

Pe=1- @ [In(Tw/Tin)/5] Equ
where:
) = the standard normal cumulative distribug’on@o standar@nal distribution

tables) @

Tw = (Tsw - Tm - Taelay) = time available r gBgn¥§ive respor%

Tsw = the system time window availqble (t 0 an irre damage state such as
equipment damage, or the gifhe ¥ cofe damag

T = the manipulation time, thagig, the ti

ime requife omplete the needed actions
i titne needed to don special gear,

i€ inclusive
travel (if necessary) catfon on nd*perform then action; it is equivalent

to Texe defined j Sewo 4.6.2.

Tie = the crew me esponse time,
c = the log stindard dev @
The timing infor isWgfined in the§am® WYy for all methods in the EPRI HRA
methodology. For RA, the tim stments described in the timing sections apply
directly to the HCR/ORE meth b

8\

The crew median response ti ) is based on the best-estimate response time and not the
more conservative, boystdisfe tia€ typically used for Teoe. The crew median response time
consists of detection&o and decision-making. If there is a wide distribution on the data
points used to derive T2 3d calculate Peog, then response time should be considered as a key
source of uncertaitity and an upper bound sigma applied (see below).

Sigma (o or s to the variability in operator response and is determined from

Table 3-RipMRetCrence [2]. It is based on the type of reactor (either PWR or BWR) and the HFE
categorizatfqps CP1, CP2, or CP3. It must be noted that Pc is based on the assumption that time
window Tsw is a constant (i.e., no uncertainty).

The o represents the crew-to-crew variability in responding to a specific cue. For internal events
HRA, the analyst has the option to use the average o, the lower (10" percentile), or the upper
(90™ percentile) bound. For internal events, most EOP-driven HFEs use the average sigma. The
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lower bound can be used for cases in which there is little crew variation expected such as the
initial response to a reactor trip.

For fire response actions that are proceduralized in the fire procedures, the average sigma is
used when it has been confirmed by operator interviews that operators will use and believe in
the adequacy of the fire procedures. If there is uncertainty about when and/or how the fire
procedures will be implemented, the upper bound sigma is used. For typical U.S. plants, the
main control room (MCR) abandonment criteria are defined to be at the discretion of the shift
manager, shift technical advisor (STA), or other high-level manager; this is an example of a
situation in which the upper bound could be used.

Table B-14 shows the corresponding sigma values to be used for fire HRA.

Table B-14 \

Estimates of average sigma with upper and lower bounds

Standard
Deviation (Not
Plant Type | HI Category | Average ¢

Percentile
1.00
BWR 0.96
0.91
0.88
PWR 0.69
1.2
Note 1: The standard de Iculated fry ta presented in EPRI TR-100259 [2]. The values shown
in Table B-14 are those dfimgthc"EPRI HR r as well as those listed in Table 3-1 of EPRI TR-
100259. There is a R the notes of ER, - 9: the formula used to determine sigma is stated as

being the 95™ perg , butsthe formula and used in the calculation is for the 90th percentile.
Note 2: Lower bour®lOth percentile ge ¢ -1.64 X (standard deviation of the sample of 5s).
Note 3: Upper bound 90th percen?' = average ¢ +1.64 X (standard deviation of the sample of Gs).

Note 4: For PWR CP3 actions, #f8ke nly one data point in the original data set; therefore, no distribution can
be calculated. Instead, over " ﬁ ative estimates are presented and are to be used with caution.

A
S
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B.7.5 Execution Modeling
Execution is modeled in the EPRI HRA methodology using THERP.

B.7.5.1 Execution PSFs

The execution PSFs explicitly modeled in the EPRI HRA methodology are shown in
Figure B-27.

BE ID

|PDST-INIT-FIHE-82 Rewision Diate:  01/23/08
Ervironment
Lighting Heat/Hurnidity Fiadiation Atmozphere
& Momal * Background &+ Maormal
" Emergehcy " Hat / Hurnid " Green £ Steam

™ Yellow " Smoke

" Partablz " Cald
" Red F% i

Special Requirements plexiof F&&ponse [Execution]
Tools [~ Required | Adequate [ Awailable
(=¥ crnplex

Parts [7 Requied [ Adequate [ Awvailable

i i
Clathing [ Required [ Adequate [ Awailable Simple Q

Equipment Accessibility

Locatior:  [Main Control Boom , Edit... ACCESS'b'hW W
Figure B-27 b
EPRI HRA metidglog xecutlon

For fire HRA, if the smoke w, ct the operators, the smoke PSF should be checked.
Consequently, the stre laﬁ be at least moderate to high.
\4

If the operators have®to el‘through an area in which the fire has impacted accessibility, the
accessibility field should be set to, at a minimum, with difficulty. If the location of the action is
i i of the fire, HEP should be set to 1.0.

inaccessible bec
In the EP, H@\ethodology, if any one of the PSFs shown above is considered negative, the
stress (d ined in execution stress) should be at least moderate.
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B.7.5.2 Execution Stress

Execution stress is determined by a decision tree (shown in Figure B-28) based on workload and
execution PSFs. The stress level is used as a direct multiplier to the execution probabilities;
within the EPRI HRA methodology, the following multipliers are used:

e Low stress: PSF=1
e Moderate stress: PSF=2
e High stress: PSF=5

EE ID $
|F'EIST-INIT-FIFEE-52 Q
Stress O
Flant Rezponze s
I Eupected Wi e %$ q: iz

Lo |

Loy
Yes Moderate
High =

High
High

e Y X
== The P5F Selection haz to be Nuse of yn% B -
Figure B-28 p 4

EPRI HRA methodology stress

The selection of stress ,. hoMd be consi @» ith how it is determined for internal events
”. nd in the long term if the operators do not

HRA. The fire m Mglevated stge
perceive the plant Qﬂons to be & g. For control room actions, the stress level may or

may not be elevated. Rpe level of ould be dependent on the control room PSFs.

B.7.5.3 Execution
The execution is qua ing THERP [3].

specific and are d&grmined based on an interpretation of the instructions in THERP [3].
Quantlflca 0 xecution portion of each HEP is based on THERP data and techniques.
The vari n THERP’s Chapter 20 are used in determining the HEPs for the subtasks
that make the operator action. The most commonly used THERP tables are Table 20-7 for
errors of omiSsion (EOM) and Table 20-12 for errors of commission (EOC).

The actual values u%ed for®he execution HEPs of the individual error modes are clearly situation

Median HEP values from THERP are converted to mean values to be consistent with the
requirements of the ASME/ANS PRA Standard [7] and applied as point estimates. An error
factor is assigned to each human failure event, based on the resultant HEP using THERP Table
20-20.
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The following modeling conventions are used in determining Pe and apply to both fire HRA
and internal events HRA:

1.

For control room actions, only proceduralized recoveries are credited initially. For local
actions (EOP directed actions outside the control room), a recovery is considered if the
completion of the local action—or lack of completion—produces a “compelling signal” in
the control room. (For example, completing the local valve lineup for refueling water storage
tank (RWST) refill using the chemical and volume control system (CVCS) boric acid blender
actuates the boric acid and primary water totalizers on the main control board.)

Execution errors are calculated using the THERP tables. For errors of omission, the values
from Table 20-7 can be divided by 3 based on notes in THERP Chapter 15 for those
procedures that are structured similar to current plant EOPs, specifically, that they are\
symptom-based and/or follow the “response/response not obtained” format. The not€s

THERP Chapter 15 describe adjustments to the nominal valyés, in particular  crd e
improved layout and clarity of procedures. For fire procedu afgare not st % | similar
to current EOPs (such as if they are not symptom basedfan not use the
“response/response not obtained” format), the EOM valtts igf THERP T@OJ are used
directly and are not reduced by a factor of 3. KY
i d that theg 4&Ough time for
thedfuman interaction. See

In modeling recovery, the recover should be a al step and is typically
modeled as the EOM (from Tab 7 the pro@ step with the EOC modeled as a

failure to read the associated ins

The application of recovery is included whe

In determining the EOM v Lls, it the humagfinteraction takes place within 10 procedural
steps from the start of cggture, [tem0-7( ™ (short list, with check-off provisions) from
THERP is used. If mawinteractio @ place >10 steps into the procedure, Item 20-
7(2) (long list, ck-Off prqyisj 1’ ed. Items 20-7(3) and 20-7(4) (no check-off
provisions) ar ly ®sed when%t ocedure is not an EOP. The start of the procedure is
used instead of thggstart of the gCc sequence based on policies for the control room
supervisor to conduct a briefx us re-synchronize the entire crew upon transfer of
procedures.

Table 20-13 fron&&isa;or local manual valve operation. This table is also applied
of o

to the operation r local components such as switchgear breakers and room doors.
The dependenﬁetween elemental HEPs in the subtasks that make up each p. is handled

using the d@ ncy rules in THERP:
. mdf interaction required two of two manipulations for success, pe includes HEPs
fo

OC(1) + EOC(2).

e If a human interaction required one manipulation with two switches available, failure
to manipulate the first switch can be recovered by operating the second switch:
EOC(1) * EOC(2).

Tables B-15 and B-16 show how the pe is quantified within the EPRT HRA methodology.
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Table B-15
Example of THERP modeling: execution unrecovered
Procedure: ES 1.3, Transfer to Cold Leg Recirculation Comment
Step No. Instruction/Comment Error Type THERP HEP SULREX'or | Override
Table | Iltem
E-1.3 Step 4 |Locally close 8804 A (73-ft RHR access)
RNO - EOM 2 4 |43 5
EOC 1 1.3
otal Step HEP | 2.8e-02
E-1.3 Step 8 |Check for charging pp amps, charging injection %
flow, and Sl pp flow if pumps (pps) are in operation
- 20-7b @4.353 5
(0] 20-1 3.8E-3
Total Step HEP | 4.1e-02
Table B-16 0&
Example of THERP modeling: execution recovered
ritical Ste Recove . ond. HEP | Total for
E NO_S P g o HEP (Crit.) | HEP (Rec) | Dep. | © e B
E-1 .SNSéep 4 Locally cl SS) 5 86-02 5 56-03
E-1.3 Step [Ch
8 inject pps are in 4.1e-02 LD 8.9e-02
operatio
| Unrecovered| 2.8e-02 Total Recovered | 2.5e-03
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B.7.6 Summary of Modeling Existing EOP Actions within the EPRI HRA
Methodology

For existing EOP actions, it is necessary to make only small modifications from the base

HFE for quantifications. The previous sections covered all of the required steps to quantify and
document a fire HFE using the EPRI HRA methodology. For existing EOP actions, most of this
information will be the same for both the base case HFE and fire HFE. Table B-17 summarizes
the previous sections and shows what needs to be modified between a base case HFE and fire
HFE. Table B-17 is applicable only to existing EOP actions in which the definition has not been
changed for fire modeling. A HFE whose definition was changed due to the fire impact on the
plant context would need to be re-defined after capturing the impacts of the fire damage

plant. For example, the fire HFE may require the action to be performed in the context f@\

different, fire-induced initiating event than was modeled for the exjsting EOP actig
Table B-17 %

Potential changes to consider when updating internal ey, or fire
Internal Events . .
Changes to Consider When nternal FEs for Fire
HFE Data
Cues If not previously document€d, ifClude the comp in the cue
identification field. Additional¥, th¢’fire impagiswn igstrumentation are to be
noted. ‘
Procedures and No changes are fged¢€d. THis assum e expected procedure
training response is t nS§lo a fire and to internal events
scenario.
Operator Documgnt fi;— perator interviews.
interviews
Manpower a preliminary quantification.

requirements

Time window EOPs is delayed due to the performance of the
delay time is systematically increased by the average

o perform the fire procedure(s)—typically about 30

fire procedu
time it would ta

minute { case, Tdelay = Tdelay base case + 30 min.
If a %is a local action, the Tm may need to be increased to account for
h% nal time it could take for the operators to get to the location due to
etols caused by the fire.
travel delay is highly dependent on the fire location. If it is not known how
the fire will directly affect the operators’ travel, it is recommended that Tm be
O increased by 10 minutes from the base case. The 10 minutes is used as an

estimated value; if the action is determined to be risk-significant, this value
will need to be verified and/or justifiable in the context of the fire scenario.

If the time available for recovery is less than or equal to zero, set the HEP
evaluates to 1.0 because there is insufficient time to perform the action.
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Potential changes to consider when updating internal events HFEs for fire

Internal Events

Changes to Consider When Updating Internal Events HFEs for Fire

HFE Data
Cognitive Decision tree Pca: If the fire fully impacts the instrumentation such that
unrecovered indications are not available, the HEP evaluates to 1.0. If the instrumentation
CBDTM is partially impacted by fire, the indications are not considered accurate. If no

instrumentation is impacted by fire, no modifications are made to this tree.

Decision tree Pdb: If the EOPs are implemented in parallel to the fire
procedures, the workload is considered to be high.

Decision tree Pcc: If SCBA is required due to fire, communications are
considered poor.

Decision tree Pcd: If the fire fully impacts the jnstrumentation, cue no
available and the HEP evaluates to 1.0. If%ntanon is g ;
I

nd/or
fes are not

impacted, cues are not as stated, but cr taken for @
specific training. If the fire has no imp, mentation, the
impacted by fire.

Decision tree Pce: If the EOPs ar
multiple procedures are use

Cognitive
recovered

CBDTM

dency is met.

ted by fire and recoveries have
|S|on trees Pca and Pcd, the recoveries need to

Cognitive
HCR/ORE

A for exjst rnal events actions, the same sigma value is
enNis. should be adjusted to account for any additional
diagnosis tme\' ed to address instrumentation impacts. If the fire impacts
all mstrgm cues are not available and the HEP evaluates to 1.0.

Execution PSFs

that for local actions, the location is still accessible in spite
ccessible, HEP = 1.0.

Che Q
enarios that impeded communications or if smoke is present such
|II impact operator performance, the stress should be moderate or

Execution sf&

The evaluation of stress should be consistent with how it is applied for internal
events.

Exe n No changes are needed.
unrecoWgred

Execution No changes are needed.
recovered
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B.7.7 Summary of

Modeling Fire Response Actions within the EPRI HRA

Methodology

Table B-18

The theory and parameters to consider for modeling fire response actions are the same as those
for existing EOP actions. Sections B.1 through B.6 are applicable to all types of HFEs. For fire
response actions, there is no internal events action to use as a base analysis, so the HRA analyst
must evaluate each input parameter. Table B-18 summarizes the key parameters that are unique
to fire response actions.

Fire-specific parameters used in the EPRI HRA methodology

L\

MEethf)I dl-ciﬁgy Fire-Specific Parameters to Include in HFE Analysis \W
Basic event In the Related Human Interaction Field, the a st should includ€bd g
data response actions and any EOP actions that cugring in the % enario.
In many cases, the fire response actionsgfe p ed as a recoVerto an
internal events action.
"
Cues The Cue field includes documenting }-’ Pecific instru ons, and any

%re procedures. If
i to follow the fire
ire procedure as the cue

ors state during operator
dufes step by step and instead use
case, the cue would need to be
5 to'at least check the procedures. Simply
ould be inappropriate.

For fire response action
operator interviews co
procedures step by
would be appropria

s,the c y be a st
irmythat operato
regjjging the ste
wgwer, often t
e

(0)

them for additid
something that 3

Procedures and
training

mented in parallel to the EOPs, both the fire
t® be referenced. For fire response actions, it is
e crew will use the fire procedures and the
eveloping the timeline.

pokant to und®,

d
OPs. This is cii d

Operator
interviews

\I

Docume N from operator interviews. The operator interviews include
discussij e expected usage of the fire procedures. Are the fire procedures
igplafne in parallel to EOP actions? Do the operators intend to use the fire

cedyes, and do they believe in the adequacy of the fire procedures?
TyBigally, two rounds of operator interviews are needed—the first to understand
the general fire response and the second to talk through fire-specific detailed
scenarios.

Ma
requ

wWer
ents

The manpower requirements are evaluated for the minimum number of people
available during the back shift and the minimum number of staff available
following the detection of a fire.

Time window

For local actions, the manipulation time (TM) should account for travel time to
reach the location, including any detours due to the fire location.

If the time available for recovery is less than or equal to zero, the HEP should
evaluate to 1.0 because there is insufficient time to perform the action.
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Table B-18
Fire-specific parameters used in the EPRI HRA methodology (continued)
EPRI HRA . - . .
Methodology Fire-Specific Parameters to Include in HFE Analysis
Cognitive Decision tree Pca: If the fire fully impacts the instrumentation, indications are not
unrecovered available and the HEP evaluates to 1.0. If the instrumentation is partially
CBDTM impacted by fire, indications are not considered accurate. If no instrumentation is
impacted by fire, no modifications are made to this tree.
Decision tree Pcb: If the EOPs are implemented in parallel to fire procedures, t
workload is considered to be high. \
Decision tree Pcc: If SCBA is required due to fire, communications are
considered poor.
Decision tree Pcd: If the fire fully impacts the ifgffu tation, th re not
available and HEP evaluates to 1.0. If ingtru on is partially impacted, cues
are not as stated, but credit can be taker™0r ggheral and/ofspegific training. If
the fire has no impact on instrumen ues are ted by fire.
Decision tree Pce: If the EOPg#éire4 mented in fire procedures,
multiple procedures are used.
Decision tree Pcf: Use dhe Sgmegguidance rnal events.
Decision tree Pcg; me guidarﬁ r internal events.
Decision tree e sam ida s for internal events.
Cognitive Use thega e@id nce as fo rnal events.
recovered
CBDTM
Cognitive re proceduralized in the fire procedures, the
HCR/ORE e sigma i& eiTt has been confirmed by operator interviews that
perators will elieve in the adequacy of the fire procedures. If there is
certainty a@w n and/or how the fire procedures will be implemented, the
upper bo i ed
Execution PSFs | Fgr fi %we actions, a high stress level should be used if any of the
ecu PSFs is negative.
Ensufe that, for local actions, the room is still accessible in spite of fire. If
&components required for manipulation are not accessible due to fire, the HEP
Q evaluates to 1.0.
Exeouli The evaluation of stress should be consistent with how it is applied for internal
stress events.
Execution Use the same guidance as for internal events.
unrecovered
Execution Use the same guidance as for internal events.
recovered
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B.7.8 Summary of Modeling MCR Abandonment Actions within the EPRI HRA Methodology

MCR abandonment actions are considered a subset of fire response actions. At most U.S. nuclear
plants the MCR abandonment procedure is an abnormal operating procedure (AOP) and is
implemented in the same manner as all other AOPs. Therefore, the actions can be quantified in
the same manner as AOP actions. The same guidance for fire response actions (see Table B-18)
can be applied to MCR abandonment actions.

B.7.9 Summary of Modeling Undesired Operators Response Actions within the
EPRI HRA Methodology

The EPRI approach for identifying undesired operator response actions is presented in Se
of this report. The following assumptions were made in the identification process: \

e Actions that require multiple spurious indications on differengarameters can
from consideration.

e Actions that require indication on one of several redun n els can bg screened from
consideration. If the action requires multiple spuriogs ind1 a ns on red t channels, the
actions cannot be screened from consideration.

e Actions that have a proceduralized verificati be screer% consideration.

For quantification, the EPRI approach is not ab quantlfy ( ability that the EOC

will not occur. Instead, the EPRI approac at the ' occurred and then models a
recovery action. If the recovery action i ahzed 1 ¢ procedures, the guidance for
fire response actions can be applied ery a p pceduralized EOP action, the
existing EOP guidance can be apph

B.8 Modeling Fire Eff Q\’Iethods

got initiator based—the way in which the
specific fire effects gCorporated into the EPRI approach is not
always obvious. ctio discuss PSF described in Section 4 and how it is addressed
for fire HRA. Howeveg, PSFs ase nsidered independently. For example, the cues could
impact timing, and procedures Eo pact cues. Where appropriate, this section attempts to

capture some of the PSF o cific for fire and focus on how fire-specific scenarios could
be addressed. The PSE V& situation specific, and the HRA analyst must have a qualitative
understanding of th&lpo nd the EPRI approach before quantification. It is outside the
scope of this app%{ to réproduce all guidance related to the HRA methodology and applied

methods such as WJERP [3], CBDTM [2], HCR/ORE [1], and SHARP/SHARP1 [4].

B.8.1 Cﬁegndications
Cue and ind$gations can be mapped to the following parts of the EPRI approach:

e Considered explicitly in decision trees pca and pcd.

e Cues are identified and documented in the Cue field within the HRA methodology.
e The time at which the operators receive the cues is used as an input to Tadelay.

e The time it takes for the operators to interpret the cues is considered in Tix.
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The Cue field within the HRA methodology includes documenting the specific instrumentation,
and any instrumentation impacted by fire are noted in this field. For HFE analyses that have been
carried over from the internal events analysis, this field confirms that the cues and indications
credited for internal events actions are still valid. For example, an operator action taken in
response to certain indications credited in the internal events PRA may not still be credible if the
indications are impacted by the fire or if the associated instrumentation cable routing is
unknown.

For discussion purposes, there are three categories of potential instrumentation impacts on fire
HFEs:

e No impact: all required instrumentation is available.

e Partial impact: a minimum set of the required instrumentation is available and consi \
accurate. For this case, some of the instrumentation can be fayed by the fire o S
actuating, giving false indications.

e Total impact: less than the minimum set of required insffu on is available."All
instrumentation required for diagnosis is failed by the fi

For an internal events case, consider an action in

@tors are available and
reliable. For the internal events case, the bra ¢ @ and pcd are used, and the

pca: Availability of informatio»

vail iR | CR Ind. Accurate ‘ Walko /2t in Proc. || Training on Ind.

{a) neq.
0.0e+00
= 1.0e+00 (k) neg.
(c) neq.
(dy 1.5e-03
1 0e+00
(e} 5.0e-02
(f; 5.0e-01
() 0.0e+00

0e+00 4

es
Mo

1.0e+00

1.0e+00

1.0e+00

pcd: Informa® onmislea ding

Il CLi€s as Stated B\i}?;?;gc;i Specific Training General Training
ffze || e (Z) geng- 0
MNa 3.0e02 (A
T0e+00 Tiem & 1.0e-02
T.0e+00 == (d) 1.0e-01
1.0e+00 () 1.0e+00

1.0e+00

Figure B-29
Modeling of SG level indicators for internal events action in which there is no impact on
instrumentation
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Consider the same action for the fire case. However, in the fire case, two of four SG level
indicators are failed by the fire, and the choices shown in Figure B-30 are applied. In the fire
case, all instrumentation required for successful cognition is available in the control room, but
half of the instrumentation is failed by fire and therefore considered inaccurate. Not all of the
cues are as stated because the operators must determine which level indicators are correct. In this
fire scenario, the sum of decision trees pca and pcd is 1.5E-1 with no recoveries applied.

a) ney. \*
by neq.

) heg.

o) 1.5e-03

el 5.0e-02

1 8.0e-01

| Ind. Avail in CR | | CR Ind. Accurate | | ‘Warndal. in Proc. | I Training on Ind.
[T0e01
0.0e+00

1.0e+00

0.0e+00

_res | B0
Mo

1.0e+00

1.0e+00

ped: Information misleading

‘Warning of
Al Cues as Stated Difercncas

Yag |00et00

T f) 3.0e-03

¢ 1.0e-02

1.0e+00

{
{
{
{

dj 1.0e-01
) 1.0e+00
Figure B-30
Modeling to reflect ,@ i ct on inst ation due to fire effects

Qp the fire procedures. If operator interviews
ire procedures step by step, crediting the step as the

riate. However, there are many cases in which the
operators will state during opgratoNiiterviews that they will not follow the procedures step by
step and instead use them fi '@ onal information. In this case, the cue would need to be
something that alerts ¢ op&gators to at least check the fire procedures. Simply using the step in
fire procedures would b&nappropriate.

For the partial instfumentation impact case, identification and interpretation of the invalid
indications co ime consuming and, in the worst case, cause the operators not to take the

i hin the time available. The time it would take for the operators to interpret
and react %ga partial instrumentation case is captured in Ti2. In some cases, because of a
combination®f spurious and failed indications, the diagnosis is so complex that Ti~ is estimated
to take longer than the total time available to complete the action. In this case, the HEP would
evaluate to 1.0.
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B.8.2 Timing

B.8.2.1 Timing for Fire HFEs
The EPRI HRA method applies the following definitions for fime:

e T, =system time window; typically the time from reactor trip (T=0) to an undesired end
State

e  Taelay = time from T=0 until cue is reached

e Tw = manipulation time

e Tz = median response time \*
The Timing Analysis field documents the source of the timing in accordance with ASM@

PRA Standard Requirements HR-G4 and HR-GS5 [7].
Taelay, T12, Tsw, and Tm are used as inputs to crediting recovep decisio and the
HCR/ORE correlation.

For fire HRA, Tsw is based on the defined accident seq eled in 1ePRA. For
risk-significant actions, this time is based on reali ric thermal, ic analysis or
simulation from similar plants in order to meet P tapdard Requi t HR-G4.

aligned such that T=0 is the same starti
fire: there may be cases in which the fa
impacts are identified for several

t does eduffe a reactor trip, and no fire

s fire grwt e would be modeled in Taelay.
Taelay represents the time at why h th, is rece@f hiS'time is a function of the fire and also

takes into account any proc elay caused by thg fire. If the implementation of the EOPs is
delayed because of the of the fi ocedure(s) the delay time for all existing
internal events HFEs i ically in the average time it would take to perform the
fire procedure(s) about 3¢ thls case, Tdelay = Taelay base case + 30 min.

Tir is best obtaine 51mulator 0 \ ns. For scenarios in which no instrumentation is
impacted by fire, the TY- time W e 51m11ar to the internal events time because the EOPs are
symptom based—not 1n1t1ato and it is expected that the operators will trust their
instrumentation unles&h mpelling reason not to. For cases in which the cues are

partially impacted b the diagnosis may not be clearly identified in the procedures.
These are the cases in w simulator observation would be the most beneficial.

For fire response agtions, the diagnosis will typically be made in the control room and the
execution loc ore, it would still be possible to observe a Ti2 time from simulator
observaténs e is a need to model local cognition, T2 can be obtained by talk-throughs
and walk-Nfroughs.
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The manipulation time (Tm) accounts for any of the following fire effects:

e Travel time to reach the execution location. The fire may cause the operators to detour
around the most direct route to perform local actions. It is assumed that the operators will not
travel directly through a fire location. However, operators can travel through a smoky area to
reach the local action. The travel time could be significantly impacted by the fire location. As
an initial estimate for existing internal events HFEs, it is recommended that Tmbe increased
by at least 10 minutes. If the HFE is risk-significant, this time should be verified.

e Time to don self-contained breathing apparatus (SCBA) and the additional time SCBA
would take to perform the actions. The time to don SCBA can be observed during annua
SCBA training; however, in training, operators do not feel time pressure—and therefoge ghi
observed timing could be conservative. For HFEs that require SCBA gear, it should b

ensured that there is enough time to perform the action even wjth a conservative estina
time to don gear.
Vv,

e The presence of smoke. If the operators cannot clearly e they nee en, there

may be additional time involved in locating the correct

Mhus increa% m.
In some cases, the fire procedures specifically state tha actions required within a
t can be used for Tm

TS

d detecti% risk-significant actions,
—throughta -throughs with operators.
NUREG-1792 [6] and NUREG/CR-685@5 Jgpotifout that i can be influenced by many
other PSFs. In particular, the time to action is n&gon of (at least) the following
factors that could be impacted by fi cussi haf{dtlow consider only the PSFs and
how they relate to time; discussion oI gow each is addressed in the EPRI approach is
provided in other parts of thigfap i,

e Crew. The HRA me

if it is expected that the time does not include dia
the time for manipulation will need to be bas%

can be credited as recoveries: ing a fire, the technical support center (TSC) will typically
be activated within 2 hou start of the fire and can be credited for actions that occur
later (after the TS tudked) in the scenario.

The variation in EreMygesponse is characterized within the HCR/ORE by the use of sigma.

The more expegted varfation among crews, the higher the sigma value. For EOP actions,
limited crew V%tion is expected.

e  Humafi- e interface (HMI). The manipulation time accounts for the time it would
take e operators to interact with the plant, that is, open a valve or start a pump. Ti. also
accountfor the time it would take for the operators to interpret or locate cues. For example,
if the operators have to go to the back of the control room to read an indication, the Ti»
would be longer than if the indicators are located on the front panel.

e Complexity of action involved. Ti2 accounts for complexity in diagnosis: the more complex
the diagnosis, the longer it will take to make a correct one. Tm accounts for the complexity of
the action: the more complex an action, the longer it will take to complete.
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e Special tools or clothing. Putting on SCBA gear is considered part of Tm. Additionally, Tm
accounts for locating and using special equipment such as ladders or keys.

¢ Diversions and other concurrent requirements. Competing tasks can influence T
because the operators will be distracted and could take longer to diagnose the need for the
action. This could also impact Taely because it could take the operator longer to receive the
cue. For example, if the cue is a step in the fire procedures and the operators do not refer to
the fire procedures immediately following the reactor trip but instead enter EOPs, Taelay
accounts for the time it takes for the operators to get into the fire procedures.

e Procedures. The procedure usage will impact all aspects of timing. Teelay is based on when
the operators receive the cues; if the cue is a procedure step, Taelay must account for th,
time to perform all previous steps in the sequence. If the procedures are amblguously\
worded, it would take the operators longer to make the diagnosis. This is reflecte \Q
The manipulation time must account for the total time it ta ‘ dure

steps. There could be several proceduralized steps that a ed for su but the
operators will still perform these actions—Ileading to 1 i to reachghe final steps in
the procedure

¢ Environmental conditions. Environmental cog@litiog€ may slow t e@tors’ response
time; this is accounted for in Tm.

The EPRI HRA methodology uses the follo ased on Vallablhty for determining
which recovery factors can be applied toglc M dec1

1. If Tdelay > shift length, Shift Ch credl

2. If Tsw > ERF activation time, E eview c

3. If Tsw > 15 minutes, ST & can be cre

4. The self-review and are not ti ased recoveries.

NUREG/CR-6850 Rragides the fQll %ples of how the overall estimates of the time

o

available and time @ . complet 51rab1e action can be influenced by other PSFs
during a fire. These S@gnarios age yfe how how timing is applied within the HRA
methodology to model fire effec\

Scenario 1: A spurious_cl @a valve used in the suction path of many injection paths
may need quick det % response by the crew. For this example, assume that the
following PWR scenarioNg given. The cue is an annunciator, and the operators have 30 minutes
to open the valve afiter the start of the fire before the pumps cavitate due to loss of suction. The
fire causes a sp %Closure of the valve but does not impact instrumentation. Operator
interview e@ ucted; the operators stated that they anticipate the following sequence of
events: e reactor, enter E-0, and disperse the fire brigade. After they ensure that they have a
transient atjthe plant is stable (i.e., no safety injection [SI] and no station blackout), they start
reviewing annunciators. This scenario was observed in the simulator to determine the sum of the
timing. In this scenario, Tsw = 30 minutes by definition of the fire sequence, Taelay = 0 because the
loss of suction occurs at the start of the fire, and the annunciator is received at the start of the
fire. T12 was observed to be 5 minutes; this time accounts for the operators not acknowledging
the annunciators within the first 4 minutes because they were busy dispersing the fire brigade
and working in E-0. When the operators do acknowledge the alarm, they immediately send an
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operator to locally open the valve. A walkdown was performed; it took the operator 5 minutes to
reach the valve location with no fire impacts. (For this case, assume that the fire has no impact
on travel time.) A time for opening the valve cannot easily be measured because of plant
operations; however, during outages, this valve is regularly opened and the operators estimate
that it takes 2—5 minutes to do so (approximately 30 turns). In this case, Tm = 5 minutes for travel
time and 5 minutes to open the valve—the total Tm is therefore 10 minutes.

The following scenario would be input into the HRA methodology as shown in Figure B-31.

BE ID
|1z ------ 2-EHHE -F-440

Revision Date: 03412709

TSW’ |3U |Minutes ﬂJ \*

T ety *° J| Ty I° J| Tylo
|
Unit: | Minutes Unit: | Minutes u

Cue

1 agestate
|
t=0
Time available for Recovery = Tlaw] - - - lay] = Inutes
i j Minutes
SR ilable time [eXEcution) ratio =
LM | of hdence for recow
Timing Analysiz

Figure B-31
Modeling for timing scenario 1
irily in HCR/

This timing information is u [1], and the results are shown in
Figure B-32. This action Average sigga is tised because this is an EOP action, and it is
expected that the crew ill be 11m1 ﬁ ause the scenario models a well-trained

proceduralized pat impact qp i egiation. For a sensitivity case, the upper bound
can be used. Q\

nit: | Minutes

Minutes

Plant Type LB Sigma LB
0.4 0.7 1
P2 0.2 0,58 0.96
@

\ PR3 0.59 0.75 0.91
e PR Pl 0.26 0.57 0.838
CP2 0.07 0,38 0.69

CP3 0,77

Figure B-32
Modeling of HCR/ORE for Scenario 1
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Within the CBDT, no recoveries are applied for cognition because only one operator is
performing the annunciator panel review for this scenario.

Scenario 2: Interfacing with the fire brigade may delay performing some actions. Fire HRA
does not model fire brigade response directly, but interaction with the fire brigade could impact
the timing. For example, at some plants, members of the on-shift operating crew become
members of the fire brigade; at other plants, the fire brigade is a separate, independent team.

For illustrative purposes, assume that upon diagnosis of a fire, a local reactor operator (RO) is
assigned to join the fire brigade. In this case, the local RO would not be available to perform
tasks directed by the control room until the firefighting is complete. The additional time to locate

a secondary person would be modeled as an increase in Tnm. *

B.8.2.2 Timing for MCR Abandonment Actions Q\

For MCR abandonment scenarios, the timeline is difficult to m@delgT celay account @ e time at

which the control room would receive the cues and consideg@aba ghg. If the scOmged involves

smoke in the control room, Tdelay would be the time at whic ke reache® a specified level.
hielfAl

For a loss-of-control scenario, Ty represents the tim 1 contrQleiSMosl. This time may
not necessarily be at T=0.

Tir1s the time from which the cue for abandonm I erators make the
decision to abandon. There will always be unggertaintfin this timg¢ @ | typically a sensitivity
analysis can be done to establish a boundj gwcause it &be difficult to demonstrate
this in the simulator, this value is typica

Pjudgment.
Unlike T2, Tm can be observed; typ

A analy 5
CR gbapd nt procedure is an AOP and is
trained on annually. Depending on ? plant, JPIQy vailable to obtain an estimate of the

manipulation time. Howevergframifig and JPMs aRgnot necessarily performed using SCBA gear
or addressing local fire ef
travel paths can be tim

iven*a fire in a specific location, the operators’

detours c4 @
gtion associated with the point at which the
ontrol roo% er bound for sigma should be considered when using

Because of the exps
operators abandon
the HCR/ORE correla

B.8.3 Procedures a @g
Procedures guidancefis Ygentified and documented in the Procedure field in the HRA

methodology. Procgdures @re considered explicitly in decision trees pca, ped, pce, pef, pcg, and pch
and to model EOMg for execution. They are implicitly used in quantification to identify the cues

for cogniti ritical task for execution and to develop the timeline.
As state(N G-1852 [8], there are three roles of plant procedures that can aid in successful
operator peMprmance 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.
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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. Written procedures contain the
steps required; unless the steps can be argued to be skill-of-the-craft, the procedures should
also contain guidance on how and where the steps should be performed and the tools or
equipment that should be used.

These roles are addressed within the HRA methodology as follows:

e Failures in the operator-procedure interface for diagnosis are modeled in decision trees pce,
pef, pcg, and pch. The way in which the operators interact with the procedures will impact the
probability of failure to correctly diagnose the action. \

e Procedure usage specifically for execution is credited using THERP. The critical tas
proceduralized recoveries are to be identified, and each criticgptask is assigne
EOC.

e Decision tree pca addresses procedure usage to assist th€ o if the ingtrumefitation is
unreliable. The fire may cause the instrumentation {Q be iinregfable becau§gsi®yis either failed
by the fire or providing spurious readings. For case ch there i % 1mpact on
instrumentation, a warning in the procedure c cigdited as hays sitive impact on
diagnosis.

Decision tree pd also considers procedu% toassist the gp @if the instrumentation is

unreliable. The All Cues as Stated branciaddtesS€s whethez® @ es are providing the correct
readings. The fire may cause the inst spurious -‘ e, causing false readings. In this
case, the cues listed in the procedu notb %h fire procedure may alert the
operators that an instrument ca sply ly actu d ™€ procedure warning is addressed in
the second branch.

If the EOPs are implem 1 allel to t procedures, the workload is assumed high;
this is modeled in decis b. How cue for the action occurs after the fire has

been extinguished ,@ ofgload is a?\d crease.

Decision tree pce alsd ddresses.th@ multiple procedures and the effects of working two
procedures at once. If the EOP K plemented in parallel to the fire procedures, multiple
procedures will be in effect 'Multiple Procedures branch is used. In cases in which the
fire procedures are im nﬁr rior to the EOPs, the workload could still be considered high if
there are multiple fi ced®res or if multiple attachments are used at the same time.

In some cases, espgeially for some ex-control room (CR) actions, procedures might not exist or
be readily retricagblg or ambiguous. The analyst needs to perform checks of the adequacy and
availabiligof @ other procedures that would be needed to address the fires modeled in the
fire PR iously, the amount of training the crews receive on implementing the procedures
and the degige of realism will be critical factors.

For cases in which no procedures exist, the important aspect to consider is the cue used for
diagnosis. In these cases, decision trees ped, pce, pcf, and pcg would not be applied, and decision
trees pea, pcb, and pec will become more important for cognition. For execution, the EOM would
typically come from following verbal instructions from memory.
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In cases in which the procedure is ambiguously worded, the lower branch on decision tree pcf is
used. There are very few cases of ambiguously worded procedure steps in the EOPs. The fire
procedures, however, often have cases of ambiguously worded procedures, such as the example
presented in Table B-19.

Table B-19
Example of ambiguously worded procedure (Fire Zone 100) intake structure

Affected Equipment Available Equipment
1. SW
ASW Pps 1-1 and 1-2 ASW Pp 1-1 will remain available.
ASW Gates 1-8 and 1-9 ASW Gates 1-8 and 1-9 will not spurious
2. HVAC
ASW Pp Rms: E-101 and E-103 E-103 wil i ilable.

ment ap %oth the

Affected column and the Available column, and thgAmbiuously Wor; cedure branch
would be applied.

As with procedures, training for both contr
assessing operator performance. As stat 1
functions for operator performance d

an important factor in
mning serves three supporting

e Training establishes familiarity fire p nd equipment needed to perform the
desired actions as well as tent nditio ac ual event.
e Training provides the le wledge rstanding necessary for the personnel

performing the ope
expected sequen

actlons well prepared to handle departures from the

adverse condition$yenhancia nce that they can reliably perform their duties in an
actual fire event.

For internal events HRA, t @operators can be considered “trained at some minimum level”
to perform their desigg@tas is is modeled in the CBDT decision trees by always selecting
the Yes branch for trainiiig, For fire HRA, the crew’s familiarity and level of training (e.g., the
types of scenarios, gfrequency of training or classroom discussions, and frequency of simulations)
for addressing gaegagge of possible fire compilations and potential actions to be performed may
not be thegam! or internal events. “Less familiarity” needs to be accounted for in assessing
the impa tramning for fire actions and in determining their HEPs. The less familiarity is
accounted T8 in decision trees pca, ped, pcf, and p.g. Most plants provide some general training
on the use of the fire procedures. In this high-level training, the operators are trained to be aware
of false instrumentation, but there is no scenario-specific training. Decision trees pca, pcg, and p.d
address general training, and decision trees pcd and pcf address scenario-specific training.
Scenario-specific training includes addressing fire effects. The decision tree training is
considered a recovery to another PSF, such as poor procedure wording, failed or misleading
instrumentation, or distractions due to workload.

e Training gives nnel the opEf to practice their response without exposure to
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The type and frequency of training are identified and documented in the Training fields within
the HRA methodology. Training is considered explicitly in decision trees pca, ped, pcf, and pcg.

B.8.4 Complexity

As stated in NUREG-1792 [6], 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 versus 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

and alarms, the presence of many and complicated steps in a procedure, and/or a poor HMI.
Nonetheless, this factor should also capture “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 multi- or single-variable associated task, whether special seque r
coordination is required for the action to be successful (especiallyff it involves m cRersons
in different locations), and whether the activity may require serf§itiy€ and careful‘latlons
by the operator.

For quantification, complexity is not addressed exphcl for ugtification the EPRI
HRA approach. Within the HRA methodology, the st must q ly assess the
complexity of the action as simple or complex, b gnition an on, in order to meet
PRA Standard Requirement HR-G3 Category I. I , the m g lex the operator
action, the higher the HEP. For quantlflcatl approac dresses cognition
complexity and execution complexity is ogether ¢ omplexlty

B.8.4.1 Cognition Complexity

There are very few EOP actio
symptom based and do not rgqui

that 1d requd prEx d1agn0s1s because EOPs are
e operator to Mgke a diagnosis of the initiator for success.
The assumption with the

at if the ators follow the procedures, they will be
successful. For fires, t indicatj e misleading, making the diagnosis more
complex. Poor cue ications a¥¢ QO decision trees pca and pcd. Additionally, if the
cues and indicatio impacted b , it will take the operators longer to make the correct
diagnosis; this is refle@ed in the e. Procedure usage for fire response is considered
complex if the operators must the instructions because of unclear wording. Ambiguous
wording is modeled in deci @e pf. Additionally, the use of the fire procedures is not always
straightforward, whic 184d to an increase in Tm. Sometimes the use of the procedure is

left to the discretion ©f op rators in this case, there will be a greater variation among crew,
and the upper boungl for sigma can be used in the HCR/ORE.

For cognitivel ex actions, additional crew may be credited in the CBDT decision trees
because ifS a d that the more crew available to assist, the greater the success. Extra crew
member A, and TSC can all be credited to assist in a complex diagnosis as long as enough

time is available.
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B.8.4.2 Execution Complexity

The following are indications of execution complexity:

¢ Single versus multiple procedure steps. If an action requires only a single task, it is
considered less complex than if multiple steps are required. The more critical tasks required,
the longer it will take to perform the actions—which impacts Tm. Using THERP, each critical
task is assigned a failure probability; the more tasks required, the higher the failure
probability.

e Multiple crew members performing coordinated steps. If multiple crew members are
required to complete an action and the steps require coordination and communication n
team members to successfully complete the action, the higher the complexity. If the ac&h

involves oral instructions among crew members, THERP Table 20-8 is used for sel@

EOM. If a crew member must report to other members after leting a task addgional
critical task of reporting is included and modeled as an E inggeither THERP of ASEP.
e Multiple location steps. During the execution of an acfigu# 1ple locagens may need to

be visited either by different members of the staff
visiting multiple locations (e.g., different electrj nets or differ oms, not just
different panels in the MCR) increases the ¢ particular rdination and
communication among the staff members are rdquis€d. Gener, ultiple locations must
be visited to complete the action, high : % ting multiple locations
requires a longer execution time, an
involved, the more critical tasks
EOMs that can result in a high

0 aff me ; necessity of

ability.
e Multiple functions. Multipte flyc ns may to be performed in the execution of an
action (e.g., both alignin€ apd controlling flow)What will increase the execution complexity

of the action. For ea n&gigif 1dentifie EOC value is applied using THERP; for
example, failure to e — EOC4 d from THERP Table 20-13 for local action,
and failure to r¥ow — EO€ 1 elected from THERP Table 20-11. If both

opening and m ring are re sum of both EOCs is used.

e Accessibility of location 01? \[ actors such as excessive heat, absence of adequate
lighting, or the presence % e brigade in the area may make it more difficult for the
operator to reach t lﬁ f the actions or to access tools necessary to perform the
action. To the e% e action would become more difficult to complete because of
such conditions, high'®@mplexity should be assumed. Within the HRA methodology, the
HRA analyst nﬁst identify these items; if any single PSF is present, the stress level is set to
high. Addij , accessibility will impact the manipulation time, and it is always ensured

that Qi ugh time to complete this action.
B.8.5 Workload and Stress

Workload is considered explicitly in decision tree p.d when modeling cognition and in the stress
decision tree when modeling execution.

Although workload, pressure, and stress are often associated with complexity, the emphasis here
is on the amount of work a crew or individual must accomplish in the time available (e.g., task
load) along with their overall sense of being pressured and/or threatened in some way with
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respect to what they are trying to accomplish (see Swain and Guttmann [3] for a more detailed
definition and discussion of stress and workload). The extent to which crews or individuals
expect to be under high workload, time pressure, and stress is generally thought to have a
negative impact on performance (particularly if the task being performed is considered complex).
For fires, if the operators are simultaneously working in both the EOPs and the fire procedures,
the workload is considered high. For execution, if the workload is considered high, the stress
level is set to either high or moderate. If the number of required tasks equals or exceeds the
number of personnel, work load would be high. Time-critical actions may also be perceived as
high workload by the operators. Operator interviews will need to be performed to determine
whether the operators expect to feel time pressure because of a fire. :

Within the EPRI approach, stress quantitatively impacts execution only. For diagnosis, P
that make up stress—such as workload, training, procedures, and cues and indications—,
considered explicitly and described previously. The stress level dggermined in the giig @ion

i
d i

tree is reflected as a direct multiplier to the execution using thegfalyes shown in

Table B-20
Stress PSF values

HRA Methodology Stress Level Multiplieg to '& @

Low

Moderate 6

High O
The first branch of the decision addregs r the ope& elieve that the plant is
responding as expected. For fire sce c@ 2 involvﬁ tent with no instrumentation
impacts, the plant would be responding h rious actuation of equipment is not

folves spuriolgfactuation, the No branch would be used.
rators losg contfol from the control room because of fire
required.

Another example would bg 1
impacts and MCR aba en

If any one of the fi in\PSFs is co@ r because of the fire, the PSF branch of the
e

stress decision tree onsidered ne
s *
e Poor lighting.

e Heat or smoke due to th \of the fire. It is assumed that the HRA analyst has assessed
qualitatively that ey€n ¥go smoke is present, the action can still be completed.
e Radiation levels are dgove normal ambient radiation.

e SCBA s requ&d.
e Specialgto othing are required.

e Radi munication is required.
e Accessib¥lity is limited.

If there is not enough time to complete the actions because of any one of these PSFs, the HEP
should evaluate to 1.0.
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B.8.6 Human-Machine Interface

Human-machine interfaces (HMIs) impact operator performance differently, depending on the
location of the action. In general, NUREG/CR-6850 [5], NUREG-1852 [8], and NUREG-1792
[6] all agree that for control room actions, the HMI will have a minimal or positive effect on
human performance. This is because problematic HMIs have either been taken care of by control
room design reviews and improvements or are easily worked around by the operating crew as a
result of the daily familiarity of the control room boards and layout. However, any known very
poor HMI should be considered a negative influence for an applicable action even in the control
room. For control room actions for fire HRA, the HMIs will remain similar to internal events
with the exception of potential impacts on instrumentation.

CBDT addresses HMI issues in decision trees pca, pcb, and pcc. For most control room insegiT?
events actions, these decision trees evaluate to negligible Values r fire HFES, thjssi

the case if the cues and indications are affected by the fire (see evious discu$ n-cues).

For actions that require local diagnosis, decision tree pcc ¢ ortant becaust
indications may not be easy to locate and, when located, the§¥could be partlﬁpacted by the
fire. For MCR abandonment actions, the remote shutdo is a goo of where the
indicators may not be easily identified.

For the execution of control room actions, the H sidered 1gidle; thlS is reflected in
the selection of THERP values for EOC. T 1ly, £0r contro ctions that require manual
control, THERP Table 12-20 is applied. Q

Fire response actions may require t to man es or switches that are not
typically modeled in internal event ring alves may not be manipulated as
often, not all of the HMI issuegpmay been 11 unclearly or ambiguously labeled
valves (i.e., part of a group or more valves t are 51m11ar in all of the following: size and

shape, state, and presenc e addre in the selection for the EOC using THERP.
THERP Table 12-13, 1 = 1 3 d for the EOC for unclearly or ambiguously

labeled valves.

B.8.7 Environme . Q

Within the HRA methodolog mental impacts are considered in the stress level. If the
fire does not directly im a trol room, the environmental conditions inside the control
room are not usually eva e success of operator actions because they rarely change
control room habltablht owever, if the fire directly affects the MCR by smoke, the
introduction of to gases or fire damage—requiring the control room to be abandoned—

environmental itions need to be considered as negative impacts to the crew’s success. If any
C
a

smoke or [@xi @ s present in the control room, the stress decision tree evaluates to high stress
because e s not responding as expected (because the HVAC system is failed). It is
outside theygope of the EPRI approach to address different levels of smoke. If smoke in the
control room impacts visibility such that operators will have difficulty locating the cues, all
instrumentation is considered impacted, and the HFE should evaluate to 1.0. It is outside the
scope of the EPRI approach to address visibility affecting cognition.

For local actions, environmental conditions could be an important influence on operator
performance. Radiation, lighting, temperature, humidity, noise level, smoke, toxic gas, and
weather for outside activities (e.g., having to go on a potentially snow-covered roof to reach the
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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 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 may
adversely impact operator actions in the locations where the actions are to be taken and along
access routes. If any one of these PSFs is considered to have a negative impact, high stress is
applied. If any two of these PSFs are considered poor, high stress is applied. In most of the cases
described previously, there is more than one negative PSF (because the PSFs are not
independent); therefore, it is essential that the feasibility of the operator action be confirmed.

During a fire, the crew’s ideal travel path to the action location might be blocked by the fire,
leading to a delay or inability to reach the action location. Where alternative routes are poSgi
the demands associated with identifying such routes and any extra time associated with ysin®the
alternative routes should be factored into the analysis. According o NUREG/CR-68 @the
action sho b
f the fire 1@gatign, the

ould begensidered high
v D
t any equi cessary for the
el is acce% and in working order
such that it will not be adversely affected by ghe fir ts effectsfle. B, Meat, smoke, water,

combustible products, and spurious actuati@n). imelines cess rate in reaching
systems and equipment should be assess&g i asibility or judged

conservatively to adequately adjust e er stress & pressure on the operators
working in the likely unfamiliar en t and

action is required to be performed in the same location as the fig€, t
credited in the fire PRA. If the local actions required a detoyssbe
time for the detours is to be included in Tm. Additionally, t

e | 0

because the accessibility for the action is limited by th

trols. If it is qualitatively assessed

that at the hot shutdown panel @ pie equip oul@not be in working order and that the
equipment is required for s%e HEP shoul set to 1.0. It is not within the scope of this
t

method to address repair, ent dam by the fire.

B.8.8 Special E

.
Because of varyin ironmental &during a fire, the crew may require the use of
special equipment. Th8se items® id8gtiffed in NUREG-1852 [8] as portable equipment, can

s, clothing and dosimetry to enter high radiation areas,
ing and SCBA gear. The accessibility of these tools needs to
be checked to ensure can be located and accessed during a fire. If they cannot be
accessed during the fire,%he HEP evaluates to 1.0. It is outside the scope of the EPRI method to
address locating s%ndary equipment if the primary pieces are not available. Furthermore, the

include keys, ladders, hoses,
and, for fire, special proteci

level of familiagi d training on these special tools needs to be assessed. The familiarity with
special e an be addressed by choices for EOCs in THERP.

The call bandoning the MCR might also require the donning of protective gear or SCBA
gear. The hidrance of the special clothing on the operators’ actions needs to be accounted for.
The time to don SCBA can be observed during annual SCBA training and included in Tm. For
HFEs that require SCBA gear, it should be ensured that there is enough time to perform the
action even when a conservative estimated time to don gear is assumed. It is assumed that
operators would not need SCBA gear to make diagnoses; therefore, SCBA gear would impact
execution only. It is outside the scope of this method to address cognition while wearing SCBA
gear. It is also expected that the fire PRA will not model these kinds of actions.
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B.8.9 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 the way in which
previously considered actions are performed. Checks should be made to ensure that unique
fitness needs, such as the following, are not introduced:

e Having to climb up or over equipment to reach a device, possibly because the fire is blocking
the ideal travel path

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

e Resulting physical demands of using SCBAs, which could impact communication ﬁ
ss

If the fire causes any of these unique fitness needs such that not all crew members coul

the required tasks, the HEP should be set to 1.0. If the operators age required to clijming
equipment or move and connect awkward hoses, this would be ted in T, ar
level would be impacted by accessibility. Communication r% 1d be refleChagds#h an

increased stress level.

B.8.10 Crew Communications, Staffing, ang/Dy. S @
Crew-to-crew variability is modeled in the HCR/ using thgaapPropriate bound for sigma.

For EOP actions with no fire impacts to ins entafton, the no bigma case can be used.
For cases in which there could be crew-tg#Cr ability r g from fire impacts such as
acl#, or decisi&| ng for control room

confusion in procedure, instrumentatigg 1 4
abandonment, the upper bound for 1Wbe used.@ niCation is explicitly addressed in
decision tree pcc, and additional cre n be credj 0 overy in the CBDT trees if enough
(¢} t
re

time is available. The HRA defogy docum he total number of people required for
success; if the total number ewgrequired i than the total number available, the HEP

should be set to 1.0.
e Dynami%\Q

G
Team/crew dynamics @nd crew® %istics are essential to understanding how and where the
early responses to an event oc ell as the overall strategy for dealing with the event as it
develops. In particular, the @procednres are written and what is (or is not) emphasized in
training (which may hgreldtgd 10 an organizational or administrative influence) can cause
systematic and nearly hOwgogeneous biases and attitudes in most or all of the crews, possibly
affecting overall cggw performance. NUREG-1792 [6] recommends a review of team dynamics
that includes th wing:

B.8.10.1 Team

o Are plepe t actions encouraged or discouraged among crew members? Allowing
indep&glent actions may shorten response time but could cause inappropriate actions to be
unnotice® until much later in the scenario. If this scenario is identified to be modeled, this
would be considered as in decision tree pcb: failure of attention. High workload would be
assumed, and no additional crew would be credited for recovery. If the HRA analyst wishes
to model the recovery by a secondary person, this would be modeled by assuming that the
first person failed the action and the second person would receive a recovery cue to either
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check that the previous task was completed or take another action. The timeline for the
second action would be based on the recovery cue. Additionally, the dependency approach
outlined in Section 7 of this report could be used to assess the dependency between the
actions.

Are there common biases or “informal rules?”” For example, is there a reluctance to perform
certain acts, is there an overall philosophy to protect equipment or run it to destruction if
necessary, or are there informal rules regarding the interpretation of procedural steps?
Operator trust of the procedures is modeled in decision tree p.g. If the operators believe in the
adequacy of the procedures, the informal rules are considered negligible.

Operator interviews are performed to identify any informal rules that may not be obvigu

during a procedure review. For example, if the operators receive a cue such as an an N

and they know that this is an important annunciator, they may e allowed to set asi%
v

EOPs and attend to the annunciator—even if the documente t protocol i3 O e
the EOPs until directed to do so in the EOPs. For this cas Taelay WOU % ct the
time at which the operators leave the EOPs and acknowfle annunc1 r. Additionally,
if the interviews confirm that all operators will be fgllow1 specific ¢ tra crew can be
credited as a recovery in the CBDT.

Are periodic status checks performed by mo that ever as a chance to “get on

the same page” and allow for checking og what een perfj ensure that the desired
activities have taken place? This is ad wecmon

For fire HRA, the typical internal gyehgf cr: dynamlxl hange as a result of
responding to a fire and need tod dered. For ¥ the fire may create new or
unique fire-related responsibilitic§that have t. d by a crew member. If the total
number of crew available g€ lesghah the tota ber of crew required, the HEP = 1.0. The
HRA methodology prov figld for do umernng both the number of crew required and
the number of crew )

or performed les
This would be n the tintalie ell and in not applying recoveries for cognition.
Such differences\ay be begt d ed by talk-throughs with operations staff as well as
observing simulated respons ire scenarios.

various alternate shffitd els and controls, which requires additional coordination
among all crew fierlers.*It must be ensured that adequate control room members are
necessary to f ill the'heeds of proper shutdown actions from alternate and remote shutdown
panels. If not HEP =1.0.

For MCR abandonmen@ or alternate shutdown actions, the crew will be dispersed to
n

B.8.10. |cat|on

For both int8nal events and fire HRA control room actions, communications among crew should
be verified. Typically, an established strategy for communicating in the control room will ensure
that directives are not easily misunderstood. Do crew members avoid the use of double negatives?
It is expected that communication will not be problematic; however, any potential problems in
this area (such as having to talk while wearing special air packs and masks) should be accounted
for, if they exist. Communications and their impact on cognition are modeled in decision tree pcc,
and additional crew can be credited for recovery in the CBDT trees if enough time is available.
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If SCBA is required to be worn, this apparatus might interfere with clarity in communications among
team members. Execution while wearing SCBA gear is reflected as an increase in stress level.

The general EPRI approach for communication is to verify that it is possible; if it is not and is
required for success, the HEP = 1.0.

B.9 Example of Fire HFE Quantified Using the EPRI HRA Methodology

This section provides an example HFE modeled using the EPRI HRA methodology. This example is
for an existing EOP action required for the fire HRA. In the fire scenario, the position switch is failed
by the fire; therefore, the control room operators cannot open the valve from the control room and gust
dispatch a local operator to perform the action. The indication provides a correct reading showg t
the valve is failed. In addition, the fire procedures direct the operator to locally open the V&%

Scenario 1: Locally close 8804 A for high-pressure recirculation f@llowing a spurij ers
operated relief valve (PORV) LOCA.

Table B-21 provides a basic event summary of Scenario 1.%
Table B-21

9

Scenario 1 HEP summary @
Analysis Method CBDTM/HCR Combina 6
P(coq) 3.4e-03 O
P(exe) 2.5e-03
Total HEP 5.9e-03
Error factor 5 p 4

Identification and De Q
1. Initial conditio dySstate, full’@
2. Initiating event: firSyn Area $A

a. The fire starts in the t Xr-er and impacts targets in the plume and vertical trays
adjacent to the

b. PORV spuridisNjopens, resulting in small LOCA
3. Accident seque(ffunctional failures and successes):

a. Re to@

rbine trip

b

c. No c®ntainment spray required

d. AFW successful

e. Sl actuates due to open PORV

f. Cooldown and depressurization required

g. Switchover to recirculation required
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4. Preceding operator error or success in sequence:
Operators failed to detect spurious PORV opening prior to automatic SI actuation

a
b. Operators controlled ECCS flow to match makeup flow with leakage rate

e

RHR pumps tripped

o

Cooldown and depressurization either failed or failed to be completed before RWST
reaches 33%

5. Operator action success criterion:
a. Recognize that 8804 A cannot be closed from the control room due to fire damage
b. Locally close 8804A located at 73-ft RHR access or 100 ft

6. Consequence of failure: RWST depletion Q
7. Additional notes: This is an internal events action but not ¢ r@xodeled int will be
added to the fire PRA model. %

The current screening HEP for this action is 0.1.

Related Human Interactions @;

Switchover to recirculation on low RWST level.

Initial Cue V
Charging pump amps.
Charging injection flow.
SI pump flow if pumps are in oper 0
Cue / Q

cue

RCS pressure decreasing w e the primary erators would be focused on for
diagnosing a stuck-ope

Monitor light boxes;

icators at t
that the valve faile @ los@, but the
information. The op

cgtors tend,to
for diagnosis. \
The cue for starting cold les% ation is RSWT level <33%.

Degree of Clarity o es
Average.

Procedures &

Cognitive; @ ansfer to Cold Leg Recirculation).
iafl: BS- M8 (Transfer to Cold Leg Recirculation).

-10 (Fire Procedure).

Cognitive Procedure

Step: 8.g.

Instruction: Check for charging pumps (pps) amps, charging injection flow, and SI pump flow if
pps are in operation.

ould not be available to alert the operators
r light boxes would be giving conflicting
both the position switch and the monitor light boxes

Indications

Other: CP*
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Procedure Notes
By the time switchover to cold leg recirculation is required, the operators will also be looking at
CP-M-10 (the fire procedure).

The procedure step in CP-M-10 reads as follows:

Manually close 8804A. Power will be isolated (by opening 480V MCC feeder breaker
52-1G-58) to preclude spurious operation of 8982A. If 8982A has opened, then locally
close valve 8980 after opening its power breaker 52-1F-31.

The operators are trained biannually on ES-1.3, but they are not specifically trained on ES-1.3
following a fire with various valve failures.

Training \*
Classroom, frequency: 0.5 per year. Q

Simulator, frequency: 0.5 per year.

Operator Interview Insights

The operators stated that it would be obvious that 8804 A o to close en they
attempted to close it from the control room. In add1t10 the tion switc e valve
position is also monitored on monitor light boxes. for the m ght boxes is
separate from the valve cabling.

The operators estimate that it will take 10 migutes t nk open ¢ and 15 minutes to
travel to the valve location. V

The operators are aware that switchoyggt ulation 15@ and will have an operator
preview E-1.3 (Step 13 of E-1, Pre -1.3, Tran o Cold Leg Recirculation.) During
the preview, the crew anticipates that¥gey Wlll 1smatch on the valve position.
Manpower Requirements /

Manpower requirements naflo 1 are sh@yn in Table B-22.

Table B-22
Scenario 1 man @ by

Crew MembBegrs
Reactor operators
Plant operators
Mechanics
Electricians
I&C technicians
Health physics tgchniciahs Yes
Chemistry tecHicians Yes

O

Total Available | Required for Execution
2 1
]

=N N[N[N|N

Executi rformance Shaping Factors
Execution pgformance shaping factors for Scenario 1 are shown in Table B-23.
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Table B-23
Scenario 1 execution performance shaping factors
Environment Lighting Normal
Heat/humidity Normal
Radiation Normal ambient
Atmosphere Normal

Special Requirements
Complexity of Response | Cognitive Complex
Execution Simple

Equipment Accessibility | Control room Accessible \*
73-ft RHR access Accessible Q

Stress High
Plant response as expected ‘.‘\L‘
Workload

In the scenario modeled, the operators are f# ch the plant has
experienced a small LOCA due to a stuci€op RV. Th ﬁ failed to cool down and
depressurize the reactor coolant syst ¥ ' er of suction for safety
injection to sump. Also, because o N 0 ening of valves, the plant is not

responding as expected. High sgress iselected s

conditions to be improving.

Timing
Timing for Scenario L1 in Figurb
L 4

300.00 Minutes
o {73
T @ . .
de|a;@""tﬂ T”2 Z2.00 Minutes TM 25.00 Mlnutlt:s
[ |

Ireversible
_Q Cue [DramageState

|

|

Figure B-33
Scenario 1 timing

¢ Tsw =300 min = time to RWST depletion
® Tdelay = 180 min = RWST <33%
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e T2 =2 min = estimated time to attempt to close the control room switch and realize that
the valve must be closed locally

e Tw =25 minutes based on operator interviews

Cognitive Unrecovered CBDTM

Scenario 1 cognitive unrecovered CBDTM is shown in Table B-24.

Table B-24
Scenario 1 cognitive unrecovered

Pc Failure Mechanism Branch HEP *
Pca: Availability of information a Negative \
Pcb: Failure of attention i gative Q
Pcc: Misread/miscommunicate data egdtive O

egative q
3.0e-0,

Pcd: Information misleading

Pce: Skip a step in procedure

P.f: Misinterpret instruction

Pcg: Misinterpret decision logic

Pch: Deliberate violation

P.a Notes
The monitor light boxes in the ontyl

Pcb Notes
Two hours into the sce thawWorkload i
working in both the fi cedlres ayd
monitor light boxe§logatedon the fro

P.c Notes A g
Checking the monitor light bg not require the use of formal communication to complete.
However, the completion (@ -1.3 does require formal communication.

P.f Notes
Not all information woul\pe available because the position indicator lights may have failed
because of fire. PefSonnel are well trained on all EOP steps.

P.g Notes Q
Failure t@ clgseSalve is a result of lack of training on fire procedures.

onsidered high because the operators will be
he operators are required to check only the
els of the control room for the valve positions.

Cognitive Recovery CBDTM
Scenario 1 cognitive recovery CBDTM is shown in Table B-25.
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Table B-25
Scenario 1 cognitive recovery
-y o
nital | 3 | 6| 3| & | 3| w ' ” Final
Hep | E g1 S 2 ||| & |E| vale
AE AR : ¢
s (@)
Pca | Negative - - - - - - 1.0e+00 \
Pb | Negative | X | - - - - - | 1.0e-01 Q
P.c | Negative | - - - - - - | 1.0e+ < >
Pd | Negative | - -
Pe | 3.0e-03 - -
Pf | 3.0e-03 | - -
Pg | 1.0e03 | - | -
Pah | Negative | - -

Cognitive HCR/ORE

Sigma for Scenario 1 cognitie

Table B-26
Sigma table

QLB Sigma uB

Plant Type
BWR 0.4 0.7 1
0.2 0.58 0.96
C 0.59 0.75 0.91
P1 0.26 0.57 0.88
CP2 0.07 0.38 0.69
CP3 0.77

Sigma: 3.88-01
HEP: Negligible

Notes/Assumptions: The average sigma is used because this action is proceduralized in the fire procedure and
in the EOPs. By the time the operators reach this action, they will have reviewed the fire procedures.
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Execution Unrecovered

Scenario 1 execution unrecovered is shown in Table B-27.

Execution Recovery

Scenario 1 execution recovery is shown in Table B-28.
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Table B-27
Scenario 1 execution unrecovered
Procedure: ES 1.3, Transfer to Cold Leg Recirculation Comment
Step No. Instruction/Comment Error Type THERP HEP SULREX'or | Override
Table | Iltem
E-1.3 Step 4 |Locally close 8804A (73-ft RHR access)
RNO - EOM 2 4 |43 5
EOC 1 1.3
otal Step HEP | 2.8e-02
E-1.3 Step 8 |Check for charging pp amps, charging injection %
flow, and Sl pp flow if pps are in operation
-- 20-7b @4.353 5
(0] 20-1 3.8E-3
Total Step HEP | 4.1e-02

Table B-28
Scenario 1 execution recovery

N

Critical Step | Recovery : Cond. HEP | Total for
No. Step No. HEP (Crit.) | HEP (Rec.) | Dep. (Rec.) Step
E-1.3 Step 4 Locally cl B0V S
RNO 2.8e-02 2.5e-03
E-1.3 Step [Ch
8 inject 4.1e-02 LD 8.9e-02
operatio
2.8e-02 Total Recovered | 2.5e-03
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APPENDIX C

DETAILED QUANTIFICATION OF FIRE HUMAN
FAILURE EVENTS USING ATHEANA

C.1 Objective

This appendix provides a brief description of how to apply the NRC-developed “A Tec@

for Human Event Analysis,” or ATHEANA human reliability analysis (HRA) methad
quantifying many of the human failure events (HFEs) identifie fire PRA

Specific guidance describing the process for applying the esented i 1n
NUREG-1880 [1] and NUREG-1624, Rev. 1 [2]. ATHEA HRA m ology
specifically designed to identify, model, and quantify ¢ ommissi s). However,
this approach may be used in any instance in whic RA mg oJbgy is not valid
because of the complexity of the scenario (espec involvingig#®®nosis or cognitive
complexity that could result in multiple credigle pa om whic g{&lors can choose).

challenging domains
(including nuclear power plants [NPPS] chnologies) combined with
insights from recent advances in co 1 key observation that drives
the ATHEANA approach for NPPs @t usually occur randomly or as a
result of simple inadvertent bejpavio h as m a procedure step or failing to notice
certain indications because e on a back ane Instead, HFEs in these situations occur
when the operators are unfamiligfjtuation for which their training and procedures
are inadequate or do n r when s unusual set of circumstances occurs (i.e., the
operators are “‘set operatlmxon ”In such situations, incorrect assessments are

often made with re to the stat stem being monitored or controlled, and subsequent
human actions may nd®be beneY\ ay even be detrimental.
It is likely that some fire sce 5 ay have complicating characteristics that match well with
the types of scenarios tgt NA was designed to address. So, when fire scenarios and

related HFEs canno tely covered by the simplified fire HRA, the potential for the
scenarios being particu challenging and the need to perform an ATHEANA analysis should
be carefully conmﬂg Certainly, fire scenarios with the potential for unexpected spurious

nt actuations that would be difficult to track and understand would be

indications or
strong c% r an ATHEANA analysis.

This appe is divided into three additional subsections:

e Section C.2 summarizes the ATHEANA method that is described in more detail in
NUREG-1880 [1] and NUREG-1624, Rev. 1 [2].

e Section C.3 discusses specific needs for performing fire HRA with ATHEANA. In particular,
several of the ATHEANA steps summarized in Section C.2 are not required for fire HRA;
others may have been performed already, at least in part.
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e Section C.4 provides an illustrative example of how to apply ATHEANA in a fire
HRA/probabilistic risk analysis (PRA) study.

C.2 Summary of the Method

Step-by-step guidance on how to apply ATHEANA during an internal events PRA is covered in
the ATHEANA User’s Guide (NUREG-1880 [1]). NUREG-1880 provides a simplified version
of the multi-step analysis process covered in NUREG-1624 [2]. The ATHEANA process is
presented in Figure C-1. Detailed discussion of each of these steps can be found in
NUREG-1880 but is briefly summarized here. As can be seen in Figure C-1, the ATHEANA
process is much more than simply a quantification process (because it entails several steps prio
to quantifying HEPs). Also note that although the process presented in the figure appears
mostly linear, in reality these nine steps can be an iterative process.

1
Objectives and | ) 1.
technical concerns > Define and Interpret

of the analysis ! the Issue

A 4

Define the O

PRA perspective
and model

i development
! (initiating events, .
D goquences Define the
! success criteria, !
' relevant human Corresponding HFE
E actions) or UA (or EOC)
6

Search for. Plausible
Deviations of the PRA

Scenario
I
7.
Evaluate Potential to
Recover from the
O HFE/UA
v
9.
8. Incorporate
Estimate the HEPs for >
The HFEs/UA > HFEs/UAs and
e SIUAS Corresponding HEPs
into the PRA

Figure C-1
Steps in the ATHEANA methodology
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Appendices B, C, and D in NUREG-1624, Rev.1 also provide illustrative examples of how
ATHEANA can be applied to three different types of initiating events: degradation of secondary
cooling, large loss-of-coolant accident (LLOCA), and loss of service water. These appendices
illustrate how ATHEANA steps can be performed and show example results for ATHEANA
steps. However, because the ATHEANA quantification approach was not fully developed in
NUREG-1624, Rev. 1, NUREG-1880 should be used as the analyst’s principal reference for the
final quantification step.

C.2.1 Steps 1 and 2: Define the Issue and Analysis Scope

Prior to beginning the analysis, the analysts need to thoroughly understand what it is they are
quantifying, including the general context surrounding the HFE and success criteria. Alth%
is recommended that analysts review the introduction to NUREG-1880 and all of the

ATHEANA steps prior to quantifying fire scenario HFEs, the idegttification of HE}#smeh8
inclusion in the fire PRA models, and much of the fire context lated inforeded to
apply the ATHEANA quantification process will have alre e fined by thc%emeTall fire
PRA and identified in applying Steps 1-3 (Sections 3-5) o%port. %

<

Erofsion of the scenario,
bected plant and operator
d contain elements such as the

C.2.2 Step 3: Describe the Nominal Conte

In this step, the analyst will determine and documcM{ thg”expectedp

that is, the scenario that represents the mos istic,description d
behavior for the selected issue and initiagt. ‘bheWScription @
following: K

e Initial plant conditions g‘ 0

e Sequence of events and eype rodlti ing bef@d following reactor trip

e Plant system and equiffae onse

e What the operat see (i.e., ga' key plant parameters and indications)

e Key operator aQs during the \ progression

Regardless of the HRA method‘ @the process of describing the scenario is universal and

not unique to ATHEANA. A% uch of the information needed to put together this scenario
will have already been 1& s part of the qualitative analysis described in Section 4 of this
report. However, it i& note that—because this scenario description provides the bases of
quantification using an exfert elicitation process—it is important that the description and its
related context bee€lear and uniformly available at an appropriate level of detail to enable the
experts to Vvis e scenario and assess the importance of various parts of the context as it
relates tggfer ce of the human actions of interest.

There are S§yeral data sources to draw from in compiling the base case scenario, including the
final safety analysis report (FSAR), safety analyses, and simulator observations. However, in

practice, the available information defining a base case is often less than ideal, and analysts must
supplement information deficiencies or simply recognize them.
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C.2.3 Step 4: Define the HFE

In this step, the analyst identifies the human action(s) of interest and defines a corresponding
HFE and associated unsafe actions (UAs) (i.e., the specific operator actions that are taken, or not
taken when needed, that make up an HFE). This step is already covered by the fire HRA
methodology (see Section 3, Identification and Definition) and does not need to be repeated here;
however, if appropriate, the analyst may choose to break down the given HFE into specific UAs
to support HRA quantification needs.

C.2.4 Steps 5 and 6: Search for Error-Forcing Contexts

Step 5 is geared toward fully understanding how the plant conditions represented in the P
scenario may create a challenging operational situation for the operating crew. Typically
way to describe the impact of a challenging operational context is through the 1dent' icafio
driving factors, often called performance shaping factors (PSF

performance shaping factors together define the error forcm%

As described elsewhere in this report, a spectrum of performaficefinfluencin ors (e.g., PSFs,
timing, dependencies, available staffing, informal rule 1on of t 10) should be
evaluated in order to pinpoint specific factors that 0 a pote :@nerablhty or
positive factors that contribute to success (typlca few facto% drivers to
performance). Again, much of this mformatl e been gafhc s part of the qualitative
analysis, but the search here is intended tg e ore detag what is required for
screening and/or scoping. Operators an ust pla n this step. Ways to identify
vulnerabilities include the following

training and operating expériene€) Via the re f training materials, observations of

e Investigation of potential vulnera ities due Q operator expectations (through their
simulator exercises, and vigws of opeﬁtor tfiners and operators themselves

e Understanding of t se scena, e and any inherent difficulties associated

with the requir pogse .
e Identification o erator—ac“tio cies based on the following:

“Standardized” respo \ ications of plant conditions
— Informal rules 1624 Rev. 1 for examples)

— Evaluation of'fo les and EOPs, especially with respect to critical decision points,
ambiguities,or sourtes of confusion in procedure logic, mismatches between the timing
of the act scenario and that underlying the procedure development, and special cases
such a tlve actions

Appendi , C, and D in NUREG-1624, Rev. 1 provide examples of the types of results that
could be deWgloped in investigating potential operator vulnerabilities. These results include
procedure maps (highlighting procedure logic and transitions), timelines, and summary tables of
operator vulnerability evaluations with respect to training and experience, event timing, and
informal rules (e.g., “protect the pump” by turning it off when pump vibration or noise is
detected).
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The purpose of Step 6 is to identify scenarios that deviate' from the nominal scenario in such a
way that the resultant HEP would be higher than would otherwise be estimated for the human
response to the nominal scenario. Many deviations arise when there is a mismatch between plant
behavior and the operator’s expectation or procedural guidance. However, deviations are not
limited to false perception in the operators’ minds. In the fire analysis, often the fire itself is
sufficient deviation for the analyst to stop the search. However, to the extent that there may be
aleatory factors that could significantly alter the likelihood of crew success (e.g., worst-case fire
scenario for a given fire area or a significant staffing shortage for a particular scenario), explicit
modeling of such factors may be useful.

C.2.5 Step 7: Recovery \

The possibility of recovering from UAs is considered in this step. When evaluated, recop®
always considers both the complete EFC and the occurrence of t
is scenario specific (i.e., separate analyses may need to be perfi

versus the base case), and dependencies are incorporated a%
1

Performance of this step is linked with quantification, and

X

C.2.6 Step 8: Quantification

important influences into an HEP.

The process begins by assembling t 0
operational stories—describing ho
each context identified. The regultin ration description may include the following:

1. Additional plant conditi atgwill need o be Quantified as part of the HFE (unless the
accident sequence % s to revis t trees or fault trees)
1 of

2. Distinctions in
HFE, unless lo revised)

plans belia at might need to be addressed as part of the

3. Instrument or indichtion iss4 cltiding failures) that will need to be reflected (for fire,
Xhe PRA model)

these might be explicitly
4. Different possible oc& aths or response strategies that operators might rationally take
5. Reasons why operatdtg might take different procedure paths

6. Credible reco& actions
In developghg '@ ormation addressed by the last three elements, the HRA analyst is likely to
need he Operational experts.

19 A deviation scenario is a plausible deviation from the nominal conditions or plant evolutions normally assumed
for the PRA sequence of interest (the nominal scenario), which might cause problems or lead to misunderstandings
for the operating crews.
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After these operational stories are created and agreed on by the quantification team, a ten-step
process is used to perform and document the quantification:

1. Gather the experts. When applying ATHEANA to a fire context, although experts in
operations and training should be included, experts who are familiar with the important
relevant factors for plant personnel under fire conditions should also be included.

2. Thoroughly explain the context and the HFE/UA.

a. This is a discussion, based on the operational story, so that all experts clearly understand
what they are quantifying.

b. Identify “driving” influencing factors to consider.
3. Elicit relevant evidence from the experts. Concrete evidence drawn from the experts’, \

experience will help calibrate the group and avoid the “that cag’t happen at my

syndrome.
4. Guide the subsequent discussion.
5. Confirm the evidence.

6. Elicit each expert’s HEP independently.

a. Prior to eliciting values from the experts, T necessa @llbrate the experts
against a probability scale such as t e@ ded in Ta
n

b. Note: The HEP solicited is a dist ot mere @n value.
7. Construct a consensus HEP.
a. Each expert should discuss antyjustify t ate they provided.

s and, if necessaly, refine the HFE (iterate). Discussions
ensus di tion is reached.

b. Openly discuss the
should continue

8. Repeat previous or each HEP Q sed.

9. Perform a “san > of the Nl d HEPs.
o .

10. Document the qua tlflcatlon.\é

Details for each step of the @cation process, along with specific guidance on how to
facilitate an elicitatio 0%, ntrol for bias, and so on, can be found in Section 3.8 and
Appendix B of NU 88(r[1].

«©
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Table C-1
Suggested set of initial calibration points for the experts
Circumstance Probability Meaning

Operator(s) is “certain”to | 1.0 Failure is ensured. All crews/operators would not

fail perform the desired action correctly and on time.

Operator(s) is “likely” to ~0.5 5 out of 10 operators would fail. The level of difficulty is

fail sufficiently high that we should see many failures if all
of the crews/operators were to experience this
scenario.

Operator(s) would ~0.1 1 out of 10 would fail. The level of difficulty is

“infrequently” fail moderately high such that we should see an o al
failure if all of the crewg/operators were ‘rieie
this scenario.

Operator(s) is “unlikely” ~0.01 1 out of 100 w al level of diffi quite

to fail low, and we s t See any fajares if all of the
crews/op rs to experien scenario.

Operator(s) is “extremely | ~0.001 1 out ould fail. Thi iged action is so easy

unlikely” to fail that@li t inconceivi any crew/operator
woul perform wed action correctly and on

e.

iscrete v . 1E-03 value is not intended to be a

O

dghey can be incOgporated into the PRA. If there is a range of
be conv nd the resulting distribution used for the HFE

Note: These values are meant as calibration PiafS, n

lower bound.
C.2.7 Step 9: Incorporate @P i@ PRA

After the distributions are o

- here ar , some cases in which it is more appropriate
to explic‘l ct the different contexts and/or UAs. These cases

are discugse@ r in Section 3.9 of NUREG-1880 [1].

%
) P(UAj | EFC,,S) Equation C-1

nario. ¥ull operational story (might not be equivalent to PRA scenario).

fe actions. Different procedure paths leading to undesired outcomes
1 associated reasons for taking them.

EREs = error-forcing contexts. Plant conditions, behavior, PSFs, and so on that
are not explicitly modeled in PRA but needed to represent S.

The probability of each UA is conditional on EFC and S.
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C.3 Application of ATHEANA to Fire HRA

Although generally the ATHEANA methodology should be applied in the same way for fire
HRA as for any other HRA/PRA, some modifications are needed for the fire HRA application of
ATHEANA. In particular, some of the information needed to apply ATHEANA may have been
collected and analyzed previously as part of the fire HRA guidelines. Table C-2 provides a
mapping of the ATHEANA process steps to the fire HRA process, including notes on material
covered in the fire HRA guidance in the main body of this report.

For example, although fire-specific operator performance issues should still be considered in
performing all steps, the early steps (i.e., Steps 1-4 and Step 5 to some extent) within the
ATHEANA methodology will most likely be completed in following the fire HRA guidan
provided in Sections 3-5 of this report. In addition, although there are overlaps betwee
ATHEANA'’s Step 5 and the qualitative analysis guidance givenft Section 4 of thsS"fe

it is still recommended that the analyst review the search strate or 'dentifyinor
vulnerabilities described in Step 5 of ATHEANA to ensure, rious influen®m® factors
ormance have

ry factors have
G-1880 should

ces, shm@ rried forward to the

e complete& be necessary to apply the

A beforg cOgthmuing with quantification. In Step
7, the analyst examines the recovery pgtential fo ' being analyzed in the context of each
scenario documented. Upon e description of each scenario is extended

1
using the information obtaj the evaluatiqps to Justify the judgment of either a high or low
recovery potential. Thi% n is then Ied forward for quantification. Following the

also be reviewed. This section provides guidance

such as those with potentially important aleat@Qry in
quantification process.

When Step 5 and Step 6, if necessary

completion of the quaki e analysi AN A offers a quantification technique that uses an
expert elicitation s titat can tak antage of the entire knowledge base gained in
performing earlier st8gs. Note tha of experts should be expanded to include experts
knowledgeable in important rele actors within a fire context.

<0

«©
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Table C-2
ATHEANA process steps

ATHEANA Process Step Fire HRA Guideline Process Step
Steps 1 and 2: Define issue and scope of Defined by fire PRA and its scope of analysis—no
analysis. additional work needed.
Step 4: Define HFEs and UAs. Covered* by Section 3, Identification and
Definition.

Steps 3 and 5: Describe PRA scenario and Some additional information needed for de’tNe
assess human performance information and HRA, but mostly covered by Section 4, t]

so on. Analysis. Q
Step 6: Search for deviation scenarios. Probably ee ire scenarios Iready
“deviation

Step 7: Assess potential for recovery.

Step 8: Quantification (explicitly addresse,
dependencies and develops uncertain
distributions)

proach (Appendix B);
to dependency and uncertainty

C.3.1 Additional Guiflag
ATHEANA

This section provi ome discussj \1 w to specifically apply the ATHEANA HRA method
when using this report: RememB ijectlve or final result of the ATHEANA qualitative
analysis (Steps 3 and 5-7) is erational scenario description, or “operational story.” The
resultant narratives shoyldd accident progression and as many details as are reasonable,
such that operators a airggs can “put themselves into” the scenario because, in quantification,
those experts will be ask&g, “What would your crews do in this situation?”

r Qualita@nalysis of Fire Scenarios Using

To accomplish thﬁlderstanding of possible operator performance in fire scenarios, the analyst
must obtai f ple, an understanding of the following:

e Proc s used in fire scenarios

e Use of thbse procedures (e.g., in conjunction with EOPs)

e Potential fire effects and their impact on human performance

e Fire PRA scenarios with associated equipment and indication failures

e Possible crew responses to fire scenarios (both possible EOMs and EOCs)
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If not already developed in performing qualitative analysis according to Section 4 (either
generally or in support of another fire HRA quantification approach, such as screening or
scoping), it is important to the application of ATHEANA that the following additional types of
qualitative analysis are performed:

e Identification of important decision points or branching as well as other possible places in
procedures where operators may make different choices

e Identification of plant-specific “informal rules” (i.e., informal operational guidance or
practice) and other guidance (e.g., administrative procedures) that may supplement or, at
times, slightly deviate from the relevant procedural guidance (see Table 9.13 in NUREG-

1624, Rev. 1 [2] for examples) \
Or.

actions (both in-control room and ex-control room), includingthe use of specj
equipment

e Timelines or other ways to represent the time-sequenc ts (e.g..plant behavior,
equipment, and operator response) in fire scenario %

Then, for each HFE and associated fire scenario, lit%A usin @EANA should
address the following (with the help of and input% rator train , as needed, other

e Development of insights from training, experience, or demonstration of fire-relate(b

experts, for example, in operations, PRA, and ther draulics

the availffbi
inﬂuer@
2. Identification of any tradg6tf 1€, operators e to make impromptu choices between
alternatives for which e both pagitive and negative effects) or other difficult
decisions (see Tabl in UREG—IV. 1 for examples of other potential problems
.

)
in “response plage that operato@ d to make.
3. Identification ofgftential situatj \ hich operators may not understand the actual plant

conditions (e.g., sp¥rious indicMjon®mislead operators to take, or not take, an action) (see
Table 9.15b in NUREG-1624 . 1 for examples of scenario characteristics that could lead

to problems in “situgfiQye? é ent”’; spurious indications would fall under the category of
missing informatighy).
iffer

4. Identification of d t ways by which an HFE could occur (i.e., define sub-events),
starting with th§ fire PRA scenario description, different procedural paths or choices, and the
reasons for, ifferent choices. (Note that, for each different sub-event, this analysis
resuli@ingh elopment of the qualitative description of the EFC.)

1. Identification of any factors (e.g., spe
and behavior associated with the scen
including equipment degradatio
(identified previously).

, timing of plant conditions
f specific equipment—
operator decisions or actions

The first itSyg implies (and much of the discussion in Section 4 addresses) that the development
of timing information is extremely important. In addition, as discussed in Section 4.6.2
(regarding timing as a PSF), it should be recognized that timing estimates (especially those
related to times for operator decision making and execution) can have uncertainties. As
originally conceived in NUREG-1624, Rev. 1 and NUREG-1880 [1], it is intended that
ATHEANA applications explore such ranges of potential conditions and associated differences
in expected operator response. Such differences can have an important impact on which HFEs
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are modeled and their quantification. In particular, for the application of all fire HRA
quantification methods, HRA analysts need to collect a range of crew response times in addition
to the “point estimate” of an average crew. This is especially important when the required time is
close to the time available.

C.3.2 Defining Base Case Versus Deviation Cases: When Is Step 6 Necessary?

For many ATHEANA applications, Step 6 (i.e., the search for deviation scenarios) is essential to
the development of reasons that operators may fail. For example, the ATHEANA perspective on
at-power, internal events, PRA scenarios that are well-matched to EOPs, associated operator
training, and the interface of U.S. control rooms is that there is little reason to expect operators
fail. Instead, some deviations from the expected or planned-for accident scenario must oc ﬁ
order create a context in which operator failure is credible.

However, some accident scenarios, such as fire events, already characterlstl resent

operationally challenging events for operators. Consequentl V1at10ns ¢ PRA-

defined scenario are not needed to identify potential causesfto or failur ppendlx Din

NUREG-1624, Rev. 1 (particularly Section D.6) descri i r situatio loss of service

water event. @

C.3.3 Additional Guidance for Quantitativ naysis of Ei, narios Using

ATHEANA

After the qualitative analysis described fOu has bee ed, HFE quantification using

1cat10n (%1 880 [1] is the best reference

ATHEANA can be performed. For

for analysts to use in applying AT sible that HFE sub-events may be

identified, quantification may j clu ee maJ

1. Quantification of the fre cy f differe
influence operator yallef$tarihg and/or

2. Quantification y bab111ty of (01
plant or fire co
3. Quantification of tife failure %lelty for the HFE (or HFE sub-event) given Items 1 and 2

Analysts have the choice of new HFEs (instead of HFE sub-events, called unsafe actions
in NUREG-1880 anc& G624, Rev. 1 [2]) or summing the HFE sub-event probabilities.

Based on experience in apglying ATHEANA, most of the effort is in identifying and developing
the elements of anfoperational story” that represents what the experts think is important to
operator behavije %en this agreement is reached, reaching a consensus in final quantification
by the opgfatid @ xperts is usually not difficult (if using the tools and techniques for facilitating
expert elfgudlion, such as those given in NUREG-1880.)

lan pr fire conditions (that would cause or
Cs)

eperator understanding and/or choices (given the

C.3.4 Iterating Between Qualitative Analysis and Quantification

It should be noted that, in ATHEANA, as described in Section 4, there is likely to be some
iteration between quantitative and qualitative analysis. The only concern is that each HFE
(and sub-event HFEs) and associated scenario can be understood in the same way by all
participants in the quantification process.
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If the HFE being quantified is associated with an operational scenario that represents, for
example, a wide range of plant conditions, the experts in the ATHEANA quantification panel
may not have the same understanding of the context and its potential impact on operator
performance. Different experts may focus on different plant conditions, resulting in different
driving factors (or PSFs) being important to operator performance.

In ATHEANA quantification, members of the expert panel need to have the same understanding
of the operational scenarios or they will be quantifying different HFEs. Therefore, even during
quantification, the analyst should be alert to the need to modify, refine, and/or add details to the
operational description of the scenario. Following are some example indications that an HFE and

its associated scenario need to be redefined:
e During quantification, different failure probabilities are provided by the expert panel (\
trainers.

e When explaining answers, one trainer brings up a possible i ce (e.g.,a s
condition or equipment failure) that no one else has congier

e Because everyone agrees to the validity and importgnce 0f thg factor, th@yst either:
— Asks everyone to include this factor during a%on, or @
— Defines a new HFE to address this newly egpScenario 6

For example, uncertainties in timing estim
differences in assigned HFE probabiliti

points” in the scoping or EPRI HRA [ <

identified), the effect in ATHEAN ifiCation j ane. Although not required, the
ATHEANA user might find it easier (§identify pdrate such cases that equate to “tipping
points” in timing estimates sigfCe gedChing consenS§ among the expert panel and developing the
associated distributions mi ighplified.

Another resource for A quantif} fire PRA is the strawman list of sources of
modeling uncertai uriehin Table® 2 Ths 1#8T might be helpful in exploring “worst case” and
“best case” extrem: scenarios wj xpert panel, providing seeds for discussion about
how timing estimates @nd other ib[®scenario conditions might vary.

Such redefinition of the HFE sociated operational scenario descriptions should be done
xpPerts who are participating in the expert panel for quantification.

both for and by oper&
C.3.5 Additional Guidance for Addressing Operator Response to Spurious

Indicatio
Because p@lal reason that the ATHEANA HRA method was developed was to address
EOCs th ghtresult from operators not understanding the real accident context (including

potential inSgumentation failures or misleading indications), one issue for which the ATHEANA
approach may be particularly helpful is in addressing operator response to spurious indications in
fire PRA. ATHEANA could be used to evaluate the following:

e For EOCs, either or both the initial failure in responding to the spurious indications and the
recovery of this failure

e EOCs (or EOMs) due to spurious indications
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In both cases, ATHEANA'’s approach to investigating potential operator vulnerabilities can
provide useful support in justifying the appropriate dismissal of the spurious indication as
erroneous information. Typically, this investigation focuses on the potential negative impact of
normal or typical operator behavior—but in the wrong context. This same investigation can look
at the positive impact instead. Consequently, the ATHEANA Step 5 approach can be used to
identify how operator training and experience, informal rules, and habits could help in
identifying an erroneous indication.

In the scoping approach, for example, it is automatically assumed that operators will respond to
spurious indications as if they are accurate. However, ATHEANA could be used to investigate
the scenario in more detail, examining the possibility that the operators would not respond
immediately to the spurious indication. However, it should be noted that the current fire
guidance for identifying such HFEs is focused principally on indications that 1) are s1n
to deciding to take an action or make a procedure transition, 2) d

the (erroneous) indication, and c) in practice, tend to correspon to
consistent with operator “informal rules” for protecting pla t(e.g., tur
to high lube oil temperature). In other words, it may be dif Justlfy a less than 1.0 for
such spurious indications. However, there may be othe tdo not@ of these

criteria; investigating those initial failures might b

To investigate the possibility of recovering from ue to s D S ndlcatlons the
ATHEANA analysis should include factors resse@in the sco pproach as a kind of
feasibility test:

e Are initial actions reversi

e s there time to recover? K
e Are there new cues or procedure $€ps for re(QQ

e [f initial actions are

le, are o ' elevant systems or equipment available?

Then, additional fa h as traingn x gfience can be explored with operational
experts. In such ¢ e experienc ot need to be fire specific.

ATHEANA can also D® used to® t1 te other impacts of spurious indications on operator
performance, such as that des Section 4.10. In such cases, the fire scenario may not be
fully described with respe f the spurious indications and alarms that could occur. In
particular, spurious ipdicati®gs and alarms might be present that are unrelated to the actions
required for safe shutdowyg but could still be a distraction or delaying factor in operator response.
As discussed in S ion 4.10, the resulting impact on operator response might be minimal or
extreme, and 1t be difficult to predict operator response in a specific fire context. For
example, em reasonable to expect operators to ignore spurious indications for certain
seconda e systems However, real-world accidents have shown that operators can become
focused on Pgeexisting conditions and configurations unrelated to accident response, making
such assumptions questionable. In general, ATHEANA was designed to address such complex
scenarios through a combination of tools and techniques that use historical events, operational
experience from the expert panel, and system-based techniques to identify ranges of plant
conditions that could be operationally challenging. However, for fire events, the accident record
and operational experience for response to spurious indications is very limited—so the abilities
of ATHEANA to explore this issue are similarly limited.
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C.4 Example of a Fire HFE Quantified Using ATHEANA

This section provides an illustrative example of detailed analysis for an HFE using the
ATHEANA method. Figure C-1 illustrates the first nine process steps defined by ATHEANA
(i.e., all but the documentation step). In this example fire scenario, a fire in the turbine room
causes a station blackout (SBO). The fire causes the auxiliary feedwater (AFW) to fail and the
pressurizer power-operated relief valve (PORV) to spuriously open. Following loss of both buses
and emergency diesel generators (EDGs) failing to start, the operator must manually align the
115-kV (alternate power source). The operator has 90 minutes before core damage due to the
stuck-open PORV.

C.4.1 Steps 1 and 2: Define the Issue and Analysis Scope $

At this point in the fire PRA, the analyst has determined a need toperform a detailed.a @ on
a specific HFE or set of HFEs. Steps 1 and 2 of the ATHEAN @n inition
ogHFE and

of the analysis scope, are already defined by the scope of t

associated context have been defined by the fire PRA as sh%'v gure C-2al'he HFE is as
follows: Operator fails to manually align 115-kV al er follov@oss of both
buses and EDGs fail to start.

FAILUF!E OF 15EN
ALTERMATIVE B

FOURCE - FIR @

V4 3 g :
FaILURE (A FLAG FOR FIRE

ALTERMATIVE ER SCEMARIOE

FL-FIRE

ﬁ 0.00E+00
1

MO POWER TO 72000 AL
ELIE X2W1D4 NORMAL
FEEDER BREAKER

ACP-003

OPERATOR FAIRZETO
FANUALLY ALIGH T15KY
FOWER DN LOZE OF 1DE
-FIRE

| CABLE DAMAGE | | ATF 4 ANDBFAIL |

Q AMCEBERTOIDE XFR |
e

115-kV alternate power source fault tree

C.4.2 Step'8: Describe the Nominal Context

After the HFE is defined, the analyst gathers plant-specific data and uses them to describe the
nominal context for the scenario. Much of these data will have already been gathered as part of
the qualitative analysis. The nominal context—or base case scenario—represents the most
realistic description of expected plant and operator behavior for the given HFE.
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After gathering the appropriate data, for this example, the accident sequence is as follows:
1. Reactor trip successful.

Turbine trip successful.

AFW failed due to the fire.

Pressurizer PORYV spuriously opens due to the fire.

A

The main generator breaker opens, and the balance-of-plant (BOP) buses are powered
through transfer switches XTF0001 (reverse) and XTF0002.

6. EDG B will start, and the Engineering Safety Features (ESF) loading sequencer will loag
bus.

7. Given that the EDGs do not start (or start and trip) or if the EDG output breaker d
close, the ESF loading sequencer would still be sending a sigfialgo trlp the n

alternate feeder breakers (for EDG protection) to the bus s that, to e
alternate feeder breaker (or reclose the normal feeder b wer mu be removed
from the ESF loading sequencer (ESFLS) to remoy, h pen 51gnal

8. Buses XSWI1DA or 1DB must be energized fr ternate powe e.

Note: DC power is available until the batteries de hours) r is restored.

Procedurally, upon reactor trip, the operat 3 of EOP 0 verifies that

buses are deenergized, which takes the

Contingency Actions (ECA) 0.0. In &opdgators will check that buses 1DB

and 1DA are energized. Again, bot g 0 the procedure will lead the

operators to AOP 304: Loss of Bus No ED in Steps 17 and 18 of AOP 304, the

operators will find the relev pélse actions f Oiihis HFE. The required operator actions

include the following:

1. Shift supervisor dj ontrol 10, or to power 1DA.

2. Reset ESFLS Q signal 7 of AOP 304; execution is local, skill-of-the-craft).
a. Local plant op@rator, ste& or near the main control room (MCR), gets ESFLS

panel key from the M roceeds to the relay room.

b. Local plant opegat sh gear.
c. Local plant o& opens left cabinet (~2 ft from floor) and locally removes power

from the lo ing sequencer.
d. Local erator alerts control room operator that the trip signal is clear.
3. Clog€ b [gn MCR (Step 18 of AOP 304; execution is in MCR and proceduralized).
a. ConWpl room operator will ensure that Bus 1DA XFER INIT switch is in OFF position.
b. Close Bus IDA ALT FEED breaker.
c. Verify that Bus 1DA potential lights are energized.

The procedures are clear and have checklist provisions; the relevant excerpt of AOP 304 is
shown in Figure C-3.
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ACTION/EXPECTED RESPONSE ALTERNATIVE ACTION

17 Locally remove power from the ]
Train A ESF Loading Sequencer
(XPN-6020 CB-436).

18 Energize XSW1DA from the normal| 18 IF XSW1DA normal power source is
power source: NOT available, THEN energize
XSW1DA from the alternate power
a. Ensure BUS 1DA XFER INIT Switch [ source:
is in OFF.

a) Ensure BUS 1DA XFER INIT Switch []
b. Close BUS 1DA NORM FEED ] is in OFF.

Breaker.
b) Close BUS 1DA ALT FEED Break
c. Verify BUS 1DA potential lights [

are energized. c) Verify IS 1DA potenti
are ragfzed.
Figure C-3 E) 9
Steps 17 and 18 in AOP 304 ?\ @

Nominal Conditions
Given the location of the fire and the la lant, th oom is accessible, and there is
relay ro %{n b route to it. Given a SBO event,

no degraded environment (e.g., no s
ergency lighting). Training is

performed in these conditions. on both non-fire SBOs and the fire

procedures. All other factor

Working Parallel Proc ffing

In this plant, fire pr s are perfQr lel with the EOPs. Because of potential

i intSraction of o procedures has been carefully examined, and an
integrated timetable Sggated (seg ). The timing presented in the table is based on a
combination of job per ormancex ure (JPM) timing requirements, simulator observations for
non-fire SBO scenarios, and rough with multiple operators to determine how the

t _
nominal timings wm&eﬂ% in a fire scenario.
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Table C-3
Integrated scenario timeline
Time Event Comment

T =0 min Fire and reactor trip.

T =0min Control room dispatches fire brigade to Fire brigade composed of three local
fight the fire; immediate memorized plant operators.
actions (Steps 1-3 of EOP 0)
performed.

T =3 min EOP 3, Step 3 indicates SBO. OPER1 designated to perform E ;
Procedure transition brief held by shift OPER2 designated to start revie
supervisor (SS) to alert all control room Fire Procedure (FP).
staff that they have an SBO and fire.

They will be entering ECA 0.0.

T =5 min OPER1 begins ECA 0.0.

T =7 min Step 4 of ECA 0.0: dispatch local pl me that t lant operator
operator to investigate failure of A will be bus AFW and not

available t@t in additional actions.

T=10min | STA arrives. Begia toring critical safety

T =15 min OPER1 reaches S BWthis®time, OPER2 has finished
notifies SS that the ©ading through FP. Note: Based on
AOP 304. , simulator observation, in a non-fire

SBO, this step is reached in 10

minutes; an additional 5 minutes was

added here to account for the delay due
. to the initial coordination.

T =15min riefs control r on the AOP Seven contingent time-critical actions

coofglination wit Qs. (listed in the first hour) in FP; two are
necessary. Confirmed: FP actions will

@ not interfere with AOP actions; sufficient

personnel available to do both in
parallel. Late actions (>4 hours) are
postponed until SBO is recovered.

P\

T =20 min ER1 begins AOP 304; OPER2 OPER2 dispatches one local plant

ins directing FP actions.

operator to perform FP actions.

OPERT1 arrives at Step 17 of AOP 304
(locally remove power from ESFLS).

Cue for action. Because a majority of
the steps in AOP 304 are checking
indicators, based on operator interviews
it would take <1 minute per procedural
step (including performing necessary
location actions) to get to Step 17.
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Table C-3
Integrated scenario timeline (continued)
Time Event Comment
T =37 min | OPER1 dispatches local operator to Two minutes were allotted for diagnosis
remove power from ESFLS. (reading Step 17) and receiving
approval from the SS to proceed with
the action.
T =57 min | Action successfully completed (end of The action to locally remove power from
Step 18). the ESFLS is trained on using JPM

12654: Align ALT Feed Breaker, whi
has a 15-minute time requiremen&e
has been verified by observatiQffs
. timing starts wj 3
i€ given the ins @ 5 1
igfaction, includgs denning

i gear, anghends when the
tion had b mpleted (end

ario, an additional 5
added, based on a

V nario the local plant operator
g\'@ Ik back to the MCR to report
@ Step 17 has been completed.
adios are not available during a SBO
Y 4 in this plant, and cable tracings were

not performed for the phone lines and
so cannot be credited.

T =60 min Fij inguished.q Determined from detailed fire modeling,

accounting for location and available

o \ fuel sources.
T=90min | Core dama S'if action not Determined from thermal-hydraulic run

performe{ for loss of AFW and SBO with one

S primary PORYV stuck open.

Considering that t&)perating crew will be in parallel procedures, staffing for this HFE was also
examined gurifig the talk-through and determined to be sufficient to perform the necessary
actions. @t detOrs such as training and familiarity with using parallel procedures for both
board oper&tors and shift supervisors were considered. Table C-4 provides a summary of the
staffing utilization during this scenario.
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Table C-4
Staffing utilization breakdown
Total Available Nur_nb_er Number Available Required for Bus
Crew Member - Assisting - -
Before Fire . S for EOP Actions Alignment
with Fire
Shift manager 1 1 0 0
Shift supervisor 1 Directing both procedures 0
STA 1 0 1 0
Control room - 1 1 Q
operators
Plant operators 7 4

*This includes members of the fire brigade and staff occupied wit

**Two is the minimum staffing requirement; during the
available.

s gf otherwise @@d due to the fire.
ame usually thr@r room operators
After the nominal scenario is described,

nominal case and breaks it down int ign1{or WAs. This is Step 4 of
Figure C-1. There are three primar i

C.4.3 Step 4: Define HFE and Unsafe

1. Control room action: fail g’initigte thanual a ent

2. Local operator action; ower from ESFLS

@ |
Onpéfators Fails to Operator fails to
UAs —— i te manual properly align

Ilgnment power

rer:gs;eptgv\ll(;ﬁ:gm Failure to close breaker
ESFLS (step 17) in MCR (step 18)

Figure C-4
Breakdown of HFE into UAs

C-19



Detailed Quantification of Fire Human Failure Events Using ATHEANA

C.4.3.1 UA1: Failure to Initiate Manual Alignment

The first failure mode would be failure to initiate manual alignment. Given the nature of the
action, the clarity of the procedures (including check-off provisions), and the directly relevant
training (JPM), it is unlikely that the crew will skip either Step 17 or Step 18. If they did skip
either step, given the long time available for recovery (they have 33 minutes to initiate manual
alignment and still have time to complete the step before core damage), this omission is unlikely
to go unrecovered in the nominal scenario. However, it is possible for the fire scenario to present
sufficient distractions (and other factors elongating the timeline) such that the crew could fail to
initiate the action in time.

C.4.3.2 UA2: Failure to Locally Remove Power from ESFLS $
N

After the control room operator initiates manual alignment (dispatches the local operat
the local operator can fail to remove power from the ESFLS. Ths€ issa well-proce
skill-of-the-craft action that requires no diagnosis. This actig i %
In this case, the only credible mode of failure is an EOC (efg. es powerdrom the wrong
component or opens the wrong switch). If this happensgthere js #0 local fee%, but the MCR
will have clear indications that the ESFLS signal hag n leared. B@ of the lack of
ufati fire (no te ines credited) and

he local operator will

perform the action again (another 20 mi i€ addition nutes brings the timeline

from 57 minutes to 82 minutes, leavi re age. Therefore, there is
orlly one recovery opportunity.

sufficient time to recover from this

C.4.3.3 UA3: Failure to Clgée Bréa

The final opportunity for#mlutg ipfthis sequ is failure of the control room operator to close
the breaker in the MC ign the alte er (Step 18 of AOP 304). This is a MCR
action with imme ack (plant pw red). The control panel layout is such that an

EOC is not likely. Wygfe are good ¢ long timeframe (33 minutes) for recovery. Given
the high potential for overy,QJi\@s not considered for further analysis.

C.4.4 Steps 5-7: Searc @ulnerabiliﬁes, Scenario Variations, and Recovery
Potential &A
A

Steps 5-7 in the ATHE process (Figure C-1) are iterative in nature and are aimed at
creating a set of p%ible operational stories, or variations on the nominal scenario, that can be

used in qu tim . The key to these steps is to understand whether there are any contexts that
could leaf' tq ariability or create potential vulnerabilities in the crew’s ability to respond to
the scenar¥(s) of interest and increase the likelihood of the HFEs or UAs. These steps are as
follows:

e Step 5: Identify potential vulnerabilities

e Step 6: Search for plausible scenario variations (often not needed)

e Step 7: Evaluate potential to recover
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At this point in the analysis, the team will need to expand the qualitative analysis beyond the
initial effort. Operators and trainers must play a role in this part of the process either directly or
through question-and-answer sessions or observation of simulator exercises (with relevant
scenarios, if possible). Any assumptions should be verified against plant performance.

For this example, the analysis team iterated through these steps and found the following driving
factors relevant to this scenario; recovery will be addressed as part of Step 8:

Training: Operators trained on procedures, including applicable alternative actions.
Non-fire SBO scenarios are common in training and “Align ALT Feed Breaker” is a JPM
that is trained on biannually. Operators have annual training on fire procedures. Howev
they are trained on SBO as crew, not as single operators. Fire procedure training does
include performing the procedures in parallel.

be unavailable to help with the EOPs because they will be i thg#fire procedu rator

Parallel procedures: The fire is ongoing during this scenariggso a portion o ‘
talk-throughs verified that adequate personnel are avail% necessary in this

scenario. While operators will be going through two pr: s'in paral P and EOP), the

relevant steps of the FP have been examined and d ict with actlons While
the control room operators will be operating in shift su spr’s attention will
be split; the shift supervisor is a key decision€oi eral pla% e procedures.

Communications: Communication lines$§ pact y SBO( o rdilios) and landlines

potentially impacted by fire (no cablegfra n e scen witeline should be adjusted

appropriately.

— Previous steps in the ECA/ , local ns as Step 13) might cause delays
due to extra time requirgd for munic ing the cue (Step 17). These are not
explicitly accounted §6r i t e timeline.

— Generally, local tors havel back to the MCR to report.

Stress due to fi e stress dge o pg fire and related distractions.

Efficiency of ¢ coordinatiQ
.
— Crew variations that co It in variability in the time to perform actions and
effectiveness of co on back to control room.

— Too much fo& e
—  “Weaker” crews tlfat do not perform well working on procedures in parallel.

—  Shift sup &ors who are not experienced in coordinating the use of EOPs and fire
proged @ n parallel, especially being cognizant of operational priorities that are present
\ procedure sets.

Special Requirements: Operators will need the key to access the relay room; all doors locked
on loss of power. Not all operators have all keys.
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C.4.5 Step 8: Quantification

Quantification using the ATHEANA process is a structured, expert-elicitation method with six
steps:

1. Discuss HFE and possible influences and contexts using a factor “checklist” as an aid.

2. Identify “driving” influencing factors and therefore the most important contexts to consider
(e.g., the operational story).

3. Compare these contexts to other familiar contexts; each expert independently provides the
initial probability distribution for the HEP based on a common calibration scale.

4. Each expert discusses and justifies the HEP they provided. $

5. Openly discuss opinions and refine the HFE, associated contexs, and/or HEPs 4 %;
each expert independently provides a HEP (may be the sa she initial jud @ prmay

be modified).

6. Arrive at a consensus HEP for use in the PRA. %

Previously, the analysts searched for potential vulnggab nd scenari 1ations associated
with this HFE. Now is the time to apply these v ilifies to each tified in Step 4. In
this case, each UA will be examined independentl : An un®ﬂ jon may have multiple

operational stories if multiple credible contgx need to ined separately.
Prior to quantification, the experts were 8gli using t

n Table C-1. The experts
were also informed that although 1 botto% caibration scale, it does not

impose a lower bound on their esti '
C.4.5.1 UA1: Failure to IniageManual Al nmgt

As discussed previousl onNcredible f echanism for the crew to fail to initiate
manual alignment is crew to b’e delayed or distracted such that they miss the
timeframe for acti th1® case, the as 33 minutes to initiate the action and still have

time available to carf§qout the agti i0? to core damage. Plausible variations explored during
discussion with the plant and H erts include the following:

e Crew variations, suc

— A methodic

z&l o extremes in possible timing outcomes:
t

W is good at taking time to work through the procedures and talk

through potential Senflicts. The crew works well as a team and relies on one another.
Training isgone as a team on both the non-fire SBO procedures and the fire procedure,

so the room operators are a bit slower in working through their respective

pabee hen they are performed in parallel, depending heavily on the shift supervisor

foR€oordination, or

— An aggressive crew, good at planning ahead and working fairly autonomously but
coordinating when needed. Efficient at parallel procedures.

e Variations in shift supervisor experience and command and control style:

— SS’s first actual fire and, because it is fairly large, SS becomes very focused on the fire
and less cognizant of the timeline or becomes a bottleneck for key decisions.
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— SS is calm under stress and has no problem coordinating the two procedures. The team is
working at a fairly fast pace and multitasking well (e.g., dealing with distractions) but
working at the top of their capacity.

e Other factors:

— Weak team members (i.e., OPERI is struggling to keep pace with the rest of the team).
There might be a third control room operator available to look at boards and help with
EOPs and/or FPs.

— Delays in previous steps because of a combination of radio unavailability and operators
having to “hunt down” appropriate keys due to change in security configuration for SB

— Fairly significant fire (lasting 60 minutes), so there may be many unaccounted for
distractions (e.g., failed indicators and/or spurious indicators not directly relev

HFE but that may take time and attention away from opegfitors).
— End-of-shift fatigue.

After exploring these factors, the driving factors were split tyo categorigS ghose that extend

the timeline and those that affect performance. For tho that ext meline, the

experts were polled to determine the minimum andgfhax#ffum timing 1gh that could be
igicline facto%lude slow crews,

s, and SS as a funnel
gdditional minutes to get to
critical procedure steps. With
duced to as little as 8 minutes.
tiPns themselves.

this additional time factored in, the
This, however, does not jeopardize

Note: Because such a large tj ilaB§¢for this action, this rough approach at
timing analysis was determi or g®antification. If there was less time margin,
the experts could choogg’1 o different contexts—one with worst-case
timing and one with ‘f bine the HEPs using a weighting based on
the likelihood of t ation C-2).

PUA, |S) = Z P( , Equation C-2

Other driving factges the operators considered in producing their estimates include a range of
experience levelspNgnismatch between training (heavy interaction as crew) and reality (relatively
autonomaos), @ ed cognizance of timeline due to distractions, and stress due to fire.

ConsideriRg these discussions, the (in this case, hypothetical) experts were led in a structured
elicitation process (following the guidance provided in NUREG-1880 [1]) and produced the
estimates in Table C-5. Each expert then gave a justification for the HEP they provided and, after
brief discussion (because, in this case, the experts were similar in their initial responses with
similar justification), a consensus distribution was agreed to.
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Table C-5
Probability distribution for UA1 (failure to initiate manual alignment)

Percentiles
Analyst
1 st 1 Oth 25th 50th 75th goth ggth
Operator 0.00001 0.0001 0.0007 0.001 0.005 0.007 0.01
Trainer 0.0001 0.0003 0.001 0.005 0.007 0.03 0.07
HRA analyst 0.00001 0.00005 0.0007 0.003 0.005 0.01 0.0

Consensus 1E-04 1E-04 1E-03 | 3E-03 1E-00§

The final step was to “sanity check” the final distributi case theael tion passes the

sanity check:
e Holistically, on average, the action was deter “extremy nlikely” because

actions are well trained, proceduralized, Have a | g tlmehne hlgh potential for
recovery, and cues are clear—creatingflitgle ntial for n or misdirection.

e Probability capped at 1E-04.

e Worst case falls between unhke to fail a ntly fails because, even in the worst
case, they still have buffe 4

e Tails of the distributi ly acco or the effectiveness of crew collaboration and
the specifics of tlmQ

C.4.5.2 UA2: Fai o} LocaIIy ower from ESFLS

This is a local action that is proc lized/skill-of-the-craft. A long timeframe is available for

the action (53 minutes ava11 n action that takes only 20 minutes). There is sufficient

training on the action a JPM. However, training on this action is done in a non-fire

SBO scenario only. &; , the JPM timing is based on nominal conditions and accounts for

the availability of many 1 plant operators to help with the procedure. With only two local

plant operators av@le for the EOP/AQP in this scenario (four are assisting with the fire and
one is attempti store AFW), the operator in question may be fatigued from rushing around
and perfo#mi @higher workload. Given the fast pace and general stress, the local plant
operator feel rushed and open the wrong switch. An EOM is not considered credible for this
scenario.

If the operator performs an EOC, recovery is possible. There are clear indications in the MCR
that the ESFLS signal has not been cleared. However, it takes the local operator 5 minutes to get
from the relay room to the MCR, where the operator would be told of the problem. Upon arrival
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at the MCR, the local operator will be immediately re-dispatched to perform the local action. To
perform the action, then, it takes an additional 20 minutes to perform the local action again,
report to the MCR, and have the control room operator perform Step 18 to complete the
alignment.

As in UA1, there may also be some variation in timing due to the fire scenario, reducing the time
available for recovery. However, at the point at which recovery would be necessary, the fire will
have already been extinguished—this would be the first priority for the crew.

There are 33 minutes available for recovery; diagnosis and execution of the recovery actions take
only 25 minutes. There is sufficient time to recover.

The plant layout was examined in closer detail, and the experts concluded that the contri
due to an EOC was considered negligible (~1E-4), even discounting recovery of the lo

C.4.6 Step 9: Incorporate HEP into PRA Q
After the individual HEPs are calculated for each UA, they bined into onedistribution
using Equation C-1. In this case, however, our HFE si 11 ne UA wi context, as

shown in Figure C-5.

Operator fails o manually
116KV powver

E.a/

Operator fails to
initiate manual
alignment Negligible
Conftribution to
L overall HEP
UA3
1
4 MIF Failure to close
ESF:La breaker in MCR
& {step 17} . (step 15) -

Figure C-
Summ@ar Lognc

Therefore, for this HFE—QOperator fails to manually align 115-kV alternate power following loss
of both buses and EDGs fail to start—the HEP distribution is simply the same distribution as that
for UA1, as shown in Table C-6.
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Table C-6
Final probability distribution for HFE: Failure to manually align alternate power source
Percentiles
1 st 1 Oth 25th 50th 75th goth ggth
1E-04 1E-04 1E-03 3E-03 5E-03 1E-02 | 5E-02

Depending on the PRA needs, the entire consensus histogram can be inputted to the PRA, or a
mean value may need to be developed using a software tool. NUREG-1880 provides guidange
and cautions on the development of mean values from discrete distributions.

C.5 References QQ
1. U.S. Nuclear Regulatory Commission. NUREG-1880, ser’s Gui ne 2007.

2.

U.S. Nuclear Regulatory Commission. NUREG-16i4: %ﬂ 1, Techr%asis for

Implementation Guidelines for A Technique for Hu ent Analy@ EANA),
May 2000.
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APPENDIX D

ASME/ANS PRA STANDARD AND THE FIRE HRA
GUIDANCE

This appendix discusses the relationship between the fire HRA guidance in this report and the
high-level and supporting requirements contained in the 2009 version of the ASME/ANS
Standard [1]. The intent of examining the relationship between these documents is twofold:

e To ensure that relevant technical issues as defined by the PR 4#Standard were i8¢ed'in
the development of this guidance

e To examine how the fire HRA guidance provided herei the PRAsStandard
supporting requirements and their variations by capahility, gory to e hat the
er

guidance can meet the capability category desirgd b
The intent of this section is to offer a roadmap fo S
assessment of their own fire HRA against thePRA dard req heHES, not only for the HRA
areas of the PRA Standard but also for ot w (such agmgident sequence analysis [AS]
or quantification [QU]) that interface wi vide sup girequirements for the fire HRA.
Tables D-1 and D-2 correlate the PRA St@ eqtiirements to the corresponding
fire HRA guidelines section where glifdance appli€alile at requirement can be found. The
PRA Standard requirements thfit diffr By Capab Category are indicated with a category
designation before the descrif ch as Cagll folCapability Category II. Groupings such as
Cat I-1I indicate that th. dard requ @ gnt covers both Capability Categories I and II.

Where no category dg 101'1s shown Standard requirement is the same for
Capability Categos # I Nnd 111 * 0

The Capability Categ®py gradatorng geRgrally correlate to the level of specificity to the plant
being studied and the level of the analysis. Based on public review comments, these
guidelines have been modifj ect that meeting Capability Category III is not the intended
goal of the fire HRA. JdOow8er;"because fire HRA depends heavily on the evaluation of plant-
specific features to eVal®gte tlie performance shaping factors that influence the assessment of
feasibility and the Qulat n of an HEP, it may be necessary to go into greater detail for those

to perform an

unique plant-specifi¢ design elements influencing the analysis to ensure that they are properly
reflected igpthd @ I8

Table D-Wgbntains the basis set of internal events HRA requirements from Part 2 of the PRA
Standard, which must also be met by the fire HRA; Table D-2 lists the fire HRA-specific
requirements from Part 4 of the PRA Standard.

Note: The wording provided in Tables D-1 and D-2 summarizes but does not exactly replicate
the PRA Standard; users of these guidelines should consult the PRA Standard itself for the exact
phrasing of the requirements.
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Table D-1

Part 2 ASME/ANS PRA Standard requirements for internal events HRA versus EPRI/NRC-

RES Fire HRA Guidelines

ASME/ANS RA-S-2009 Requirements:
Internal Events PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirements

HR-A Systematically identify calibration, test,
inspection, and maintenance (pre-initiator)
activities that may impact the availability of
equipment necessary to perform system

functions.

HR-B Screen pre-initiator activities from inclusion in
model based on assessment of plant-specific

operational practices.

HR-C Define HFEs that represent the pre-initiator
human failure impact as an unavailability at
appropriate level (function, system, train, or

component).

Systematically identify pre-initiatg HFE%

HR-D
probabilities based on plant-sp
activity-specific influences o
performance.

HR-E1 Identify key human ac
procedures and other re
(e.g., EOPs, A
procedures) in
scenarios

oniext of the agcidert
m operati
system(

man interfac

and

HR-E2 t core damage
rmed by control

recover a failed

mitigatin® systems® e

room staff to diagmes

Pre-initiating events HRA is not
applicable to fire PRA (see Section

Q\%

O

®6

Actions.
Section 3.3, Fire Response Actions.

HR-E3
throughs operations and training to verify
that(tions are consistent with actual plant

oEe ions and procedural practices.

Section 4.2, Information Collection.
Section 4.5, HRA Narrative.
Section 4.6.1, Cues and Indications.

Section 4.6.3, Procedures and
Training.

HR-E Cat Il and Ill: Use simulator exercises and talk-
throughs with operators to validate response

modeling.

Section 4.2, Information Collection.
Section 4.5, HRA Narrative.
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Table D-1
Part 2 ASME/ANS PRA Standard requirements for internal events HRA versus EPRI/NRC-
RES Fire HRA Guidelines (continued)

ASME/ANS RA-S-2009 Requirements: Relevant Fire HRA Guidelines
Internal Events PRA [1] Section(s)

HRA Requirements

HR-F1 | Cat Il and II: Include and modify HFEs in PRA Section 3, Identifying and Defining
model as necessary to represent the impact of | HFEs, and Section 4, Qualitative
human failures at function, system, train, or Analysis.

component level as appropriate, grouping
responses into one HFE if the impact is \
similar or can be conservatively bounded. Q

Cat Ill: Define HFEs that represent the human

failure impact at function, system, train, or

component level as appropriate.

HR-F2 | Cat Il: Complete HFE definition via accident ion 4.5, tive.

sequence—specific cues, timing, procedifes,
and train-level tasks required to achi€ye j#ffe

response goal. 06
Cat Ill: Complete HFE definitj Nent Q

sequence—specific cues, tim
and specific detailed
component level (e.g:
required to achiev the; of the reg

HR-G1 | Cat Il: Perform@ analysis for risk~ Screening: Section 5.1, Screening Fire
significant delise screeny alues for | HRA Quantification (for non-risk-
non-signid significant HFES).

L 4
Cat <@ orM detailed @or the , , ) ]
estimMon of human f sic events. Scoping: Section 5.2, Scoping Fire

* HRA Quantification (for non-risk-

Q\ significant HFESs).

Detailed Analysis: Appendices B and C
(for both risk-significant and non-risk-
significant HFESs).

HR-G2 @ cognition as well as execution errors Scoping quantification (Section 5.2),

P estimation. the EPRI approach (Appendix B), and
ATHEANA (Appendix C) all address
cognition as well as execution.

HR-G3 | Cat Il and Ill: Address plant- and scenario- Section 4.6, Performance Shaping
specific cues, timing, procedures, and other Factors (PSFs).
PSFs for HEP estimation. Section 4.5, HFE Narrative.
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Table D-1

Part 2 ASME/ANS PRA Standard requirements for internal events HRA versus EPRI/NRC-

RES Fire HRA Guidelines (continued)
ASME/ANS RA-S-2009 Requirements: Relevant Fire HRA Guidelines
Internal Events PRA [1] Section(s)
HRA Requirements
HR-G4 | Cat Il: Use appropriate realistic generic T-H Section 4.2, Information Collection.
analyses or simulation from similar plants as Section 4.3.4.1. Sufficient Time for
basis for time available for operator actions. Feasibility Analysis.
Cat Ill: Base time available for operator actions | Section 4.5.3, Timing Informatiogt
on plant-specific T-H analyses or simulations. | Dévelop HFE Narrative.
Sectiop 4.6.2, Timing as Q
HR-G5 | Cat II: For significant HFEs, base time required
for actions on walk-throughs/talk-throughs of 4 detailed i
procedures or simulator observations. P g ctared qUagliation
sider planjsspecific T-H
Cat lll: Base time required for actions on w a IS.
throughs/talk-throughs of procedures or @
simulator observations (for all, not ju r
significant HFESs).
HR-G6 | Review post-initiator HEPs to SN Seati ocumentation.
consistency with each other
reasonableness considerj al issues
HR-G7 ection 6.2, Dependency Analysis.
h Bnnel $
\ .
HR-G8 | Asses certainty and pfgyi8e mean HEP Section 6.3, Uncertainty Analysis.
value
HR-H1 | Cat II: Inclyd actions to restore Section 6.1, Recovery Analysis.
equip as Rgeded to provide a more
realistic eWgluation of significant accident
sequgnces.
Nnclude recovery actions to restore
ment to provide a realistic evaluation of
accident sequences.
HR-H2 % Credit recovery actions if procedures exist and
training on them was provided or justification is
made for why these are not necessary, cues
alert operator to recovery action, PSFs
addressed, and sufficient manpower is
present.
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Table D-1

Part 2 ASME/ANS PRA Standard requirements for internal events HRA versus EPRI/NRC-

RES Fire HRA Guidelines (continued)

ASME/ANS RA-S-2009 Requirements:
Internal Events PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirements

HR-H3 | Account for any dependencies between Section 6.2, Dependency Analysis.
recovery HFE and other HFEs in sequence,
scenario, or cutset where recovery is applied.
HR-I1 Document fire HRA to facilitate applications, Section 7, Documentation.
upgrades, and peer review.
HR-12 Document processes used to identify, Q
characterize, and quantify pre-initiator, post-
initiator, and recovery actions considered in
the PRA, including the inputs, methods, and
results.
HR-I3 Document sources of model uncertaintyfand Section 7, ntation.
related assumptions (as identified in ; sumptions
and QU-E2). _ 25% puons.
3, Uncertainty.
AS-A1 Explicitly model in acc ection 4.5, HRA Narrative.
the appropriate combinati@ns o syste
AS-A4 nitiating Section 3.2, Internal Events Operator
ith SR SC ide Actions, and Section 4.5, HRA
operator actj hleve the Narrative.
ccess C"te otes1and2). | ATHEANA, Appendix C.2, Identifying
and Defining HFEs, and C.5,
Quantification.
AS-A6 | Order sequentially according to the | Section 4.5, HRA Narrative.
response e systems and operator actions
accogding to the accident progression event
timiNg. Where not practical, provide the
used for the ordering.
AS- I: For accident sequence progression See HR-G4.
parameters (particularly timing for HRA), use
realistic applicable T-H analyses from similar
plants.
Cat lll: Use plant-specific TH analyses.
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Table D-1

Part 2 ASME/ANS PRA Standard requirements for internal events HRA versus EPRI/NRC-

RES Fire HRA Guidelines (continued)

a

ASME/ANS RA-S-2009 Requirements: Relevant Fire HRA Guidelines
Internal Events PRA [1] Section(s)
Other Requirements
AS-B2 | Identify the dependence of modeled mitigating | Section 2.3, Relationship to Other Fire
systems on the success or failure of preceding | PRA Tasks.
systems, functions, and human actions. Section 3.4, HFEs Corresponding to
Include impact on accident progression, either | \jnqesired éperator Responses o
in the accident sequence models or system Spurious Actuation.
models.
SC-A For accident sequences, supporting Seeghdiyidual AS SRs
Note 2 | requirements AS-A2, SC-A3 (SC-A4, if
applicable), AS-A3, and AS-A4 are intended to
be used together to capture the specification of
the set of systems and human actions
necessary to meet the key safety functi @
success criteria. %
SC-A3 | Specify success criteria for key safety :
functions identified for each injjating event that
is modeled.
QU-E1 | Identify model uncertai 6.3, Uncertainty Analysis.
QU-E2 | Identify assumpti Section 2.4, General Assumptions.
development.
QU-E3 | Estimate uncertaint al and See HR-D and HR-G8.
interva with par,
unc R-D6 an# HR:G8Y, iff€luding
state nowledge cor,
QU-C2 | Address dependencigs! Section 6.2, Dependency Analysis

,g\’
O\
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Table D-2

Part 4 ASME/ANS PRA Standard requirements for Fire HRA versus EPRI/NRC-RES Fire

HRA Guidelines

ASME/ANS RA-S-2009 Requirements: Fire PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirements

HRA-A1 Determine whether each safe shutdown
action carried over from the internal events
PRA remains relevant and valid in fire PRA
context, consistent with internal events
elements ES, PRM, and HR-E, or establish a
defined basis to support a claim of non-
applicability of any of the HR-E requirements.

Section 3.2, Internal Events Operator
Actions.

Section 3.6, HRA/PRA Modeling.

HRA-A2 | Identify new fire-specific safe shutdown
actions consistent with IE elements ES, PRM,
and HLR-HR-E.

HRA-A3 | Cat ll: Identify new undesired operator acti
associated with single instrument faiflre-
caused spurious indications (see E

(e.g., due to verbatim compliange with
instruction in an alarm respogse @gocegure,
when separate confirmatiqgfis got ilable or
required).

Cat Il Identify new u iredoperajg
actions associajed wi rious in€ ‘@,
resulting fro i f up to and inclfiding

two instrume time (e. ue to
verbati r@p e with the i jon in an
alar Spénse procedure rate
co tiolys not avaf or feqUired).

Spuriou tion.

i . rresponding to
Undesir%ﬁ r Responses to
6.1, Cues and Indications.

i ct of human failures at function, system,
Iy or component level as appropriate,
ping responses into one HFE if the
pact is similar or can be conservatively
bounded.

Cat lll: (no grouping).

HRA-A4 | Cat I[\qpd IlI: Talg t ocedures and See HR-ES.
event sequences W ant personnel to
ensure that o ractions modeled
a( t operations and training
HRA-B1 Cat I-ll: D8§ine HFEs that represent the See HR-F1.

HRA-B2 | Include in the fire PRA model any new fire-
related safe shutdown HFEs identified in
HRA-A1 and according to HR-F.

See HRA-A1 and HR-F1 and -F2.
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Table D-2

Part 4 ASME/ANS PRA Standard requirements for Fire HRA versus EPRI/NRC-RES Fire

HRA Guidelines (continued)

ASME/ANS RA-S-2009 Requirements: Fire PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirements

HRA-B3 | Cat Il: Complete HFE definition via accident
sequence—specific cues, timing, procedures,
and train-level tasks required to achieve the

response goal.

Cat lll: Complete HFE definition via accident
sequence—specific cues, timing, procedures,
and specific detailed tasks at individual
component level (e.g., pumps or valves)
required to achieve the goal of the response.

HRA-B4 | Cat II: Consistent with ES-C and HR-F,
include HFEs for cases where fire-induged
failure of any single instrument co
an undesired operator action, or ex

for inapplicability.

Cat lll: Include HFEs for ¢ esMe-
induced failure of up to, clufling two

instruments at a ti se an
undesired operator actigh, or explai
inapplicability.

See HR-F2.

HRA-C1 t for fife-

Cat Il: Quanti Pspand acco
u detailed sis for
igni and co
i ps f@r non-si I@i ;
0 previously
iming and PSFs

BT fire-specific j
d HFEs agcagdin t
cited in HR-GS3, - -Gb5, or provide

basis for inap;@ .
Cat ua& EPs and account for fire-

related eNgcts using detailed analysis in

See HR-G1, -G3, -G4, and -G5.

ipment as needed to provide a more
listic evaluation of significant accident
sequences.

accgprdance’with HR-G.
HRA-D1 Include recovery actions to restore
|

Cat lll: Include recovery actions to restore
equipment as needed to provide a more
realistic evaluation of modeled accident
sequences.

See HR-H1.
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Table D-2

Part 4 ASME/ANS PRA Standard requirements for Fire HRA versus EPRI/NRC-RES Fire

HRA Guidelines (continued)

ASME/ANS RA-S-2009 Requirements: Fire PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirements

HRA-D2 | Address relevant fire-related effects, including
those that may preclude a recovery action or
alter the way it is performed, and define a
basis to support the claim of non-applicability

of any of the HR-H2 and HR-H3 requirements.

Section 4.3, Feasibility Assessment.
Section 6.1, Recovery Analysis.

HRA-E1 Document unique fire-related influences of the
analysis consistent with HR-I, and
define/document a basis to support the claim
of non-applicability of any of the HR

requirements.

Section 7, Documentation.

Other Require

ES-C1 Identify instrumentation relevant to
actions for which HFEs are defined o
modified to address fire PRA

according to SRs HRA-B1

ES-C2 Cat IlI: Identify fire-indu
instrumentation, incl
1) of any single instru
each operator g€tion j¢ b® address

that could cafSe @h undesired operat

related to sigh credited

d2)
ction
e PRA.

Cat
in ridus operation

ntafon, includi
1) 0 to and incl r\l instruments
at a time associ ith'®ach operator
action to be a@% 2) that could

cause an un perator action related to
plant dg€igfcre@it€d in the PRA.

tify we-indgc

FSS-B1 Define anjjustify conditions assumed to lead

to MCR abandonment and/or reliance on ex-

CORjrol room operator actions, including
@ and/or alternate shutdown actions.

Section 3.3.1.4, Main Control Room
Abandonment Actions.

Section 5.2.8, Alternate Shutdown.

Section 4.8, Qualitative Analysis for
MCR Abandonment
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Table D-2

Part 4 ASME/ANS PRA Standard requirements for Fire HRA versus EPRI/NRC-RES Fire

HRA Guidelines (continued)

ASME/ANS RA-S-2009 Requirements: Fire PRA [1]

Relevant Fire HRA Guidelines
Section(s)

Other Requirements

FSS-B2 Cat Il: Select one or more fire scenarios such
that the MCR abandonment contribution to fire

risk can be realistically characterized.

Cat lll: Select one or more fire scenarios such
that the MCR abandonment contribution to fire
risk can be realistically characterized and the
risk contributions can be correlated to
specific ignition sources and locations
within the MCR.

See FSS-B1.

o

PRM-B2 | Verify the dispositioning (settling or puttin
order) of the peer review exceptions

deficiencies for the internal events

PRA model development.

ction 7, D@%ﬁltion.
) O
that this does not adversely affect theSige

PRM-B6 | Address AS-A and -Bint

ctibn 3.3, Fire Response Operator

% e
ipment, Actign Categorization; also see SRs
der AS-A and -B.
r
cy

PRM-B9

N
induce® equipm ilurds, fire-specific
operator action spurious actuations,
perform the gy§t nalysis portion of the
fire PR el ording to HLR-SY-A and
HLR

Section 4.2, Information Collection.
Section 4.5, HRA Narrative.

Mogel all operator actions and operator
inflllences in accordance with the HRA
nt of this PRA Standard.

See HRA-A through -E.

del any new accident progressions beyond
the onset of core damage identified according
to PRM-B13 to determine the fire-induced
LERF in the context of fire scenarios,
including effects on system
operability/functionality, operator actions,
accident progression, and possible
containment failures accounting for fire
damage to equipment and associated cabling.

Section 2.3, Relationship to Other
Fire PRA Tasks.
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APPENDIX E

SUMMARY OF TESTING AND REVIEWS

E.1 Objective

Two important steps in the development of the joint EPRI/NRC-RES fire HRA guidelines wer
subjecting the guidelines to review and testing. Reviews were conducted by an independe
review team, and a public comment period The fire HRA processes included in the guidClige

the NRC for their review and feedback. After the peer revi
subjected to hands-on testing at two nuclear power plants. report was th%ued for public

comment. As part of the public comment period, the fi uideline rther tested by
the PWR Owner’s Group and by some of the met opment te

Each of the review and testing activities was hlgh alfible to t %pment of this report.
As aresult of lessons learned and feedbac 1 om both r review and the testing
exercises, the methodology and docume rwent e @ revisions. The project team is

grateful to those who contributed to Xerc1ses \
this project.

it time and invaluable input to

An overview and some details ou review 4 st aCtivities are provided in the sections
that follow.

E.2 Independent iew
.
The objectives of er review wer

technically sound and\ill meegthg{n

evaluate the methodology to ensure that it is

of the intended users, 2) to identify any significant
deficiencies in the proposed a early enough in the development process that they could
be addressed and the metho odified in time to meet the needs of the intended users, and
3) to ensure that the & is documented in a manner that is clear, concise, logical, and
usable for the inten diefice.

Along with the dragt copy of the document, the independent review panel members were given a
set of instructi t included the following questions to keep in mind while they were
conducti hf@iew

1. Is the¥WChnical approach sound and reasonable?
Are the selected HRA models appropriate for the application?
Are the assumptions presented in this methodology reasonable?

Does the guidance meet its stated objectives?

ARl

Is the writing clear and of acceptable quality?
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Summary of Testing and Reviews

6. Is the proposed methodology usable and understandable?
7. Is uncertainty adequately addressed?
8. Can you provide any suggestions for reducing the uncertainty that is present?

After independently reviewing the document, the peer reviewers were asked to participate

in a meeting between the entire peer review panel and the guideline development team. The
purpose of this meeting was to give the peer review panel an opportunity to ask the guideline
development team questions and to clear up any ambiguities they may have encountered in their
initial review of the document. This meeting also gave the peer review panel an opportunity to
share their initial feedback and impressions of the document. After the meeting, each revi
documented their feedback and submitted this documentation to the guidance developm m
Each comment from the peer review panel was reviewed and assegsed by the proje;

on these comments and the feedback received during the peer rg¥iey* meeting, se @ ges
were made to the document and to the scoping trees to prepgt hands-on %

9

E.3 Testing Objectives and Scope

After the peer review was completed, the guideli I subJected t nds of hands-on
testing. Testing was included in the process beca u1de11n opment team felt that it
was necessary to put the methods through a elp deter whether the assumptions

used in developing the guidance would n applieg a 1 plant-specific fire
scenarios. Subjecting the methods to tgst prov1ded§ evel “reasonableness” check

b method. Other objectives of
naccuracies, and assessing the

ied. The ng conducted as part of this project did

testing the method included identify
method’s usability when pracgi€allygfp

not constitute a verification idation of th dology results. Because of the limited
availability of adequate le A data, 1ty verification and validation (V&V) analysis
is not practical and uts1de of this analysis.
For the purposes o project, rea ess was defined as yielding human error probability
(HEP) values that a) Wgre genelal al from a probabilistic risk assessment (PRA)
perspective, b) were not lower lues derived in the test plant’s internal events analysis
%ﬂ igher than the screening values obtained using the
e

for the same action, and c)
NUREG/CR-6850 H s% ¢ method [1]. The underlying assumption behind this definition
of reasonableness is e pProbability of an operator committing an error when conducting a
given action in mogt cases should increase when fire effects are introduced. Conversely, the
probability of an %er should not decrease given that fire effects are present. If the fire HRA
methodology | lower HEP than the one yielded by the plant’s internal events HRA, it
would sug the assumptions in one of the two analyses are incorrect. A key point to
remember ¥, that the internal events HRA analyses and the fire HRA analyses are performed
using different methods and therefore their results are not and should not be expected to be in
perfect alignment. However, both analyses should hold up to part a) of the reasonableness
assumption of being generally logical from a PRA perspective. If both analyses yield logical

results, the fire HRA methodology should yield higher HEP results.



Summary of Testing and Reviews

Testing exercises were conducted at two nuclear power plants, one of which was a BWR and the
other a PWR. They are identified in this summary as Plant #1 and Plant #2.

e Plant #1: Two-unit BWR manufactured by General Electric.
e Plant #2: Two-unit PWR manufactured by Westinghouse.

For each exercise, a team of three or four members of the EPRI/NRC-RES Fire HRA project
team visited the plant sites and met with key plant PRA and training personnel.

The test plan, the testing scenarios, and the lessons learned from the testing exercise are
described in the sections that follow.

E.3.1 Test Plan \*
Objective: Q
Exercise fire HRA method broadly enough to evaluate the ade @analysis and

test the applicability of scoping and detailed HRA approac%

Results should identify areas where guidance is insuffigiegt o ere imp, \@\ts to the logic
structure of quantification approaches are needed. v é

In particular, the following items should be teste@ 6

1. Test the scoping flow charts by applyi systetn to at le s@ action for each branch in

the structure. w Q
a. Verify that the qualitative ti re appr%&
S

b. Check the quantification valges for rea (i.e., that the new HEP values are
not lower than the pffernadfev@nts valucSgf greater than the screening values).

2. If possible, also appl RA appifégch and compare with the internal events
assessment.
5S

The reasona : the obtah @s, oth in terms of face validity and the relative
ranking of HERS across the dj &t types of conditions, should be evaluated. The method
will be tested for’both a g@a PWR. There is an assumption that there will be an
existing fire PRA avail e selected plants or at least a fire PRA that has developed

the PRA models e t that the human failure events (HFEs) have been identified
and included i& models.
Step 1. Prior to plagt visit.
e Obtainac xisting fire PRAs and relevant plant procedures (emergency operating
procegfire s], fire procedures, and alarm procedures) for review (two weeks before
plantNgight).

e Evaluate existing identification and definition of HFE results. Characterize the level of the
study progress relative to the NUREG/CR-6850 task structure. Do the fire PRA models
include the types of actions needed to test the fire HRA method? Determine whether
additional identification and definition steps are needed. To the extent possible,
independently test the fire HRA method’s identification and definition process. Try to apply
the feasibility criteria in the identification and definition step.

E-3



Summary of Testing and Reviews

e [f the NUREG/CR-6850 HRA screening approach was used, revisit the screening analysis to
determine whether the revised screening approach provided in the fire HRA method would
lead to different results for long-term events.

e Identify an initial set of HFEs for quantification using the scoping and/or detailed
approaches. Testing should include both risk-significant and non-risk-significant actions (if
relevant information on these actions can be obtained). The set of HFEs should include the
following:

1. Existing internal events in control room HFEs

a. No expected fire effects in terms of smoke

b. No expected fire effects on instrumentation or control \*
c. Potential fire effects on instrumentation (potential EFOCs or EOQs) Q
2. Existing internal events ex-control room HFEs @
a. No expected fire effects ex-control room in t% oke an on
b. Potential fire/smoke effects ex-control ro %
3. Fire response actions V @
a. Fire manual actions (FMAs), includin emptive @aﬁve actions according
to NUREG-1852 [2] UV
RefS 0 instrumelﬂQEOC and EOOs )

b. HFEs with potential fire g
4. HFE(s) from a MCR abafidosfmest due t a@ y scenario
HFE(s) from a scengfio thet might req se of the alternate shutdown panel for
control, even if cofgdigOns did not lead towneed for abandonment of the MCR
e If possible, charact ery actions @ dgndencies between actions, and uncertainty
range in the res -

Step 2. Visit plant days at pla N tain support from plant PRA and training staff to:
.

e Perform qualitative analysi cted actions, including obtaining information on event
timing (occurrence of cu e actions, estimates of time available, and estimates of time
to accomplish the agtiogs) other PSFs given the expected plant conditions.

e Revise selected if some events are not suitable for testing.

e Apply scopingguantification approach and, where appropriate, the EPRI HRA approach to
selected H

- rt Will be needed from training and other plant personnel to make scoping path
seleqgions and provide needed information (e.g., for information on requirements for ex-
control room actions).

— If the detailed methods are to be applied to at least some extent, significant detailed
information is required to achieve a realistic analysis. Analysts will need to be well
prepared to collect the relevant information for a given HFE and obtain the needed plant
support.
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Summary of Testing and Reviews

Step 3. After the plant visit:
e Document results identifying problem areas.

e Compare scoping, detailed, and existing plant HRA results (if any) for HFEs addressed in the
test and those already analyzed for the fire PRA.

Step 4. Review analysis and results with plant:

After the HEPs have been reviewed and quantified by the team, the results need to be provided to the
plant and feedback requested. For example, are the results what you need to complete the fire PRA?
Are the results reasonable, and are there any actions that you would require detailed analysis on
based on the results from the scoping trees? What are your thoughts on the method applicati \

E.3.2 Testing Scenarios Plant #1
Prior to the plant visit, the project team was given a set of planirogedures. A se
dlng

scenarios was proposed for use in evaluating the scoping m, on Plant #

one or more scenarios in the five categories of 1) existing i%events im nt to the fire
PRA, 2) new fire PRA HEP not in the internal events rious i enario, 4)
spurious/false indication causes inappropriate oper, n and 5) ma trol room
abandonment.

These scenarios are summarized next.

Existing internal events HEPs import t ire starts in the turbine
building, causing loss of offsite pow emerg d1 ; the redundant emergency
diesel fails to start. The emergency s successfullypattuate on high RPV pressure, there

is no stuck-open ERV, and ther is n a]or inc tor recirculation pump leakage
(no LOCA). The operator acigOnsys iGwn in Figur —1 are important to reach a success state.

Disé

Core Core
ure PAC and damage damage
Success Path

Figure -1Q
Operdiogac s for success state

e ZECO1-%controlling emergency condensers according to procedures, which instruct
operators to stay within pressure band and cooldown rate. Operators will isolate one
emergency condenser (EC) relatively early, eventually isolate the second, and then unisolate
the second EC to control RPV pressure (and cooldown rate).

—  Procedures: N1-EOP-2 “RPV Control” and SOP-1

— Cues/instrumentation: PI-39-113A and 39A on the main control board
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Summary of Testing and Reviews

— Actions are from the control room
— Time window: 50 minutes

e Success of this action ensures that an EC is used to control pressure, heat removal,
and inventory for several hours until EC makeup is required with the diesel fire pump
(see ZLTO1 below) and the batteries discharge (see ZHRA1 below).

e Failure of this action means that pressure is not controlled, ERVs will open, and
eventually that sufficient inventory will be lost, resulting in blowdown at the top of
active fuel or a lower level.

e ZOMUI (with ZOUOI) and ZLTO1—makeup to the ECs is required in order to continye,
success for 24 hours. Procedures instruct operators to control EC makeup (ZZOMUIN

this but assumes that they isolate per cooldown and then ZOUQ1 or 02 is required t@
that the valve is opened—these should probably by combinegfinto one HEP) g6 ONO
waste makeup water (FCV from makeup tank to EC shell fa¥gfOpep, allowing @ ip tank
to overfill shell and flow out the overflow to drains), buf fai conduct this Ofily shortens
the time window for ZL'TO1. é

— Procedures: ZOMUT1 N1-SOP-33A and SO 21.%16 21.1-4 @

— Procedures: ZLTO1 N1-SOP-33A and SO@ the bott,

— Cues/instrumentation: EC shell, m (W evels, pr directions in CR

— An operator is required to be at akgup tanks Qf TB)

— Time window: within %2 ho Ul and et& 2 and 18 hours after fire initiator
for ZLTO1 (depends on ZO and avaj t C shells)

e Success means th@it Eﬁcan control pigssure, heat removal, and inventory for 24

hours.

e Failure i ed {0 res@t i age although, with future modifications and
the us ortable char x uccess path is possible as described previously for
ZECO1. .

pressure and level can ored for plant control purposes in the east/west instrument
ncegssary to reach a success state unless the new modifications
lemented (portable charger allows ERV to stay open and ensures

e ZHRA4—when batteries @ (4 to 8 hours, depending on load shedding, ZOLS1), RPV

room and is assu
(coming) have been

instrumentatiogein the CR).
—  Proced K)PQIJ for ZOLS1 and SOP-29.1, Alternate Instrumentation
— e 'Qmentation: loss of CR instruments and battery voltage
— An Gperator is required to be in east/west instrument rooms (El 281 of RB)
— Time window: 4 hours after fire initiator if no load shedding

¢ Success means that plant control is retained without DC power

Failure means that operators have lost control and core damage is assumed
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New fire PRA HEP not in the internal events PRA. There are potentially a few new operator
actions not in the internal events PRA but in SOP-21.1 and SOP-21.2. These could become
important during the detailed fire modeling and scenario development. Consider HRATI,
Operator Copes During SBO Without Instrumentation Reactor Bldg SOP-29) (DC load
shedding) or actions required to transfer control to remote locations.

Spurious induced scenario. There are several spurious induced equipment failures identified at
Test Plant #1, the most important of which are most likely associated with several single main
feedwater equipment failures that could result in an RPV overfill. Overfill would take out the
main condenser, if available initially (water in the steam lines); there are probably fires that take
out the main condenser and start overfill. EC actuation with water in the EC steam lines coul
result in EC isolation (assumed in the PRA). *

In this scenario the fire starts in the turbine building, causing FCV-29-137 or FCV- 29
open. There are two key operator actions associated with this scggfarjo:

e ZFLO0O3—operators prevent overfill given MSIV closure strument
— Procedures: N1-SOP-1

— Cues/instrumentation: RPV level v @
— Main control board @
— Time window: 3 minutes
e ZFL02—operators prevent overfill g@y trans@
— Procedures: N1-SOP-1 Q‘

— Cues/instrumentation:

— Main control board
— Time window: Q
e ZFLOl—oper er an EG
— ProcedureQ;OP 1 9
\ 1 and pressure

— Cues/instrumentation:

— Main control b \

— Time windm&m tes
Spurious/false indication causes inappropriate operator action fire scenario. Fire starts in
reactor buildin R2A, R3A, or R4A) or turbine building (T3B, El 261 West), impacting
cables to £&nn or K1-4-3 (EC11) and K1-4-5 (EC12); false indication of EC line break.
(Signal o of Y channels, need to check in simulator.) The turbine building event is likely the
most important because fires in T3B can also impact feedwater and/or normal AC power,

making the ECs important. Plant #1 assumed that ECs would become unavailable without
recovery and therefore did not pursue a more detailed evaluation.
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Control room abandonment fire scenario. For the EPRI/NRC methodology test, two MCR
panel fires are modified by assuming that the fires produce sufficient smoke and toxic fumes to
cause the operators to abandon the control room or put on SCBA gear in the evolution, even
though the amount of combustible material in the panels is small. Furthermore, it is assumed that
the HVAC air circulation system is off. The operators take actions locally and at the safe
shutdown panel(s).

In the C3Ga scenario, the fire in Panels A4 and A5 is assumed to cause failures in breaker
control switch circuits on these main control room panels such that Buses 101, 102, and 103 and
Power Boards 11 and 12 all lose power because of potential combinations of spurious breaker
openings and other failures to breaker controls so that all power feeds are open to these
buses/boards (including no power from the diesels). For the postulated fires, there is not Ii

be irreparable damage to the buses/boards; they have simply lost all of their power feed i

loss of all loads on these buses/boards. Offsite power actually reggins available—z e
rgfalthough it that

this cannot be done from the main control room because of, the breaker

controls on Panels A4 and AS.

provided again to the buses/boards by reclosing necessary brea

In the C3Na fire scenario, occurring in the area of t 1 controls anels in the
main control room, the fire causes a ramping up fe water sup ¢ reactor vessel
(e.g., via spuriously increasing the pump speeds a ly openj eedwater regulation

valves) and an overfill of the vessel. For ini 1 A modehn oses, this is assumed to
result in an automatic plant trip, loss of 1kely los ater (either because of
effects on the control circuits and/or a i trip of th or operator shutdown and
isolation of the system as directed i 1, React r ), and loss of control rod drive
(CRD) initial injection (no credlt 1s A model for early CRD injection,

QRD*pumps b operator in such a situation). In addition,

and N1-SOP-1 directs securi
the overfill condition is assu to ake the ECs ufavailable or at least ineffective due to the
vessel overfill conditio er assum the smoke and conditions of the fire are

to to aban trol room.

as well as four detailed f1re descrlptlons intended to challenge the scoping HRA

Prior to the plant visit, an en Plant #2 gave the project team a set of plant procedures
flowcharts in differe & THE four scenarios chosen were modeled in the plant’s fire PRA
e

and needed analysis d a’screening analysis to obtain a better HEP. These scenarios had
detailed fire mode g available, and the impacts to instrumentation were known.

Table E-1 listsﬁ narios tested, the scenario’s classification, and the flowcharts that were
used to teft t
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Table E-1
Classification and flowcharts used for the scenarios tested
Scenario - ies . Flowcharts Used for
Description Classification .
Number Testing

1 Locally open 8804 A/B for Internal events action New and existing ex-CR
high-pressure recirculation but not currently action
following a spurious PORV modeled in PRA
LOCA

2 Heat load reduction/swap to | Internal events EOP New and existing MCR
alternate CCW train action action

3 CP M-10 (fire procedure) New operator manual New and existing ex;
directed action to manually action action
control LCV110/111

4 Operator responses to Undesired operaigr purious E
spurious 4-kV Bus F ground | response acti spurioug, EOC
annunciator

5 Operator fails to deenergize | New getio for andonment
PORV/closed to mitigate fir
spurious operation during

MCR abandonment

Scenario 1: Locally open 8804 A
PORYV LOCA. The fire starts in a t
trays adjacent to the flames. I

breaker to vital buses and otifer

Critical impacts are to usNyOpen a PO d disable its block valve. Attempts to
manually close asso ) pr10r t ty injection fail.

Operator action: 10 open 8804 1or to depletion of RWST.

culgtion following a spurious
ctSeargets in the plume and vertical
purious opening of the startup supply

HFE scenario description:

1. Assumptions/initial con 1@ cluding initiating event: reactor trip, spuriously opened
PORYV results in a no containment spray required.

2. Preceding functional Rilures and successes: RT successful, TT successful, auxiliary
feedwater sucggssful, Bus G ECCS equipment is impacted by fire.

3. Operat a receding the key action: controlled ECCS flow to match makeup flow with
leakag® ragteNdfipped RHR pumps.

Symptomgs/indications (other than cue): PKO3 (RWST level <33%).

Consequences of success or failure: if unsuccessful, core damage.

Operator action success criteria: align cold leg recirculation via 8804A/B.

NSk

Time cue is received: 180 minutes.
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3,
4,
o

Manipulation time: 25 minutes.
Tsw = 120 minutes +180 minutes.

Tw=Tsw—Tm— Tdelay = 95 minutes.

Scenario 2: Heat load reduction/swap to alternate CCW train. The fire starts in the 125-VDC
cabinet and, after a short progression, results in damage to all equipment in the fire zone.

HFE scenario description:

1.

7.
8.
9.

Assumptions/initial conditions including initiating event: fire starts in cabinet, reactor trip
spuriously closes, and CCW flow is lost. *

occurs simultaneously with fire alarm actuation in the control room, CCW outlet ValV\

Preceding functional failures and successes: fire damages equ#pment in room. ost
SSD equipment associated with Bus F.

Operator actions preceding the key action: immediate ofpe tions, acfipn to open
spuriously closed valve is directed in CP M-10. Thigrecoyery is unlikel cur prior to

EQOP action to align standby train. @
nciators/ rom reactor trip, loss

1ators ac result of CCW flow

Symptoms/indications (other than cue): num
of some indication due to fire; may see other an

loss.
ege the CCW, & to above 140 degrees, and

e the st exchanger in service with flow from
Time cue is receive

Manipulation mmu‘esog
Tsw =90 mlntha

Consequences of success or failure;
fails its loads.

Operator action success crifgria: }
an ASW pump.

10 Tw = Tsw— Tm — Tdelay = 85

Cue: fire alarm actuated.
Scenario 3: CP M- 're&d action to manually control LCV110/111.

1.

3.

HFE scenario des{ption:

jal conditions including initiating event: fire starts in electrical cabinet;
rs simultaneously with fire alarm actuation in the control room. AFW Pumps

Preceding functional failures and successes: fire damages equipment in room due to hot gas
layer development (~20 minutes). Potential equipment impacts include spurious closure of
CCW thermal barrier cooling supply valves, CCW heat exchanger outlet valves. Potential
loss of offsite power due to spurious CB opening. Impact to diesel generator, 480-V
switchgear ventilation, and AFW FTs. AFW Pumps 1 and 2 are available.

Operator actions preceding the key action: immediate operator actions IAW E-0.
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4. Symptoms/indications (other than cue): RCS temperature and pressure increasing.
5. Consequences of success or failure: core uncovery.

6. Operator action success criteria: successfully operate LCV to control level in SG prior to core
uncovery.

7. Time cue is received: N/A.
8. Manipulation time: about 15 minutes (although continuous control is required).

9. Tsw= 135 minutes.

10. Tw= Tsw — Tm— Tdelay = 120 minutes.

Cue: fire alarm actuated; decreasing SG level; all SG and level instrumentation available \*
Scenario 4: Operator responses to spurious 4-kV Bus F ground annunciator. @
spurious EOO and EOC flowcharts, the plant provided the foll{i% example of 1

identified in its review of ARP procedures. The review of t performe cordance
with the guidance in Section 3 of the draft guidelines. The te fire scepdfig was not

provided or defined because this action has not yet bee ated int PRA. The
analysis for this HFE focused on how to use the flggrchdgf it Was conclul at the spurious
flowcharts need additional clarification. 6

Scenario description:

The following annunciator spuriously a@y contr ) AR PK-18-23 —4-kV Bus F

o)

ground OC alarm.
The 4-kV Bus F ground annunciato eccived Q of the following component

failures Y 4
e Charging pump failur: @
e SI pump failure Q~ Q
e ASW pump fa ‘\Q

e AFW pump failur ¢ Q

e CCW pump failure ®\

e 480vBus IF fai«&

Step 5 of the procilire comsists of the following steps:

5.1 Check ann r typewriter printout for equipment having the group.
5.2 Shth\munning pump, or open the 4-kV breaker 52-HF-10 feeding 480-V Bus F.

5.3 Notify

The fire scenario has not been defined such that it is known which device will cause the spurious
alarm. However, stopping any of the pumps will be considered an undesired response action.

intenance services to locate and repair defective circuit.
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Scenario 5: MCR abandonment scenario. The test plant is not modeling MCR abandonment
scenarios in its fire PRA model. Therefore, the team created a fictitious scenario to test the MCR
control room abandonment flowcharts.

Scenario description:

Operator fails to deenergize PORV/closed to mitigate spurious operation during MCR
abandonment. The fire is in A-7, cable spreading room.

There is smoke in the control room, and NUREG/CR-6850 MCR abandonment criteria are met.
Tsw = 180 minutes.
This action is proceduralized in OP AP-8A, control room abandonment Step 14. *

The cues for this action are RCS wide range pressure at hot shutdown panel, HSDP, an

E.3.4 Operator Interviews % O
nt engi

On the first day of the plant visit, the HRA team—along w

nger—met with two
reactor operators to gain insights on how they would exggute rocedures% the specific
fire scenarios. The intention was to find areas in whjich rators cou@len‘[ially be tripped
ufjwhether thg tions made when

up by the circumstances of the scenarios and to fj
developing the scenarios were valid. In general, th
actions could be successfully carried out, gi W umstances
expected, given that operators should geg€r onfiden ”@

any situation that develops in the pla

their abilities to safely handle

After the interviews with the opera eam Sg n With the plant engineer and stepped
through the flowcharts using t scepa k0s provid his'exercise gave the team several insights
on how the logic in the char up, given realist¥g scenarios. The plant engineer also gave the
team some suggestions \ Justmen t could be made to improve the charts.

E.3.5 Testing RQS ssons ¢ @

Overall, the testing eXgrcises wgr eneficial to the fire HRA guidance development team.
The team got an interim look at e flowcharts performed, given realistic scenarios. The
team also had the opportunityft duce the methods to some of their potential users and get

their feedback. Persongel ab lants posed several insightful questions and made valuable
é Qgr

suggestions on how oWe the scoping flowcharts. The interviews with plant personnel prior
to testing the flowcharts aBo gave the team insights on how the operators are trained and how
they use their proegdures and instruments to diagnose problems. This gave the team a better idea
of how wel] t g trees actually modeled operator actions.

For exa duffhg the interviews at Plant #2, the operators emphasized that they would not
open the fifgprocedures until they had completed the EOPs because they trusted that the EOPs
would guide them correctly.

Several of the questions asked by plant personnel resulted in changes to the scoping trees. For
example, the plant engineer at Plant #2 asked a question during testing about whether an action
required personnel to travel through smoky areas. This resulted is the addition of a question to
the ex-MCR actions flowchart about whether the fire was in the vicinity of the action and
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whether the travel path was accessible. Branches were added to the flowcharts to account for
short time events based on a comment made at one of the plants during testing. Confusing
language in the scoping trees was also identified by the plant engineers, which resulted in several
changes and clarifications in wording.

In general, the HEPs derived at Plant #1 through the use of the scoping flowcharts were
conservative compared to the internal events HEPs. One of the observations made by a plant
engineer at Plant #1 was that perhaps the 100% time margin requirement contained in the
flowcharts at the time was inappropriate for longer term actions. This requirement may have
contributed to the overly conservative HEP results.

Overall, the plant engineers at both plants thought that the scoping tree guidance was useful an
were appreciative of the team’s efforts to develop guidance for performing this part of thelN
PRA. The scoping trees underwent several iterations after the peer review and both the firsWg
second round of testing exercises to get to the resulting trees in e in the guidg

the improvements that resulted from these iterations can be attr the inpu ed by
the test plants.

E.4 References
1. U.S. Nuclear Regulatory Commission. NUR

Supplement 1, Fire Probabzlzst'
CA: September 2010. 1019259.
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APPENDIX F

JUSTIFICATION FOR SCOPING APPROACH

This appendix addresses the basis for the scoping quantitative approach. Issues include the use of
time margins, the PSFs addressed implicitly and explicitly, and the basis for the HEP values

assigned through the use of the flowcharts. *
F.1 Time Margin Q\
gon 4.6.2. Th ¢ gin

The development and definition of time margin are provided ingSec

(i.e., the ratio between the available time and the time requi lly the ex

available) is included not only to account for potential sho in the fe, blllty assessment,
but also to account for potential variability in crew res . Furthe ime for
recovery is implicitly accounted for in extra time beging le for per ing the action.

The feasibility assessment gives a close approxi he time r by an average crew;

however, it does not address the reliability ofgthe ac . Time md e used to account for
potential variability in crew response tim Nining HEPsSisfg the scoping flowcharts.
The larger the time margin, the more lik 1ab111ty performance will be enveloped
and the lower the HEPs that can be

A time margin also provides a safety rgin agaj ntlally poor performance of expert
judgment in predicting the a@b time requircgfor aspects of the response that cannot be

accurately accounted for ig t ility ass en® especially under stress [1]. Specifically,
the extra time is 1nclud¢ nt for potz@nexpeeted fire effects and variabilities such as

the following:

e Individual dlfo

e Crew differences

e Variations in fire type a @e\d plant conditions

e Factors unable te&kted in the feasibility assessment
ovid

NUREG-1852 [2] pr guidance on developing timelines to help with the assessment of the
time margins thati be assumed to be available

In general or* ping HRA quantification, a time margin of at least 100% or a factor of

2 additi m&Must be available to provide a safety margin and allow assignment of an
optimal HBER for the conditions present. The basic time margin of 100% was established based
on discussion in Appendix B of NUREG-1852 [2] in which an expert panel was convened to
determine appropriate time margins for operator manual actions. During these meetings, a factor
of 2 was decided upon to be sufficient for allowing an appropriate safety margin of time.
Although this factor was established for operator manual actions to achieve and maintain fire hot
shutdown, the application of the factor of 2 rule is applied a bit more broadly for the scoping fire
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HRA approach in which the actions may be performed in the MCR. This decision was made
because the scoping fire HRA quantification approach should be slightly more conservative than
a detailed approach to account for PSFs not directly considered.

The application of time margins in the scoping flowcharts does not allow credit for actions that
must be performed with a time margin less than 50%. Therefore, the calculated HEP may
demonstrate a large change from a time margin of 50% or greater to the HEP of 1.0 if the time
margin is less than 50%. Many methods rely on a binary decision point where the parameter is
not clear cut and could result in large differences in the final HEP. The standard way to deal with
these cases is to perform a sensitivity study and a detailed analysis if the time margin is close to
50% and the results are sensitive to the assigned HEP. If it appears that significant variability i
crew response times is possible, analysts should at least initially select conservative estim
response times and refine the data later should the HFE significantly impact the fire PR
quantification results (i.e., dominate the cutsets). See further discyssion in Sectio

F.2 Performance Shaping Factors

In the construction of the scoping fire HRA quantificatjn, t S explicit%iressed were
those deemed to be the most relevant for the fire cogtex ould acco@w variation in crew
performance. In particular, the concern was with féctgss that were th% ead to the greatest

variation in crew response and the desire to enco e stress ing human
performance of actions taken during a fire. PSFs¥onsidered clusion were based on
those identified by ASME/ANS StandardfReguifgfient HR- and discussed in
NUREG/CR-6850 [4], which are bas evighvs of fire €e

Before entering the scoping flowch is a g i@et of PSF criteria that must be met.
As described in Section 5 of thy eetingdl mifiimum criteria does not preclude the

consideration of these PSFs fiteyfin quantification.
the scoping approach to
the context. It is these riteria ¢
discussed in Sectio J%hat allow ¢h pproach to address only certain performance
influencing factors? t, plant procg k ust be in place to support the diagnosis and execution
of the operators’ action(s) being , unless the action can be assumed to be skill-of-the-
craft.” Next, the operators sh ained on the use of the procedures and the actions being
performed. This training o ion should cover all steps of the action, including any
coordination of team m&

ese criteria are important because they allow

d communications that may be required. Finally, any equipment
and tools that would*be ®gguired for the completion of the action must be available and accessible.

When this minimyfn set of criteria has been established, there are several PSFs addressed
explicitly withj owcharts. Some of these PSFs are covered within the flowcharts because
they wergflik mable to be accounted for in the feasibility assessment. In general, the PSFs
included e flowcharts are explicitly included because it is expected that these PSFs could
induce signifécant variability in crew performance and response times. It is important that they
are adequately addressed.

20 In the case of recovery following an EOO or EOC due to spurious instrumentation, specific procedural guidance
directing the recovery may not be necessary. However, an argument must be made as to why existing procedures,
training, and available cues would be adequate to support recovery of the error(s), and this argument should be
consistent with ASME/ANS Requirements HR-H1 and HR-H2 [3].
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The PSFs explicitly addressed through the flowcharts include the following:

Diagnostic complexity. The diagnostic complexity is assessed in a yes-no framework. To
evaluate this factor, it is asked whether the procedures match the scenario (i.e., the expected
pattern of cues will be consistent with the procedures that lead to a correct response). If the
cues received do not match the procedures, it is assumed that a much more complex
diagnostic scenario is in play, and the HEP is automatically set to 1.0. If the procedures do
match the situation and the cues, the diagnosis of the event is assumed to be relatively
straightforward.

Execution complexity. The execution complexity of the response is quantified at two levels,
either high or low. Section 5.2.3 of this report details what is required in deciding wh
the complexity should be assessed at the high or low level.
status of the fjpew %red
based on the time since the initiating event. For conservativ§ es#fmates, the i event is
considered to coincide with the start of the fire. Based %fo on in Appefdiae# of
t

NUREG/CR-6850 [4] and FAQ-08-0050 [5], most fire e tinguished%)ntained within

Likely status of the fire (ongoing or extinguished). The lik

70 minutes of the start of the fire.' The measurem since t fire is a
contextual variable included within the scopinggflowelarts because i@esses other
important factors that may be critical but tha ot Mirectly ask ithin the scoping
flowcharts. For instance, if an action needs to b pleted b fire has been fully
suppressed, additional factors not dire : charts may inhibit the
ability to perform the action (e.g., fir§i essibility to the action site;
increased distractions in the MC
tracking the ongoing firefightin has not been fully suppressed and
fire effects may be ongoingy addjfi8gal PSFs 4 d evaluated in determining an

appropriate HEP level (eg., Jévcl of smoke or 8gher hazardous toxin in the air). Therefore,
these additional PSF only in i ces 1n which the fire has not been suppressed.
Amount of avai %Fhls is a 1 timing question posed in the scoping
approach to di etween I¢ and short-term events. The time available, also
known as the 7 indow, } & t nt of time from the occurrence of the relevant cues
that is available to 1agnose lem and complete the action; therefore, it includes time for
diagnosis, execution, and almng extra time (e.g., time for recovery). Within the

scoping flowcharts dﬁe n is made between long-term events (i.e., events that have
more than a 30—'&& available) and short-term events. The distinction is based on the
simple assumption thayshorter time window events could be more susceptible or sensitive to
minor dlstrac ns and diversions related to the occurrence of the fire than longer timeframe
events. W a relatively small time window, such distractions could have a

propgftio reater impact than when larger timeframe events are involved. These
requirgfients are intended to account for potential distractions related to the fire (even if it
has beemextinguished) that could significantly delay response times and pose a greater threat
to completing actions for short-term events.

2 An important exception to this 70-minute rule is more challenging fires such as fires of turbine generators, outdoor

transformers, high-energy arcing faults, and flammable gas fires. For modeling of actions during these events, the
analyst should always assume that the cue occurs before the fire has been suppressed, regardless of when the cues
occur relative to the start of the fire.
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¢ Environmental condition (specifically, level of smoke or other hazardous gas in the
area). The level of smoke or other hazardous gases or toxins in the area can cause additional
stress by lowering the visibility and/or by requiring that special equipment (e.g., SCBA) be
worn. In the presence of an ongoing fire, these factors are especially a concern. Furthermore,
their impact on a crew performing the necessary action may be difficult to estimate in the
feasibility assessment.

e Wearing of special equipment. The requirement to wear special equipment (e.g., SCBA)
may negatively affect the physical performance of the team member or hinder
communications between team members.

e Accessibility of location. The ability to access the location may be constrained due t
ongoing fire effects at the action location or in its path. Fire effects limiting the abilitx
{at:&on

proceed to or through an area may include the presence of flames, intolerable heat
the floor or in the area, high amounts of smoke or other toxi eding breathfing O
visibility, and illumination of the area.

e Time margin. As discussed in Section F.1, a measure margin is j ded to account
for the uncertainty not directly addressed through t 1ty asse other PSFs

included within the flowcharts.
F.3 HEP Values \/ Ob
F.3.1 Base HEP Value

The scoping fire HRA approach di he scre e@ HRA approach in an effort to
reduce undue conservatism by llovx} credit fq @r ditfefls of various PSFs and for substantial
Bs fssigned are b€d on the level of the PSFs and can be

compared to other traditiQaa ethods ysed for*internal events analysis. The initial HEP
values were set based q @ t fidgment. ues were then compared against existing

methods as a reaso s check. Q
A HEP value of 1 s set for the@\ scenario in which the conditions represent the best

possible for the fire comtext. In thiSpamer, this HEP is the best achievable in the scoping fire
HRA approach. The value of efined in ATHEANA [6] as the value for “The operator is
efinition is consistent with how the value is used in the

‘Extremely Unlikely’ to fa&
scoping approach. ThgflollO%ing specific conditions are required to attain the HEP of 1E-3:
e Minimum PSF c%ave been met prior to entering the flowcharts

e Procedures the scenario, indicating a straightforward diagnostic situation

e DiaggOsi Qxecution take place within the MCR

e Fire eff@gfs are not ongoing

e Available time is greater than 30 minutes

e Execution complexity is low

e Time margin is at least 100%
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Although the baseline, or best case, HEP assigned in the scoping fire HRA approach does not
have separate values for the diagnosis and execution components, it can be compared to the
individual HEPs for diagnosis and action from SPAR-H [7], THERP [8], and ASEP [9].
SPAR-H, in particular, was chosen for this comparison because the authors have made a
concerted effort to align their HEPs with other methods [7, 10]. The comparison of the scoping
fire HRA approach to the internal events HRA methods was made for the select case for which
the conditions resemble those of an internal events analysis (i.e., the fire effects are not ongoing).
Because these methods do not explicitly address obtaining HEPs under fire conditions, we use
them only to show consistency with the “baseline” HEP.

In consideration of the diagnosis component, assuming that the diagnosis-related conditions
noted previously are met (i.e., it is a straightforward and relatively simple action, based o\
assessment of the scenario matching the procedures), the argument is made that the base

is the nominal value of 1E-2 adjusted downward to reflect the
nominal HEP from SPAR-H is also adjusted downward to
diagnosis” in SPAR-H), which is consistent with the condi

tent w1tl]Q 1gned through the use
if the ti iagnosis is equal to 30
if time is to 0 minutes and the lower

' thls instance is assumed because the
el m eand s

diagnosis of the action is relag tforward with more than adequate time
available. It is believed that osjgive conditions umed for the base scoping value, including
the assumption of a lon e event inutes available) and a 100% time margin,

parallel the conditio that p ilar value. Furthermore, it should also be
noted that the HERS du@d from A@are argued to be conservative values.
For quantification of We execut;o f the HEP, SPAR-H [7] stipulates a value of 1E-3
for executing actions under n nditions and would produce even lower values if the
conditions assumed for the ire HRA approach were treated in SPAR-H. ASEP [9]
provides somewhat hi i‘ or executing actions relative to the scoping fire HRA approach
base value but also &‘1 e ability to reduce these values significantly (i.e., to 4E-3) when it
is a simple task, wi ate stress and a second crew member to verify the action. Therefore,
it is argued that th8ge is not significant disagreement between the scoping approach and ASEP.

Similarly g®al hrough the tables in Chapter 20 of the THERP manual [8] in the following
manner s in'an HEP on the order of 1E-3:

1. The search scheme of Figure 20-1 directs the analyst to Table 20-7 to quantify the execution
portion of the action based on the error being one of omission and written, procedural
direction being available.

2. Table 20-7 offers an HEP value of 1E-3 for written procedures being in use that consist of a
short list with check-off provisions or 3E-3 for a list without check-off provisions.
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These HEPs are assumed to be suitable even for local actions, rather than the simple MCR
actions being addressed in the nominal conditions for the scoping fire approach.

Therefore, the assumption of a base HEP (which requires a rigorous set of conditions to be met;
see list above) of 1E-3 (including diagnosis and execution) is argued to not be largely different
from those obtained for similar conditions using existing methods such as ATHEANA [6],
THERP [8], ASEP [9], and SPAR-H [7] and is likely to be conservative relative to the values
obtained using the other methods.

F.3.2 HEP Multipliers for PSFs

As conditions deteriorate from this base condition, Table F-1 shows the multipliers appli t
HEP depending on the level of the PSFs. These multipliers were used in the determinatio: t

HEP values displayed in the HEP lookup tables featured in Section 5 of this report. In
determination of the HEPs, as the conditions of the scenarios degrigrated or beca )
negative (e.g., time margin of less than 100% or high smoke iring the Gg¢ wear

SCBAs), the multipliers were applied cumulatively. In oth Vit a situatg’ n were such that

two (or more) PSFs were applicable (negative influencgon perfgfmance), th tipliers for the
PSFs were applied consecutively in determining the in%. @
Table F-1

Multipliers Used for increasing HEP values to reflecihegative %in conditions or
poorer conditions

Change in PSF ng Approach Multipliers

Fire effects ongoing (i.e., less th es fro tr& 10
start of the fire)

Available time is less thagfor gual to 30 minutes 5
High execution com 5
Increases in s (multipliewis each of 2
the two levels)

Decrease in time ntargin avafl 5

F.3.3 HEP Multipl&»&o Flowcharts

The HEP values assigned%er HFEs in which the diagnosis and execution of the action(s) takes
place within the ]\Q{Care the minimum values obtainable (i.e., those values assigned through the
use of the L hart depicted in Figure 5-3). The HEP values assigned when using the
other floy/Ch, ., execution takes place locally, HFE for alternate shutdown, or HFE for
action[s] Mffesponse to an error due to spurious indicators) reflect assumptions about increasing
difficulty resulting from those changes in conditions. Multipliers are used to reflect the changes
in conditions addressed by the different flowcharts and are accounted for in the HEP lookup
tables in Section 5. For instance, the HEPs assigned in Figure 5-4 (EXCR) covering HFEs for
actions executed locally are two times greater than those HEPs assigned for HFEs covering
actions executed within the MCR (INCR, Figure 5-3). This multiplier is based on the assumption
that actions executed within the MCR will be practiced more regularly, will be clearly outlined in
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procedural guidance, and will be subject to fewer extraneous variables. Similarly, the HEPs
assigned for the HFEs covering actions for alternate shutdown (ASD, Figure 5-5) are two times
greater than the HEPs assigned for HFEs involving locally executed actions (EXCR, Figure 5-4).
Note that HEP values for the ASD tree were calculated assuming that fire effects were ongoing,
so they correspond with that branch of the EXCR flowchart. Finally, the HEPs for HFEs
covering recovery actions in response to EOOs or EOCs due to spurious instrumentation (SPI,
Figure 5-6) take into account the greater ambiguity created by spurious instrumentation as well
as where the execution of the action takes place. If the recovery of the EOO or EOC is to be
executed in the MCR, the HEP is five times greater than the normal HEPs for actions executed
within the MCR (INCR, Figure 5-3). On the other hand, if the recovery of the EOC or EOO is to
be executed locally, the HEP is five times greater than the HEPs assigned for locally execgt
actions (EXCR, Figure 5-4). Note that HEP values for the SPI tree were calculated assumingt
fire effects were ongoing, so they correspond with those branches of the INCR and EX
flowcharts. The multipliers applied to the flowcharts are listed i le F-2. O

Table F-2
Calculation of HEP values across scoping flowcharts %

Multiplied | Adj

HEP in Base Flowchart by vallie

Equal@ﬁp in Scoping

Flowchart
b EXCR (Figure 5-4)

EXCR (Figure 5-4) for ex-C
actions

INCR (Figure 5-3) X G

EXCR (Figure 5-4) 2 = ASD (Figure 5-5)
INCR (Figure 5-3) for in-MCR = SPI (Figure 5-6)
actions Q~ 6

An example may help the use ultipliers. A scenario involving the same PSFs
is presented for eac thg flowcharts tefde ate the application of the multipliers across the
flowcharts. The P r the illust@ nario are as follows:

m

e Minimum PSF crit@ria have\ t prior to entering the flowcharts.
e Procedures match the sc indicating a straightforward diagnostic situation.
e Procedures exist &&tmg the ex-CR action (when applicable).

e Fire effects are ongoi® (i.e., <70 minutes since the start of the fire).

e The area is ible, and there is no fire in the vicinity of the action.

o Availghl és greater than 30 minutes.

e Execu complexity is low.

e There is no smoke present.

e Time margin is 75%.
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If this situation represented an action to be diagnosed and executed within the MCR, the final
HEP would be 0.05 (INCR27 from HEP Lookup Table J).** This same scenario represented as a
local, ex-CR action would have an HEP of 0.1 (EXCR28 from HEP Lookup Table X), which is
equal to a factor of two applied to the INCR HEP. Similarly, these same PSFs—when applied to
an action for alternate shutdown—would result in an HEP of 0.2 (ASD16 from HEP Lookup
Table AG), which is equal to two times the EXCR HEP. If this same situation represented a
recovery of an EOO or EOC due to spurious instrumentation and was executed in the MCR, the
HEP would be equal to 0.25 (SPI16 from HEP Lookup Table AO). This value is the same as the
HEP for normal in-MCR actions multiplied by 5. Finally, if the recovery needs to be executed
locally as an ex-CR action, the HEP would be equal to 0.5 (SPI28 from HEP Lookup Table A,
which is five times larger than the normal HEP for an ex-CR action. \

iminary ent of
g, Vol. 3, pp9=72.
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