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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 produced a
fire risk assessment methodology for operations at power plants that was used byathe majority of
U.S. nuclear power plants (NPPs) in support of the IPEEE program and by s
overseas. Although these methods were acceptable for accomplishing th
IPEEE, EPRI and the U.S. Nuclear Regulatory Commission (NRC) @ at the methods

needed to be improved to support current requirements for risk<nfo , performance-based
(RI/PB) applications.

In 2001, EPRI and the NRC’s Office of Nuclear RegulatorygResdarch ¥™NRC-RES), operating
under a Memorandum of Understanding (MOU), embar n perative project to improve
the state of the art in fire risk assessment to support a n informed environment in fire
EG/CR-6850 (EPRI report
acilities—which addressed fire risk for

actors (PSFs) and related fire effects that may

initial considerations of performan
ing te human error probabilities (HEPs).

need to be addressed in develog

project related to fir
conditions, buildi

velop explicit guidance for estimating HEPs for HFEs under fire
human reliability analysis (HRA) methods. This report provides
1dance for conducting a fire HRA. The process includes the

on of fire HFEs, qualitative analysis, quantification, recovery analysis,

approaches to quafttification: screening, scoping, and detailed HRA. Screening is based on the
guidance in NUREG/CR-6850, with some additional guidance for scenarios with long time
windows. Scoping is a new approach to quantification developed specifically to support the
iterative nature of fire PRA quantification. Scoping is intended to provide less conservative
HEPs than screening but requires 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

In 2001, the Electric Power Research Institute (EPRI) and the U.S. Nuclear Regulatory
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 fire risk
assessment to support the new risk-informed environment in fire protection. Thds project
produced a consensus document—NUREG/CR-6850 (EPRI report 1011989
Methodology for Nuclear Power Facilities—which addresses fire risk duting

nuclear power plants. NUREG/CR-6850 developed high-level guidan tifying and
incorporating human failure events (HFEs) into the fire PRA a or assigning
quantitative screening values to these HFEs. It also outlines the 1 t1 ongiderations of
performance shaping factors (PSFs) and related fire effects that o be addressed in
developing best-estimate human error probabilities (HEPs) UREG/CR 6850 stops
short of providing a method for developing best-estimat account for these PSFs and

fire-related effects.

In 2007, EPRI and NRC-RES embarked on an
to develop explicit guidance for estimating H¥
building on existing human reliability analysis
methodology and guidance for cond a fire

00p e project under the original MOU
s under fire-generated conditions,
) methods. This joint report provides the

Background

This report is intended primauly T0r pragtitiéners conducting a fire HRA to support a fire PRA.
Because fire HRA builds o 4@ grnal events HRA models, the fire HRA analyst needs
knowledge of HRA an used 1n the internal events model. This includes knowledge of

HRA terminology, a
familiarity with gen:
internal events scena

tanding of methodologies used for internal events HRA,
erations including procedure usage, and an understanding of the
e PRA scenarios being modeled. A fire HRA typically requires a

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

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.
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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 scoping
approach was tested at two commercial nuclear power plants, and the draft guidelines were
modified, revised, and developed further in the current report.

Results

This report reflects a state-of-the-art fire HRA approach. It offers fire H ners specific
guidance for each step of the HRA process and relates the HRA proce

development, which is typically performed in parallel. This repgrt b information

manner intended to satisfy the requirements of the combined P d. This fire HRA
methodology is intended to provide an in-depth, realistic w t for the key fire-induced

documented in NUREG/CR-6850 regarding HRA and addresses ‘x ormance of HRA in a
0 AECco
influencing factors that impact human actions needed t(@l e damage or large early

releases.

Applications, Value, and Use

rforming HRA as part of a fire PRA
than has previously been available. This is a final§gechnical report developed based on a

S and is issued as both an EPRI report and
d address specific HRA methodological issues

e analysis, quantification, recovery, dependency,

a NUREG report. The HRA metho
such as identification and definiti

This improved guidanc RA supports the development and regulatory application of
fire PRAs. It is anticippated thatfarther improvements will be identified through the development

transition of a plant’s ction program to a performance-based approach under National

Fire Protectio jatl FPA) Standard 805.
Keywords

Fire risk

Human reliability analysis (HRA)

NFPA 805

Performance based
Probabilistic risk assessment (PRA)
Risk informed
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PREFACE

Methods for fire probabilistic risk assessment (PRA) were used in the Individual Plant
Examination of External Event (IPEEE) program to facilitate identifying a nuclear power plant’s
possible vulnerabilities to severe accidents. However, in order to make refined,gealistic
decisions for risk-informed regulation, fire PRA methods needed to be improvedy More robust
fire PRA methods will benefit licensee applications and U.S. Nuclear Regul issi
(NRC) review guidance with respect to many regulatory activities such a k-Tnformed,
performance-based fire protection rulemaking (endorsing National Fij tection Association
[NFPA] Standard 805). To address the need for improved metlﬁii, ’s Office of

(

Nuclear Regulatory Research (NRC-RES) and the Electric Pow: Institute (EPRI)
U) to develop

NUREG/CR-6850, EPRI/NRC-RES Fire PRA Methodolo lear Power Facilities, a
state-of-the-art fire PRA methodology.

The fire HRA guidance provided in NUREG/
inclusion of the fire-related human failure e

estimate human error probabilities RA guidance in NUREG/CR-6850 (EPRI report
1008239) recommends the use of * methods” to address cases in which best-
estimate HEPs are needed. s detailed HRA methods did not provide fire-
specific HRA guidance to s fically address fire-specific PSFs and related effects but relied
on the judgment of the apal fy to sclect PSFs, evaluate the fire effects, define HFEs, and

assess HEPs.

The NFPA 805 transition initi@tive has encouraged the development of additional guidance for
performing H . This project builds on information documented in NUREG/CR-
6850, Volume 12, and addresses the development of HRAs—satisfying the combined
PRA Standard, S RA-Sa-2009, Level 1 and Large Early Release Frequency (LERF)
PRA Standard. This applies to at-power internal events, internal fire events, and external events
for operating reactOrs.

This report is the third product of the collaboration between EPRI and NRC-RES and comes
under the auspices 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
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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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Nuclear Power Plant .
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led Hu
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Operati gpport Center
Project Manager
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nt Operational State; Plant Operating State

Personnel Protective Equipment

Probabilistic Risk Assessment; PSA

'In 10 CFR 50, Appendix R, these are local manual actions (outside the MCR).

In fire PRA, these may be operator actions added in response to a fire, such as to address spurious indications or

alarms.

*PRA and PSA are often used interchangeably.
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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 Nuclgar Regulatory
Research (NRC-RES) embarked on a cooperative program to improve the state of the art in fire
risk studies. This program produced a joint document, EPRI 1011989/NUR 6850, Fire
PRA Methodology for Nuclear Power Facilities [1]’. For the human rella i alysis (HRA)
task, NUREG/CR-6580 developed guidance for the followmg

e The identification and inclusion in the fire PRA of the huma \ nts (HFEs)

e The assignment of quantitative screening values to thes

e Initial considerations of performance shaping facto s) and related fire effects that may
need to be addressed in developing best-estimate or probabilities (HEPs)

e a method to develop best-estimate HEPs

1zed that Marther definition of appropriate methods

(especially for developing best-estiftate for HFEs in fire PRAs) and additional guidance
for employing these methods were . 007, EPRI and NRC-RES embarked on another
cooperative project to address ing principles consistent with existing HRA
methods. This document, dhe result of that cooperative project, provides a methodology

and guidance for condugting aMftre HRA. This process includes identification and definition of

ree approaches to quantification: screening, scoping, and

ed on the guidance in NUREG/CR-6850 [1], with additional
port for scenarios with long time windows. Scoping is a new
developed specifically to support the iterative nature of fire PRA
quantification. SE@ping is intended to provide less conservative HEPs than screening, but
requires fewer res®urces than a detailed HRA. For detailed HRA quantification, guidance has
been developed on how to apply existing methods to assess fire HEPs.

uncertainty. This re
detalled HRA.

3 When 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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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 Research
between NRC and EPRI, Addendum on Fire Risk (Rev. 2). As such, this project follows a process
similar to that initiated as part of the MOU and followed in the previous two prajects.

It is anticipated that this guidance will be used by the industry as part of a traf8itiGn to National
Fire Protection Association (NFPA) 805 [3] and possibly in response to tory issues
such as multiple spurious operation (MSO) and operator manual acti . The transition
to NFPA 805 is governed by Regulatory Guides 1.205 and 1.17& [4, @guidance provided
in several NEI documents [6—8].

However, because this is the first report addressing fire H or'fire s that goes beyond the
screening level, the document may benefit from future i vements to more fully support

industry-wide issues being addressed by fire PRAs. Fo e, because only a few NFPA 805
submittals have been made at the time of this r u ion, improvements might be
rocess.O

identified as part of the NFPA 805 transitio er improvements might be identified
through separate, future PRA efforts such as development projects (e.g., NRC’s project to
respond to SRM-M061020 [9] on H odel differences). Examples of areas that might be
improved include the following:

e Additional guidance on ho
(MCR) abandonment

address plant-specific issues related to main control room

e Broadened scope in defi n essing the impact of fire-induced electrical faults such as
luding the impacts on equipment not part of the safe shutdown
rious indications not directly related to cues for modeled
better assess the overall operator performance context

1.2.1 Objecti

The objective of this report is to develop methods and supporting guidelines for estimating
human error probabilities for human failure events following fire-induced initiating events of a
PRA. This report builds on existing HRA information such as HRA process and methods and the
screening method included in NUREG/CR-6850 [1]. The guidance provided in this report is
intended to be both an improvement of, and an expansion on, the limited guidance given in
NUREG/CR-6850.
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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 fire portion o mbined PRA
Standard [10] were reviewed. This review included the requirements, re section of the

PRA Standard associated with the undesired response to spgiou 5, such as
instrumentation or component actuation, and is addressed in thi

e Recent historical data from actual fire events were reviewed ine whether additional
failure modes or PSFs would need to be considered for arios beyond those identified
in NUREG/CR-6850. This task built on previous, ished Work conducted by Sandia
Laboratories and the NRC. The fire event reysew c the NUREG/CR-6850

ors ed to be added.

csponse procedures from PWR and BWR
¢ fully understand the fire protection

development of PSFs, such that no additigfia

e Operator interviews were conducted and fi
reactors were collected by EPRI 1

NRC documents evalating t
Implementing an Reli

Methods Agai
development o
The insights fro

ractices [12] were complemented with insights gained by EPRI in the
methods [13] and applying these methods using the PRA Standard [10].
ese reviews identified the subtasks described in more detail in Section 2.2.

* 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.
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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:

e 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 guidance
to ensure the consistent and accurate application of the guidance.

e Testing. Portions of the fire HRA guidance developed in this document wer
pilot applications at two plants, application as part of ongoing fire PRAs
team, and an owners group team independent of the developers. The

were to ensure that: 1) the method is robust and applies to all typ@ nd the range of

ested through
development

fire operator actions expected to be needed in a fire PRA, 2)¥ther cient and clear
guidance for the users to render consistent application, and ce produces
reasonable values for human error probabilities (commensurate the quantification
method).

e Public comment. The draft for public comment of @ ommt EPRI/NRC-RES Fire HRA
Guidelines was published in December 20097 Publi
2010. Four organizations provided publie
Boiling Water Reactor Owners Group (B

on the draft Fire HRA Guidelines: 1) the
PRI’s HRA Users Group (HRA UG),

3) the Pressurized Water Reactor ers Group (PWROG) and 4) Exelon. Each comment
was tracked by the numbering sy$tem used by the commenter. Although most of these
comments were primarily editoMaldd@nature, they were used to update the document to its

present version.

1.3 Scope

This report describesfthe procgss@nd technical bases for the performance of the HRA as part of a
i complete reference for fire HRA as part of a PRA modeling the
events and specifically addresses quantification (for which there

supplements andiegtends the guidance in NUREG/CR-6850 Task 12 by providing additional
guidance for the d Velopment of scoping and detailed human error probabilities for a fire HRA.

The purpose of fire HRA is to identify, characterize, and quantify events representing human
failures used in the development and quantification of a fire PRA model. Fire HRA includes
modifications to existing HFEs from the internal events (non-fire) PRA to incorporate fire
impacts and scenarios as well as the analysis of new fire HFEs to be included in the 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:

e 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 following:

related to fire systems, barriers, or programs. Undetected pre-initiator h
as improperly restoring fire suppression equipment after test, compr
incorrectly storing a transient combustible can all affect the fire i ,8,and 11
make use of industry-wide data that contains contributionsrom man failures....

Therefore, pre-initiator HFEs in fire suppression systems are al N ed in the empirical
data of NUREG/CR-6850. If suppression system fault trees are modeled explicitly, latent HFEs
would be added using standard HRA modeling techniquesglt be noted that NUREG-1792

[11], documents that it is a good practice to review hist ta for fire dampers. The
multicompartment analysis portion of the fire nsiler mispositioned fire dampers, but

there is no difference from the standard HRA or identification or qualitative and
quantitative assessment. Therefore, latent HFE§jafe¢ not addressed in this report.

Manual fire detection is not included ymthe HRA s€ope of this report. Manual fire detection is
credited as a guaranteed success in gonti ly occupied areas; in other areas, the fire detection
system and the operator response to armpare considered to determine detection probability.

cal ation of historical events to assign reliability
WSuppression is modeled by a set of curves showing the
a function of time available for suppression; there are curves
ftons within a nuclear power plant (NPP). Because the fire
ssed implicitly with data, it is not necessary for the HRA to

de response as part of the HRA task. The NUREG/CR-6850

¢ based on historical data for automatically actuated suppression

for various types of
suppress10n probabil

1.4 Intended Audience and Prerequisite Expertise

This report is 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].
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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:

Section 1 (i.e., this section) delineates the objectives and scope of this provides the
background information on the project tasks conducted in deve@pin methodology
and guidelines.

Section 2 defines the process framework for developing a fire PRA. Mjis intended to show to the
user the various steps in conducting fire HRA and how thes elate to fire PRA tasks.

Section 3 describes the methods for identifying actions
provides guidance on how to model these HFEs
guidance provided in NUREG/CR-6850, Vo

ining human failure events and
This is an expansion of the
ion 12.5.1 [1].

Section 4 describes the qualitative attributes contibuting to the quantification of HFEs, including
PSFs. This is a major expansion of t idance provided in NUREG/CR-6850, Volume 2,
Section 12.5.5, including the introdfictio e concept of feasibility.

Section 5 describes fire HRA giiaiti i hree approaches to quantification are offered:

gutdance provided in NUREG/CR-6850, Volume 2, Sections
ag approach is a new development, providing a more refined

A’ but less refined than a detailed fire HRA. The detailed HRA
are applications of either the EPRI HRA approach [13] or A
NAlysis (ATHEANA) [14] to the fire-specific human

geed to be addressed in fire PRA.

quantification than s¢reening
approaches defined injthis re

Section 6 describ@s the process for addressing recovery actions, dependency, and uncertainty.
First, recovery actions are addressed. The recovery actions considered in Section 6 are those that
were not added to the fault trees and event trees as part of the initial, planned plant response.
Instead, these actions are added at the sequence or cutset level to realign the affected system or
to provide an alternative system, such that success of these actions would have prevented core
damage and/or 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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Introduction

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 based on this gui gainst the

requirements of the fire portion of the combined PRA Standard [10].

HRA methods presented in this report.

e Appendix E contains a summary of the review and testing candueveloping the fire

1

Appendix F provides the justification for the scoping HEPs. !\

Fire PRA Methodology for Nuclear Powé

Note: When reference is made in this docu
intended to incorporate the followifi@as well:

Supplement 1, Fire Probabilist ] ssment Methods Enhancements. EPRI, Palo Alto,

eptember 2005.
nt to NUREG/CR-6850/EPRI 1011989, it is
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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 de

report, a more in-depth, realistic treatment has been developed to explici unt for key fire-
induced influencing factors that impact the human actions needed to ire-induced
initiating events in order to prevent or mitigate core damage or large leases.

Although the process steps and concepts are the same for a fire internal (non-spatial)
PRA, several key differences need to be addressed in the d ent of a fire PRA. Differences

such as the impact of cable failures (on instruments and onchts) are summarized in Section
2.5. Other differences such as procedures and the impa tifheline development are described

in Section 4. Therefore, it is useful to read Se jusction with Section 2.

ext and shown in Figure 2-1. This

an Action Reliability Procedure (SHARP1)
HEANA [5, 6]. The approach reflects the
mplementing Human Reliability Analysis,

is also intended to support a fire HRA that would

elements presented in the Good Pr
NUREG-1792 [7]. The guidancegi
satisfy the relevant requireme

2.2 Fire HRA Pro

1. Identify and @€fine human failure events (HFEs):
categorize HFEs:

e Internal events HFEs used in the fire PRA

e Fire response HFEs, including MCR abandonment

e HFEs 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 HFE
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2. Perform the qualitative analysis:
Assess the feasibility of the HFE

Assess the context for impact on the HFE

o 9

Assess performance shaping factors

/o

Develop an integrated timeline

o

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

jaur]

Incorporate plant-specific data:
e Deterministic data such as fire growth and thermal-hydraulic data
e Operator interviews

e Experience review

3. Perform the quantitative analysis developing the HEP for an HF oneof the
following: L 2 E@
a. Screening approach
b. Scoping approach to quantification A
c. Detailed approach to quantification @
4. Perform recovery analysis:
a. Identify and define relevant recovery S

b. Quantify HEP for recovery acti
5. Perform dependency evaluatio

a. Identify combinations Itiple opérator actions

b. Evaluate dependen
c. Incorporate d encysevaluation into the fire PRA model
6. Perform uncertaifity analy$is

7. Complete

Note: Although
these steps are it

RA process is shown as sequential steps, in practice, almost all of

Figure 2-1 shows these high-level steps and relates them to HRA subtasks and other HRA
methods and guidance. The following summarizes the changes in this report from the original
NUREG/CR-6850 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 HFE 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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Quialitative 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 is not
required that an analyst progress through them sequentially or use all of the methods. If the
analyst finds the screening and scoping methods to be too conservative or lifflitin® the analyst is
encouraged to use one of the more detailed HRA methods.

The screening methodology (Section 5.1) assigns quantitative screent es to the HFEs
modeled in the fire PRA by addressing the unique conditions cr% ¢s. In instances in
which a less conservative analysis is required (i.e., when conse *cning values are
unacceptable), the next stage presented is a scoping analysiss Th&lscréning approach presented
in this report is largely unchanged from that in NUREG/CR- xcept for some relaxation of

HEP values for longer time windows.

The scoping analysis (Section 5.2) is a simpli
specifically for this report that offers additio
Although it has similarities to a screening appr , the scoping quantification process requires a
more detailed analysis of the fire P narios an@the associated fire context as well as a good
understanding of the many PSFs 1i imfluence the behavior of the operators in the fire

scenario.

ication approach developed
eyond the screening analysis.

»Some actions will not be able to meet the criteria for
ases, a detailed HRA approach is required. NUREG/CR-
IR A approach suitable for addressing the impacts of fire effects
on human performan€e. This provides two such detailed fire HRA approaches in
Appendices B and C{ghe EPRIHRA approach [9] and ATHEANA [5, 6], respectively.

It is likely that, for any nu
the scoping HRA method.

Recovery, de
addressed in N
events HRA/P
some fire-specific

uncertainty. These are aspects of fire HRA that were not

-6850. The report reminds the reader of existing guidance for internal
which should be applicable to fire HRA/PRA. In addition, the report identifies
sues that will need to be addressed by fire HRA.
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Fire HRA Process

Fire HRA Sub-Task

Relationship To Fire PRA

Tasks and Other HRA
Methodology Tasks

Identify and Define

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

ya—

Develop narrative — (evaluate the impact of conté&
Assess PSFs

Operator Interviews
Experience Review
Develop Narrative

Quantification

-

Screening - App
Scoping - Quantifica g'trees
Detailed- Quantificatioiising EPRI approach or ATHEANA

NUREG/CR-6850 Task 2, Task 5,
Task 12 Post Fire HRA Screening
ASME/ANS PRA Standard Chapter 2
pd Chapter 4 Requirements
REG-1880 Steps 1-4

REG-1792 Section 4.3

NUREG/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.

Recovery

—

Dependency

=

Uncertainty

-

eratofifecovery actions that can restore function.

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

ASME PRA High Level Requirement
HR-H

combinations of multiple HFEs
Evaluate combinations
Address/incorporate combinations

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

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

Address uncertainty and sensitivity

Documentation

Figure 2-1
Fire HRA process overview

Document HRA process
Document HRA key assumptions
Document HRA results

ASME Standard HF-G9
ATHEANA Step 8
NUREG-1792
NUREG-1855

EPRI 1016737

NUREG 1792

ASME PRA High Level Requirement
HR-I

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-6850
and represent either the end results or the inputs to the fire HRA (Task 12). The dotted lines have
been added for completeness; the information is not necessarily considered an input or end result
according to NUREG/CR-6850. For example, the timing information necess the HFE
quantification may come from an intermediate step such as Task 11 but i plicitly
identified as an output of Task 11. NUREG/CR-6850 provides the fo of how the fire
HRA is linked to other NUREG/CR-6850 fire PRA tasks: L 4

e NUREG/CR-6850 Task 2, Fire PRA Component Selection. N 1dentifies fire-scenario
mitigating equipment and diagnostic indications of parti@wlar gelevance to human actions
modeled in the fire PRA. Task 12 identifies the hu tion$seeded in the model. Tasks 2
and 12 are iterative because identified human actio mply additional equipment and
diagnostic indications, which need addition ha igns. Note that the equipment and
indications will involve those needed fo aial success of actions required by EOPs or

fire procedures and those whose failure (inClliding spurious events) during a fire can
influence operators to isolate or rep@sition critigal equipment into a less desirable position.

e NUREG/CR-6850 Task 5, Fire
included as basic events in the

isk Model, provides a list of human actions already
he internal events PRA modeled in the fire PRA.

ed (if needed) in the Task 12 fire HRA. New human
failure events identified such as in a review of fire procedures) will be added to

the fire PRA mod

uantitative Screening. The fire HRA in NUREG/CR-6850 Task
n error probabilities used in performing the quantitative
screening cation conducted in NUREG/CR-6850 Task 7. The Task 7
quantificati ill provide feedback to Task 12 based on the accident sequences or
cutsets and a€€ompanying CCDPs. The feedback will identify fire scenarios and fire HFEs
needing a mor@detailed best-estimate analysis to obtain more realistic core damage
frequencies (CDFs) and/or large early release frequencies (LERFs).

e Knowledge from supporting tasks such as NUREG/CR-6850 Task 3, Fire PRA Cable
Selection; Task 9, Detailed Circuit Failure Analysis; and Task 10, Circuit Failure Mode
Likelihood Analysis, will prove useful to the fire HRA. In these tasks, the associated cable
and circuit analyses help determine the potential for equipment failures as well as spurious
operations and indications that the operators may face during a fire event. This information
will establish which screening HEPs are selected as well as the best-estimate quantification
of the more important 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.

2-5



Fire HRA Framework

o 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 certain
HFEs—are inputs into the final risk quantification performed under NUREGKCR-6850 Task
14, Fire Risk Quantification.

Compared to the preceding discussion, Table 2-1 provides a more deta' ing of each
NUREG/CR-6850 step and the interrelationships among fire P tasks, and the
associated elements and requirements of the combined PRA Sta able gives the
analyst an understanding of the information provided to the ﬁre rom other fire PRA
steps and which outputs from the fire HRA are fed to the la

Table 2-1 depicts the nominal, expected representatlon ﬂo f work between fire PRA
tasks and fire HRA tasks. In other words, the tablegwas ed from the perspective that a fire
PRA is logically and sequentially developed; i int to define requirements for
interrelationships. For the development of a fire PRA or in applying the fire PRA
to a particular issue, there are likely to be cases hich steps are conducted in parallel or with

varying levels of detail in the fire PR Asimformation¥e.g., missing data or data that are being
developed). In these cases, one could ap different HRA method, for example, a screening
HEP during the quantification of a cd sgenario. In this case, the overall quantification may
be acceptable (e.g., PRA Sta apability Category I), or it may lead to further refinement if
best-estimate results (e.g., Capability Category II) are needed.

(e
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KEY:
* The solid lines are shown in NUREG/CR-
6850 and t either the end result TASK 1:
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 |
v
TASK 3: :
Fire PRA Cable v I
Selection TASK §: 1
l Fire-Induced Risk 1
Model 1
TASK 6: !
Fire Ignition Frequencies :
|
< I :
v I I
TASK 7a: ! :
Quantitative Screening -1 {
. —_ ¥
v TASK 12:
Fire HRA
TASK 8 . t - Screening
Scoping Fire M
——————— | 4
TASK 12:
Fire HRA
TASK 7b.: — e p| Scoping, Detailed
Quantitative -f HRA
\ 4
TASK 11: Detailed
Fire Modeling
A. Single
B. Multi-
Compartment

e mmmmmmmmmmmmmmmmm— e m—

ASK 10: TASK7d:

Circuit Failure Mode »| Quantitative Screening >

and Likelihood IV (Optional)
TASK 13: .| TASK 14: P v
Seismic-Fire Interactions Fire Risk Quantification
TASK 16: TASK 15: G = = — ——
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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Fire HRA Feeds
Informati

Additional Notes

Table 2-1
Fire PRA/Fire HRA task interfaces
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA
PRA Task Element Fire HRA
(Category Il)
1. Plant PP (general) Compile a list of Not applicable (N/A).
Partitioning areas to be VS
quantified in the
fire PRA.
ES (general) Identify fire-induced | Determine o
initiating events actions ass ith
modeled in the fire the fi ANnitiati
PRA.
Identify compon components

2. Component
Selection

modeled in th e
PRA.

credited in the fire HRA.

This task provides
input to the fire HRA
by defining the fire
areas, boundaries,
and locations.

The fire HRA identifies
cues for the modeled fire
PRA 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.

ES-B04 of Address/include the N/A. Fire PRA needs to
plies failure of instrument include the impact of
d with power supplies in fire- power supplies on
ments credited | induced failures of the modeled
e fire PRA. instruments and in instrumentation.
spurious operation of the
instruments.
ES-C Identify instrumentation impacting reliability of operators, including impact on cues for operator
High-level actions and impact of spurious instrumentation failure.

requirement
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Table 2-1

Fire PRA/Fire HRA task interfaces (continued)

Fire HRA Framework

Combined

Fire HRA Feeds
Information into the

Additional Notes

2. Component
Selection
(contd.)

credited as cues for
operator actions.

NUREG/CR- ASME/ANS Fire Fire PRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA
PRA Task Element Fire HRA
(Category Il)
ES-CO1 Identify Identify each cue from
instrumentation the start of the fire or

Ide
reactor trip, includingg, cues.
procedure transfers, to
the modeled cues

associated with t

HFEs.

Initially developed
using the cues
associated with the
HFEs from the
internal events PRA
modeled in the fire
PRA and expanded
to include fire
response actions.

ES-CO02 (failure
modes other than
spurious)

Identify instruments
affected by fire-
induced failure,
where fire may faj
any single
instrument.

N/A.

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

ES-CO02 (spurious
failures)

ponse, even if
the instrument is not
credited in the fire
PRA.

eview/identify spurious
instrumentation failures
that 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
Il addresses up to
and including two
simultaneous
spurious events.
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Fire HRA Feeds

Additional Notes

Used as input to the
HFE definition and
quantification. This
task includes cable
tracing so that the
impact of fire on
instrumentation is
known for each area.

Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA
PRA Task Element Fire HRA
(Category Il)

3. Cable CS (general) Select the specific N/A.

Selection cables associated
with instrumentation
and components
credited in the fire
PRA in order for
these cables to be
traced or located.

4. Qualitative | QLS (general) Perform area review | N/ N/A.

Screening and screening
based on qualitative
impact. Areas with
operator action
impact are ret

2-10
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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 n into the Additional Notes
PRA Task Element Fire HRA A
(Category Il)
Perform event Identify operator actions, events to Context includes the
tree/accident typically EOP actions from man failures | initiating event and
progression. the internal events PRAY | the preceding
the event trees; the ev successes and
trees define the PRA failures on the event
context. tree.
Develop fault Include opera ions Model basic events to N/A.
tree/system an represent human failures
models. e in the fire PRA.
, fire
(typically
or prevention of
fire-induced hardware
5. Fire- ilures), undesired
Induced Risk PRM (general) ious actions that
Model able components, and
ecovery actions.
Deter Obtain timing data such as | Operator actions Context includes the
ss Gliteria. time of cues or system credited in the fire PRA system time window
time window from thermal- | can influence the plant from thermal-
hydraulic analyses, which | response modeled in the | hydraulic analyses.
can be from the internal thermal-hydraulic
events PRA or specific analyses.
analyses for fire-induced
conditions.
Data. Incorporate HEPs into the | Human error N/A.

fire PRA for each modeled
human failure event.

probabilities (HEPSs) are
developed in HRA

quantification (Task 12).
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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 Additional Notes
PRA Task Element Fire HRA
(Category Il)
6. Ignition IGN (general) Develop ignition N/A. This task does not
Frequencies sources and involve HRA.
frequencies into ) 4
initiating events,
independent of fire
HRA.
7. Quantitative | QNS (general) Perform area Typically us nin HEPs for modeled Also called first
Screening screening based on HFEs. quantification or
quantitative impact, whole-room burnup.
typically with all
components and
cables in an area
failed. values 08ed in
antitative screening
eliminate areas from
her analysis.
8. Scoping Subsumed into Typically use scoping Refine HEPs for Fire impacts are

FSS (in general)

2-12
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Fire HRA Feeds

Table 2-1
Fire PRA/Fire HRA task interfaces (continued)
Combined
NUREG/CR- ASME/ANS Fire Fire PRA Feeds
6850 [2] Fire | PRA Standard [3] Information into Fire HRA
PRA Task Element Fire HRA
(Category Il)
9. and 10. CF (general) Determine which May eliminate the need
Circuit Failure circuits are for operator actions if
Analyses susceptible to fire- components are not 4
induced failures and | susceptible to spurio
the likelihood of failures.
occurrence.
11. Detailed FSS (general) Refine Tasks pically use detailed
Fire Modeling 8. HFE quantification,

Additional Notes

This task generally
does not involve
HRA. However, as
the electrical impact
on model
components is
refined, there may be
HRA changes. For
example, valves
susceptible to
operability issues
such as Information
Notice 92-18 [10]
may be identified.

ut may use screening
and scoping HRA
methods as well.

Refine HEPs for
modeled HFEs.

Refinement could be
on an area basis or
scenario basis.

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

efailed fire
, with fire

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 Additional Notes
PRA Task Element Fire HRA
(Category Il)
b. Main control Develop main Typically a NUREG/CR- May be refined,
room control room 6850 screening scenario-specific
FSS-B (general) abandonment approach is used. * HEPs (similar to
scenarios. those for Task 11a)
for evaluation of
individual panel
11. Detailed burnup.
Fire Modeling | c. Multi- Develop multi- Fire rate | HEPs for modeled N/A.
(contd.) compartment compartment wit ilin | HFEs.
analysis scenarios in a t ation (e.g.,
FSS-G (general) successive T or whole
screening approach. | areaBurnup) and
detailedMEPs according
Task 11a for detailed
sgenarios).
12. Fire HRA HRA ddressed in this HEPs for modeled HFEs | This table addresses
document: plus the factors listed fire HRA-specific

r detailed
(Task 11).

e |dentification/
definition of HFEs.

e Qualitative analysis.

e Quantification.

o Dependency
analysis.

e Recovery and
uncertainty.

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).

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 Additional Notes
PRA Task Element Fire HRA
(Category Il)
13. Seismic- SF (general) Perform a qualitative | Beyond the scope of this This task generally
Fire review of post- report. does not involve
Interaction seismic fire ) 4 HRA, but post-
response. Fukushima
evaluations could
change this.
14. Integrated | FQ (general) Combine the overall | See notes o 7, See notes on Tasks 7, 8, | N/A.
Risk fire PRA using and 11.
results from all
previous tasks.
15. UNC (general) Use fire HRA input HEP distribution data for | N/A.
Uncertainty for fire PRA evaluation of fire PRA

parametric dat
uncertainty an
sources of mo
uncertai

parametfic data
certainty.

entification of sources
of modeling 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 ala multiple
equipment alarms, and automatic trip).

e The crew is aware of the need for plant trip (if it is not automatic):

e The crew is aware of the need to implement a fire brigadg.

e The crew is aware of the potential for unusual plant beh N) sult of the fire. Most
plants can be operated from the control room with two orfthre8§operators as the
minimum, but a crew may consist of four or five licen erators. Therefore, assigning
one to the fire brigade does not diminish the cog @P Oom capability below what is
required.

All of the required fire protection safe shf
program or from NFPA 805 [1] safe shutdo
response procedures. It is not withi
NFPA 805 safe shutdown action§'required to satisfy the plant’s fire protection program
requirements. This report addre ntification of operator actions required for fire
ed to the Appendix R/NFPA 805 safe shutdown

ions, either from the Appendix R [11]
1 analysis, are proceduralized in the plant fire

list.

In general, a fire a the plant introduces new accident contextual factors and
potential dependdgiicies a he human actions beyond those typically treated in the

accessibility and operability issues, use of fire procedures, potential
associated with both diagnostic and mitigating equipment, and increased
demands on staffing and workload.

As stated previously, it is assumed that the crew is aware of the fire location within a short
period of time (~10 minutes). After the crew is aware of the location, the fire brigade will
work quickly 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.

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 examples
of the types of fire damage:

e Spurious actuation of equipment (e.g., opening or closing of valves and starftag or stopping
of pumps)

e Spurious actuation of alarms (e.g., alarm lights and audible alarm 0 ual plant
conditions reach alarm set points) P

e Failures of alarms to actuate (even when plant conditions r c\ et points)
levs

e Spurious indications that provide misleading informati the"specific indication failure
mode dependent on the type of indication [e.g., gau as the cable type and its
associated fire damage), for example:

(wise 1

— Readings that are too high, too low, o6 nsistent with plant parameters

— Trends that are inconsistent with plant p

This fire damage is, of course, in addi
modes (e.g., failure to start or failu
the overall picture of plant damage
equipment failures when de ext of the human failure event. Guidance on this is
provided in Section 4. Mo he plant damage information will be developed by other
analysts involved in t e fire HRA analyst will likely need to request input
information that is n

to the rafdom equipment failures caused by traditional
t is important for the HRA analyst to understand

¢ highly complex, such as failing all of the motor-operated valves in
8 still have power. For areas with many fire-induced cable failures, the

operator response to fire-induced cable failures such as spurious actuation.

The issue of fire-induced cable failures has a broader impact on the fire PRA than the fire HRA
quantification 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 with an | the initiating | 3.2.
initiating event operator action o event.
(hardware failure), for | Prevent or terminate o . .
example, 10ss-0f- the initiating event. Termination actions are discussed
e These events canbe | pjqq in further detail in Section 3.3.1.1,
coolant accident either local or control e
(LOCA); open steam | room actions response and the proce entification
generator ' actions to and defini edin
terminate or | Section

atmospheric steam
dump valve; spurious

prevent the

*

et fire-induced

ziagfﬁgll, Iwﬁii{rl]ogo(jclj) cable R tions are discussed
include spurious failure(s) or iRNfurtRer detail in Sgctloq _3.3..1 2,

. electrical and the“process for identification
:2?&:{?0??2:]3”33/ fault(s). efinition is described in
interfacing systems Section 3.3.2.
LOCA (ISLOCA).
Fire-induced cable Failure mode(s) are Fire response actions are
failure(s) or electrical | added to the fire onse discussed in further detail in
fault(s) fails a action. Section 3.3 and can be quantified

function or
component used in
post-initiating event
response; for
example, fire fails
charging pump
suction from the
volume control ta
(VCT) or fire fails
valves su [
auxiliary fe

(AFW) to st
generator (S

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).
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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 model
(with a probability
1.0).

If the fire PRA

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 as
a fire
response
action.

undesired response survives the
screening proces
the fire PRA
1.0.

Secti describes fire

ns for recovering
A'Sequences of cutsets. These
response actions can then be
tified, scoping using MCR tree
(Section 5.2.6) or ex-CR tree
(Section 5.2.7) or detailed analysis
(see Appendices B and C for
guidance for these respective
approaches).
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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

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/reli issue in which
the fire-induc failure or
electrical ses a
com noperable
¥Info orilNotice 92-18 [10]);
i04.3.4.7).
Indications/alar antification of the HFE focuses
he reliability of the operator
Fire-induced cable o given at least one reliable train of
Fire impacts,

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 electrical
fault[s] alarm does
not induce an
operator error of
commission).

primarily cable
failures, affect
not only the
availability of

instrumentation. If the fire impact
is such that there are spurious
operations of non-credited
components 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.

2-20




Fire HRA Framework

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 similar to
and consistent with those derived by the NRC (defined as manual actions feasibility criteria) in
NUREG-1852 [12]. Lessons learned from this process can then be applied to other HRA
methods on an as-needed basis.

e EPRI HRA Methodology: Cause-Based Decision Tree (CBDT) [9%} E [13] and
THERP [14]. Recent industry efforts have focused on a standardi ch using the
EPRI CBDT method for the cognitive aspect of HRA, inclu@ ion, diagnosis, and
decision making. CBDT is complemented by the EPRI hu reliability/operator
reliability experiment (HCR/ORE) for modeling cognition ofitimessensitive actions. THERP
is used to model the execution/manipulation aspect of th This collective set of CBDT,
HCR/ORE, and THERP methods is referred to as ¢ HRA approach in this report.

e ATHEANA [5, 6]. The NRC’s ATHEAN jitable for a fire HRA because it

offers a structured process for identifying ects of successes and failures associated
with abnormal operations. In addltlon ATHEZ NA 1s not limited to a specific set of PSFs or
plant conditions, allowing fire-specific PSFs a

NUREG-1852 [12]).
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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 define
the HFEs at the appropriate level of detail to support qualitative analysis and quahtification.
These are the first steps in the fire HRA process described in Section 2. The ifative analysis
therefore

It is intended that the identification task be performed early in fi lopment because the
list of associated instrumentation required for operator actions willl n1€ed to be added to the
component selection list in NUREG/CR-6850 [1] Task 2. I ition, the identification of
actions can be helpful during the development of the fir. ced¥isk models in NUREG/CR-
6850 Task 5. As the initial risk model is developed, th analysts may need to revisit the

identification task several times.

HFEs are typically defined in conjunction wit fication and, as the fire PRA develops,
the definition is refined and revised. The ASME/ANS PRA Standard HLR-HR-F (Chapter 2) [2]
outlines the requirements for definitigh: €onsistent With these requirements, the definition
activities described in this section afe t ociated with understanding the PRA boundary

conditions for the HFE and the ta in crediting plant staff actions in the PRA.

primarily concerned pes of procedures: emergency operating procedures (EOPs),
annunciator/alarm re§ponse pfecedures (ARPs), and fire procedures:

HRA actions ate identified by reviewing EOPs and associated event trees.

e ARPs are those procedures to which the operators are directed in response
to an annunciator.

e Fire procedures are those procedures (beyond the normal EOPs and/or abnormal operating
procedures [AOPs]) that the operators will use in response to a fire. Currently in the United
States, there 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

* 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 these
procedures as fire emergency procedures (FEPs). Throughout this report, th&term fire

procedure will be used to refer to any type of procedure (beyond the no
that operators use in response to a fire.

For fire HRA, the following three types of post-initiating event oper: i re considered
and discussed in this section: *

e Internal events operator actions \

e Fire response operator actions (including MCR aban Ations)

e Undesired operator responses to spurious ala a@tions

3.2 Identification and Definition of tions from Internal Events
PRA

HEPs quantified as
events HRA identifi
to determine whi
initiating even
accomplished b
and the HFEs in

al events HRA, it is not necessary to repeat the internal
ss. All that is required for the fire PRA identification process is
Es could occur in fire scenarios by considering the fire-induced

ir related fault and event trees from the internal events PRA. This is
ntifying the fire-induced initiating events from NUREG/CR-6850 [1] Task 2
logic structures associated with these fire-induced initiating events.

For example, turbine trip is a common fire-induced initiating event, and the internal events PRA
often models the response to turbine trip within a “general transient” event tree. All of the HFEs
associated with the turbine trip portion of the general transient event tree or related fault trees
could therefore occur in fire scenarios. An example of such an HFE is “Operator fails to start
auxiliary feedwater” 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 not
necessarily in the current order. The point at which each of the steps is completedywill depend on
the development of the fire PRA.

Step 1: Identify operator actions in the internal events PRA. This 4 i n should be
straightforward and, in most cases, is a data extraction from the@nte ts PRA based on
basic event name. At this stage, the pre- and post-initiator HFEs d. All existing pre-
initiator HFEs in the Level 1, internal events PRA model are indgpendent of the initiating event
and are therefore independent of a fire initiating event as w existing pre-initiator HFEs do

impacts remain relevant to the conditional core g aBility (CCDP) and conditional
large early release probability (CLERP).

not need to be reanalyzed but should be retained as-is @e model because their

Step 2: Screen from consideration internal s that are not associated with fire-
induced initiating events. Initiating events rele to fire PRA are identified in Task 2 of
NUREG/CR-6580 [1]. Examples ofgfiitiating events not typically included in fire PRA are large
loss-of-coolant accidents (LLOCA) ated transient without scram (ATWS) for BWRs
and PWRs and SGTR for PWR e cases in which a single HFE analysis is modeled
' case initiating event is not associated with the fire
be screened from consideration but should be
o correctly model the fire impacts. For example, the timing of
an HFE may be based on the I g case for large LOCAs and then the same analysis is applied
to small and mediumWhOCAs An this case, the HFE should be retained for the fire PRA for the
small LOCA, e timi ill need to be reevaluated in the qualitative analysis. This
information m n developed previously as part of NUREG/CR-6850 Task 2.

Step 3: Review Nke-related fault trees and event trees. ASME/ANS PRA Standard
Requirement HR-F1 [2] requires that “when identifying the key human response actions
REVIEW (a) the plant-specific emergency operating procedures and other relevant procedures
(e.g., AOPs, annunciator response procedures) in the context of the accident scenarios and (b)
system operation such that an understanding of how the system(s) functions and the human
interfaces with 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 fire
response actions are defined to represent the impact of the human failures at thegunction,
system, train, or component level as appropriate, consistent with requiremen
ASME/ANS PRA Standard [2]. The definition should start with the collectio
from PRA and engineering analyses, such as the following:

e Accident sequences, the initiating event, and subsequent system p€rator action
successes and failures leading to the HFE

e Accident sequence—specific procedural guidance (includs procedures)
e The cues and other indications for detection and eva &» N errors
e Accident sequence—specific timing of cues e tie ayailable for successful completion

(timing terms defined in Section 4.6.2)
e The high-level tasks required to achieve the g@al of the response

The information to be collected to sd@pport the detailed definition of the HFE is presented in
Section 4.2. The identification and onjprocess is iterative and is included here as the
starting point of the HFE dev ent.

3.3 Fire Response Act

3.3.1 Types of FirelResponse Actions

Fire response

peiator aGties are new post-initiating event operator actions required in response
to a fire and ard '

directed by the fire procedure(s). They are sometimes called fire
manual actions, @perator manual actions (OMAS), or recovery actions in other disciplines such
as fire protection @k NFPA 805 [4] terminology. In this report, they are also referred to as new
MCR or ex-control room actions (i.e., they are fire-specific and were not included as internal
events HFEs.) The following sections outline the different types of fire response actions based on
their function in the fire PRA. The discussions of each of these types offer examples of HFEs
that may be incorporated 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 decided

by the HRA analyst working with the other PRA analysts, taking into account the characteristics
of the operator actions being modeled and the level in the PRA model at which
placed (e.g., HFE placement at the plant function, system, train, or compon
of fire response HFEs could include the following:

e Operators fail to open a level control valve using a local halgiwh the fire causes

remote control to be unavailable

e Operators fail to manually operate a charging pump at the brgak iven that the pumps
cannot be controlled from the MCR because fire has da ontrol circuits

e Operators fail to close a flow control valve by isol air supply

e Operators fail to locally operate a residualdic mp when the motor control circuit
fails as a result of fire damage

e Operators fail to restore the steam cvel by locally controlling auxiliary feedwater

e Operators fail to isolate the pow relief valve (PORYV) from the control room after
it spuriously opens

e Operators fail to locall e ORYV after it spuriously opens during the fire and cannot

3.3.1.2 PreemptiVe Fire Response Actions to Prevent Fire Damage to Equipment
(Protect Equipment) Needed in the Fire PRA

Most preemptive fire response HFEs involve failures to deenergize power supplies or disable
control systems 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

3-5



Identification and Definition

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 procedurgg may or may not
identify why the actions are to be performed.

At some plants, the fire procedures direct the operators to place the plant4 uced station
blackout (SISBO) as a preemptive measure to mitigate any spurious 10 he
implementation of SISBO fire procedures involves fault clearange st to ensure that a
cooling train is protected if portions of a required bus are withi a zone. According to
an ACRS review of fire PRAs conducted by Brookhaven Natio oratory in 1995 [5], these
procedures contain a range of fault clearance scenarios—ir 1 single circuits to massive
safety bus clearing and power restoration to clearing a lj portton of the bus. Each case

involves different procedures for performing a busscle analysis of SISBO or single-
as part of a safe shutdown

analysis to ensure that Appendix R [3] or NFRA afe shutdown system protection

Consequently, the fire HRA must
assumptions, and the experiencg

input from the fire procedures, Appendix R
and training personnel to aid in understanding

how the procedures are intey emented as operator actions and therefore as
potential HFEs.
As an example for th, clearance, according to some plant designs, operator actions

are required within the fire pr@eedures to manually check or position valves by “resetting” all
electrically controlle

appropriate electrical buses, all valves and components are placed in the fail-safe position.

2. Then, only those valves and components used in the specified train (outside the fire zone) are
restored for 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 events

Similarly, the fire response procedures can be written or amended to'address recovery of fire-
induced or random equipment failures as described in Secti

identification process applies as that for fire reSpdhse actions, but the procedure review would be
ion to abandon the MCR, establishing control

outside of the MCR, and performin command
outside of the MCR. Command an
such as a remote or alternate s
taken at multiple locations, 4

Conversely, actions outside of the MCR may be

ote shutdown panel, or at one or more local control

7 Plant parameter monitoring also can be performed at
luding from the MCR—if it is habitable and if information that

¢ MCR is uninhabitable (because of smoke, heat, and other fire

not be controlled from the MCR (for example, as a result of the fire
effects on controRgables for the MCR in the cable spreading room). The criteria used in the fire
PRA model for MER abandonment or use of alternate shutdown need to be defined. The
decision to abandon the MCR is an area of uncertainty because there may not always be clear
and explicit decision criteria for abandonment. When habitability is not an issue, the crew may
not completely abandon the MCR even if their ability to control the plant is hindered. In this
report, the MCR 1is considered to be abandoned 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 not
necessary for the HRA to model the fire brigade response.

However, the manual actuation of fixed fire suppression systems from the ¢ oom during
an event is within the scope of the HRA because it is not accounted for 1 ppression
probability curves. These actions are identified by reviewing the fire ures® Typically, if
suppression is required from the control room, the action is prodedu the fire procedures
on a fire area-by-area basis. In some cases, these actions are pro r in the fire brigade
response procedures.

The fire response operator actions are identifie @

actions are required in the fire PRA, it is necessafy to first understand the fire scenarios, which
may require modeling of the fire impa aent and instrumentation in the fire PRA.
However, if the fire PRA modeling iéis not yet advanced to this stage, all procedural fire
response actions could be identifie can be excluded from further consideration if it is
later determined that they are e fire PRA. Because the fire HRA is being
developed in conjunction wi and may therefore differ with each fire PRA project,
ication.

Approach 1: Identi
impacts on equipm

response actions required for mitigation given the fire
trumentation. For this approach, ideally, the fire PRA has

odel Development) of NUREG/CR-6850 [1]. The HRA analyst

i1l work together to review the fire scenarios in conjunction with the fire
rees, and event trees. To identify the operator actions in this approach,
the fire PRA analyst will need to create a timeline for the fire sequence of events with enough
detail to allow the HRA analyst to map the expected operator action as directed in the fire
procedures to the specific fire sequence. This may also require operator interviews to confirm the
expected plant response for each fire scenario.

and fire PRA a
procedures, EO

Approach 2: 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 Besponse Related Basic Event . Fire Response Basic Event
Basic Event e Equipment ..
. Identifier 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
1FDG1 Operators fail to operate 4160-V Bus 1F by isolating and
Diesel Generator 1 (DG1)
CS-OPS-0OC- LCS-OPS-FO-MO15 - CS-MO-12A
MO15 Operators fail to align VS C using contactor or
condensate storage tank according to Section
(CST) to pump suction cedure 5.4.30.1.
from the control room
HPCI-OPS-OC- | RHR-OPS-FO-RHRA — HPCl/residua perators fail to cool down
CD Operators fail to cool heat re sing HPCI and establish RHR
down using high pressure according to Section 9 of
coolant injection (HPCI) Procedure 5.4.30.1.
for small LOCA
FZ50-OPS- None re suppression | Operators fail to activate
SUPRESS S m FZ AA- suppression system for
55 AA-55 from control room.
AFW-OPS- AFW-OPS-XT AFW FM-124 Operators fail to cross-tie AFW
XTIE-FIRE Operatorggfail to cross-ii according to the MCR
iliag ) abandonment procedure

This approach is reso,
the procedure revie eet PRA Standard Requirements HR-E1 and HR-E2 [2]. This
PRA analyst with all possible actions that can be credited,

to implement these actions on an as-needed basis.

rative approach combining the first two approaches. Because the fire

ly not performed independently of the fire PRA, a hybrid approach of the
first two approaches may be performed. The hybrid approach would be plant- and
model-specific. For example, as the risk model is being developed, the HRA analyst could
review the fire procedures to identify MCR abandonment actions with the assumption that MCR
abandonment is required. After the fire PRA has developed the MCR abandonment scenarios,
the HRA analyst can define the actions for the specific fire sequence. If the fire modeling has
progressed to a stage 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 direct
operators to open the knife switgh of 15123BKR.
VLV-15 Closed Open For fires in Zone A, FP-1 di erators to
reduce charging flow b valve or
pulling the fuse for binet X.
L 2
For large firesgin"Zen P-3 directs operators
to pull the fusegfor -15 in Cabinet X.
In the first example in Table 3-2, the desired position fi reaker is open, and the fire
procedure action directs the operator to open the bigak efefore, if fire causes spurious

closure of the breaker, this would be a fire resp®
up front or as a recovery action if the quantif
risk-significant.

pe ction that could be modeled either
ifies the cutsets in which this appears as

In the second example, the desired n for the valve is open, and the fire procedure action
directs the operator to close the valvg. erator action can be considered included in the
fire-specific basic event of “v ails to open due to fire” quantified with a 1.0 for fires in the
appropriate zone.

Modeling decisions suc are made jointly between the fire HRA and fire PRA modeling
tasks.

3.3.2.1 Definition of Rire ponse Actions

The human fai @ e response actions are defined to represent the impact of the human
failures at the fulétion, system, train, or component level as appropriate. The definition should
start with the collggtion of information from PRA and engineering analyses, such as the
following:

e Accident sequences, the initiating event, and subsequent system and operator action
successes 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

3-10



Identification and Definition

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
HFEs 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 the
operators use to achieve each safety function in controlling the plant responsg to a fire as a
function of the fire zone as well as other performance shaping factors.

e If unexpected conditions occur during the application of fire procedu op€rators can
insert contingency actions—some of which are preplanned for fir, e are in the
emergency procedures, and others are from general training®Onl ent and hardware
with verified cable routing outside the fire zone are used fo x iNgency actions.

h

e Asis the case for plants that do not employ the SISBO 0 SBO fire procedures do
not provide explicit guidance for responding to eventsssuch OCAs that may be relevant
in a PRA. The PRA scenarios will need to be revie onjunction with the fire
procedures in order to understand the pote g tasks. In many cases, the
operator’s response to SISBO fire procedili
opposed to the fault tree level.

3.4 Identification and Definition FEs Corresponding to Undesired
Operator Responses to Spu Instruments and Alarms

as a well-intentioned operator action that is
at unintentionally aggravates the scenario. Undesired
tting down or changing the state of mitigating equipment in a
¢ shutdown systems, structures, and components (SSCs). The
sired operator actions is that the action leads to a worsened plant
nitiating event into a consequential LOCA). If an operator
ication and the action is judged not to impact the CCDP or CLERP, it
considered further.

way that increases t

responds to a s
does not need to

In fire events, spuffous indications occur when electrical cables routed through a zone in which
the fire is postulated are shorted, grounded, or opened as the cable insulation is burned. These
instrument wires feed alarms and control indications that act as cues for operator actions.
Therefore, an undesired action can be triggered through a false cue that tells the operator to take
an action that is potentially detrimental to safe shutdown. For example, an action is classified as
undesirable if the operators conclude, from false cues, that the safety injection (SI) termination
criteria are met and 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
verified, and the plant is stabilized, the operators would resume normal protocoRfor monitoring
the control room and attending to annunciators or alarms. In a fire scenario,
also implement the fire procedures, either in parallel with the EOPs or b
while the fire procedure(s) are performed, depending on plant-specifi 1 guidance and
training. ¢

To reasonably bound the number of modeled, undesired operat %@ sulting from spurious
indications, it is recommended that human performance—basged cfiteriadbe developed to be
applied consistently in the identification process. Such criteri d be based on the plant-
specific factors that govern operator cognitive response ications such as the following:

e (Cue parameter(s)
e Cue (procedural) hierarchy
e Cue verification

e Degree of redundancy for a giv r
Each of these factors is brie ss

Cue Parameters

The cue for an operafor cognitivelsesponse may consist of a single parameter or multiple
parameters. For example, lowjlubrication oil pressure for a pump is a single parameter that
would actuate an ala uld require the operator to trip the pump to protect the bearings.
As an exampl ¢ parameters, the cue for implementing the functional restoration
procedure for | secondary cooling on a PWR is based on multiple parameters: low steam
generator feed flow and low steam generator narrow range level.

For operators to be misled by a single parameter cue, a spurious indication on the single
parameter would be sufficient; for a multiple parameter cue, multiple spurious indications on
different parameters would be required. It would seem that multiple spurious indications on
different parameters would be less likely to mislead the operator than a spurious indication on a
single parameter, 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
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PRA Task 2 on Component Selection. For those assessments, an expert panel is convened to
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 b
with entry into the EOPs. During the initial EOP response, the crew basi
parameters and alarms that are called out in the EOPs. Other annuncig 2 rms may be
ignored until the plant is stabilized unless the cue is pertinent togthe s i
certain cues are required to be monitored continuously; they ma yad'as continuous action
statements, floating steps, and/or foldout page instruction(s), depen on the vendor. The

operators also may have some cue-specific indication prefe ased on training, procedures,
ease of use, and reliability. When a continuously monit: e occurs, the operators may be
required to suspend what they are doing and perfosm t trfiction(s) associated with the cue.

Cues may be further prioritized. For example
safety function and 2) severity of challenge t8
trees (CSFSTs) that are monitored from a certa
plant-specific deviations, operators lly prio

gh OP cues are prioritized by: 1)
famesion in the critical safety function status
01nt in the EOPs. Although there may be

e the cues as follows:

1. Cues that are continuously mon

2. Cues that are called out i OP ecks but are not continuously monitored
3. Cues that are not calle Ps but that may be pertinent to the scenario
4. Cues that are not gillled out ¥ythe EOPs and that are not pertinent to the scenario

Cue Verification

Certain cues
to action. For e
by comparing it

ir immediate response, while other cues may require verification prior
ypical ARP may require the operators to verify the validity of the cue
th other indications or by performing a local inspection.

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

Degree of Redundancy for a Given Parameter

Most plant parameters have redundant instrumentation channels and indications. For example,
each steam generator level 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
represent inappropriate responses to spurious indications has been develope

ining HFEs that
is described

next. As part of the identification process, the HRA analyst may find it usefu form
preliminary operator interviews to develop an understanding of how t ecific crew
anticipates responding to spurious indication. *

Step 1: Review ARPs for undesired operator response actiogs. s are to be
systematically reviewed to identify potential undesired operator @ctiofis that can result from an
annunciator or alarm. ARPs to review are those that involve ment or systems modeled in
the fire PRA. Although operators may not respond to a tators or alarms that are not
referenced in the EOPs during their initial impleaentationt thélannunciators or alarms will
remain “in alarm” and will eventually be respg st U.S. nuclear power plants, crews
are trained to rely on multiple and diverse ind ore taking action. The following
assumptions can be made to reasonably bound thenumber of undesired operator actions in
accordance with Capability Catego the fire PRA Standard:

e Actions that require multiple spti@@s indications on different parameters can be screened
from consideration.

e Actions that require m lews indications on redundant channels can be screened
from consideratio

e Actions that include a pro€eduralized verification step can be screened from consideration if
the verification be effective given the fire scenario.

r undesired operator response actions. The EOPs are to be

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

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 initial error
(prompted by the spurious indication) and the second modeling an explicit régovery action of
the first event. In this approach, the first event should be assigned an HE unless
justification can be provided for a lower value, and the recovery eve modeled

failure basic events,
e cutset(s) in which the
xample, the “instrument fails

resulting from the undesired operator action as fire-related
and address the recovery action as an HFE either up fro

HFE.

action definition should start with the
analyses, such as the following:

Similar to the internal events actions, fire respo
collection of information from PRA ngineeri

t, and subsequent system and operator action
the H

al guidance (such as fire procedures)

asks required to achieve the goal of the response

To ensure that theWdentification task is complete, the three steps described previously are all
required but not necessarily in the order presented. The point at which each step is completed
will depend on the development of the fire PRA. 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.

3.4.2 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
Spurious MCR Undesired | Operators Respond
Procedure | Parameter e . - .
Indication | Instrumentation Action to Spurious
Indication
E-0 Step4 | Containme | >5 psig Pl LM100A Actuate Sl | Fill pressurizer,
RNO nt (CNMT) | (0.03 MPa) | PILM100B challenge PORVs,
pressure Pl LM100C consequential LOCA
PI1 LM100D
PR 1LM 100A
E-0 Reactor >275 psig Pl RCS 402 Stop LHSI core cooling
Step 25 coolant (1.90 MPa) | PI RCS 403 pumps
system
(RCS)
pressure

In the first example, the operators are required to check SI s d to actuate SI if required in

shown in the MCR Instrumentation column,;
and a diverse pressure recorder (PR) device.

In the second example, the operators
pumps if reactor coolant system (R
25. This step is also a continuous a hat is, when the operators reach Step 25, they will

LHSI pumps, if required.

To meet Category II of the
could be screened fro
there are both divers

Examples of operato
responses are i

Table 3-4
Examples of
undesired res

Spurious Annunciator Undesired Action Consequence

ESW pump motor instant | Place the affected
trip pump’s control switch
in lockout.

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

Can be restarted.

CCW pump motor instant | Place the affected Stopping one CCW pump
trip pump’s control switch | increases operating temperature
in lockout. 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.

been identified as leading to an undesired consequence. The H y wish to further
investigate other cues and indications that the operators would @1 re responding to this
alarm and then show that the annunciators as well as indicatigns Woul@be used for diagnosis and
screened from further consideration.

Based on the information identified, all four examples in Table 3-4 co ined for further
analysis and incorporated into the fire PRA because only one ir@tru unciator) has
nalyst

1thjan HEP of 1.0. As a result, the
ability of the equipment taken out
o spurious indications.

These operator actions would be included in the
fire PRA logic would need to reflect, for examg
of service by the operator because of undesire

3.5 Initial Assessment of Fe

After the operator action has been i
initially determine whether t I
not crediting an operator a ot be possible. During the identification and definition
conducted primarily based on information obtained
during the HFE definj lemented by any additional information that may be known

about the particular

have been incorp@kated into the model, additional resources can be used to reassess actions that
were previously considered not feasible. There will always be cases in which, with enough
information, the HRA analyst could make an argument that an action is feasible even though the
initial information suggests that the action will be extremely difficult or vice versa.

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

e 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.

e 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.

e Is there enough staff available to complete the action? If there are not enough crew
members available to complete the action (i.e., the number of people requiréd for each task
exceeds the number of crew available), the HEP should be set to 1.0.

e Has the fire impacted equipment such that required critical task
This item includes instrumentation and/or alarms and compgnen @ abi
There must be at least one channel of instrumentation and/or @

be performed?
lity considerations.
ue(s) for an operator
¢ operator response
ent’such that it will not

EP should be set to 1.0. For
ged by fire, the operator action to

action to be feasible. Similarly, the components manipulate
must be free of fire damage. If the fire has damaged the
function (even if the operator takes the approprlate a
example, if an auxiliary feedwater pump is physica
start the pump locally would not be feasibl

ui

In the identification and definition stage, the and information about each
performance shaping factor (PSF) are likely not'Wet known. As this information becomes
available, the feasibility step should ssessed a described in Section 4.3.4.

After HFEs have been ide
5, Step 1.3 of NUREG/C

failure ev 1n the Internal Events logic model. New fire-specific human failure events

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

Refinements to these HFEs are likely to occur as other 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.

3-18



Identification and Definition

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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QUALITATIVE ANALYSIS

4.1 Introduction

Qualitative analysis is an essential part of an HRA although not always explicitly identified as a
separate step in the HRA process. The objectives of the qualitative analysis are o understand the
modeled PRA context for the HFE, understand the actual “as-built, as-operated#esponse of the
operators and plant, and translate this information into factors, data, and ele
quantification of human error probabilities. A sound qualitative analysis he"HRA to
provide feedback to the plant on the factors contributing to the succes 9' 0
those contributing to the failure of an operator action. Because ﬁe& atiye analysis provides a
5

foundation for all steps in the HRA process, it is recommended ctién 4 be read early in the
HRA process, and be revisited as needed throughout the H

As an example, the objective data collected at the start efifttion of existing internal
events HFEs in Section 3.2 must be reviewed andgevi derstand the impacts of the
modeled fire. Each of the assumptions and inp ternal events HFE analysis must
be systematically considered and evaluated {8 impact, including the following:

sed 1

¢ Fire impact on instrumentation and indication§ycredited for detection and diagnosis as well as

the quality of the indications follgwing a fire

e Fire impact on the timing of cue ponse, execution, and time available

e Fire impact on success system requiring local, manual action after a fire

Fire impact on pro Sage, such as whether the fire procedures supplement or

identification and\definition of HFEs and the development of human error probabilities for
HFEs. The qualitative analysis can also be a product itself, forming the basis for the HFEs that
plant personnel can use to improve plant response. In addition, qualitative analysis can be an
input into the selection of an HRA quantification method that is appropriate for specific HFEs.

In the SHARP1 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).
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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 performing a
fire HRA. It is based on guidance found in the combined PRA Standard [5], S 1[1],
ATHEANA [3, 4], and NUREG-1792 [6]. It is recommended that this secti viewed prior
to performing any of the fire HRA tasks. The information in this section wi a useful
understanding of the issues associated with the fire context, thereby s
identification and definition, and forming the basis for the specific i uired for HFE
quantification. For the most part, specific guidance on addressi e ontext issues during
HRA quantification are provided in the relevant sections. Howe information in this
section establishes a knowledge base that is important for t htful application of the
quantification approaches. In addition, because the fire t 1S'the most important driver in
deciding which information needs to be collectedand ed) it is not possible to develop a
generic, one-to-one relationship between spec lit alysis activities and specific fire
HRA quantification methods (e.g., the scopifig aversus one of the detailed fire HRA
approaches).

This section consists of eleven subs s that address the following:

e Section 4.2 discusses the types ofiififormation typically collected to support the HRA
development (and their s

e Section 4.3 describes w ity assessment is and how it can be performed.

e Section 4.4 brie i way in which qualitative inputs aid in the selection of an
appropriate H tion method

nce on developing an HFE narrative (as a qualitative input to HRA
ayproduct in and of itself).

e Section 4.6 prgvides a general discussion of several PSFs that are typically addressed in
HRA and somé’that are of specific concern for fire contexts.

e Section 4.7 discusses the way in which a review of relevant operating experience can be used
as an input to fire HRA.

e Sections 4.8 and 4.9 address specific qualitative analysis associated with MCR abandonment
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 response,
fault trees for system response, and data and results (such as for accident§sequences and
important contributors)

— Success criteria analyses providing the basis for the accident pro i deling and
times to component damage such as room or system heat- up
— Timing information such as from thermal-hydraulic calcu @
— Other deterministic analyses such as circuit failure aQa fire growth models
¢ Plant information needed to understand the actual * t, perated” plant response:

— Procedures including EOPs, abnormal opeg res, and fire procedures

— Alarms and instrumentation associate fite operator response

— System descriptions for systems creditedm the fire PRA, following NUREG/CR-6850

[7] Task 2 component selecti

— Operator training informati e types and frequency of training associated with
the fire initiating events

— Location and plant pfermation

e HRA-spe needed to understand existing HRA methods and data sources:
— HRA fr rnal events PRA providing qualitative and quantitative data and
analyses

— Interview notes from discussions and talk-throughs with operators and/or operator
trainers

— Simulator observations 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 every three
years, an inspection team select three to five risk-significant fire areas/zones and conduct a risk-

informed inspection of selected aspects of the licensee’s fire protection program i
“feasible and reliable manual actions to achieve safe shutdown.”

The subsequently issued NUREG-1852 [10], Demonstrating the Feasibil
Operator Manual Actions in Response to Fire, provides guidange on ihg the feasibility of
local fire OMAs performed outside the MCR—either upon dete protect critical
safety equipment that might be failed or spuriously affected and%end@ted unavailable by the fire,
or to locally and manually align critical safety equipment t its function when needed.
NUREG-1852 defines a feasible OMA as one “that is a d and’ demonstrated as being able
to be performed within an available time so as toaxoid ifled undesirable outcome.”

asibility assessment of recovery actions in
d in this section) are discussed in FAQ-
07-0030 [12] and include field demonstrations antdyperiodic drills that simulate the conditions to
the extent practical. The term recov tion in NFPA 805 transition projects refers to OMAs
taken outside the MCR or “primary{€o tion” (such as a remote shutdown panel), as
defined in NEI 04-02 [13].

In the context of fire HRA; hility. assessment is the qualitative consideration of whether the
operator action is go/no; asidering the major performance influencing factors discussed

d to be feasible, a reliability assessment (i.e., the quantitative
evaluation of the like uccess of the operator action) is performed as discussed in
Section 5.

4.3.1 Where Feasibility Assessment Fits into the Fire HRA

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 become available during the
continued development of the fire PRA model—especially during the quantification process—
that would require 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 circuit
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 information
factors into the availability of cues and the operability of equipment that
action feasibility.

e Knowledge from NUREG/CR-6850 Task 8, Scoping Fire Model@

11, Detailed
Fire Modeling, provides details on the fire modeling of varius a are useful in
defining scenario-specific factors affecting HRA. For exam tial for adverse
environments and timing information relative to equipment damagg comes from these two
tasks, providing essential input to the feasibility assess

The ASME/ANS PRA Standard [5] specifically discus tor action feasibility in High-
Level Requirements HR-H and HRA-D in te ) ecovery actions “only if it has
been demonstrated that the action is plausiblefa asible for those scenarios to which they are
applied.” HRA-D further states that this shoul icularly be done accounting for the effects of
fires. However, the PSFs discussed under Supportiag Requirement HR-G3 and listed in

Table 4-1 provide the basis for the fgasibility assessment factors summarized in Section 4.3.4 for
evaluating whether an operator acti

In terms of documentation, s
attachment to facilitate its

4.3.2 Feasibility offEOP Actr@ns versus Fire Response Actions

The first set of operat@g action$ evaluated for relevance to the fire PRA are those reflected in the
HFEs carried om ternal events PRA. The vast majority of these internal events
operator action d by the EOP family of documents.

Following the Thtge Mile Island (TMI) accident, the NRC issued NUREG-0899 [14], which
provides requiremeénts for utility preparation and implementation of EOPs, including
development, writing, and maintenance. The NRC then reinforced its expectations regarding
EOP verification and validation (V&V) and EOP training through the issuance of
NUREG-1358 [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

2 quantification
processes. Although the conditions addressed in these special cases @ , e carefully
analyzed, a detailed HRA may identify situations in which it could b&dppr@priate to take some
credit for such actions. The following discussion of feasibility factors generally
addresses the issues associated with these cases, but becaus er@explicitly called out in
NUREG/CR-6850, they are revisited here to avoid confi . of the special cases from
NUREG/CR-6850 is presented next, followed in italic vant caveats.

mong individuals while wearing
ed that communication under such
ise, the likelthood of success 1s assumed to be

e Tasks needing significant activity and/or
self-contained breathing apparatus (SCB
conditions is difficult, and, until proven oth

extremely low where levels of s heat, or toxic gases are high enough to necessitate the
use of SCBAs. In addition, perf@fmi erous and strenuous actions wearing SCBAs
should also be given little credi uccgss and at least account for delays in carrying out the
actions given the likely vi a r similar difficulties.

devices that would allow for communication among
uate time is available, personnel could communicate outside
equired and then return to the relevant areas to perform the
ch situations exist, a careful analysis may be able to justify
rforming numerous and strenuous actions while wearing SCBAs
very rarely and only when a thorough analysis is performed and

the area where t
important action
crediting
should stil

Justification

e The fire could®@ause significant numbers of spurious equipment activations (and/or stops)
and affect the reliability of multiple instruments. Actions based on such instruments and
equipment should be assumed to fail unless alternative sources of reliable information can be
documented 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, even
manually) should not be credited.

2-18 MOVs”

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

icular, cues,
d not be credited.

Caveat: Supporting Requirement HR-H?2 in Chapter 2 of the, PRA Standard [5]
provides the conditions under which credit can be given, butithiseredit should be addressed
as part of the quantification of a detailed analysis usin [dance in Appendix B or
Appendix C.

e Actions to be performed without the basic needs of operator actions—
procedure direction, training, necessary tools, and sufficient time

¢

4.3.4 Feasibility Assessment Factors

Table 4-1 lists the PSFs identified in Supporti quirement HR-G3 of the ASME/ANS PRA
Standard [5] that should be evaluated for post-iniftator events from the standpoint of feasibility.
This list has been correlated to the ¢ from NUREG-1852 [10]. It should be noted that the
latter reference provides additional eyond that presented in this report for conducting
a thorough feasibility assessm

Table 4-1
Feasibility assessme

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

m or simulator] | Procedures and training
perator training

(b) Quality of the written procedures and | Procedures and training
administrative controls

(c) Availability of instrumentation needed | Available indications
to take corrective actions

(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

(g) Complexity of the required response | All criteria are related to this PSF (bu
generally, this PSF is addressed unde

“Timing”)

(h) Environment (e.g., lighting, heat, and | Environmental factors
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) emonstrations

These feasibility assess
next. Any one of the

ria have been consolidated into the major factors described
d provide sufficient information to determine whether or not

After the prelim results have been incorporated into the model, additional resources can be
used to reassess a€tions that were previously considered not feasible. Cases might exist in which,
with enough information, the HRA analyst can make an argument that an action is feasible even
though the initial information suggested that the action would be extremely difficult (or vice
versa).

4.3.4.1 Sufficient 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
walk-throughs of the procedures with knowledgeable plant staff or on simulagi

k-throughs or
f the actions

supported by plant staff. However, the following sources may be used in ki -throughs
and walk-throughs or to supplement the assessment and provide info i etermining the
time required: TS

e Job performance measures (JPMs) \

e Training exercises

e Appendix R feasibility demonstrations. As cited in -1852 [10], Section IIL.1.2 of
Appendix R states the following:

Practice sessions shall be held for ea
[performing the operator manual action
the fire]. These practice sessi ould be
[operating crew] ... [and] pefformedain the plant so that the [crew] can practice as a team.

to provide them with experience in
nder strenuous conditions encountered [during

e Information from the assessu imilar action in which the following characteristics exist:

— Locations for
signifi

—  Similar onments exist for the locations for the actions

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

Therefore, an operator action is considered feasible if the time available to complete the action
(after the cues for the action reach the operator) exceeds the time required. If it does not, the HFE
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 an
action (or set of actions) and should be taken into account in estimating the timegyrequired. For
example, if the time required for operator diagnosis of the situation is impacted by spurious or
unavailable indications, and the time needed for local manual action is impa fire locations

and travel paths, the available time may not be sufficient to credit the HF ire PRA.
Section 4.2.2 of NUREG-1852 [10] also mentions equipment ageess rghmental conditions,
and expected variability between individuals and crews as potenti@hcongzibtitors to timing
uncertainty. It is therefore important that the analyst recognize the pdtential for uncertainty in the
time estimates and be vigilant for cases in which a small ch 11 the estimation of the time
required could change the operator action from feasible as

4.3.4.2 Sufficient Manpower

Feasibility assessment of staffing for fire H udes an evaluation of the availability of a
sufficient number of trained personnel wi teral duties during a fire, such that the
required operator actions can be completed as needed. Therefore, because a fire could occur at
any time, all operating shift staffin
the required operator actions. Listhere are noglenough crew members available to complete the
action (i.e., the number of pgbple tequi or each task exceeds the crew available), the HFE
should not be considered fea e initial HEP should be either set to 1.0 or excluded
from the fire PRA.

Staffing issues such as the following should be considered in the feasibility assessment:

-1852 [10]:

1d not serve as both a Fire Brigade member and be responsible to
perform afhoperator manual action during a fire at the same time (i.e., the operator should
not serve both functions concurrently). The operator could serve as a Fire Brigade
member on shift provided another operator had the manual action responsibility that same
shift. The intent is that an individual who could be called upon to perform operator
manual actions should not, for example, also be a member of the Fire Brigade for the
same fire, or have other duties that would interfere with the ability to perform the
operator manual action in a timely manner.

e Ifpersonnel 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 is
not possible?

In general, HRA assumes that all operator actions are taken in response to a there is no
cue, the operators will not respond. Cues can be instrumentation, a proce ep,ior a plant
condition. A fire can impact the instrumentation; if the fire fails all 1 n n, it is assumed
that the operator action will not be successful. L 2 l@

e

One of the key issues regarding instrumentation in the fire cont N r the fire can cause
spurious indications that lead the operator to take an inappropriat@ actién.

Supporting Requirement HRA-B4 of the ASME/ANS an

Capability Category II requirement:

INCLUDE HFEs for cases where fire @ dinstrumentation failure of any single
instrument could cause an undesired opefator action, consistent with HLR ES-C of this
Part and in accordance with HLR-HR-F anéits SRs in Part 2 and DEVELOP a defined

basis to support the claim of fion-applicability of any of the requirements under
HLR-HR-F in Part 2.

d [5] states the following

0 recognize that in cases where instrumentation required for
g affected by a fire, the implication is that there is a potentially

e operator will either fail to perform an action or take an

., shut down a pump because of a spurious pump high temperature
instrumentation. This requirement is to ensure that these types of
ooked in recognition that the corresponding HEPs could be high.

commission (EOCY or an error of omission (EOO). The indicators associated with each operator
action in the fire PRA model are identified and provided to the circuit analysis task early on so
that cabling associated with each indicator can be routed. For each cable-route area (e.g., fire
initiator), a basic event is defined. For cases in which this fire initiator could cause failure of an
indication required 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 c@se of an event
such as “Operator Fails to Start a Charging Pump,” an EOP will direct the o to ensure that
two charging pumps and both RHR pumps are operating. Operators will t cK the control
board to verify that the charging pump(s) are operating as requig:d. (2 @ pump indications
include discharge pressure indication, discharge flow indication; ampga é indication, and red
indicating lights. In addition, various annunciator board alarms iglt8Will indicate that the
charging pump is running. Therefore, multiple indications age cofisidcted available for this
action, and no single indication is considered to impact the fe y of the operator action.

Many plants include tables in their fire procedure 1f§ the instruments most likely to
have been impacted by fire and provide alte for the operators’ use in
parameter verification and scenario diagnosi$ s provide valuable information to the
fire HRA for instrument vulnerability evaluatio

When detailed fire modeling and cir nalysis ar¢€ further along, a more thorough analysis of
spurious instrumentation impacts o iagnosis and execution can be made.

The timing of the HFE shoul
instrumentation unavailabi
after the fire may no lo

actually needed for og€rator su

et to account during the evaluation of

n operator action feasibility; hot shorts that occur soon
issue during long-term scenarios when diagnostic cues are
S.

4.3.4.4 Procedurali and'Trained Actions’

hould include evaluation of the quality of procedures based on their
the following:

e Assist the operators in correctly diagnosing the fire event and plant response (with
consideration of potential impacts to indications)

o Identify the appropriate preventive and mitigative manual actions, including the tools or
equipment 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 §tandard [5]
Supporting Requirement HR-H2, which states that recovery actions can be czedited if “a
procedure is available and operator training has included the action as part o training, or
justification for the omission for one or both is provided.” It should alsg.b that recovery
actions may be addressed in specialized procedures for which the op ay not receive
extensive training for the particular case being analyzed in the fi ‘

4.3.4.5 Accessible Location

If any of the required critical tasks is in the same locatl e fire (or the same zone, if the fire
is located in a large room) or it is known that th ill not be able to reach the
ed feasible, and the initial HEP

should be set to 1.0.

The evaluation of “accessibility” man
manual actions given the location offthe fire and how such accessibility might be compromised.
It may be possible to postulate alterfiati ns that can be taken in other locations to achieve
the same goal, such as pulling locally actuating valves, as long as these actions
are verified as feasible thro, erviews and walkdowns. Travel paths should be

ant layout diagram (indicating the specific room,

and verified with operations staff to ensure correctness for the

stairwell, and doorw
given fire scenario.
task must also be con§i cause, for short timeframe actions, the addition of further travel
time could re ea

Environmental thef effects that might exist in a fire scenario include the following:

e Smoke and toXic gas effects, which could slow the implementation time for the action and
may require the operators to wear SCBA

e Obstruction, such as from charged fire hoses
e Heat stress

e Radiation. For example, fire could damage equipment such that radiation exposure could be
an 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.

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

To access and manipulate plant equipment during local manual actions, portable and special
equipment may be needed and should also be considered from the standpoint of HFE feasibility.
Items falling under this category according to NUREG-1852 [10] include keys t@ open locked
areas (especially in light of tighter key controls that some plants may have imaplefented in

response to security needs) or manipulate locked controls, portable radio enerators,
torque devices to turn handwheels, flashlights, ladders to reach high p lectrical
breaker rack-out tools. *

Protective clothing, gloves, and SCBAs may be needed to allowgt I to access equipment
impacted by the fire when smoke propagates beyond the immediate area. Crediting the
feasibility of the local action requires that this equipment be available and functional; in a
known and designated location; and able to be located, ed, and donned by plant personnel

during an actual fire.

Often this special gear and its locations are in specific procedures or in the
appendices to plant fire procedures.

portant 1@ crediting feasibility, and the training quality
ibility assessment.

Training on the use of this equipme
and frequency should be noted duri

4.3.4.7 Relevant Compon
As stated in NUREG-1852

need to ensure that the equipment that is necessary to enable
erator manual action to achieve and maintain fire hot shutdown

ibility criterion are the quality of the human-machine interface (HMI) and the
r to properly evaluate and address the fire conditions in order to maintain
plant functionality. It also addresses the equipment that may need to be manipulated to mitigate a
fire scenario and the considerations of the fire-related damage state that may even prevent that
equipment from being actuated manually.

If the fire has 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 HFE 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.

4-14



Qualitative Analysis

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.

The intent of this report is to provide HRA quantification methods that are suitable to address the
factors most likely to influence operator performance in fire contexts. In addati
have developed specific criteria for using one of the quantification methods
approach) so that the user understands the limits and capabilities of thi
Beyond this guidance, the authors recommend that the user be guide specific needs for
each fire PRA scenario and HFE, as indicated by the qualitative al\ ake choices

regarding HRA method selection.

4.5 Development of an HFE Narrative

Based on recent HRA research, one of the best
understood about an HFE and its associated
or, as described here, an HFE narrative. The

forahi HRA analyst to communicate what is
arl o develop an “operational story”
grates and relates the elements of the
erformance shaping factors, as a way to

ates to scenario-specific performance.

This section describes some of the i (both “raw” and assessed) that could be part of an
1 ion can serve as input to HRA quantification (either
directly or indirectly, depend 1 the method) and/or as a qualitative analysis product itself
(e.g., part of the HRA docu -The following HFE narrative elements are discussed in
this subsection:

e Fire-induced initfdting event

eding functional failures and successes)

e Accident-specific procedural guidance

e Auvailability of cues and other associated indications that may be needed to identify necessary
actions, as well as those that might subsequently enable the operators to detect the need for a
correct action 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 II
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

For fire PRA, the initiating event is a fire that causes a reactor trip. The reactox fphcan be caused
either by the fire itself or by fire-induced equipment failures that lead to.i s such as loss of
offsite power (LOOP) or LOCA from stuck open power-operated relj W’ e (PORV), which
will also lead to an automatic or manual trip of the reactor. The% e 4& ting event, such as

transient or LOCA, will affect the overall time available for res )& well as the procedural
path to the modeled HFE.

4.5.2 Preceding Functional Failures and Succe@r the Accident Sequence
S (¥

identified to understand how all

Following the reactor trip, functional failures g
of the PSFs could impact operator performané also identifies the operator action in
the context of the fire PRA. For existing EOP actiens, the functional failures and successes will
typically follow those in the internal s PRA btitneed to be verified. The PRA analyst is not
always aware of the specific HRA they could unintentionally change the sequences
of events on which the internal gyen

Identification of the acciden @ ce
HFEs.

4.5.3 Timing Information

CcC

also identify any potential dependencies among

In the “Identi
the feasibility

ion ition” step described in Section 3, the timing information about
ion was identified in a qualitative way by asking, “Is there enough time to
complete the actipf” definition of each of the timing terms such as available time and
required time is peovided in Section 4.6.2 along with a diagram showing the relationship of these
different timing el€éments. For quantification, however, the following detailed timing information
needs to be defined:

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

e The time at which the cue for the action occurs relative to the initiating event
e The time it takes the operators to formulate a response (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:

¢ Plant-specific simulator data

e Plant-specific operator interviews

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

Often, it will be necessary to draw on combinations of these approaches e most

realistic estimates possible.

0
For existing EOP actions, the timing information may be simild®to t tefhal events PRA but
may need to be adjusted to account for fire impacts such as the

e Delays in implementing EOP procedures resulting fro t iplementing fire procedures

e Increases in manipulation time resulting from additj rkload

e An increase in cognitive response resulting ing or unclear indications

e Increases in manipulation time resulting ditional travel time for local actions

See Section 4.6.2 for guidance on the ction o
to ranges of and uncertainty in resp@nse ti

iming data, including considerations relating

4.5.4 Accident-Specific P ur dance

For each HFE, the procedur
identifying the proce
procedure step. For
and the EOPs. If pro
by using the AS
This section inv
operator action.

eeds to be identified. This guidance includes not only
o identifying how the operators will arrive at the specific
rogedural guidance may be available in both the fire procedures
dance is unavailable, an HEP for the HFE can still be developed
Standard [5] high-level and supporting requirements of HR-H.
ditional requirements and justification to provide a credible story for an

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

The cues should be defined at a functional level and by the specific instruments expected to be
used. The definition includes how the instrumentation is impacted by fire; secondary cues
(supplemental aids) that could impact recovery also are to be identified. In fire scenarios, it
should be confirmed 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.

4-17



Qualitative Analysis

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
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

The specific operator tasks required for success need to be defi operator action
success criteria, the failure model can be developed. The develo crator action success
criteria consists of subtasks for cognition and execution; the coghi btask is further divided
into detection, diagnosis, and decision making. Either an al
cue that will initiate the cognitive response and fulfill th. nd diagnosis portion of
cognition. The decision making is typically related to c ut a portion of a procedure. The
execution tasks are associated with the manip ents in following the procedure
after the operator’s response strategy has bee xecution tasks are typically steps in the
procedure.

4.5.8 Physical Environment

impact on the physical environment in which the
location must be identified and any changes to the
sidered, for example:

Because the fire could have a sj

Each of the preceding narrative elements can be defined in various levels of detail, depending on
what is required in the fire PRA task. For example, in Task 7a of NUREG/CR-6850 [7], each fire
area is quantified for complete room burnup. At this stage of the fire PRA development,
screening values such as those provided in NUREG/CR-6850 would be applicable because the
purpose of Task 7a is to screen out fire compartments based on quantitative screening criteria. In
addition, the fire 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.
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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
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
greatest level of detail because these HFEs are potentially risk-significant to
and indications must be clearly identified and their fire impacts clearly un
information must be plant specific, and the preceding operator succes ? ]
procedural guidance must be identified. ¢

Guidance for the treatment of MCR abandonment, preempt% actions, and spurious

fined to the
PRA. Cues
. The timing
d tatlures as well as

indications is provided in Sections 4.8, 4.9, and 4.10, respe

4.6 Performance Shaping Factors

PSFs are interdependent, and their impact ondl
analysis, PSFs are often treated independently
this section is to describe the PSFs tha
intended to provide understanding
treatment of PSFs included in the s

omplicated. However, for practical

discussed as such next. The purpose of

idressed for fire HRA. The discussion is

support (an important knowledge base) for the specific

i detailed HRA methods. This section provides an

overview of considerations fo any cases, the same guidance for internal events
oduced here for clarification. The implementation of

HFEs can also be applied tg @
these PSFs is discussed in théappropriate section for quantification.
or fire HRA:

qarc

The following PSFs dre relev
¢ Cues and indicati

e Timing

e Procedures afid training

e Complexity

e Workload, pressure, and stress
¢ Human-machine interface

e Environment

e Special equipment

e Special fitness needs

e Crew communications, staffing, and dynamics
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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].

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 altermati
diverse) indications are not impacted by the same fire or that the minimu
instrumentation is sufficiently protected and procedurally identified as MMRC [nformation
Notice 84-09 [18] lists the minimum instrumentation required tgbe '
safe shutdown scheme:

e Diagnostic instrumentation for shutdown systems \
e Level indication for all tanks used
e Pressurizer (PWR) or reactor water (BWR) le a(@re

e Steam generator level and press ide rangePWR)

e Reactor coolant hot-leg temperatures or ¢
(PWR)

hermocouples and cold-leg temperatures

e Source range flux monitor (PW

e Suppression pool level
e Emergency or isolati enser Ievel (BWR)

The safe shutdown li
in the fire HRA, and
to the compon

od equipment will need to be compared to instruments credited
ents not included in the safe shutdown list will need to be added
for cable tracing. For example, the safe shutdown analysis does

gl indication as part of its analysis. For fire PRA, RWST level indication would

be needed to crediboperator actions for switchover to recirculation.

NUREG-1792 [6] notes that, in the internal events HRA, it is often assumed that the cues and
indications are adequate because of the redundancy and diversity in a typical control room.
However, in scenarios in which redundancy and/or diversity could be impacted (such as loss of
DC power or fire), this assumption must be verified.

NUREG-1852 [10] notes that, in addition to the SSCs needed to directly perform the desired
function, instrumentation and cues are needed to provide diagnostic indications relevant to the
desired OMAs. 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 a result
of the fire. For example, spurious high-temperature readings from core exit thermocouples in a
PWR would be identified as invalid if there had not been a trend of increasing temperature, if
hot- and cold-leg temperatures are constant, or if subcooling margin indications

The identification of the invalid indications will add to the time required to p
actions and, at worst, cause the operators to not take appropriate actions o form procedure-
directed actions under the wrong circumstances or at the wrong time mple of this would
be if the operator follows a procedure in response to a spurioustw% pefature alarm and

a

necessary

shuts down an otherwise operable pump because of the spurioushindi . Consideration must
be given to the spurious events, their potential effects with
might affect subsequent operator performance relative to

stulated fire, and how they
eing analyzed.

Analysts sometimes justify not modeling potentig
would be able to identify invalid indications ba$
arguments must be well documented and co
trainers).

0O Cs on the basis that operators
th ext (as noted previously). Such
bymappropriate plant staff (e.g., operators and

For MCR abandonment actions, the will likely"have limited familiarity with the ex-CR
panels and the way in which cues fof acii re presented. Furthermore, the HMI of these
panels may not be as good as thatyin the MCR!. These issues must be considered in evaluating the
adequacy of relevant cues fg C ndonment actions. For example, in applying the

nsure that there are cues on the ex-control room panels

scoping approach, analysts ¥
i the procedures. In addition, in cases of MCR abandonment or

consistent with those
the use of alternate s

all of the informatio R need to be evaluated.

several elements t&capture the various aspects of time during the progression from initiating
event until the time at which the action will no longer succeed. Developing the timing
information according to this timeline is useful in that it applies to all quantification methods.
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Figure 4-1
Timeline illustration diagram
The terms associated with each timing element are defin a tically next and then further
described in the subsequent text:
T, = start time = start of the event
T, = time delay = duration of time it take an operator to acknowledge the cue
T,, = system time window
T,.. = time available = time avai tion= (T, - T,,)
T,, = cognition time con f n, diagnosis, and decision making
T, = execution time inc o travel, collection of tools, donning of PPE,
and manip evant equipment
T.. = time requir se time to accomplish the action = (T, + T,)
Structuring th s way allows the analyst to demonstrate, among other things, the
feasibility of th m the perspective of timing. Section 4.3.4.1 provides guidance on
developing the 1bility assessment. Specifically, the guidance indicates that the operator

action is feasible When the time required to complete the action is less than the time available.
The time available (T,) consists of the system time window (T, ) minus any time delays (T,,,),
for example, time delay until the relevant cue for the action is received. The time required (T,
consists of the time to recognize the needed action (T, ) and the time to execute the action (T,,);
this is also called the crew response time. Each of the timing elements, including the start time, is
defined next.

Start time. In Figure 4-1, T, is modeled as the start of the event. For fire HRA, T, 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.
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System time window. T_, 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). T, 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. T, 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, T, 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 a
low tank level is reached, T, would be the time it takes to drain the tank until the alarm
annunciates and the operator acknowledges the alarm. If the implementation of the approprlate
procedures is delayed because the fire caused the control room crew to be a '
(or taking into consideration) multiple procedures such as the EOPs and
guidance is to systematically increase the delay time when updating exiSti al events
HFEs for use in the fire PRA. Similarly, if a particular fire area®r fi ndrio causes spurious
alarms, indications, or the actuation of components, the guidanc atically extend the
delay time when updatlng ex1st1ng internal events HFEs for use 1 thgyfire PRA. The delay time
followmg fire initiating events is a source of modeling unc in the current state of the art
in fire PRA.

lay time, NUREG-1852 [10]
-Sp 1ﬁc uncertainties such as the nature
gics, and airflows that can impact fire growth. In

suggests that time available should consider
of the fire (fast or slow), fire detector response
this NUREG, these factors are modeled as part ofighe time delay. However, because fire
detection and suppression in NURE -6850 [7] are currently based on empirical non-
suppression data curves, these fact implicitly accounted for and may not be available
for explicit consideration in thg

In addition to procedural and instrumentation i !I

Cognition (recognition) ti
detection, diagnosis, a

. fined as the nominal time for cognition and includes
making. T, is best obtained by simulator observations. For
is will typically be made in the control room and the execution

For scenarios in Wiich no instrumentation is impacted by fire, the cognition time would be
similar to internalfgvents time because the EOPs are symptom based (not initiator based). It is
expected that the operators will trust their instrumentation unless there is a compelling reason not
to. For cases in which the cues are partially impacted by the fire, the diagnosis and decision
making may be more difficult given the extent of the fire damage. These are the cases for which
simulator observation would be most beneficial.

Execution time. T__ 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 T, 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 T, 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 valve
may be 15-20 minutes for the quickest response but in all cases would be complete within 35
minutes (confirmed by a JPM in which 65 crews have completed the action within 35 minutes on
the JPM card). In this example, the 35-minute response time—not 20 minut
For actions that occur well after the initiating event or for actions with a
bounding estimate can often be useful. Using the same example, if th e window is 6
hours and the cue occurs at 90 minutes, knowing a range of timgs m mteresting—but in
such a case a bounding statement would typically be adequate (g. e estimate of 35 or
40 minutes directly), and the analyst would not need to find the Shorfest response time.

As noted, potential uncertainty in the timing data is impozta ses in which a small change

or action from feasible to infeasible

0 a different time margin regime. In

nQese to initially use the more conservative
timing data (and resulting HEP) an e the dataater if the HFE significantly impacts the fire
PRA model quantification results. y, the analyst could run several test cases to
evaluate the impact of timing vani erhaps quantify the HFE with separate timing
cases if the impact is strong nt it. ATHEANA [3, 4] does not involve predefined
“tipping points,” although Cas tmilar implication might be identified as part of the
expert elicitation quangifi@atio
example, Sections C@.3 and G.34), differences in timing that could result in the assignment of
dramatically differen@HEPs by experts should be identified and carefully explored. Such
differences in g@ming a iated HEPs can be treated in two ways in ATHEANA: 1) capture
in the distribut s according to the typical ATHEANA quantification process or 2)
definition of tw more HFEs, each with its own probability distributions.

For the quantificafion of HEPs in the scoping analysis (see Section 5.2), the timing terms defined
previously are used to calculate the time margin. 7Time margin is defined as the ratio of time
available for the recovery action to the time required to perform the action (T, +T,); it is
calculated as follows:

Time Margin (TM) = M * 100% Equation 4-1
reqd
Time Margin (TM) = [(Tsw™ Tdetay)~(Teog* Texe)] , 4 00y, 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 following
factors that could be impacted by fire:

e Crew
e Cues
.
e Human-machine interface
e Complexity of action involved

e Special tools or clothing

e Diversions and other concurrent requireme
e Procedures

e Environmental conditions

NUREG/CR-6850 provides the follgwin mples of how the overall estimates of the time
available and the time required to ¢ e the desired action can be influenced by other PSFs
during a fire:

e A spurious closure of a the suction path of many injection paths may need
quick detection a onsgby the crew.

e Use of less familtar or oth@rwise different procedure steps and sequencing could change the
iming ctighs in response to a fire.

e brigade may delay performing some actions.

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

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

e Potential fire growth and suppression could alter equipment failure considerations from those
considered for internal events.
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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 operator respon proved by
having procedures available. Operational experience also has shown tha X situations may
slow the typical response to procedures or may lead to the selec&ion ¢ ong procedure,
especially for scenarios in which instrumentation is affected or n does not cover the
specific situation. The fire HRA quantification methods provid N port treat the use of
appropriate procedures as the most desirable response to firgscenarios? However, the current
state of the art in fire procedure and fire training developuagnt 1%
insights from the fire PRA models and/or the transitio a"’ A 805 occur.

successful operator performance during a fir

1. The procedures can assist the oper: i tly diagnosing the type of plant event that
the fire may trigger (usually in cgfijunction with indications), permitting the operators to
select the appropriate operator i

inimize the potential confusion that can arise from fire-induced
purious actuations, minimizing the likelihood of personnel

0 [7], depending on the fire, the operators may need to use

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

procedures or ¢

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.
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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 proyided in HR-G3 and
to those discussed in this report

(d) there is sufficient manpower to perform the action
For fire HRA, item () is especially important. It must be knowf tha cue will be unaffected
by the fire. The following must also be known:
e There is adequate time for the operators to perform a diQan the necessary tasks.
e Enough crew members are available. (In many inst me of the operators will be
assigned to the fire bridge and unable to assi

e The location of the fire will not prevent t om performing the tasks.

As with procedures, training for both control roo
assessing operator performance. As
functions for operator performance

e Training establishes familie i
desired actions as well 4§ potefiii
e Training provide vel'9f knowledge and understanding necessary for the personnel

performing the operator n@nudl actions to be well prepared to handle departures from the
expected sequenc@yof eve

and local actions is an important factor when

onditions in an actual event.

e Training g portunity to personnel to practice their response without exposure to
adverse con s, enhancing confidence that they can reliably perform their duties in an
actual fire event.

For actions proceduralized in the EOPs/AOPs and NOPs, operators can be considered “trained at
some minimum level” to perform their desired tasks. U.S. nuclear plants have standardized
requirements for training for all licensed operators on these types of procedures. Currently, there
is no standardized 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.
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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 4.8
provides further discussion on this subject.

4.6.4 Complexity

As discussed in Appendix B of NUREG-1792 [6], the PSF addressin attempts to
measure the overall complexity involved for the situation at hanfel an; action itself (e.g.,
many steps have to be performed by the same operator in rapid ersus one simple
skill-of-the-craft action). Many other PSFs affect the overall compleXity, such as the need to
decipher numerous indications and alarms, the presence of mplicated steps in a

13

sures” such as the ambiguity

sk the degree of mental effort or
riable task, whether special

g successful (espec1ally 1f it involves

procedure, or poor HMI. Nonetheless, this factor also C
associated w1th assessing the s1tuat10n or. in exec

manipulations by the operator. The hese meaures describe an overall complex situation,
the more this PSF should be identifi€d as ative influence. To the extent that these measures
suggest a simple, straightforward, u s process (or one that the crew or individual is
familiar with and skilled at p i ig"Tactor should be found to be nominal or even ideal

the number of locatiofs i e complexity of the situation can increase. Adding to this
complexity is the extéft to whigh multiple actions must be coordinated. The number and
complexity of ctio
addressed.

4.6.5 Workloa ressure, and Stress

Although workload, pressure, and stress are often associated with complexity, the emphasis here
is on the amount of work that a crew or individual has to accomplish in the available time (e.g.,
task load) along with their overall sense of being pressured and/or threatened in some way with
respect to what they are trying to accomplish. 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
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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

action. In
agrec that, for control

HMI impacts operator performance differently, depending on the location
general, NUREG-1792 [6], NUREG-6850 [7], and NUREG-1852 [10}
room actions, the HMI will have a minimal or positive effect on'h ormance. This
minimal effect recognizes that problematic HMIs have either b are of by control room
design reviews and improvements or are easily worked arouad byathe ®perating crew as a result
of the daily familiarity of the control room boards and la ver, any known poor HMI
should be considered a negative influence for an applic ion, even in the control room. For
control room actions for fire HRA, the HMIs wall're ilar to those for internal events with
the exception of potential impacts on instrum ‘@

For local actions, the HMIs can have potentiallydlarge impacts on operator performance during a
fire. Local actions may involve moregamed (and n@¢ particularly human-factored) layouts and

require operators to take actions in fiiuc familiar surroundings and situations. Therefore,
any problematic HMIs can be an im ative factor on operator success. For instance, if
access to a valve requires th iinb over pipes and turn the valve with a tool while in
an awkward position, or théin-figldgdabeling of equipment is in poor condition and could
lengthen the time to fi such “less ideal” HMIs could be a negative performance
shaping factor. In co i ew reveals no such problematic interfaces for the act(s) of

interest, this influen
the appropriate _respo

unlikely to succeed should not be credited in the PRA. For example, the fire
ical evaluation defines a scenario as a hot short on a control cable that causes
a valve to close and drive beyond its seat, possibly making it impossible to open manually.

For control room abandonment or alternate shutdown actions, the adequacy of the remote
shutdown and local panels needs to be verified. These scenarios are typically not modeled in the
internal events PRA; 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

e Personnel page devices suitable for high-noise or remote areas [and] nication
capability for personnel wearing protective clothing [such as] voi ication with
masks

All of these factors can bear on the likely success of operator a 'Nl need to be evaluated in
assessing the time to respond.

4.6.7 Environment

onmental conditions inside the
: ator actions because they rarely
change control room habitability. However, if thejfire dlrectly affects the MCR by smoke, the
i i es the control room to be abandoned,
environmental conditions need to b&lconsi@@rcd as negative impacts to the crew’s success.

For local actions, fires can intéde itioftal environmental considerations not normally
experienced in response to if . Such factors as radiation, lighting, temperature,
humidity, noise level, smok the use of water or other fire-suppression agents or
chemicals—even wea ide activities (e.g., having to go on a potentially snow-covered
roof to reach the at i p valve isolation valve)—can be varied and far less than ideal.

contamination'
actions in locat

all of these considerations may adversely impact the operator
the actions are to be taken and along access routes.

During a fire, the\potential exists that the crew’s ideal travel path to the action location will be
blocked by the fir¢"and lead to a delay or inability to reach the action location. 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. Pursuant to
NUREG/CR-6850 [7], if the action is required to be performed in the same location as the fire,
the action should not be credited in the fire PRA.

4.6.8 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 hindrance
of the special clothing on the operators’ actions needs to be accounted for.

4.6.9 Special Fitness Needs

According to NUREG/CR-6850 [7], the fire and its effects could pro e to consider

actions not previously considered under internal events or changes t eviously considered
actions are performed. For these reasons, the HRA analyst shou unique fitness needs
are not introduced. Examples of unique fitness needs include théiol

ing:

e Having to climb up or over equipment to reach a deya the fire has caused the ideal

travel path to be blocked
e Needing to move and connect hoses, esp usi eavy or awkward tool

e Using SCBA, which can be physically demafiding and hinder communication (as discussed
in the next subsection)

4.6.10 Crew Communications, ng, and Dynamics

4.6.10.1 Crew Dynamic

Crew/team dynamics
early responses to a

aracteristics are essential to understanding how and where the
d the overall strategy for dealing with the event as it

in which the procedures are written and what is (or is not)

ect overall crew performance. The overall strategy may be related

to an organizati inistrative influence, which can cause systematic and nearly
homogeneous bidses and attitudes in most or all crews. A review of team dynamics typically
includes the following, as described in Appendix B of NUREG-1792 [6]:

e Are independent actions encouraged or discouraged among crew members? Allowing
independent actions may shorten response time but could cause inappropriate actions to go
unnoticed 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 re
a fire and need to be reconsidered. For instance, the fire may create new

the crew may be delayed or performed less frequently, allowin%few pportunities to recover

from previous mistakes. Such differences may best be determin firoughs with

operations staff as well as observing simulated responses of fir (& . The main goal of such
ics%or team dynamics could

. Certain characteristics may

an analysis is to determine whether any particular crew cha
impact a given accident scenario and human action bein

For the purpose of HRA in the context of PR A i crew dynamics is typically limited
Basee nt-specific training. Within a given

plant, all crews are typically assumed to respond mllarly, and there is no expected variation

among crews for the same scenario.

4.6.10.2 Crew Availability

ds affing resources beyond what are typically assumed
cmdands can take the form of using two procedures in
dinate with additional personnel to perform certain local
(ex-CR) actions and Wi e Brigade and/or local fire department personnel. According to
Appendix B of NUREG-1792]]6], for control room actions, the availability of staff is generally
i ion for internal events PRA because plants are supposed to maintain
w with the appropriate qualified staff available in or near the control
room. One of thaikey assumptions in NUREG/CR-6850 [7] is that even if one or more MCR
persons is used tof@ssist in ex-control room activities such as aiding the fire brigade, the
minimum allowable number of plant operators remains available.

For other ex-control room local actions, crew availability of staff can be an important
consideration particularly 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 act(s)

should be understood. For instance, having to set up equipment and talk over signi
background noise and possibly having to repeat oneself many times should
even if only as possible “time sinks” for the time to perform the act. For fire

for example, the plant loudspeaker coverage may be disabled becausg
operators’ level of familiarity and training to use any special commu
assessed. There is also the potential that the crew will need SCBA,
these devices can be difficult.

Following MCR abandonment, the location of remote rnate shutdown panels and the
required related actions may be in a variety of pla fofe, the ability to communicate from
different places should be considered and add ore, if SCBA is required to be
worn, the apparatus might interfere with clar ications among team members. The
ability of operators to communicate with one an@gher durlng the initiation and execution of the
tasks and after their completion is criti

Communication can be directly rel r PSFs such as environmental conditions, timing,
complexity, and crew discussi bout faulty indications.

4.7 Review of Releva ces

To gain a better und i e plant response following an event, the fire HRA analyst
should consider reviéwi i
events and in
focused on ev articular type with an emphasis on the associated human performance. In
this way, the an. car truly evaluate the effect of such incidents and gain insight into the
context in which @ccidents can occur. Although these reviews are helpful at the beginning of a

HRA, they are particularly relevant to a detailed HRA in which more specifics are necessary.

The search for relevant historical experiences will usually focus on a specific type or class of
events (e.g., a particular type of initiating event such as a fire or small LOCA). When gathering
industry-wide experiences, the analyst may want to look 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
performance (e.g., plant conditions and associated gaps in performance shaping factors such as

4-33



Qualitative Analysis

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 benefit
to reviewing previous events—the discussion among PRA team members and operations staff is
often more productive if the specifics of a historical event can be used as an illustrative example.

4.8 Qualitative Analysis Associated with MCR Abandonme ions

Although several previous sections on PSFs address specific issues th e evaluated
when performing the qualitative analysis associated with MCR aban t, a key aspect that
may need additional guidance concerns the decision of “if and whgn 0 leave the MCR. There
are two basic reasons for MCR abandonment in the context of N uninhabitable
environment in the MCR because of fire effects (e.g., smo afes, Ot toxic gases) and 2) plant
monitoring and control cannot be achieved within the e of an inability to control
key safe shutdown equipment such as might occur foll cable spreading room fire.

As discussed next, certain timing concerns neg
the time available for safe shutdown actions w
abandon the MCR and perform actions to switck

ed along with PSFs. For example,
ficed by the time taken to decide to
ontrol to an alternate shutdown location. Some

plants (e.g., those that use the SISB egy) mayshave additional timing considerations to
address. In such cases, there may b¢ia timamgyrequirement involved with switching plant control
from the MCR to the alternate shut pangl to maintain electrical independence between the
two locations. If so, it wouldd€ appropusiate™o explicitly model an HFE that represents the failure

of switchover to the alternd
failures related to the

gpanel using that timing requirement and including any
0 abandon the MCR.

4.8.1 Habitability

For the habitabil ase, stablish when MCR abandonment might be expected to occur, it is

e of the following criteria from NUREG/CR-6850 [7] be satisfied:

e The heat flux'@t 6 ft (1.8 m) above the floor exceeds 1 kW/m” (relative short exposure). This
can be consideted 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 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 need to

possible to direct the actions and to control the plant from the MCR. This de
be based on interviews with plant operators and trainers and an examinati

procedures, given the expected fire effects. If it is decided that the M ul@ot need to be
abandoned, timing considerations for modeled actions would nei ne hanged unless it
was thought that delays might occur as a result of the crew conside otential need to
abandon the MCR.

However, if the effects of the fire could be significant enQug
control to outside the MCR (e.g., switching to an alte @
fu

shutdown panel [RSP], or an alternate shutdowa
ate, but it will be important for determining

how much time will be available for post-abandofiment actions. However, there may not be clear

locating command and
down panel [ASP], remote
d probably be required (e.g., large

ible for the time at which the decision to abandon

o abandon will depend to some extent on the impact of
early or late abandon siven plant, in general, unless information to the contrary is
obtained through intgrvi ith'plant personnel, analysts should assume that operating crews

rmation on how they are trained and experiences they have had related
CR will be critical to obtaining reasonable estimates of the timing and
appropriate HEPs.WFor example, the timing of training exercises related to the performance of
sections or the entirety of MCR abandonment procedures may be available and can provide input
to time estimates for the fire HRA MCR abandonment analysis. In addition, individual tasks
performed as 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.

8 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 firegffects (e.g.,
procedures that direct operators to manually trip the credited safe-sh emergency

systems). The acceptability of safe-shutdown procedures that v iy enter, or
otherwise create, a SISBO condition is determined on a &ase basis.

methodology
s for plant and operator
response relative to component realignment; the abi lant operators to monitor and
control plant parameters and align plant compo efor¢, during, and after SISBO
control room evacuation and abandonmentgandithé practicality and reliability of EDG
G po safe-shutdown SISBO conditions.

The risk of self-imposed SISBO may eXeéed the actual risk posed by the fire, and the
licensee should consider the risk carefull en evaluating the plant safe-shutdown
design and procedures. A plafit typically uses this approach to avoid or minimize the
number of potential spuriou s from unprotected cables and the need for OMAs
: tor manual actions that are implemented in
accordance with Regfl 5.3.1.3 and [NUREG-1852] may present a lower

NUREG-1852 [10]
“criteria and associa 1 bases for evaluating the feasibility and reliability of fire
operator manual actio ples of these technical bases are adequate time available to

procedures and

Regulatory Positi@h 5.3.1.3 of Revision 2 to Regulatory Guide 1.189 states:

When one of the redundant safe-shutdown trains in a fire area is maintained free of fire
damage by one of the means specified in Regulatory Position 5.3.1.1 (Protection for the
Safe Shutdown Success Path), then the use of operator manual actions may be credited
with mitigating fire-induced operation or maloperation of components that are not part of
the protected 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.
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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 plant’s
license condition is NFPA 805, then it must be shown that either the redund ems are
protected, or the electrical faults in question are inconsequential based onafire'modeling or risk
significance.

This essentially means that an analysis of SISBO or single—circﬁ a eapance strategies
should be conducted as part of a safe shutdown analysis to ens endix R (or NFPA
805) safe shutdown system protection requirements are met@and that As are considered
feasible and reliable according to the criteria in NUREG; .

Within the U.S. nuclear industry, there is a rang afance scenarios—from small single
or to clearing a limited portion of the
bus. Each case involves different procedures s clearing would be performed. For
example, one part of the bus may be located in e zone unrelated to the selected train of
equipment, and the operators would ore wante isolate that bus because they are protecting

a train. For plants in which uncertaifity exists about equipment wiring schemes, the preference

procedure for this process, €

(0 OUS.
@ ations are difficult to make. Typically, these strategies are
implemented through t

ffire location-specific, and often complicated, procedures.

This section offers c@nsideratigns¥or evaluating HRA issues for NPPs that use fire procedures to
clear electrical faults
variations and ici e for performing fire HRA cannot be provided, this section instead

ecommendations for the way in which fire HRA tasks might need to be

Section 3.3 provides discussion on the identification and definition of actions using SISBO
procedures. The qualitative assessment portion of the fault clearance scenario evaluation should
be performed in a manner consistent with the discussions in this section as well as consideration
for the unique considerations discussed next.

One process 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
HFEs 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 procedures,
particularly the consideration of hesitancy by operators to enter procedures that might require
SISBO

¢ Difficulty in communications between control room and field operat
must use SCBA)

e Coordination of multiple actions ¢

e Field actions in a variety of locations (possibly with differenfienvigonmental conditions)

Other special considerations for the detailed modeling o -1 SISBO and single-fault
clearing scenarios are the following:

e Detailed modeling is required for unscreg
to use additional attachments or parts in fi
procedures) have the potential for a loss of safe
these modified parts and added ents.

zon r which operators are called upon
IF€s (or entry procedures to the fire
functions resulting from errors in applying

e Detailed modeling is required ft 1t19ns prior to entering the fire procedures where hot
of't . This causes valves and other components to be in
icrators are not able to make appropriate realignments using

EOPs.

Top events identifiediin the i | events PRA model are often used to define the initial

sed on the success criteria for the equipment. Additional event
construct a logic model that links realigned functional safety
elements to th

The HEPs for HEEs associated 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 actions are carried out. The following should be considered:

1. The choice of procedures to use can significantly impact the HEP for the fire zone.

2. One assumption 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.
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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 pf@bability that
one or more steps is omitted or performed incorrectly. The approximate timefwindow for success
associated with the scenario is based on the deterministic safe shutdown agse documented

addressing the conditions that can influence crew performance ensuring that the
time available to perform the necessary action is appropriat sideéred (given the other
ongoing activities in the accident sequence) and that potentia dencies among HFEs
modeled in a given accident sequence are addressed.

in the fire hazards report.
The screening method discussed in Section 5.1 supports the assﬁ@reening values by
r 2

s new HFEs added to the fire PRA
tly altered or modified in Step 1 of

The Set 3 screening criteria discussed in sectig
or prior internal events PRA HFEs needing tojbe sif
this procedure because of fire conditions. Set 3 ¥§itherefore considered to be the screening criteria
applicable to the fault clearance scenasies Dependifig on the Set 3 criteria, a screening value of
either 1.0 or 0.1 may be used to detgfmin. initial impact and the need for scoping or detailed
modeling.

It is expected that HFEs ass us clearing strategy scenarios will be quantified
using detailed HRA quantif . is type of situation, using the scoping trees provided in
Section 5 of this repo eeommended because of the complexities, crew interactions, and
arios. The scoping trees were not constructed to address
these bus clearing an ring actions. Detailed HRA quantification will be needed for any

HFEs that surviwe scre

4.10 Qualitative Analysis Associated with Operator Response to Spurious
Operations

One of the unique aspects of performing a fire PRA is the need to address the effects of fire
damage on cables and the resulting impact on components and instrumentation. These effects can
have a direct 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 potgntial spurious
indications that could mislead operators into taking actions (i.e., errors of co
in a damage state with additional components failed (beyond those directly i
Table 2-2 identifies this impact on the fire HRA task, and Section 3.4

to identify such opportunities through procedure reviews. The guidar his report has focused
on a single spurious instrument or alarm that, by itself, is a cue? @ opriate action
(consistent with Capability Category II). Capability Category II ¢ PRA Standard does,
however, address the possibility of more than one spurious iadication Or alarm (e.g., a
combinations of indications) resulting in an inappropriatggper ction. When identified, these
cases can also be addressed using the scoping and detai tification approaches provided in
this report.

Real-world events (e.g., Browns Ferry [22-2
spurious operations can occur, even beyond thoS€conventionally modeled in fire HRA/PRA.
The impacts of these spurious operati ange frof®instrumentation failure to spurious alarms
to spurious actuations of compone h fire HRA/PRA addresses multiple spurious
operations to some extent, it do identify all of the potential spurious operations
addresses only spurious operations of the

[27]) have demonstrated that multiple

actions of interest in t . In principle, many other potential spurious operations may
occur for a particularffire scen However, these may not have been identified because they

uch as Browns Ferry and Narora, operational experience data show

popesators to become confused or distracted by spurious instruments or
alarms. In theorygfoperators should be focused only on the safe shutdown paths (particularly the
available train[s] Upaffected by the fire), associated equipment, and instruments and alarms as
directed by the applicable procedures. However, in a complicated scenario such as a fire,
maintaining this focus might be difficult. In addition, good reasons might exist for the operators
to have a wider scope of attention (e.g., secondary-side systems or equipment that is commonly
important during 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 affected
indications and alarms), the potential for operator distraction by such indications and alarms
can be assumed to be significantly reduced (although not entirely elimin

not be able to identify many areas in which no cables are affected. B i Iso likely that
the HRA analyst cannot eliminate the possibility of operator distract i

such real-world fire events is too small—even coupled with
and cognitive and behavioral sciences—to support the me
approach. In addition, the scope of fire contexts is
resulting in part from the variety of possible
differences in spatial design, fire mitigation c€

of a generic and prescriptive

org so than for internal events PRA),
growth potential, plant-specific

xd so on.

spurious indications and alarms or ff€ procedures “tip off” the operator to potential spurious

i and alarms, the HRA analyst must recognize that
ge from virtually no effect to significant effect
RA). Even if further fire PRA refinements were

t unless some justification can be developed to support
ill ignore these additional spurious indications or alarms.
conisidered to be at a sort of “dead end” because no existing HRA
quantification methods described in this report) is capable of

, even if more information is made available.

the assumption that t
Consequently, the H

an explicit quantification approach to address potentially distracting
spurious indicatiohs and alarms has not been included in the scope of this report. Instead, one of
the following strat€gies could be implemented:

e Identify (i.e., flag) plant areas that fail instrumentation used to respond to the fire-induced
initiating events, and/or represent the impact of the failed instrumentation by modifying the
HEPs for associated 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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o 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.

However, given that explicit and prescriptive guidance is not given in this reporg, this issue
represents another area that could benefit from future research and development 1 fire
HRA/PRA.

4.11 Reviews with Plant Operations *

The fire HRA analyst typically conducts several interviews of ns personnel to
confirm an understanding of the plant response and help ensure that thg HRA reflects the “as-
built, as-operated” plant.

The first interview session is typically conducted garly RA development. In this first
[ eratiomdl personnel the general
affing, procedural hierarchy, and

Understanding how and when the fir
Operator interviews have shown tha se ofthe fire procedures can vary widely among plants and
[ e discretion of the shift supervisor. At some plants,

the fire procedures are impl arallel with the EOPs; at others, they are implemented after
completion of the EOP other plants, they are combined with EOPs. When and how the
procedures are imple i
Other informal rules
operators or anfigi

In addition, the ich the crew will interact with the fire brigade should be confirmed.
The crew’s tasks\during a fire may be varied; any additional tasks would lead to an increased
workload. It is impertant to confirm that a minimum set of operators and staff is available to
complete the actions modeled.

Additional sessions are conducted after each HFE has been quantified, such as performing
additional operator interviews to review and confirm the modeling to date. In these operator
interviews, plant-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.

4-42



Qualitative Analysis

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 used.

4.11.1 Talk-Throughs
The following are important aspects of performing talk-throughs:

1. Operators, trainers, and other knowledgeable plant staff sho@ld b@ed to the extent
possible. Ideally, those who would have to perform the acti actions) should be
interviewed. More than one expert should be involved if posSiblcfghat is, to get more than
one opinion about the timing for the actions being exant obtaining the estimate.

2. Do a thorough task breakdown so that the necessa and their locations are clear.
3 gd fo

Use the applicable procedures to identify tk actions and the procedure steps that
will guide the execution of the actions in aipd determmmg the time requirements.
Consider how the procedures will be used (S, followed carefully in a step-by-step way or
used more generally) in estimatin iregments for the actions.

4. and how soon the operators would be expected to
en the fire scenario. Include any expected delays
estimating crew response time for the actions.
5. ment factors discussed previously that could influence
ikely time requirements for a given action or set of actions.
6. e talk-through should have a thorough discussion of the tasks to
impacts on performance before estimating the time required.
7 rocess such as that described in the ATHEANA User’s Guide

4.11.2 Walk-Throughs

It will not always 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
the estimates are reasonable (e.g., obtain multiple independent judgments). It is primarily
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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-through to
determine the reliability of situations or factors in the fire context. For example, the operators
may need to recover from or respond to difficulties such as problems with instryments or other
equipment (e.g., locked doors or an erratic communication device). Such difficulties can and
sometimes do happen and represent an uncertainty in how long it will take to an action.

Environmental and other effects might exist that are not easily 51mu1 k-through, such

as those cited in Section 4.6.7 regarding environmental factors that ¢ uence operator
performance. These effects may not all be simulated in a walk-t ould be considered
poss1ble and discussed with operations in determining the time 1 ake to perform the manual
action in a real situation. For example:

e The walk-through might be limited in its ability to for (or envelop) all possible fire

i rent travel paths and dlstances to
their participation in executing the
that is on the opposite side of the plant for a
postulated fire location and/or nced to restore certain equipment before being able to
participate, such as routinely d. ance). The intent is not to address temporary or
infrequent situations but t se that are typical and may impact the timing of

operate the valv
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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 discus
for assessing the feasibility of the operator action(s) associated with that

feasibility assessment process begins at the identification and definiti ge is a key part of
the initial qualitative analysis, new information may be availabl® du uantification

process that would require the feasibility to be reassessed. Ther ibility assessment is a
continuous action step throughout the fire HRA.

For each HFE requiring quantification, the analyst has t 10 options for quantification:
-0850 [1].

ich 1s introduced in this report.

1. Screening HRA similar to that presented in D

The first quantification method des see Section 5.1) is a screening analysis. The screening
methodology assigns quantitative s lues to the HFEs modeled in the fire PRA by
addressing the unique conditi ‘ es. To determine appropriate HEPs, a given HFE
must be matched to a set o s assigned in this manner are conservative and may
en HFE (i.e., amore reahstlc HEP is needed) This
initial assignment of
most important to o
screening value of 1.

ts. In addition, because the screening approach assigns a

ate shutdown actions (including MCR abandonment as a result of
p tep and conservative approach (similar to an approach presented in
NUREG/CR-63 smevided at the end of the screening section. This approach allows the
assignment of a Sifigle overall 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 alternative approach—the scoping method—is presented to alleviate some of the
conservatism of the screening approach and may be used in lieu of the screening approach if
potentially less conservative 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
well as a good understanding of several factors likely to influence the behavior of the operators
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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 the
internal events PRA HEP. Many of these HEPs are based on a prior detailed analysis, producing
a lower HEP than is obtainable using the scoping method.

For cases in which the scoping approach cannot be used or a more detailed a ibly less
conservative analysis is desired (e.g., for risk-significant events identifi ability
Category II as defined in ASME/ANS Requirement HR-G2 [2]) an ve the option of

performing a detailed analysis using either of the following:
e The EPRI HRA approach [3] presented in Appendix B of th %\
e The ATHEANA HRA method [4, 5] presented in A

e HRA. Another alternative
r t 1on and assign an HEP of 1.0.

Section 5.3 provides additional discussion regardimg
would be for the analyst to decide not to take gf¢

5.1 Screening HRA Quantification

Section 12 of NUREG/CR-6850 [1
aid in simplifying and refining the

but it provides preliminary 8
fire sequences. The ranki
to reduce the calcula
human reliability ev

fe useto determine which sequences might be further analyzed
amalysis of cable separation, detailed fire modeling, or detailed

Before quanti
for assessing t

e analyst must have applied the criteria discussed in Section 4.3
ility of the operator action(s) associated with that HFE. Although the
feasibility asses t process begins at the identification and definition stage and is a key part of
the initial qualitatiye 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.

The screening 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
application of the screening criteria produced overly conservative HEPs for the longer term
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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 that can
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 accident
sequence) and that potential dependencies among HFEs modeled in a given acci
are addressed. Note that the criteria are best applied on a fire scenario (or gr
scenarios) basis, in order to decide which criteria set applies for which fir
HFE(s), if an appropriate set of criteria (discussed next) cannot be idghntitied
value should be used (i.e., a 1.0 failure probability should be as N
o

r a particular

et, no screening
ly and/or a more
portant after initial

r
o

detailed analysis be performed, depending on whether the HFE
model quantification).

5.1.1 Method for Assigning Screening Values t@ (Sets 1, 2, 3, and 4)

etermine whether the fire
events PRA can simply be assigned the
ire effects during screening. Therefore, Set 1

In the first set of criteria described next (Set
conditions are such that the HFEs modeled i
internal events PRA values modified for genera
criteria apply only to existing HFEs i interna
analysts still need to ensure that poténti

in related scenarios in t

identification and de
addresses acti ith MCR abandonment and the abandonment decision. Each of the
four sets of scr: eria and HEP screening values is presented in turn in the following
subsections.

5.1.1.1 Screening Values Under Set 1

Given that the criteria for Set 1 are met, the internal events PRA probability values for the
applicable HFE(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
HEPs from the internal events PRA can be used. It must be clear that the fire effects would no
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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 already
considered in the internal events PRA for the applicable HFE(s).

2. No spurious behavior of instrumentation (e.g., false or lost indications) jous
equipment actuations can occur in this fire beyond those with the follegyi ral
characteristics:

relevant to the critical safety functions and therefore will\b nor distractions—not

a. The spurious events are not associated with safety-relat& q ent and instrumentation
immediate challenges to safe shutdown. &

b. The operators can discern the events to be clearl ibutable to the fire.

c. The events do not need immediate respon
prevent damage to critical safety funci©
crew attempts to achieve safe shutdow

5, 0T ective actions from the crew (e.g., to
quipm r damage to the core) while the

The information needed to make thi
analysis, if it is available, or the Appendix R analysis safe shutdown equipment list, if
applicable.

4. Those members
shutdown

crew most directly responsible for achieving and maintaining safe
erators responsible for controlling and monitoring plant status and
ponsible for reading the procedures and directing crew actions) will not
additional responsibilities. That is, they will be able to remain in the EOPs (as
to an internal event) or, if they are to follow fire procedures, those fire
procedures closely resemble the EOP actions (so that the internal events PRA HFEs can still be
deemed relevant for their definition and quantification). One way to demonstrate this, for
instance, would be to have someone else responsible for dealing with the fire-specific response
procedures 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
HFE, 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. If 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-related
responses such as isolating electrical equipment or supporting the fire brigade. Furthermore,
other conditions assumed in evaluating the corresponding internal events PRA local action
(i.e., need for special tools, communication capability, and adequacy of
training) should not be significantly different under fire conditions. (
needed to carry out the local action, these Set 1 criteria are not me

t
If all of the conditions for Set 1 are met, the internal events PR&K r the applicable
be

C.

HFE(s), multiplied by a factor of 10 to account for the effects o ire brigade interaction
and other minor increased workload and/or distraction issues, ca d as screening values for
initial evaluations of the fire PRA model in NUREG/CR- ask 7 and beyond. In
addition, if the HFEs can be determined to be long-te as described previously, the
original HEPs from the internal events analysis e

5.1.1.2 Screening Values Under Set 2

This set addresses a special case in whi
but a reasonable screening value cafi'still
previously modeled in the internal

the Set Weriteria related to spurious events are not met,
plied. The Set 2 criteria still apply only to HFEs

. If the Set 2 criteria are met, screening values of
s, whichever is greater, can be used.' However, if
the HFEs are long-term actd
2, screening values of Q ¢ internal events PRA values, whichever is smaller, can
be used. Potential de 0ss events in a scenario still need to be examined (as
discussed under Set I, and th@ total joint probability of the HFEs in the scenario should be

If all of the'Set 1 conditions are met except that significant spurious electrical effects are
likely to be present in one safety-related train/division (and one train/division only) of
equipment and/or instrumentation important to the critical safety functions, and therefore
may need some corrective responses on the part of the crew, the HFEs from similar
scenarios 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.
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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 equipment
would essentially have occurred earlier in the event, and things will have since stabilized. As
with Set 1, it must be clear that the fire effects would no longer be dynamic anging, that
any equipment damage will be largely assessed and understood, and that env ntal effects
will be stabilized and not significantly affect the ability of the operators_to the action.

5.1.1.3 Screening Values Under Set 3 ¢

These criteria address: 1) new HFEs added to the fire PRA or 2)\priofjnternal events PRA HFEs
that need to be significantly altered or modified in Step 1 of*thi cedure because of fire
conditions. In such cases, existing internal events PRA either do not exist or are not
appropriate as a basis for the fire PRA.

The criteria for Set 3 are derived from NUR 0 and are as follows:

1. If'the action being considered is either an or local (i.e., ex-CR) manual action and is to

be performed within approximat our of the fire’s initiation, set the HEP to 1.0 for
screening. The 1-hour limit is b@th a nable limit for early response actions that will most
likely be (or need to be) comple well as a time beyond which most plants can have
additional personnel and hni port group available at the plant site.

e first hour, the fire can be assumed to be out and
therefore not contj use delayed spurious activity and other late-scenario
complicating distirbance , if there is plenty of time to diagnose and execute the action,
r 10 times the internal events HEP, whichever is smaller. The analyst still
1al dependencies across HFEs in the models and the joint

iple HFEs are accounted for according to the ASME/ANS PRA Standard
ar, the analyst needs to verify that the fire effects and the inclusion of the new
actions in the fodel do not create significant new dependencies among the HFEs (new and
old) in the model. If unaccounted-for dependencies are likely to exist, a 1.0 screening value
should be used or dependencies accounted for in some other way as part of the quantification.

2. If the action is not nece

5.1.1.4 Screening 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
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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

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
traditionally used and accepted in HRA (e.g., in the HRAs performed for th
Plant Examination Program [6]), experience in quantifying HEPs for evenits,i
experience in applying a range of HRA methods and the values assoc;j
and experience in performing HRA in fire PRAs. The screeningapp
values that may be conservative for some cases to avoid being o stic. However, this
avoidance is necessary for potentially important and/or complexigcenarios and associated HFEs.
Table 5-1 summarizes the fire screening criteria and HEPs.

5.1.3 Single Overall Failure Probability A a CR Abandonment or

Alternate Shutdown

NUREG/CR-6850 [1] suggests that the use of
represent the failure of reaching safe shutdown u

gle overall failure probability value to
alternative means can be used if the

ssing the feasibility of the operator action(s)
ection 4.8 provides qualitative analysis considerations

t for some applications, such as cases in which MCR
ed to be risk-significant. The analyst also has the option to use the
etailed analysis method, as discussed in the following sections.

abandonment is.not d
scoping appro

2 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.

5-7



Quantification

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 effects no | g 1
spurious 0.1, or 10x longer e
equipment or i internal events dvnamic
instrumentation Rfiﬁ.u'r]fdt HEP, whichever eéuipm t ¢ heveEIiDs,
effects in one WIERIN ISt | is greater damag? I
safety-related hour of fire/trip Spraier
train/division
Set 3: new fire
HFEs or prior
internal events ic:{t1e1r(r)1;I1 o
HFEs needing to 1.0 events HEP,
be significantly whichever is
modified as a smaller

result of fire
conditions

Set 4: alternate

shutdown for screening (per Section 5.1.1.4), or
(including MCR ing qualitative analysis (per Section 5.1.3 )

abandonment)

5.2 Scoping Fire ®RA Quantification

antification approach allows the assignment of HEPs to new HFEs

y for the fire PRA (i.e., outside the internal events PRA) and to HFEs carried
over from the intdfnal events analysis that survive quantitative screening. This approach may be
used in the determination and identification of risk-significant events that will require detailed
analysis and could be used in lieu of the screening approach if a less conservative initial analysis
is desired.

Minimum criteria 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 effects
of the fire (Section 5.2.8 and Figure 5-5).

4. Cases in which the fire may affect critical instrumentation, creating the p for EOCs or
EOOs as a result of incorrect indications (Section 5.2.9 and Figure 5- chart for
spurious indications will support addressing spurious instrument for'Capability
Categories I and II as defined in the ASME/ANS Requireméhts -ES-C1 and C2 [2].

Sections for each of the four categories of actions provide inforMatidm on the factors expected to
be important for this category of HFE and on how to use themglevant flowchart.

5.2.1 Scoping Entry Criteria

ied the criteria discussed in Section 4.3
sso€iated with that HFE. Although the
feasibility assessment process begins at the identification and definition stage and is a key part of
i i be available during the quantification
process that would require the feasibili reassessed. Therefore, feasibility assessment is a

The scoping approach is a
factors (PSFs) to be ass plified approach is appropriate only if the fire scenario
being evaluated is no ognltlv complex or challenging. In addition to the situations discussed

ocedures (as discussed in Section 5.2.3), the scoping approach
se—assuming that all other entry criteria are met.

complexities are expected that cannot be addressed by the scoping approach. In particular, the
scoping quantification approach is not considered applicable to plants that implement SISBO
procedures. These procedures require the operators to travel to multiple locations and to employ
complex means 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 for such
potentially spurious operations through, for example, sensitivity studies.

For all other cases, the analyst should determine whether the minimum crite 1¥en next are

met. These criteria are important because they allow the scoping approa ropriately
applied to the HFE and associated scenario by limiting the context. T ium criteria—
combined with a few elements of the selection scheme discusse@ in .2.5—allow the
scoping approach to address only certain performance influenci addition, it should
be noted that meeting these criteria establishes only the minimufa critgria and does not preclude
additional consideration of these PSFs later in the scoping S

These minimum criteria are as follows:

e Procedures. There should be plant proced
and/or NOPs) covering each operator actie
both the diagnosis and execution of the actid

(Blg., rocedures, EOPs, ARPs, AOPs,
gindimpdcled. The procedures should support
unless the execution of the action can be

demonstrated as skill of the craft, -of-the-Caft actions are those that one can assume that
trained staff would be able to readi rm without written procedures (e.g., simple tasks
such as turning a switch or open mannal valve as opposed to a series of sequential
actions or set of actions t oordinated)

ry of EOOs or EOCs resulting from spurious

guidance (see Section 5.2.9 for guidance on dealing with these
HFEs) may not . I these cases, operators may be able to rely on the scenario
context and additienal cue§ (in conjunction with the existing procedures) to recover those
errors. An

uments, they should be well documented and confirmed by appropriate plant
tors and trainers).

rely on such
staff (e.g., op

e Training. Operators should have received training on the procedures being used and the
actions being performed. The training should establish familiarity with the procedures, the
equipment 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.
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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. Time margin is thg difference
between the total available time and the time required—essentially the extra i vailable—and
is used to represent a continued emphasis on sufficient time for operator acti other factors
not addressed in the feasibility assessment. For example, a feasibility does not ensure
that the action would repeatedly be performed successfully (i.e.,the i

not address the reliability of the action). As discussed in Section \ of plant staff’s best
e, 4 a
pe

efforts, there may be conditions that are difficult, if not impossi
the fire situation may introduce additional variability in pla
not fully incorporated in the feasibility assessment. Thesgga
affect the reliability of the performance of the action. T| @ O%e, to more thoroughly ensure the
reliability of the action, the time available sho ehgreafer th
these uncertainties and variabilities in time es

A tradeoff exists between the extent to which th&feasibility assessment is realistic and the
uncertainties to be addressed as part offfustifying that there is adequate time to perform the
action. For instance, more realistic tions of feasibility (e.g., systematic walk-throughs
while simulating fire conditions) tra ss uncertainty with regard to justifying that there
is adequate time. Similarly, gg tion from a larger number of simulations with
additional crews can increa§g

One technique used t
simulate plant condi es and the potential variability in crew response times is to
require particular ti (i.e., the difference between the total available time and the time
required, essexfi time available) to obtain certain HEPs. Therefore, a key factor in

applying the sc tification approach is the time margin available for a particular action.

Figure 5-1 presenfs a timeline illustrating the components involved in calculating time margin.
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TSW
Tavall
Treqd
Tdelay_
—Teog——

_Texe_
| \ \ \
To Cue Crew Action 0

received diagnosis complete ger
Start complete beneficial

*

Figure 5-1
Timeline illustrating total time available, time required, and th &ing time margin

Section 4.6.2 defines each of the terms in the timeline. Ingbhi m, T, is the total time
available from the initiating event (e.g., reactor trip tion is no longer beneficial. The
action time window, T, is the amount of timg b form the action, including the
cognition and execution portions of the HFE€ ariables are as follows: T is the start
time (typically the initiating event), T, is the e initiating event until the cue(s) for
the action is received, T, is the time tg diagnose thg problem and formulate the response, and

T, 1s the execution time—includingftransit, donning of PPE, and manipulation of components.

CXi

For quantification of the HFEs

Time Margin : *100% Equation 5-1

[(Tsw— Tdelay)_(Tcog+ Texe)]
(Tcog"‘ Texe)

*100% Equation 5-2

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.

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
mix of both serial and parallel actions. In addition, some tasks may overlap. In these cases, the
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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 range of
times in addition to the point estimate of an average crew; this is especially important when the

uncertainty in the timing data is important for cases in which a small chang
the time required could change the operator action from feasible to infeasd
change the reliability of the action. The scoping quantification approa
“tipping points” where a few additional minutes of time in the egtimé

different time margin regime. In these cases, it is recommended the,analyst choose to
initially use the more conservative timing data (and resulting HEP) refine the data later if the
HFE significantly impacts the fire PRA model quantificati s. Alternatively, the analyst

r1

could run several test cases to evaluate the impact of tind ity and perhaps quantify the
HFE with separate timing cases if the impact is steong o warrant it. HEP adjustments for
uncertainties in response times caused by cre other factors are accounted for
later in the scoping process based on the ava margin.

5.2.3 Assess Key Conditions a

In applying the scoping flowcharts,
previously, decisions must be

to addressing the timing issues discussed
particular conditions and PSFs that could affect
decisions are required in all of the flowcharts; others
. eral guidance for making these decisions is provided in
es, details associated with particular conditions and PSFs are
specific to particularfflowcha ese details are discussed in the sections providing guidance

for the specific flowdharts.

It should be n
by the HRA an

of the decisions that need to be made will not be made exclusively

s example, explicit criteria were developed in NUREG/CR-6850 [1] for
determining whefli\smoke, toxic gases, and heat levels would be high enough to require MCR
abandonment as a¥esult of habitability issues. Similarly, questions are asked in all of the
flowcharts regarding smoke levels for areas in which operators will be performing actions or
through which 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
visibility. HRA analysts should participate in this process to help ensure that relatively
conservative estimates of the fire effects are made.
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The following conditions and PSFs are important to the scoping flowcharts and are addressed
accordingly:

e 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 procedures, the diagnosis for the need for the action can be considered relatively simple
and straightforward. However, if the cues for an action are not expected to match the
procedures closely, it should be assumed that the diagnosis will be dlfﬁcult
the action should be set to 1.0 (or a detailed analysis performed). This q
in the scoping flowcharts when it is known that one or more key indi
action will likely be affected by fire (i.e., in cases in which the ﬁ@ effects on

specific instrumentation and EOOs or EOCs are possible [sée th wchart in Figure 5-
6]). In these cases, the procedures (related to determining th 1on) are not likely to
match the pattern of cues.

e Response execution complexity. The complexity of the a involved in executing the
response after the diagnosis is made is addressed i e specific scoping flowcharts.
Execution complexity is quantified only at vel§&—either high or low. In deciding on the
level of execution complexity, several a aluated (note that the following
guidelines apply to both MCR and local a

— Single-step actions. If an acti
as opposed to aligning for fg€d a
and the action is supported

quiring Obly a single step (e.g., simply starting a pump
ed) can be performed by a single crew member
ar ptocedures (i.e., trained personnel should be able to

complexity
single crew

ill-of-the-craft, low complexity can generally be assumed. However, if there
that procedures needed to support the actions may be ambiguous, that any of
the steps may be difficult to complete correctly, or that difficult judgments may be
required (even if only for some personnel), high complexity should be assumed.

— Multiple 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 an
action (e.g., both electrical alignment and mechanical) that will increase ghe execution
complexity of the action. When multiple functions must be addresse
should generally be assumed to be high.

— Accessibility of location or tools. Factors such as excessive ence of
adequate lighting, or the presence of the fire brigade in the ar ake it more
difficult for the operator to reach the location of the actig ss the tools
necessary to perform the action. To the extent that the a Nu d become more
difficult to complete because of such conditions, hi lexity should be assumed.

As discussed in Section 4, Qualitative Analysis, ot rs can contribute to complexity.
For example, time pressure or stress can m pl&actions seem more difficult.
Therefore, although this guidance can be es to determine whether complexity
fit the conditions under which an action
will be performed (based on a qualitative analjsis) and those conditions may add to the

sessed as high complexity.

It should be noted that se could add to complexity are already included in
the scoping flowcharts
will show that the acti omplex that it cannot be performed in the time available;

account for other factors that may not have been explicitly

(whether thetaétion 1s inside or outside the MCR) will be more susceptible to both the direct
and indirect effects of the fire. Therefore, two of the flowcharts (regarding MCR actions and
ex-CR actions; Figures 5-3 and 5-4) explicitly ask whether the cue(s) for an action will occur
while the fire is ongoing. Based on the information in the original NUREG/CR-6850 [1]
which was further developed as FAQ-08-0050 [8] and then published as NUREG/CR-6850
Supplement 1 [1], for the application 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.

5-15



Quantification

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 action
is expected to be received within the first 70 minutes after the fire has started or the plant has
tripped. Furthermore, for the modeling of actions during more challenging fires (i.e., turbine-
generator [T/G] fires, outdoor transformers, high-energy arcing faults, a
fires), the analyst should always assume that the cue occurs before the fi
suppressed, regardless of when the cue occurs relative to the start of i
in these situations will be assigned a slightly higher HEP to’acco

Es quantified
t and indirect

effects of an ongoing fire.

e Time available. The time available for an action is defined Nmount of time from the
occurrence of the cues for action until the action is no | neficial." For actions that
have a short amount of time available, additional co ation”is given to the time margin
and to determining feasibility. For the scoping W@t is assumed that having a short

( mate | be more susceptible to
of the fire in the plant. Therefore, for

diversions and distractions caused by the't
HFEs in which there is a short T, ., these are
charts than longer T, (>30 min pproxi ly). This different treatment is applied

ing ongoing fire suppression efforts or afterward. If
, the analyst is directed one way in the flowchart
e is >30 minutes.

avail?

1 From Figure 5-1, the time available for action is definedas T_,.
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Table 5-2
Numerical results for suppression curves
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£ c

—~ 2 2] %) wn g

g S| og| o £ 18 ¢ :

> o)) o ) [ LL I o )

E | o % _E| 35 - - c @ 2

E| 8 G, 32| & 8 o o S g |3 L 3

o | L c=| 82| ¢ iT 5 2 x S = = iT

£ ©) = % 5 © ] = <@ ®© = Q o © =

[= = Tu| OF| o w = a = O @) <
0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5 0.883 | 0.947 | 0.836 | 0.881 | 0.684 | 0.602 | 0.531 | 0.687 | 0.39 189 | 0.446 | 0.714
10 0.780 | 0.897 6 | 0.199 | 0.510
15 0.689 | 0.850 .007 | 0.089 | 0.364
20 0.609 | 0.805 0.001 | 0.040 | 0.260
25 0.538 | 0.762 * 0.018 | 0.186
30 0.475 | 0.722 * 0.008 | 0.133
35 0.419 | 0.684 * 0.004 | 0.095
40 0.370 | 0.647 * 0.002 | 0.068
45 0.327 | 0.613 * * 0.048
50 0.289 | 0.581 * * 0.035
55 0.255 | 0.550 * * 0.025
60 0.226 | 0.521 * * 0.018
65 0.199 | 0.493 * * 0.013
70 0.176 | 0.46 * * 0.009
75 0.155 443 * * 0.006
80 0.137 .057 | 0.131 | 0.002 |* * 0.002 |* * * 0.005
85 0.121 97 | 0.047 | 0.116 | 0.002 | * * 0.002 |~ * * 0.003
90 0.107 | 0.376 | 0.040 | 0.102 | 0.001 | * * 0.001 |* * * 0.002
95 0.095 | 0.356 | 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 taken into
account. Note that smoke removal systems that can be assumed to be functigning can be
taken into account in estimating smoke levels. If analysts are not sure ab potential

of the fire, but it is not known whether SCBAs will be needgj, it @'b nservative to
assume that they would be needed.

Branches for quantification in the scoping flowcharts are baimhe following levels of

smoke within the action areas:

— No smoke or hazardous elements are present.

— Smoke or hazardous elements are pres at low enough that the use of SCBA
is not required.

— Smoke or hazardous elements are at a le igh enough that SCBA is required.

— Smoke levels are high enough'to t visibility and prevent the execution of the action.
(Note that actions directly i cinity of the fire cannot be credited).

ok cts that could lead to MCR abandonment as a result
of habitability issues arég hseparately in Section 5.2.5.1 (which describes the scheme
for selecting the a iateflowcharts for the action) and in the section describing the

Figure 5-5), analysts need to determine whether the action location
n the fire is still assumed to be ongoing. This question is concerned
with certain af€as being blocked or otherwise inaccessible because of the presence of the fire
and ongoing attempts to suppress it. Analysts must determine whether the action needs to be
performed in the vicinity of the fire or if the presence of the fire and actions associated with
suppressing it could prevent operators from being able to reach the action location. If either
of these is true, the action cannot be credited.

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

5-18



Quantification

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 time
margins and other PSFs. A discussion of the basis of the HEPs quantified throu@h the use of the
scoping fire HRA method is presented in Appendix F.

5.2.5 Guidance for Using the Selection Scheme

In Section 3, Identification and Definition, HFEs are identifiedg catégorjzed as follows:

e Internal events operator actions (existing operator actions from th&internal events PRA
model)

e Fire response operator actions (operator action ex@alled out in the fire procedures)
e Undesired operator actions (as a result of @ in entation)

Although this classification aids in understand ow the HFE was identified, for the purposes
of scoping fire HRA quantification, t FE needSito be further classified.

nt instrumentation. The selection scheme (see
Figure 5-2) uses pertinent que determine which action is being quantified and to direct
the analyst to one of t ng flowcharts: MCR action, ex-CR or local action, alternate

In some instances, th
question in th i
minimum crite

be quantified within the selection scheme. For instance, the first
e flowchart (Figure 5-2, Decision 1 [D1]) asks whether the

en met (as discussed in Section 5.2.1). If the criteria have not been met,
e assigned immediately and detailed analysis can be performed (if desired).

Two other cases eXist in the selection scheme for which the action is assumed to fail and an HEP
of 1.0 may be assigned. First, prior to entering the “decision diamond,” determining whether the
action is performed in the MCR or locally (D5), the question of whether the procedures match
the scenario is asked (D4)—that is, do the cues received by the control room staff to support
diagnosis match 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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Figure 5
Scoping
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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=inMCR
e EXCR =ex-CR (actions normally performed locally)

e ASD = alternate shutdown (including MCR abandonment because of hablta ility or
transferring command and control to outside the MCR because of an inabi o0 control the
plant)

e SPI = spurious instrumentation

Although some HFEs may be quantified with the use of the sele% ion'§€henge alone, most HFEs
will be directed to the other flowcharts for quantification. A ser Nj ions is asked in the
selection scheme to determine which of the flowcharts is a r quantification. After
determining that the minimum criteria have been met (D e decision (D2) determines
whether the analyst will be directed to the flowchart g g alternate shutdown, including
pfthetne ocate command and control (i.e.,
ination of the action) outside the MCR.

and the transitions to other flowchar presented®in the following subsections. Following
these dlscussmns separate sectlons rovi idance on using the other flowcharts and the

e Section 5.2.6: HFEs cog ns diagnosed and executed within the MCR (INCR)
e Section 5.2.7: HF d of actions diagnosed in the MCR but executed locally
(EXCR). This in @shutdown actions where command and control is still being

performed in the WICR bu because of the effects or potential effects of the fire, some actions
must be p

e Section 5.2
abandoning
plant from the

sociated with actions related to alternate shutdown, including
MCR because of habitability or problems with monitoring or controlling the
CR, resulting in relocating command and control outside the MCR (ASD)

e Section 5.2.9: HFEs resulting from responses to spurious indications (SPI)

5.2.5.1 Alternate 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 q," = 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 of the
smoke is less than 3 m™. With such optical density, a light-reflecting object ould not be
seen if it is more than 0.4 m away. A light-emitting object will not be se is more than 1
m away.

e A fire inside the main control board, damaging internal targets 7 part.

actions, and analysts will follow the selection scheme flowchar rnate shutdown (ASD)

o . . g
If any of the criteria is met, subsequent actions will need to be quﬂx Iternate shutdown
a
flowchart for each action (see Figure 5-5).

When habitability is not an issue, it is reasonable to ex the'MCR would not be
completely abandoned.” Therefore, the HRA shouig onhow the crew would need to

ifi ular, for a given fire and its
grmine whether the crews would need to
switch command and control to an ex-CR locatiogy(alternate shutdown) or whether it would be
possible to direct the actions and co e plant ffom the MCR. This determination should be
based on interviews with plant operator rainers and an examination of the plant fire
procedures. However, the decisign to"&bandaf should not be quantified using the scoping
approach.

If the effects of the fire cou
outside the MCR (e.
(e.g., alarge fireint

ant enough that relocating command and control to
0 an ASP or an ASD strategy) would probably be required

ctions using the ex-control room flowchart (EXCR), but all

be quantified using the ASD flowchart. The timing for the subsequent
take into account the time to perform the switchover and the timing of the
critical cues at thegglternative locations. If it is determined that the operating crew could reach
safe shutdown using ex-CR actions, as necessary—without relocating command and control—
the HFE for these actions would be quantified using the EXCR flowchart.

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 the organized involvement of many operators in various locations in the plant
e The need for communications among personnel at distributed locations

e Less familiar procedures

e Less frequent training

e More time needed to reach the necessary locations *
e More time needed to perform actions that in other situation ity be done in the MCR
In general, if it is known that habitability or monitoring andﬂo e plant from the MCR

would be required, analysts will progress in the s e to the next question about

would not be affected to the extent that switching plan% d control outside the MCR

nalysts wil need to determine whether there are

could be caused by the effects of single spurious
ipstruments if the contribution to risk would be high
and C2 for more detail [2]). Therefore, the next
primary cues or instruments are damaged or spuriously
to be misleading. A cue is a signal or alert (plant parameter,
hat prompts an operating crew to take a specific action. An
iple cues; the first cue received and responded to is considered

particular actions (either EOCs or
instruments or by combination

decision diamond (D3) ask
affected by the fire, causi
procedure step, or pl
operator action coul
the primary c
conjunction wi
See Section 4.3

ary cue but is acknowledged only for verification of the primary cue.
r discussion of primary cues.

Therefore, if cues'®r MCR instruments are misleading or spuriously affected by the fire such that
the operator has difficulty in diagnosis or could be led to either an EOC or EOQ, the SPI tree
must be used. Instruments spuriously affected by the fire that have no direct bearing on the
action at hand 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 new HFEs
based on the presence of the fire, the initiating event, and the plant-specific fire grocedures.
These HFEs will represent both MCR and ex-CR actions, with the diagnosisfor the action taking

deterministic requirements (e.g., see NUREG-1852 [7]). For HEEs t ‘P olve multiple actions
that occur in both the MCR and ex-CR, the EXCR flowchart sh8 d Refused’ (because all of the

HEPs for the EXCR flowchart are higher than those for the IN art, and the scoping
approach has been limited to contexts for which diagnosis ig,not @omplex; therefore, diagnosis

will not be considered a dominant influence).
As discussed previously, a preliminary question (i ur@d) in the quantification of these
- e

MCR and ex-CR actions asks whether the prog€t m scenario (see Section 5.2.3 for
guidance). The intent of this question is to asses gifificulty in diagnosing the problem. If the
specific cues for the action do not match the pro€gdures, it is assumed that diagnosis will be
difficult and that the event needs to b luated using a different method.

5.2.5.4 MCR and Ex-CR Actigns and'D6)

If the execution of the acti wi he MCR, the analyst is directed (D5) to Figure 5-3,
the INCR flowchart. Other ation is based on the action being executed locally
(i.e., outside the MC

Prior to transferring @ the flowichart for quantifying ex-CR actions (Figure 5-4, EXCR), the final
question asks whether@ither 0f the following conditions exists (D6):

able to support executing the action outside the MCR.

Skill-of-the-craft actions are those that one can assume trained staff would be able to readily
perform without written procedures (e.g., simple tasks such as turning a switch or opening a
manual valve 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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INCR: Scoping HRA for in-MCR actions
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ASD: Scoping HRA for alternate shutdown actions
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SPI: Scoping HRA for EOC or EOO resulting from spurious instrumentation
5-28

HEP Lookup
Table AW

HEP Lookup
Table AQ

HEP Lookup
Table AS




Quantification

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 occur within
70 minutes of the start of the fire, or does it occur after that 70-minute time fitame). If the cue
for an action occurs before the fire has been suppressed, different paths n through the
flowchart (D7). Note that for more challenging fires—such as fires of tur nerators,
outdoor transformers, high-energy arcing faults, and flammable g e analyst should
always assume that the cue occurs before the fire has been Syppr gardless of when the

cue occurs relative to the start of the fire.

e A determination of the action time window™ from the time \ the cue for the action
occurs until the response is no longer beneficial. If the ti dow for an action is
approximately <30 minutes as opposed to >30 min tfferent paths are taken through the
flowchart (D8 and D11).

e The level of execution complexity expected
D12, and D17).

ow indicates different paths (D9, D10,

e The expected level of smoke an hazardots element effects in the MCR (D13, D15,
D18, and D20). The presence ofsm ds to a different path. Note that smoke removal
systems that can be assume nctigning can be taken into account in estimating smoke

levels in the MCR.
e A determination of ill be needed (D14, D16, D19, and D21).

rgie for use in the lookup tables.

e potential effects of likely smoke conditions on the ability of
e assessments can be made. For example, if some smoke effects are
f the fire but it is not known whether SCBAs will be needed, it would

be conservative t@assume that they would be needed.

Based on the answers to each question in the flowchart, the action is either assumed to fail

(i.e., HEP = 1.0) or the analyst will be directed to find the HEP value in the lookup tables. The
lookup tables for the INCR flowchart are located in Table 5-3. Within the lookup table, the HEP
assigned for each action is based on the time margin available.

“ The time available for actions is identified in Figure 5-1as T

avail*
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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
2100% 0.001 INCRS8

C 50-99% 0.005 INCR9
<50% 1.0 INCRly
2100% 0.005 INCR1

D 50-99% 0.025
<50%
2100%

E 50-99% INCR15
<50 1.0 INCR16
210 0.1 INCR17

F 0.5 INCR18

1.0 INCR19
0.2 INCR20

G
<100% 1.0 INCR21
2100% 0.25 INCR22
<100% 1.0 INCR23
2100% 0.5 INCR24

! <100% 1.0 INCR25
2100% 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
2100% 0.05 INCR35

M 50-99% 0.25 INCR3L @
<50% 1.0 INCR37, \
2100% 0.1 INCR38

N 50-99% 0.5 39
<50% 0
2100% CR41

© <100% 1 INCR42

*Note: HEPs provided may show mul
resulting number and the multipliers
significant digit. The analyst i

The termination point of t
the HEP lookup table ¢

ing the EXCR Flowchart for Ex-CR Actions

nted in Figure 5-4 (EXCR) assigns scoping HEPs to actions that are
diagnosed within the MCR but must be executed locally. As with the MCR action flowchart
(Figure 5-3, INCR), this flowchart is intended to be used for new HFEs identified outside the
internal events PRA 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 f@r ex-CR actions
(Figure 5-4; EXCR) just as was done for MCR actions in the flowchart in Figure®-3 (INCR).
Lookup tables for the ex-CR flowchart are provided in Table 5-4 (see the gui in Section
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%
P 50-99%
<50%
2100 0.0 EXCR9
Q 0.25 EXCR10
1.0 EXCR11
0.002 EXCR12
R 0.01 EXCR13
<50% 1.0 EXCR14
2100% 0.01 EXCR15
S 50-99% 0.05 EXCR16
<50% 1.0 EXCR17
2100% 0.5 EXCR18
T <100% 1.0 EXCR19
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Ex-CR actions HEP lookup tables

HEP Lookup Table Time Margin HEP* HEP Label
2100% 0.1 EXCR20
U 50-99% 0.5 EXCR21
<50% 1.0 EXCR22
2100% 0.2 EXCR23
v <100% 1.0 EXCR24
2100% 04 EXCR25
W <100% 1.0 EXCR26
2100% 0.02 EXCRR7
X 50-99% 0.1 EXCR28
<50% 1.0 E
2100% 30
Y 50-99% CR31
<50% EXCR32
210 0.08 EXCR33
4 0.4 EXCR34
1.0 EXCR35
0.1 EXCR36
AA 0.5 EXCR37
<50% 1.0 EXCR38
2100% 0.2 EXCR39
AB
<100% 1.0 EXCR40
2100% 04 EXCR41
AC
<100% 1.0 EXCR42

Quantification

*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 the fire
effects (D40).

e A determination of whether the procedures related to diagnosing the act generally
match the expected pattern of cues for a given scenario (D41).

e The availability of procedures to support the execution of t@ ac ocumentation that
the action can be considered skill-of-the-craft (D42).

e A determination of whether the area for the ex-CR action is agceSSiple (D43). If it is not,
credit for the action cannot be taken.

e A determination of whether the action must take plz ﬁ e direct vicinity of the fire (D43).
If the answer is *“yes,” credit for the action bedtaker.

e for the action occurs until the
ilable for an action is approximately <30
s are taken through the flowchart (D44).

; high or low indicates different paths (D45 and D49).

e A determination of the available time fro
response is no longer beneficial. If the time

els of smoke and other hazardous elements in the
place (D47, D48, and D50-D55); for example, whether

With this informatiofy analyst§will be able to step through the decision flowchart for alternate
shutdown actions andfn most'cases, obtain HEPs useable for HFES involving actions taken after
command and en switched to outside the MCR.

Upon initiating In this flowchart, the first questions ask whether the necessary cues for the
action have been Verified to be protected from the effects of the fire (D40) and whether the
scenario matches the procedures (D41). If the answer to either is “no,” the action is assumed to fail
(HEP = 1.0). If the answer to both is “yes,” it is asked whether either of the following applies:

e Procedures 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 ASD9
AD
<100% 1.0 ASD10
2100% 0.4 ASB
AE
<100% 1.0
2100%
AF
<100%
2100%
AG 50-99%
<5
2 0.08 ASD18
AH 99 0.4 ASD19
1.0 ASD20
00% 0.16 ASD21
Al 50-99% 0.8 ASD22
<50% 1.0 ASD23
2100% 0.2 ASD24
A
<100% 1.0 ASD25
2100% 0.4 ASD26
AK
<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 sWitched to
alternate shutdown (command and control outside the MCR), additional timifig,l
considered. An estimate of the time required before the fire might signifi
control from the MCR (see NUREG/CR-6776 [12]) can be used as th I
would need to switch plant control to alternate methods. This tige ipaccurate: some
crews may anticipate the need to switch to alternate shutdown a %
e
u

reluctant and stay longer. However, the assumption made will h e based on the plant-
specific analysis and consideration of PSFs (see Section 4). tifying human actions that
will need to occur after the decision to use alternate shu has¥een made, the time required
to set up or switch over to an ASP or use other al at%wn methods will have to be taken
me available to perform the

shutdown early, the potential diffic ssociated'With performing the remaining actions
outside the MCR would have to be tak ccount in their quantification. Similarly, if there is
reason to believe that the crew. i ometime after the point at which control would be
nhabitable, this time would have to be subtracted
iously). Furthermore, credit could not be taken for

the MCR after the time estimated for when control relevant to

from the available time (as
completing any critic I
those actions could

The flowchart présented in Figure 5-6 (SPI) addresses the assignment of HEPs for the failure to
recover an EOC oPEOO committed as a response to misleading cues or damaged or spurious
instrumentation because of fire effects. Response may be to a single or to multiple spurious
indicators, but the assumption in both cases is that an error (EOC or EOQ) has already occurred.
(Note that Section 4.10 goes into greater detail about the complexity involved with identifying
and addressing multiple spurious indicators and operations). Upon initiating the steps in the

* 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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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 approach),
the HRA analyst must know the cable routing for the spurious instrumentation ig question. If the
instrumentation (e.g., level in the reactor pressure vessel or steam generator) is réguired for a fire
manual action, the cable routing may be known prior to fire PRA analysis. | cases, the
fire procedures specifically indicate which trains of instrumentation (id igdias protected or
available by the fire protection program) are available given the’loc the'ire.

However, there are HFEs required for fire PRA that are not rqui deterministic safe

shutdown analysis (Appendix R [10] or NFPA 805 [11]), for exampleythe operator action for
switching over to recirculation. In this case, the cable traci WST level indicators will

need to be obtained to credit this action. If the cables fo el indication are routed
through the fire area in question, EOOs and EO su m spurious indicators need to be
considered. If the cables are not routed throug w DO s and EOCs do not need to be

considered. If the instrumentation is not req gterministic safe shutdown action, it can
be assumed that it is not protected by an ERFB

Some instruments and cues associat
achieving and maintaining safe shut@lo

h safety systems—in particular, those associated with
itions—are considered “protected” in accordance
PA 805. However, even if the equipment and cables are
shutdown analysis criteria, it will need to be
verified that the likely nature Cé of the fire in a given area would not damage the cables
(e.g., due because of di g impingement or explosive fires). If a cue can be verified to be
protected such that aSpuriousdndieator would not result, there is no need to model the EOC or
EOO.

Furthermore,
location(s), can

er a list of equipment and indications that, based on the specific fire
d as “suspect.” For this scoping fire HRA guidance, if a plant has such
a list to be used IREfire scenarios, it can be assumed that the operating crew is “suspicious” of a
listed spurious indieation (or a spurious equipment actuation) if it appears during the appropriate
fire scenario. Therefore, the analyst does not need to model the response to spurious indicators
for situations in which the instrument in question is listed as being suspect because of the
location of the 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 [f 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 the
operator that an error has been made (e.g., if operators have turned off a needed pump to protect
it because of a spurious alarm, it is reasonable to expect that they would recognize the need to
replace the function given the context). If procedural guidance is not availa contextual
information or subsequent cues must be strong enough (i.e., compelling) operator
aware that the situation must be remedied (e.g., a compelling alarm).@ icularly true if

the operator was following procedural guidance when respondifig to ious indicator. It
will naturally be the operator’s predilection to believe that the agt cessary and not
question further. Therefore, the cues (either existing diverse cueSior Sibsequent cues) must raise
a suspicion in the operator to more carefully consider the sittfagigriand turn to recovery actions.
If the guidance or cues do not exist and make the opera@e the need to remedy the

situation—either by recognizing that an error hasds recognizing the need for the
failGiee”, HEP = 1.0).

, the methods for recovery should be
evaluated. Although the operator may re i atithe error needs to be corrected or that the

availability and feasibility of the rec should be ensured before progressing further (D57).
Given that the recovery actiogfCar ed, the next decision point is the location of the
action (D58). If the action i orm ithin the MCR, the analyst is pointed in one direction

in the flowchart and is the other direction if the action is local. At this point, the

For ex-CR actionSythe first issue is to ensure that both the area in which the action takes place
and the travel path'to the area are accessible (D68). If this is not the case, the action is assumed
to fail (HEP = 1.0). Assuming that the area and travel path are accessible, the analyst must work
through a series of questions similar to those asked for MCR actions. Specifically, the analyst
needs to determine 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.

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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Table 5-6
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
2100% 0.5 SPI13
AN
<100% 1.0 SPI14
2100% 0.05 SPI15
AO 50-99% 0.25 SPI16
<50% 1.0
2100% 0.1
AP 50-99% 0.5
<50% 1.0
2100% .2 SPI21
AQ
<100% SPI122
2100% 0.25 SPI23
AR
0% 1.0 SPI24
> ) 0.5 SPI25
AS
% 1.0 SPI26
2100% 0.1 SPI27
AT 50-99% 0.5 SPI28
<50% 1.0 SPI29
2100% 0.2 SPI30
A
<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
>100% 0.4 SPI32
AV
<100% 1.0 SPI33
=2100% 0.5 SPI34
AW
<100% 1.0 SPI35
2100% 0.5 SPI36
AX
<100% 1.0 SPI37

*Note: HEPs provided may show multiple significant digits; these are providedd®
resulting number and the multipliers used and are not intended to imply, Iev
significant digit. The analyst is welcome to round the values to one signifi ‘

ability between the
ision beyond a single
e analysis.

5.3 Detailed HRA Quantification

Before quantlfymg an HFE, the analyst must have appl criteria discussed in Section 4.3
for assessing the feasibility of the operator actiongs with that HFE. Although the

C io deflnltlon stage and is a key part of
Glavailable during the quantification
ssessed. Therefore, feasibility assessment is a

process that would require the feasibility to be re
continuous action step throughout thegfire HRA.

some actions will not be able to meet some of the
ny of a number of reasons (and result in an HEP
sing this approach may be fairly conservative

¥ed using one of the two detailed HRA approaches

criteria in the scoping fire HRAse
of 1.0). Furthermore, the @

compared to those that coulthbegeve
described in this repo

For cases in which the scopin@method cannot be used or a more detailed and possibly less
conservative apalysis 1§desitd, analysts have the option of performing a detailed analysis using
either of the f ing:

e The EPRI HRA approach [3] presented in Appendix B of this report
e The ATHEANA HRA method [4, 5] presented in Appendix C

With appropriate consideration of the fire context as described in Section 4, Qualitative Analysis,
and specific consideration of PSFs as determined by the methods, the two detailed HRA
methodologies 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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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 HRA
process outlined in Section 2. The other fire HRA tasks are described in Section 3, Identification
and Definition; Section 4, Qualitative Analysis; and Section 5, Quantification. Of these earlier
tasks, the qualitative analysis (Section 4) provides a foundation for understa at action and
the fire PRA context and is useful for the proper conduct of the recovery; y, and
uncertainty analysis.

*

6.1 Recovery Analysis \
A recovery human failure event is the failure to restore fail ment or find alternative
equipment or configurations within the time period requi S ned by Dougherty and
Fragola [1]. New recovery actions are often needed for efielopment and evaluation of
P .g., Task 7b and/or Task 11 of

¢ pmated into the fire PRA models in the same
way as in the internal events PRA. The ASME/AINS PRA Standard [3] Supporting Requirement
HR-H2 permits the modeling of recoygiyactions tha

instrument responses in response to an action,
and new alarms are typically i itial HFE and not modeled explicitly as separate

ined, and quantified following the same process as all other
e main difference for a fire HRA is the consideration of the
to perform recovery actions associated with specific fire

Recovery actions ar
HFEs in the fire P
impact of the
scenarios.

After the initial PRA model quantification, recovery actions may be identified to restore or
reconfigure a funcfion, system, or component initially unavailable in the scenario. Accounting
for such a recovery would reduce the frequency of the scenario. The need for recovery actions
can follow from PRA model iterations with a screening, scoping, or detailed analysis. The
identification of the recovery actions includes not only the identification and definition covered
in Section 3, but 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.



Recovery, Dependency, and Uncertainty

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 MCR
or outside of the primary control station(s) for the equipment being operated, including the
replacement or modification of components.” NFPA 805 recovery actions are a'§ubset of fire
PRA actions because fire PRA recovery actions are not specific to the exec cation.

6.2 Dependency Analysis

significantly underestimated in cutsets or sequences containing ¢ HEPs if potential
dependencies are not considered. The ASME/ANS Standar uir€s that multiple human
actions in the same accident sequence or cutset be identi ssment of the degree of
dependency performed, and a joint human error proba alculated. For fire PRA, a

' ith NUREG/CR-6850 [2],

The analysis of multiple HFEs is important because risk metrics’\ CDF can be
u

A dependency assessment of the applicable HFE§jin the internal events PRA has been performed
according to the ASME/ANS PRA S rd [3] to®nsure that the dependencies are accounted
for in the fire PRA. Potential dependenci ated either by the fire effects or by the associated

fire have been added to the maéd actions should be shown to not create new
dependencies among the HE hegaccident sequence. In addition, any likely strong
dependencies should b 0 be accounted for during the screening so that accident
sequences/cutsets ar ifictably removed because of multiplying many supposedly
independent HEPs t

This section is the identification of dependencies among post-initiator HFEs at
the cutset level thatda¥g,so far been quantified as independent HFEs. The identification and
qualitative analySi§ steps may also identify relationships (often referred to as dependencies)
among PSFs. Thegelationships among multiple PSFs within a single HFE are addressed in

scoping or detailed HRA quantification.

A review of the cutsets for dependencies will show some combinations in which both screening
and scoping 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 HFEs 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 HFEs 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 HFEs performed within the sam
should be performed. For fire PRA, there is the potential for several fire
be performed within the same sequence. If feasibility has been demo the HFE as
an independent action—which could be the case if the HFE is a f@l‘l ction—there is

the potential that insufficient crew will be available to perfobm a in the sequence. In
addition, there may be enough time to perform each HFE inde ; however, in
combination, not enough time is available.

uence, as would be the case
@r actions that occur in the same

For HRA, it is important to not only identify failure HFEggia
in a review of the cutsets, but also to review successful @ ;
sequence. The success paths would be identificg ghia rea

Requirement HR-F2 [3].

Where it is found that combinations rator actions HEPs are unduly multiplied in the
cutsets, the appropriate level of depgnde ong the HEPs is to be assessed. In accordance
with the ASME/ANS PRA Standar uenges of success or failure on parallel and subsequent
human actions and system p i i

e The time required to co a ions in relation to the time available to perform the
actions

e Factors that couldMlead to dependence (e.g., common instrumentation or procedures, an
inappropriate und iflg or mindset as reflected by the failure of a preceding HFE, and

e The availabilify of resources (e.g., crew members and other plant personnel to support the
performance offex-CR actions)

When a combination of HFEs is identified, a level of dependency is assigned. One approach to
assigning a level of dependency is shown in Figure 6-1 [5]. Table 6-1 translates the level of
dependency into the conditional probability of the second HFE given that the first HFE has
failed. Both internal events HRA and fire HRA evaluate the same elements in the dependency
analysis.

6-3



Recovery, Dependency, and Uncertainty

Figure 6-1

Dependency rules for post-initiator HFEs

- Dependence
Instervenlng Crew Cognitive Cue Demand Manpower Location Sequential Timing Stress Case P
uccess erc
Common 1 .
High 2 b
Same
HD
Sufficient
Same - "
Simultaneous Different
Low or Moderate LD
Insufficient 6 o
High 7 b
Low or Moderate 8 HD
Different |
High 9 MD
Low or Moderate 10 MD
e ame
_High 11 MD
30-60

Low or Moderate 12
LD
_High 13 D

Sedy >(60-120)
Low or Moderate 14 7D
: _High 15 D
Different
Low or Moderate 16 7D
_High 17 D
Diffe

Low or Moderate 18 7D
Yes . .

Note: The units of the “Sequential Timing” branch are in minutes.
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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 status,
s0 ZD can be assigned for low stress situations (Branch 18). For elevated stress such as a fire,
LD is assigned. If the time between the cues is less than the length of a shiftgthe probability
of a shift change during the time window needs to be considered. For a typical HFE time
window of 1 hour and a shift length of 12 hours, the probability of nohi i
1-(1/12) = 0.92, so HFEs by different crew are typically only credited 1
the HFE time window is longer than the length of a shift. *

Cognitive. If the HFEs have a common cognitive element (ke \pe ed by the same crew
and driven by the same cue or procedural step), the “Yes” branc the “Cognitive” decision
node is selected as a first approximation—because these would be regarded as
completely dependent. The analyst should determi her the common cognitive element
had been modeled as a separate basic event. Ifsiphasyghc “INo” branch can be selected.

Cue Demand. If the cues for two HFEs
“Cue Demand” decision node is selected. equired actions for these HFEs are to be
performed simultaneously. If the cue for subséquent action occurs before the preceding
action can be completed (as shoyn in Figure 6-2), the “Yes” branch on the “Same Time”
decision node is also selected b equired actions would have to be performed
simultaneously or the cre do either one or the other based on some
prioritization. These HEE

me time, the “Yes” branch on the

= HFE1 Teog | HFE1 T |
A 1 4
‘ HFE2 Teog | HFE2 T |
HFE1 Cue HFE2 Cue
A y ‘
h Time g

Figure 6-2
Simultaneous HFEs
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With the proper level of depé
applying the appropriate de
Table 6-1.

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 which the crew me
located. For example, the control room is a location; location is not diffefgnti
individual panels in the control room. If the execution of the HFEs o
location, the dependency level is either high or complete, if the acgi rformed in
different locations, the dependency level is either moderate 9r lo

Sequential Timing. This timing decision branch considers ¢ bctween the cues. The

more time between the cues, the lower the dependency

Stress. Stress is a culmination of all other performa raping factors. These factors may
include preceding functional failures and sucges
0ad, environment (i.e., heat,
humidity, lighting, atmosphere, and radia irement and availability of tools or
parts, and the accessibility of locations. In géfieral, stress is considered high for loss-of-
support-system scenarios or whe operator

dependency level.

1ed, the dependent HEPs can be reassessed by
ulas in Table 10-17 in THERP [6], shown here in

Table 6-1

THERP dependen qu ns

Depende Equation Approximate Value for Small HEP
Zero (ZD) HEP HEP
Low (LD) (1+19 X HEP)/20 0.05
Medium (MD) (1+ 6 X HEP)/7 0.14
High (HD) (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 sequefige/cut set
should not be less than a justified value. It is suggested that the value n
since it is typically hard to defend that other dependent failure mod
treated (e.g., random events such as even a heart attack) cannot nding on the
independent HFE values, the combined probability may néed t 1gher.

EPRI 1021081 recognizes this statement in NUREG-1792 and N ddress the issue
further in the following discussion:

and the use of such a value is widely regardegha pected in regulatory applications.
lutcYimadt, but more as a sort of trigger, to
me underlying dependence had been

NUREG-1792 introduces formally the concept of @ng lue on the combined HEP,

When a limiting value for the
applied when the prescribed a
combined HEP that is lesssthe

dealing with dependency results in a total
ing value. A strict application of the guidance
apply the limiting value even if the HFEs were
garding to the criteria the analyst has adopted for
ependence or independence.

This has causedidi in applying the Significance Determination Process (SDP) of the

NRC’s Reactor ight Process, particularly for shutdown events, where operator action
is usuall part of the response, and where the initiating event may have been
due, to so ? to human action. Using a minimum value of 1 x 10” has resulted in

findings thaliwould otherwise have characterized an event or condition as having very low
risk becoming “white” findings.

Therefore, while it might be reasonable to adopt some sort of limit, it needs to be done
carefully, so that the results of PRAs are not distorted by arbitrary assignments of
probabilities. 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 Uncertai

Timing data inputs (T,,, T,,,,, T, and T__) where T .ca
impacted by uncertainty in the fire modeling such as
damage based on the selected heat release rates,

Impact of timing variability on short or constrai

of fire location.

Timing Ex-control room action travel path changes 4s

Ability to obtain more than one operator: ing estimates.

What to do with varying or conflicting
Accuracy of operator timingestimate

dependency level such as a
syoperating from the same cue).

Impact on cues such that thgjindications may not be accurate.
Compelling indj s or cueSghat may distract the operator from the

Dependency

Spurious and
multiple spurious

Stress
Workload ' t workload high?

Communications - .
Backuplto radios available?

Training t and specific enough to be known when needed?

act of single versus multiple procedures.

Procedures — ,
Plant-specific emergency procedures not in standard format.

Crew
dependency

Personnel availability and attentiveness during fire.

The application of an error factor or other distribution uncertainty measure to a fire PRA
screening or scoping 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:

NUREG-1855 [11]
EPRI 1009652 [12]
NUREG-1792 [9]
NUREG/CR-1278 [6]
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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 analysis,

including internal events HFEs carried over to the fire PRA and recove

-initiator and
ods and tools,

e Description of the processes used to identify, characterize, and quanti
recovery actions considered in the fire PRA, including the inputs , TN
and results ¢

e The method and treatment of dependencies for post-initiato &wovery actions

ty and related assumptions as
umptions and uncertainties

e Discussion of the sources of model and quantificatio

e Review of the post-initiator HEPs to ensurg gmong them and reasonableness

how they were addressed, includi ion that they did not adversely affect the fire
PRA model development)

e Sufficient documentatio ili ications, upgrades, and peer review

be sufficient to provide traceability of the analysis
ition phase through to the quantification. For example, if walk-
throughs are conduct€d with ions and training personnel, documentation of these sessions
should be provided, i to be actuated, and tools to be used for the HFEs evaluated.
Photo-docum '
results should
ation) and the input included in the fire PRA model. Thorough
documentation fa@ilitates future updates of the analysis and provides a sound basis for the
analysis so that it can withstand the scrutiny of a peer review. A pre—peer review self-assessment
against the ASME/ANS PRA Standard [2] supporting requirements relevant to fire HRA, as
indicated in Appendix D of this report, is recommended so that the documentation can be
updated as needed 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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ATTACHMENT 4, M
ANALYSIS
7.1 References

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 FEASIBIIATY
ASSESSMENT
421 Context Information

422 Performance Shaping Factors

423 Preliminary Feasibility Assessment

4.3 QUANTITATIVE ANALYSIS ¢

4.3.1 Screening Analysis \
4.3.2 Scoping Analysis

433 Detailed Analysis

434 Recovery Analysis
4.3.5 Dependency Analysis

4.3.6 Main Control Room Evacuati
5.0 RESULTS: HEP VALUES F MODEL
6.0 ASSUMPTIONS AND UNCERTAINTIES

ATTACHMENT 1, REVIEWE MMENTS/RESOLUTIONS

ATTACHMENT 2, FIRE H I

ATTACHMENT 3, DETAIL ASIBILITY ASSESSMENT
NT

OOM EVACUATION AND SAFE SHUTDOWN

U.S. Nuclear Re tory Gommission. NUREG/CR-6850, EPRI 1011989, EPRI/NRC-RES
Fire PRA 0 r Nuclear Power Facilities. September 2005.

Note: Whe renice is made in this document to NUREG/CR-6850/EPRI 1011989, it is
intended to in@orporate the following as well:

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

ASME/ANS 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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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 lead
to undesired consequences, with a specified end state (e.g., core damage or largg early release).

Adversely affect. In the context of fire PRA, to impact—through fire—pla
and cables leading to equipment or circuit failure (including spurious opetati

Aleatory uncertainty. An uncertainty resulting from inherent rér;do iness’ or stochastic process.
Such uncertainties are irreducible: regardless of the level of kno :
the variable of interest still exists.

Automatic trip. Reactor trip initiated by an automatic sign lant reactor protection
systems (RPS) in response to off-normal conditions. (I nteXt of fire PRA, this could be a
fire affecting certain plant equipment and/or circui

crs to assemblies designed to conduct
of one (single-conductor cable) or more
(multi-conductor cable) insulated electri ors (generally copper or aluminum) that may

prevent a fire PRA compone &
Compartment. A generic tctmgiiSed tofepresent a room defined by four walls, a floor, and a
ceiling. The boundari be fire rated.

Conditional core d ability (CCDP). The conditional core damage probability
calculated by el. This probability is conditional on a specific fire scenario in a
fire compartm ated as a fire-induced initiating event and includes the likelihoods of the
combinations o nt failures (some may be directly induced by the fire itself) and operator

failures that resulflin core damage. The CCDP for a given fire scenario times the frequency of
that scenario resulfs in the core damage frequency contribution for the given fire scenario.

16 The definitions 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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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.

Epistemic uncertainty. An uncertainty resulting from a lack of, or weakness in, knowledge.
Such uncertainties can, theoretically, be reduced by obtaining more knowledge
observation of repeated trials of an event to learn the true value of the variab

Equipment. A term used to broadly cover the various components in
Equipment includes electrical and mechanical components (e.ggpu rol and power
switches, integrated circuit components, valves, motors, and fans stalilmentation and
indication components (e.g., status indicator lights, meters, stri %corders, and sensors).
Equipment, as used in the Fire PRA Standard, excludes electsical\gablcs

Event tree. A logic diagram that begins with an 1n1t1at t or condition and progresses
through a serles of branches that represent expegf ot operator performance that either
d state.

External event. An initiating event orlglnatlng itside a nuclear power plant that causes safety
system failures, operator errors, or bg atin tu

considered external events (

caused by another external onsidered an internal event.
Failure mode. A speci onal manifestation of a failure (i.e., the means by which an
observer can determifie that a e has occurred) by precluding the successful operation of a

piece of equipment, able ofja system (e.g., falls to start, falls to run, or leaks) Note: In the
context of firedRk

mode above an d failures that “preclude successful operation.”

Failure probabi
operate on deman

ty. The likelihood that a system, structure, or component (SSC) will fail to
dor for a specific mission time.

Fire area. A portion of a building or plant that is separated from other areas by rated fire barriers
adequate for the fire hazard (per Regulatory Guide [RG] 1.189). (Note that a rated fire barrier is
a fire barrier 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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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 plant
response model for a given fire scenario (adapted from NUREG/CR-6850/EPRI011989).

Fire modeling. As used in the PRA Standard, fire modeling refers to the pro exercising a
fire analysis tool, including the specification and verification of input para values, the
performance of any required supporting calculations, the actual &ppl' f the fire analysis
tool itself, and the interpretation of the fire analysis tool outputs‘aad It

Fire PRA. The collection of analyses, computer models, and reperts‘@enducted and prepared for
estimating the risk associated with fire events in a nuclear p ant.

ctural elements, and cables
(power, instrumentation, and control) included (i potential for core damage or large
early release in the fire PRA model.

Fire PRA plant response model. A representa
circuit, system, function, and operat ures or suecesses, of an accident that, when combined
with a fire initiating event, can leadffo u ired consequences with a specified end state

(e.g., core damage or large early.rel

Fire safe shutdown analysi eterministic analysis conducted often in the context of
Appendix R of 10 CFR Part e safe shutdown capability during identified fire
scenarios.

Fire scenario. A set'@f elements that describes a fire event. The elements usually include a
physical analygis unit, fire location and characteristics, detection and suppression
features to be d, damage targets, and intervening combustibles.

Fire suppressioRfSystem. Generally refers to permanently installed fire protection systems
provided for the eXpress purpose of suppressing fires. Fire suppression systems may be either
automatically or manually actuated. However, once activated, the system should perform its
design function with little or no manual intervention.

Fire zone. Subdivisions of fire areas defined in the context of the fire protection program. A fire
zone is not necessarily 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.
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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.

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 pegsonfiel will fail to
initiate the correct, required, or specific action or response in a given situatio commission
perform the wrong action.

Human failure event (HFE). A basic event in the fire PRA pld#t re sefinodel that represents
a failure or unavailability of a piece of equipment, system, or fi c s caused by human
inaction or inappropriate action.

Human reliability analysis (HRA). A structured appro 1dent1fy potentlal human
failure events and to systematically estimate the hose errors using data, models, or
expert judgment.

Ignition frequency. Frequency of fire occurr y expressed as fire ignitions per

reactor-year.

eby initiating an abnormal event such as transient or
he plant. Initiating events trigger sequences of events

loss-of-coolant accident (LG wit
afety systems whose failure could potentially lead to core

that challenge plant ¢

operator errors, can affect the operability of plant systems and may
ge early release. By convention, loss of offsite power not caused by
ent is considered an internal event.

safety system
lead to core da
another external

Internal events PRA model. The logic model (typically in terms of event trees and fault trees)
depicting the combinations of internal initiating events (compared to external events such as
tornadoes and seismic events), component failures (of causes internal to the components
themselves), and human failure events that lead to core damage or large early release of other
adverse events considered in a PRA.

Intervening combustibles. Materials that burn but are not ignition sources. These combustibles
contribute to the propagation of the fire from the ignition source to the target and are usually
located between 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.

LERF 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 the onset
of core damage.

Manual trip. A reactor trip initiated by the operators in response to an off-n ondition and

in the absence of an automatic trip.
May. Used to state an option to be implemented at the user’s difc @e PRA Standard.
1

et
Mistake. A human cognitive error typically stemming from Q& agnosis, decision

making, or planning.

Modeling uncertainty. Imprecision in the analyst’s k ¢ or available information about
how well the analyst’s model represents the act t being modeled in the PRA.

Multi-compartment fire scenario. A fire s
compartment other than, or in addition to, the 0

ing targets in a room or fire

Multiple spurious operations. Co t spurious operations of two or more equipment items.

Open circuit. A loss of electrical comgifftiity Ih an electrical circuit, either intentional or
and ¢ pen circuit faults may result, for example, from a
triggering of circuit protection devices.

loss of conductor continuityf

performed by operators to manipulate components and equipment
trol room to achieve and maintain post-fire hot shutdown, not

licensing basi
from outside th

Performance shaping factor (PSF). A factor that influences human error probabilities as
considered in a PRA’s human reliability analysis. It includes such items as level of training,
quality/availability of procedural guidance, and time available to perform an action. In the
context of a fire PRA, factors may include the influences of environmental factors such as
visibility, toxic 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.
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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:

hen the main
is location and

1. The location should be considered the primary command and control center
control room can no longer be used. The control room team will evacuatg,to
use its alternate shutdown controls to safely shut down the plant.

2. The location should have the requisite system and component co plaabparameter
indications, and communications so that the operator can adgqua safely monitor and
control the plant using the alternate shutdown equipment.

More than one component should be controlled from this logatiomy A Tocal control station
provided to allow an individual component, such as the 1 heel on a motor-operated
valve, to be locally controlled does not meet this defini

Probabilistic risk assessment (PRA). A quali
associated with plant operation and maintend
occurrence of risk metrics, such as core damagg

g an itative assessment of the risk
ismmeasured in terms of frequency of

on the health of the public (also refe as a probabilistic safety assessment [PSA]J).
Probability of non-suppression. f failing to suppress a fire before target damage
occurs.

Raceway. An enclosed chafu
wires, cables, or bus b additional functions as permitted by code. Raceways include rigid
metal conduit, rigid
conduit, flexible me
metallic tubing, unde
raceways, sur

, flexible metal conduit, electrical nonmetallic tubing, electrical
ways, cellular concrete floor raceways, cellular metal floor

Reactor-year. lendar year in the operating life of one reactor, regardless of power level.

Recovery action. A human action performed to regain equipment or system operability from a
specific failure or human error to mitigate or reduce the consequences of the failure.

Response. The reaction 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 Appendix R
of 10 CFR Part 50 identified to achieve and maintain sub-critical reactivity conditions in the
reactor, maintain reactor coolant inventory, and maintain safe and stable shu conditions
following a fire-initiated event.

Safety function. Function that must be performed to control thssou @ gnergy in the plant

and radiation hazards.
Screening. A process that eliminates items from further conside Mased on their negligible
contribution to the probability of an accident or its conseque

Screening criteria. The values and conditions us
contributor to the probability of an accident se

0 ine whether an item is a negligible
0 sequences.

Secondary combustible. Combustible or fla
ignition source that may be ignited if fire is spre

rials that are not part of the fire
eyond the fire ignition source.

Sensitivity analysis. An analysis p
model structure or data values on th

by changing the model or data :EFI

o investigate the sensitivity of the variability in
ucts of the analysis (e.g., CDF). Although often done

products, this analysis maygh

Severity factor. The
influence its rate of growth, 1 f energy emanated, and duration (time to self-extinguishment)
is generated.

Shall. Used to ory requirement in the PRA Standard.
Should. Used to

Skill-of-the-craft@actions. Actions that one can assume that trained staff would be able to
readily perform without written procedures (e.g., simple tasks such as turning a switch or
opening a manual valve as opposed to a series of sequential actions or set of actions that need to
be coordinated).

te a recommendation in the PRA Standard.

Smoke 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.

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
Figure A-1 is useful in that it applies to all quantification methods, as describgghi

eline shown in
ection 4.6.2.

- Tow
L 2
< Tavall
N Treqd >
4_Tdelay_>
T o>
Xe
To W Action Action no
Initiating gnosis complete longer
Event complete beneficial
Figure A-1
Timeline illustration diagr
The terms ass d timing element are defined mathematically next and then further

described in th t text.

T, = start tim@ = start of the event
way = time delay = duration of time it takes for an operator to acknowledge the cue
T,  =system time window
T, = time available = time available for action= (T - T, )
T,, = cognition time consisting of detection, diagnosis, and decision making
T, = execution time including travel, collection of tools, donning personnel protection
equipment (PPE), and manipulation of components
T, = time required = response time to accomplish the action = (T, +T,)
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Start time. In Figures 4-1 and A-1, T, is modeled as the start of the event. For fire HRA, T,
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. T 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). T 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. T, 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 fige damage and
the plant response, which includes taking into account any procedure de delays in
responding to the cue. If the cue, for example, is a step in the fire pro ,, would be
the time it takes the operators to reach the step in the fire procedure cue 1S an alarm
that annunciates when a low tank level is reached, T ,,, would be @ pe 1t takes to drain the
tank until the alarm annunciates and the operator acknowle g
usethe

implementation of the appropriate procedures is delayed be re caused the control
room crew to be in, or to consider, multiple procedures—gsuchias the emergency operating
procedures and the fire procedure(s)—the guidance iggde s tically increase the delay
time when updating existing internal events HFEs fi in the fire PRA. Similarly, if a
particular fire area or fire scenario causes s S ndications, or actuation of
components, the guidance is to systemati d the delay time when updating existing
internal events HFEs for use in the fire P

Cognition (recognition) time. ed as the nominal time for cognition and includes
detection, diagnosis, and decisi ingy T_, is best obtained by simulator observations.

execution local; therefofg, ill be possible to observe the cognition time from
simulator observati [thicre is a need to model local cognition, cognition time can be
obtained by talk-

Execution time. ominal time required for execution of the action. Execution time
is defined @wthe ti es for the operators to execute the action after successful
diagnosis. v jon time includes the transit time to the local components, the time to
collect tools @ftd don PPE, and the time to manipulate the local components. The transit
(travel) time cQuld be significantly impacted by the fire location. Useful inputs to develop
T, can be obtained from job performance measures (JPMs) or walk-throughs or talk-
throughs with the operators (guidance provided in Sections 4.11.1 and 4.11.2). For control
room actions, the guidance is to use the same T__from the internal events development (often
called the 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 (T __+T_ ) and is calculated as follows:

cog exe

Time Margin (TM) = T‘“’“T”M * 100%

reqd
Equation A-1
, . Tow—T ~(Teog+ T
Time Margin (TM) = [(Tsw ~ Tdelay)~(Teog+ Texe)l , 490y, Equation A-2
(Tcog+ Texe)
Transient combustibles. These combustible materials are temporarily s aYocation that is
usually associated with (but not limited to) maintenance or modificatj ivifies. Examples of

transient combustibles are combustible and flammable liquids, Qood
scrap, rags, or any other combustibles resulting from the work agt

plastic products, waste,

Uncertainty. A representation of the confidence in the stat wl
values and models used in constructing the PRA.

ge about the parameter

Uncertainty analysis. The process of identifyi
the analysis and evaluating their impact on t
developing a quantitative measure to the exte

cterizing the sources of uncertainty in
esult$®An uncertainty analysis includes

Verify. To determine that a particular aetion has
requirements of the PRA Standard, i

Walkdown. Inspection of locals
equipment, and cables are ph§
drawings, equipment locati@
effects on the equipm t

in order to ensure the accuracy of procedures and
ing status, and env1ronmental effects or system interaction
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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 quantification of fire error
probabilities (HEPs) using the human reliability analysis (HRA) appro mended
by EPRI, specifically to use one or more of the following methqods: ognitive

method (CBDTM) [2] for cognition, and the technique for hum ¢ prediction (THERP)
[3] for execution. The EPRI HRA methodology is based on EPR! RP and SHARP1 HRA
framework [4]. The approach in this appendix is to step ts through the HRA tasks
needed to develop, quantify, and document HFEs.

The EPRI HRA approach and methodology em#o

reliability/operator reliability experiment (HCR/ORE) [1] and/o % asgd decision tree
r
SHA

f the HRA quantification methods
mmarily applied to Level 1 internal events
quency (LERF) HRA. The methods are
errors in® two categories: cognitive failures (detection,
ion failures (manipulation or implementation). These
eet the needs of the internal events PRA model.

S€

mostly task-based and decompose op
diagnosis, and decision making) an
HRA methods provide sufficient res

and factors affecting huma
should yield a good firs
with the modeling foyfion-fire s

pproximation of operator failure and would further be consistent
aarios at many nuclear power plants.

Although the metho
internal initiatifigeeven
factors as prov
Section 2.5 and
(described in Sec

sed fof/ fire HRA modeling are the same as those used for Level 1

ontext and fire impact require the analyst to consider fire-specific
guidance of this appendix. Potential fire impacts are summarized in
tion 4. This quantification approach follows HFE identification and definition
n 3) and qualitative analysis (presented in Section 4).

B.2 Performance Shaping Factors Using EPRI Approach

NUREG/CR-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 Available 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 bg considered

PRA Standard. “Spemal fitness needs” from NUREG/CR-6850 can be co

“Environment” (e.g., lighting, heat, radiation) under which the opera orkthg” in the
ASME/ANS PRA Standard. *
Table B-1 \
PRA Standard supporting requirements (SRs) and performa shaping factors
SR [7] Performance @' g Factors
HR-F2 | Accident sequence—specific timing window for successful completion

Accident sequence-specific pro

The availability of cues and other in ions for detection and evaluation errors

The specific high-level s (e.g., train level) required to achieve the goal of the response

HR-G3 | Quality (type [classroo
experience

imulator] and frequency) of the operator training or

edures and administrative controls

f the required response

., lighting, heat, and radiation) under which the operator is working

Accessibility of the equipment requiring manipulation

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

HR-G7 | The time required to complete all actions in relation to the time available to perform the
actions

Factors that could lead to dependence (e.g., common instrumentation, common
procedures, and increased stress

Availability of resources (e.g., personnel)

B-2



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 7S

Training Classroom

Simulator
JPM
Timing Delay time (when the cue

ith respect to origin)

System time win undesired outcome)

Manipulation ti

Median response . (to detect, diagnose, and decide)
Accessibility Main room
Locally, f al actions

Environmental

Special requireméhts

Clothing

Stress Plant response as expected
Workload

Environmental PSFs (above)

Dependency analysis Shift change

Common cognitive

Timing between cues

Time required to complete actions

Available resources

Stress

Same or different locations
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The PSFs considered in the CBDTM implemented in the EPRI HRA methodology are listed in

Tab

le B-3.
Table B-3

CBDTM performance shaping factors

Type Designator Decision Tree Performance Shaping Factors
p, a: Data not available | e« Indication available in control
room.
e Indication accurate.
e Warning or alternative in
procedure.
e Training on indication.
p, b: Data not attended | e Low vers workload
Failures in the to  Chec itor.
operator-information o Fr ck panel
interface e ersus not alarmed.
p.cC Data misread or easy to locate.
miscommunicated d/bad indicator.
Formal communications.
p, d: Information e “All cues as stated.
misle e Warning of differences.
e Specific training.
e General training.
p.e Rele e Single versus multiple
procedure missed procedures.

Graphically distinct.
Placekeeping aids.

sinterpret
instruction

Standard unambiguous
wording.

All required information.
Training on step.

Failures in the
operator-
interface

dure

Error in interpreting
logic

“NOT” statement.
“AND” or “OR” statement.

Both “AND” and “OR”
statements.

Practiced scenario.

P, h:

Deliberate violation

Belief in adequacy of
instruction.

Adverse consequence if
comply.

Reasonable alternatives.
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

NUREG-1792 [6] ASME/ANS PRA Standard [7] CBDTM/THERP [2, 3]

Timing delay time (when cue occurs with
t to origin)

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

(SR HR-F2) ystem time window (time to
esired outcome)
Time available and time required to complete system time window (time to
the action, including the impact of concurrent 'S ach undesired outcome)
and competing activities. _ . . _ iming manipulation time (to perform
Time available and time required to \te required action)
the response (SR HR-G3)

Timing: median response time (to detect,
diagnose, and decide)

Timing: time available for recovery

Availability and clarity of instrumentation The availability 2T indications Cue(s): initial
(cues to take actions as well as to confirm for detection and _
expected plant response). (SR HR-F2) Cue(s): subsequent
Data not available: indication available in
control room
Data not available: indication accurate
Data not attended to: check versus
monitor
ree of clarity of the cues/indications Data not attended to: front versus back
Ergonomic quality of human-system interface [@SR"™HR-G3) panel
(HSI). Data not attended to: alarmed versus not
Human-machine interface (SR HR-G3) 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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B-6

Table B-4

Performance shaping factors mapping (continued)

NUREG-1792 [6]

ASME/ANS PRA Standard [7]

CBDTM/THERP [2, 3]

Suitability of relevant procedures
and administrative controls.

Accident sequence-specific procedural guidance (SR

HR-F2)

Procedures: cognitive

Procedures: execution

Quality of the wri
controls (SR H 3

A

ocedures and administrative

ation misleading: warning of
ifferences

elevant step in procedure missed:
single versus multiple

Relevant step in procedure missed:
graphically distinct

Relevant step in procedure missed:
placekeeping aids

Misinterpret instruction: standard
unambiguous wording

Misinterpret instruction: all required
information

Error in interpreting logic: “NOT”
statement

Error in interpreting logic: “AND” or “OR”
statement

Error in interpreting logic: both “AND” and
“‘OR” statements

Deliberate violation: belief in adequacy of
instruction

Deliberate violation: adverse
consequence if comply

Deliberate violation: reasonable
alternatives

Deliberate violation: policy of “verbatim”
compliance

The specific high-level tasks (e.g., train level) required to

achieve the goal of the response (SR HR-F2)

THERP [3] execution steps with EOM
and EOC for each step




Table B-4
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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 simulatog an

frequency) of the operator training o \

experience (SR HR-G3)

Complexity of required diagnosis and
response. In addition to the usual aspects of
complexity, special sequencing, organi

and coordination can also be contribugers to
complexity.

Training classroom

ot available: training on indication

formation misleading: specific training

Information misleading: general training

Misinterpret instruction: training on step

Error in interpreting logic: practiced
scenario

Complexity of t
(SR HR-G3)

Complexity of response: cognitive

Complexity of response: execution

THERP [3] execution steps with EOM
and EOC for each step

actors that could lead to dependence
e.g., common instrumentation, common
procedures, and increased stress)
(SR HR-G7)

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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B-8

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-G3

Environment in which the action needs to be
performed.

Environment (e.g., lighting,
radiation) under which the
(SR HR-G3)

is working

: plant response as expected

ata not attended to: low versus high
orkload

Environmental: 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 hoses,
climbing, and so on).

Accessibility and operability of equipment to

be manipulated.

The need for special tools (keys
hoses, and clothing such as to e a
radiation area).

THERP [3] execution steps with EOM
and EOC for each step

Special requirements: tools

Special requirements: parts

Special requirements: clothing

sibility of the equipment requiring
anipulation (SR HR-G3)

Accessibility: main control room

Accessibility: locally for manual actions

Necessity, adequacy, and availability of
special tools, parts, clothing, and so on
(SR HR-G3)

Special requirements: tools

Special requirements: parts

Special requirements: clothing




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]

Available staffing and resources.

Availability of resources (e.g., personnel)
(SR HR-G7)

Dependency analysis: available

Sufficient manpower to perform the action
(HR-SR-H2)

Communications (strategy and coordination)
as well as whether one can be easily heard.

ata misread or miscommunicated:
rmal communications

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].

Recovery by self-review, extra crew,
STA, or ERF

Consideration of “realistic” accident
sequence diversions and deviations (e.g.,
extraneous alarms, failed instruments,
outside discussions, and sequence evolution
not exactly like the one trained on).

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 cess
Decision Making
’¥

Failure

I:’cog

Failure

Figure B-1
Post-initiator general HFE

In Figure B-1, P is quan
THERP [3]. For P_, t a

the CBDTM and HCR/ORE v
HRA.

is framework

BDTM [2] or HCR/ORE [1], and P__ is quantified using
donitive failure is calculated as either the sum or the maximum of
consistent with the approach taken in the internal events

For existing ctio ch were previously modeled in detail following the EPRI HRA
methodology, E analysis follows the same framework. For existing EOP actions that
were not modelddgising the EPRI HRA methodology, this is not necessarily true. The base case

(existing EOP) must first be quantified using the EPRI HRA methodology or other suitable
methodologies that develop human error probabilities (HEPs); the base case analysis can then be
modified to account for fire impacts. For fire response actions where there was not a pre-existing
detailed HFE development, the EPRI HRA methodology would be used for quantification and
the fire HRA will 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 (T, ) is less than the time required (T ).

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 required
for diagnosis, there is no reason to expect that the operator will respond correctly.

e If the manipulations of a component take place in a location that is inaccgssible, the action is
not feasible.

B.4 Timing and Crew Response Structure P

Developing the timeline is fundamental to understand the EPRI k #The EPRI HRA
approach follows the same timeline as outlined in Section 4.6.2. Bhe fiming analysis documents
the source of the timing in accordance with ASME/ANS ard Requirements HR-G4
and HR-G5 [7] and is shown in Figure B-2.

Tavau
qd
— Mdelay
_Tcog_

_Texe_
\ | \ \ |
To Cue Crew Action Action no

received diagnosis complete longer
Start complete beneficial

Figure B-2
Timing analysis 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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T, = start time = start of the event

T,., = time delay = duration of time it takes for an operator to acknowledge the cue

T,, = system time window

T, = time available = time available for action = (T - T, )

T,, = cognition time consisting of detection, diagnosis, and decision making

T, =T, = execution time including travel, collection of tools, donning of PPE, and
manipulation of components

T, = timerequired = response time to accomplish the action = (T, + T, )

For this appendix on the EPRI fire HRA quantification methods, the cognition
taken as the same as the median response time used in the HCR/ORE metho
terms are used interchangeably throughout the appendix. The guidance i
that T , should be a bounding estimate, especially when used in feasibili
when used in the quantification of HCR/ORE, it is appropriate @r T a
T,, (the median response time), as long as the data is available.

e 1s typically
=T,,); the
6.2 describes
ses. However,
i1fferent time than

In the HCR/ORE method, the variance between crews (i.e., sig 1 important factor in
quantifying the HFE. The HCR/ORE studies identified the es of actions, based on cue
response structure and the timeline development, impo the Variances between crews. The
three cue response structures are presented in Figune B CR/ORE correlation uses these
classifications to determine sigma, which is a ; -to-crew variability:

e CP1 HFEs are simple proceduralized actio
respond to it, for example, a procedure step tha
AFW pump.”

f the cue is received, the operators will
eads “Check AFW flow. If no flow, start

e CP2 HFEs are actions in whi
until a specific plant para
cues for feed and bleed
continue with proc
are reached, the
instructed to per an ag¢tion when—and not before—a plant limit is reached.

e CP3HFE which the operators must diagnose and respond before a plant limit
is reached. f all AFW, the procedures direct the operators to try to restore AFW
until the cuesffor feed and bleed are met. In this case, the cue for restoring AFW would be
the loss of all ®FW, and the operators must complete this action before the cues for feed and
bleed are reached.

. An example would be a situation in which the
2arly in the procedure and the operators are directed to
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- Tou
C P1 Tdela T Tu I F
First Execution Execution Undesired
Cue Starts Ends Consequence
\V4 \V4 \V4 \VA
t=0 time
< Tsw
. o . WHEN
CP2
';:Ilrjset S%Cl?: d Exse:;l::ison ’ . Cctjr?:ezsj:r?ce
\V4 \V4 \V4 YV
t=0 time
< TSW
o ) BEFORE
g =
CP3
oo et SE Ui
\V4 \V4 \VA \V4
t=0 time
Figure B-3
Cue-response structure timelines for Type CP operator actions
B.5 Instru ilure and Spurious Component Impact Following
Fire

B.5.1 Instrumentation

For discussion purposes, there are three categories of potential fire impacts on instrumentation
credited for cognition:

e No impact: all of the required instrumentation is available.

e Partial impact: a minimum set of the required instrumentation is available.

e 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 impagt.

e If'the normally displayed information is expected to be unreliable, is dgyatingior a note
directing alternative information sources provided in the procedu

— The procedure lists alternative instrumentation to perfo cific task or provides
a warning of potentially incorrect readings.

— The procedure provides no alternative instrumentati warning. In this case, for
existing EOP actions, there are no warnings in t s 10T fire-related impact on the
instrumentation.

e Has the crew received training in interpre @ obtaining the required information under
conditions similar to those prevailing in thi§jgécnario?

aining iMnterpreting or obtaining the needed
cases in which there is partial impact (i.e., a
minimum set of instrum s available), the cognitive HEP evaluates to

— The operating crew has recei

0 wved training in interpreting or obtaining the needed
situation. If operators are not trained on performing the EOPs

These impacts ed directly in the EPRI HRA methodology using the CBDTM and
modifying the ctions for p_ a and p.d and are discussed in detail in the following
sections.

B.5.2 Fire-Induced Cable Failure(s) and Electrical Faults

Section 2.5 describes the range of fire-induced cable failure(s) and how these failures are
reflected in the 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
a rough accounting for the distractions by the treatment of delay time in the timing analysis and
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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 training is
improving as insights from the fire PRA models and/or the transition to Nationa] Fire Protection
Association (NFPA) 805 occur. The EPRI quantification approach assumes that
follow procedures. Scenarios that may be challenging from a procedural per:
treated similarly to those described in Section B.5.2 and following the g
Section 4.10 (e.g., flag scenarios in which procedural distractions ma@) ikely and reflect

the potential modeling uncertainty as discussed in Section 6.3).9

B.7 Quantification Using the EPRI Approach

Using the EPRI HRA methodology, it is relatively easy di isting internal events HFEs
to reflect fire impacts. Although the quantificationof fi nse actions follows the same
approach as for existing actions, there is no prg o build on—and the HFE must be
developed as a new HFE within the fire cont€ ing detailed fire PRA development and
operator interviews, the HFEs may be finalized¥y incorporating operator interview insights
and/or other insights from the fire P odel.

an

B.7.1 Method Selection

th TM and the HCR/ORE are to be considered for
fire HRA. Both methods addiessfd€téetion, diagnosis, and decision making—the HCR/ORE
implicitly and the CB i 1t1y The CBDTM was developed to provide a lower limit

on the probability be€ause thegHCOR/ORE calculates very low probabilities for HFEs for which

i e to the time required. For fire HRA, instrument impacts and
dressed using the CBDTM. The same questions that are asked for
internal events uantification are asked for fire HRA. The HRA analyst’s response (in
many cases, the ction in the decision trees) can be very different between the fire and internal
events case. BecaUse the EPRI approach for quantification is symptom based, not initiator based,
the same questions are still applicable for fire HRA.

Similar to internal events HREA

B.7.2 EPRI HFE 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-INIT-FIRE-53 |

-BEID

!PDST-INIT-FIHE-SS Description: IDpelators Fails Feed and Bleed [Fire with min. instr

— Revision Contral

fnalst  |ANALYST Date: | IS
EVIZIon Late!

Reviewer: iEPHI Date: l

— Rizk Significance

R [0 re [ ificant: WA

without Recowery with Recovery

Poo 2102 —_——
. | - 5 Total HEP | 5.8e03

Pexe 8 3e-03

Agszigned ta Common Cognitive Event; |

- Aszsigned B asic Events

- Related Human Interactions

POST-IMIT-FIRE-51
POST-IMIT-FIRE-52
POST-IMIT-FEED-BLEED

Thiz HFE iz far a fi ifEtrumentation available

Figure B-4
EPRI HRA methodology basic event setup for fire HFE analysis
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[—'_| POST-INIT-FEED-BLEED Post w = Operators fails feed and bleed (Base Case)
Annunciator Response/THERP 2.7e-04 4.4e-04 71e-04 10
ASEP 3.6e-06 4.4e-04 44e-04 10
CEDTM/HCR Combination (Sum) 33e-04 44e-04 76e-04 10
CBDTM/THERP X 33e-04 44e-04 76e-04 10
HCR/ORE/THERP 41e13 44e-04 44e-04 10
Screening HEP - = 1.0e+00 1
- 1 SPAR-H 1.0e-02 1.0e-03 11e-02 -
=} POST-INIT-FIRE-51 Post - . Operators Fails Feed and Bleed (Fire with all instrumentation available)
Annunciator Response/THERP 2.7e-04 44e-04 T1e-04 10
ASEP 3.6e-06 44e-04 44e-04 10
CBDTM/HCR Combination (Sum) 5.3e-03 4.4e-04 58e-03 5
CBDTM/THERP X 5.3e-03 44e-04 58e-03 5
HCR/ORE(THERP 41e-13 44e-04 44e-04 10
Screening HEP - : 1.0e+00 1
- W SPAR-H 1.0e-02 1.0e-03 11e-02 B
= POST-INIT-FIRE-52 Post « . Operators Fails Feed and Bleed (Fire with all instrumentation failed)
Annunciator Response/THERP 2.7e-04 4.4e-04 71e-04 10
ASEP 3.6e-06 4.4e-04 44e-04 10
CEDTM/HCR Combination (Sum) 1.0e+00 44e-04 1.0e+00 1
CBDTM/THERP X 1.0e+00 44e-04 1.0e+00 bt
HCR/ORE/THERP 41e13 44e-04 44e-04 10
Screening HEP - - 1.0e+00 1
- 1 SPAR-H 1.0e-02 1.0e-03 11e-02 -
= POST-INIT-FIRE-S3 Post w w Operd¥ars Fails Bleg@lj(Fire with min. instrumentation)
Annunciater Response/THERP 2.7e-04 4.4e-04 Tle-04 10
ASEP 3.6e-06 44e-04 44e-04 10
CBDTM/HCR Combination (Sum) 53e-03 44e-04 5.8e-03 5
CBDTM/THERP X 53e-03 44e-04 5.8e-03 5
HCR/ORE/THERP 41e-13 4.4e-04 44e-04 10
Screening HEP - = 1.0e+00
SPAR-H 1.0e-02 1.0e-03 1102
Figure B-5
EPRI HRA Calculator screen shot showin iations of a base case HFE
B.7.2.2 Cues
Cues are addressed in the same wa re and internal events HFE analyses. For

fire HRA, the identification o
for diagnosis in order to de
instrumentation is entered i
instrumentation requi
the component selec
identification of cues

ues need§’to include the specific instrumentation required
he avdilability of the cues for specific fires. If the

Cue or Recovery Cue fields, a complete list of all

RA can be generated; this list can easily be incorporated into
2) of NUREG/CR-6850 [5]. Figure B-6 shows how the
nted in the EPRI HRA methodology.
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BE ID
|PDST-INIT-FIF|E-53 Revision Date:  01/23/08

Cuelz)

Initial: "wide ramge level EB-100054, Select... ﬂ
Fecovery: Wide range level EB-100058 Select... Q

"Wide range level in either 5G - GREATER THAM 9% [20%]. 1/2 5G level indicataors is reguired for success.

Degree of Clarity of Cues & Indications

* Ye Good - ar

Figure B-6
EPRI HRA methodology identific of cues

B.7.2.3 Procedures

Procedures are addressed i
there may be both an E ire procedure in use at the same time. The screen in Figure B-7

mented in the EPRI HRA methodology for a specific HFE.

are modeled in_decisi

the critical tas execution modeled using THERP.

In addition to th&gpecific procedures for each HFE, the complete list of fire procedures
reviewed during the fire procedures screening and review (ASME/ANS PRA Standard
Requirement HR-E2) could be added to the procedures database for documentation. The

procedures database is shown in Figure B-8.
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BE ID'

POST-INIT-FIRE-53 Revizion Date:  07/23/08

Procedures

Cognitive: — [TFR-H.1 Response to Loss of Secondany Heat Sink Select... Q
Step Murmber; |2.a RMO Ingtruction: |Stop both RCPs AMND goto Step 9

Execution:  [1TFR-H.1 Responze to Loss of Secondany Heat Sink Select... Q
Qtker: 1C28.1 Axiliary Feedwater Systern Unit 1 Select. . Q

Frocedure Mates

Enter Procedure Motes

Training
™ Mone Frequency

W Clagsroom k] per year
I Simulator 5 i T

JPM: ED-215FA RS Bleed And Feed During Responze Ta ondary Heal Sink With & PORY Failing To Open Select,.. Q
Figure B-7
EPRI HRA methodology docume of procedures
EJ ﬂ"}ﬁ Mew I Import From CSV Import From HRADB Report ]

Type Reference ] Revision ] Date
Post 2.389-3-2 17 ANFIUNCIATOR 9-3-2 05/10,/2007
Post 203 58 ‘\ DUCT OF OPERATIONS 05/10,2007
Post 215 54 R CROR SCRAM 05,/05/2006
Post 218 43 PCIWER OPERATION FOR MAINTENAMCE ACTIVITIES (HOT STAMDEY COMNDITION) 04,19/2007
Post 221 CLEAR PRESSURE RELIEF SYSTEM 11/14/2005
Post 2218 111 60V AUXILIARY POWER. DISTRIBUTION SYSTEM 04,/05/2007
Post 2219 480 VAC AUXILIARY POWER DISTRIBUTION SYSTEM 03/27/2007
Post 223202 OPERATION OF DIESEL GENERATORS FROM DIESEL GEMERATOR ROOMS 05/24,/2007
Post 2222 VITAL INSTRUMENT POWER SYSTEM 05,01,2006
Post 2223 1207240 VAC INSTRUMENT POWER DISTRIBUTION SYSTEM 10/31/2006
Post 22241 250 VDC ELECTRICAL SYSTEM (DIV 1) 12/06,/2004
Post 22251 125 VDC ELECTRICAL SYSTEM (DIV 1) 12/28/2005
Post 22381 FEEDWATER SYSTEM OPERATION 02/09,/2007
Post 2.2.30 FIRE PROTECTIOM SYSTEM 11,/08/2006
Post 22331 26 HIGH PRESSURE COOLAMT INJECTION SYSTEM OPERATIONS 03/14,/2006
Post 2,238 29 HVAC CONTROL BUILDIMNG 06,/29/2006
Post 22381 L] PORTAB LE ‘u’EN'I'[LA'I'ION SYSTEM 09,/07,/2001

Figure B-8

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:

e [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 description along own
equipment failed by the fire.

B.7.2.5 Operator Interviews *

The insights gained from the operator interviews are documente N )perator Interview
Insights window (shown in Figure B-9) and include the folléwg

e Documentation of talk-throughs with plant operati raining personnel to confirm that
the interpretation of the fire procedure is con$ nt operation
(ASME/ANS PRA Standard Requiremen ‘“# 3

-+

e Documentation of talk-throughs with operatégs to confirm the response models for the
scenarios modeled (ASME/ANS StandardiRequirement HR-E4).

BE ID
POST-IMIT-FIRE-S3

Rewision Date: 01423408

Operatar Interview Inzights

Operatar Interviews [ anuan @003 identified Rabthe fire procedures are used in parallel to EOP procedunes |

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 verify
that sufficient manpower would be available to perform all the actions implied by the HFEs in a
cutset or sequence.

BE ID
IVIEX-‘-‘-.MF'LEZFIFEE Description: |DPERATORS FAIL FEED AND ELEED [&

—Manpower Requirements

Crew Member 1 Execution | Motes

Shift Manager

Shift Supervizor

S5TA

Feactor operators

Flart operators

techanics

Electriciats

|&C Technicians

Health Phyzics Technicians
Chermiztry Technicians

Edit

Figure B-10

EPRI HRA methodology manpower requirements window

B-21



Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

B.7.2.7 Time
Timing is documented in the EPRI HRA methodology as shown in Figure B-11.

T oy, 2.00 |H0urs ﬂ J

S J| T, 0o | Tw (200 j_[
[ [
Urnit:  |Minutes Urit: {Minutes Uit |Minutes -

CLiIE
|

t=0

Time avallable for Recoven = Tlsw) - T[n’ T[4

Timing Analysgis

Figure B-11
EPRI HRA methodology timing window

The EPRI HRA method applies the following defamitions for time:

o T, =system time window: thisfis us the time from reactor trip (T=0) to an undesired
end state
e T,  =timefromT=0u iS 1 d

delay

e T_=manipulation time

e T = median response ti

12

The timing analysis d@cument§ the source of the timing in accordance with ASME/ANS PRA
Fements 4 and HR-GS. For existing internal events HFEs, this field can
aal events timing and any adjustments made to account for the fire.

If the implementation of the EOPs is delayed because of the performance of the fire
procedure(s), the delay time for all existing internal events HFEs is systematically increased by
the average time it would take to perform the fire procedure(s), typically about 30 minutes. In
thiscase, T,, =T + 30 min.

delay delay base case

The manipulation time (T, ) should account for any travel time to reach the execution location.
This travel time could be significantly impacted by the fire location. T 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 T_be increased by at
least 10 minutes for local actions. For control room actions, the same T 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.

TSW |‘|1.EIEI

T |22.DD | T_”I2 I‘I.DD | TM 1.00 |

delay

Imeverzible
Cue [DamageState
L

t=0

SP&R-H &wvailable time [cog @ ]

SPAR-H Available time [exafutioniistio = IW

inimum level of depende \wer}l IT
Timing Analyziz
Figure B-12

Time window: time available for recovery is |

B.7.3 Cognitive Modeling Using CBD

The CBDTM is used to assess cognitiv ocedure-directed actions. It is applied to
major decision steps such as transfersgfo another procedure or the decision to initiate a process. The
CBDTM assesses HEPs by evaluat decision trees that evaluate each of the cognitive
failure mechanisms shown in are two high-level failure modes: failure of the
operator-information interfa @ fai the operator-procedure interface. Each high-level
failure mode is composed ofifo mechanisms.

Table B-5
CBDTM failure mechanis

e Designator Description

p.a Data not available
information interface

p.b Data not attended to

p.cC Data misread or miscommunicated

p.d Information misleading
Failures in the operator- p.e Relevant step in procedure missed
procedure interface — - -

p.f Misinterpret instruction

p. g9 Error in interpreting logic

p.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 « is shown in Figure B-13, Table B-6, and Figure B-14.

Indication Warning or
. . Indication | Alternative | Training on
pc a Available in . Y
Accurate in Indication
CR
Procedure
(a) ne
g.
2
(d) 1.5E-03
Yes
(e) 5.0E-02
No (f) 5.0E-01
()

Figure B-13
Decision tree for p_a: dat

Note: The asterisk on branc
from ex-control room s
plant operator, who
control room crew.
described in Section@.6.2.

following: for situations where the crew must obtain information
second-party report, the same analysis should be performed for the local

nt procedures (or none) and very different training than members from the
cond party to obtain the information should be included in the delay time
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Guidance on decision nodes for p_a: data not available

information un

Decision Guidance as Stated in EPRI . L .
Node TR-100259 [2] Guidance Specific for Fire HRA
Indication Is the required indication available in | The Yes branch is used when all indicatiops, fo peC|f|c action are available or if a
available in the control room? minimum set of information for the specific is available
CR The No branch is used when all ind the specific action are failed. This is
the case for total impact: no jnstr ion IS available, and the HEP should
evaluate to 1.0.
If branch g is selected for thi d ee, the HRA methodology will display a
warning that this HFE should t|fied as two separate actions: one for the
control room and one for tlons If there are no additional indicators (either in
CR or locally) that », redited for fire HRA, the HEP should be set to 1.0.
Indication Are the available indications The Yes b en indications are known to be accurate and available
accurate accurate? If they are known to be during
inaccurate (e.g., due to degradation | The Ng b is useéd when the fire causes partial impact to the instrumentation and
because of local extreme _ the indication&are therefore assumed to be inaccurate.
environment conditions or isolation of
the instrumentation), select No.
Warning or If the normally displayed inform e Yegbranch is used when the procedure lists alternative instrumentation to
alternative in | is expected to be unreliable, i the specific task or provides a warning of potentially incorrect readings
procedure warning or a note directing ing a fire.
alternative information s The No branch is used when the procedure provides no alternative instrumentation
provided in the proce or a warning during a fire.
Training on Has the crew recelve The Yes branch is used when the operating crew has received training in interpreting
indication interpreting or or obtaining the needed information in a fire situation.

The No branch is used when the operating crew has not received training in
interpreting or obtaining the needed information under a fire situation.
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pca: Availability of information

Ind. &wail in CR CR Ind. Accurate | | Wwhamnsalk, in Proc. | ‘ Training on [nd.
Cancel

e (a)neq.
0.0e+00 | — (b) neg.
0.0=+00 | 1.0e-01 (c)neg.
[ 3.0e03 | — (d) 1.5e-03
[ \’rjﬂs 5 0201 ( 1.0;_431 {e) 5.0e-02
[l 1.0e+00 | — (fy 5.0e-01
[ E— (g) 1.0e+00
Branch Information Motes/dszumptions
l5 the required indication available in the contral room? - -
2

Figure B-14
EPRI HRA methodology p

provides an additiondl warning aS¥described in Table B-6. If branch (g) is selected then the main
control room crew information from ex-control room sources via a second-party
report, the sa

time described in\Section 4.6.2.
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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.

Low vs. Check vs Front vs Alarmed vs.
pcb High Monitor' Back Paﬁel Not Value
Workload Alarmed
Front
Check (2) neg.
Alarmed
(b) 1.5E-04
Back (c) 3.0E-03
Low
Alarmed
Front
Monitor
Back (g) 6.0E-03

(h) neg.
(i) neg.
Alarmed

(i) 7.5E-04

(k) 1.5E-02

Alarmed
amed 1y 7.5E-04

(m) 1.5E-02

Monitor —Alarmed (n) 1.5E-03

Back (0) 3.0E-02

Figure B-15
Decision tree p.b: data not attended to
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Table B-7
Guidance on decision nodes for p_b: data not attended to
D‘:’;Zf" Guidance as Stated in EPRI TR-100259 [2] Guidance Specific for Fire HRA
Low vs. Do the cues critical to the human interaction (HI) occur at a time of high If the EOPs implemented in parallel to the fire
High workload or distraction? Workload or distraction leading to a lapse of procedu workload is assumed high.
Workload | attention (omission of an intended check) is the basic failure mechanism | .\, tion is time independent and the
for p_b, and it interacts with the next two factors. b E (for existing EOP HFEs) is
'S d to have a low workload, the fire
S ig’'can also be considered to have a low
x d. In this case, it is assumed that the fire
be mitigated long before the action is required.
Check vs. | Is the operator required to perform a one-time check of a param No additional guidance for fire.
Monitor or monitor it until some specified value is reached or approac
relatively high probabilities of failure for the monitor b
included to indicate a failure to monitor frequently
required trigger value prior to its being exceeded rat
failure to check the parameter occasionally.
Front vs. Is the indicator to be checked displayed he front panels of the main No additional guidance for fire.
Back control area, or does the operator have t ain control area to
Panel read the indications? If so, the operatesi to be distracted or
to simply decide that other matte ng and not go to look
at the cue immediately. Any posip attending to the cue
increases the probability that
Alarmed Is the critical value of th an annunciator? If so, the If the critical value of the cue is signaled by an
vs. Not operator is more likely to If to check it, and the alarm acts as annunciator, it must also be unaffected during the
Alarmed a preexisting recq r added safety factor. For parameters | fire in order to credit the alarm for recovery.
that trigger action value is approached or exceeded (Type | |t jt is not known if the alarm is available during the
CP-2 and CP-3 HI nches should be used only if the alarm fire, the alarm cannot be used as a recovery, and
setpoint is close to anticipates the critical value of interest; where the the’lower branch is used. ’
alarm comes in long Bgfore the value of interest is reached, it will
probably be silenced and thus not effective as a recovery mechanism.
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pch: Failure of attention

3.0e-03

5.0e+00

tonitor
3.0e-032

Eranch Information

0.0e+00 Ba

Front
0.0e+00

Low vs. Hiworkload Check vs. Monitor Front vs. Back Panel Alamed .
Mot Alarmed
Front
Check 0 Detan

0.0e+00 Back PR
2.0e-03

1.0e+00

1.0e+00
Frant PR
banitor 0.0e+00

1.0e+00

Bas S0elz
1. Choice F.0e-03

1.0e+00

2. Choice Front P
Chedk 0.0e+00

1.0e+00

&3 S.0e-02

Hi 3.0e-03

1.0e+00

1 Oe+00
Motes/Assumptions

Cancel

(a) neq.

(h) 1.5e-04

ey 3.0e-03

(d) 1.5e-04

(e) 3.0e-03

() 3.0e-04

(g) 5.0e-03

h) neq.

Do the cues critical to the HI occur at a time of high workload or
digtraction? “workload or diztraction leading to a lapse of
attention [omiszion of an intended check] is the basic Failure
riechanism for ple)b, and it interacts with the nest two factars.

Figure B-16

EPRI HRA methodology p_b branch s ion to account for high workload from the use of

fire procedures in parallel to EO

Q.
©
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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
pc c Easy to . Value
Indicator Comms
Locate
(a) neg.
Yes »(d)
No

Figure B-17

Decision tree for p_c: data zad or misecommunicated

B-30



Table B-8

Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

Guidance on decision nodes for p_c: data misread or miscommunicated

Decision Node

Guidance as Stated in EPRI TR-100259 [2] Guidance Specific for Fire HRA

Indicator Easy to
Locate

Are the layout, demarcation, and labeling of the control No additional guida for fire.
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 L 2
recheck the identity of the indicator after reading it.

Communications

Good/Bad Does the required indicator have human engineering

Indicator deficiencies that are conducive to errors in reading the
display? If so, the lower branch is followed.

Formal

which the person transmitting a value always
value with which the parameter is associated”
formality is sufficient to allow the person receivingithe
information to detect any mistakes i erstanding

is given for formal communication, and the No branch is
used.

—
©
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pcc: Misread/miscommunicate data

Branch Information

Motesibssumptions

‘ Ind. Eazy to Locate | | Good/Bad Indicator ‘ I Formal Comms
es
Good [un O0e+00 (a) neg.
Easy 0. 0e+00 | thy 3.0e-03
veg 30803
0.0e+00 Bad £y 1.0e-03
IND 0.0e+00
1.0e-03 L {d) 4.0e-03
R vag 3003 20803
Good [11o 00=00 02 e
Mot Easy 0.0+00 L (f) f.0e-03
— veg 2003 ) 5.0
’ Bad [(un O0e+i0 gi 2.
1.0e-03 L thy 7.0e-03
3 0e03

mizgtakez in understanding his request)?

Iz a formal or gemi-formal communications protocol uged in which
the persan transmitting a value always identifies with what
parameter the value iz aszociated [thiz limited formahty iz sufficient
to allow the person receiving the infarmation to detect any

Mo credit can be take for formal col
HFE operators will need to wear S
the location of the valve. |

*

Cancel

Figure B-18

EPRI HRA methodology p_c: branch selectio

B.7.3.4 Failure Mechanism d: Infor

Guidance on Failure Mechani

is show

Misleading

account for difficulties in communication

Figure B-19, Table B-9, and Figure B-20.

cd Warning of | Specific General Value
P Stat ifferences | Training Training
(a) neg
Yes
(b) 3.0E-03
No
(c) 1.0E-02
(d) 1.0E-01
(e)1.0
Figure B-19

Decision tree p_d: information misleading
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Table B-9
Guidance on decision nodes for p_d: information misleading
Dif;if" Guidance as Stated in EPRI TR-100259 [2] Guidance Specific for Fire HRA
All Cues as | Are cue states or parameter values as stated in the procedure? For If the instRlumentation is considered to be fully
Stated example, if high steam line radiation is given as one of the criteria for i fire, the No branch should be
decision or action, the steam line radiation indicators will read high, rather u
than normal. The No branch is to be used if an indicator is not obviously

mentation is considered to be
ially impacted or not impacted by fire, the

failed but would not give the value stated in the procedure (as it woul% for
ranch should be used.

example, if the steam line were isolated).

Warning of | Does the procedure itself provide a warning that a cue may not be as
Differences | expected or provide instructions on how to proceed if the cue sta
not as stated?

o additional guidance for fire.

Specific Have the operators received simulator training in whi ~ Fire-specific training is to be verified by training
Training configuration was the same as in the situation of ugte ) staff and/or operators.
emphasized the correct interpretation of the procedure e of the

degraded cue state?

General Have the operators received training th uld allow thiem to recognize Fire-specific training is to be verified by training
Training that the cue information is not correct i stances? That s, is it staff and/or operators.

something that every licensed ope to know? For the
example of the radiation monit 2 | team line, the answer is
yes because isolations are sa or instrument abnormalities that

es, the answer would be no
sceived some emphasis in training.
eason from their general knowledge of
instrumentation the beRavior of aspecific indicator in a situation where
they are not forewarne are many other demands on their time
and attention.
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pcd: Information misleading

i Ok
All Cues as Stated B\;;?;?;T_Igcgi Specific Training | General Training
Lancel
vag |00e+0D (a) neg.
Mo Z0e03 (b) 3.0e-03
Theron — (c) 1.0e-02
1 0e+00 TR (o) 1.0e-01
1.0e+00 L (e} 1.0e+00
1.0e+00
Branch Infarmation Motes/dzsumptions
Have the operators received training that zhould allow them to Ingtrumentation partially impacted by fi

recognize that the cue information is not cormect in the
circumstances? That is, is it something that everny icensed operatar
iz expected to know'Y For the example of the radiation monitar on the ’
iznlated steamling, the anzwer iz "ves'’ because izolations are so
carmman; far instrument abnormnalities that only ocour under a very
special get of circumstances, the answer would be "no' unless the
particular situation had received zome emphagis in training,

Operators cannaot be expected to reazon from their general
knowledge of instrumentation to the behavior of a specific indicator in
a gituation where they are not forewarned and there are many other
demands on their time and attention.

Figure B-20

EPRI HRA methodology p, nch sele n to account for instrumentation partially
impacted by fire
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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
Single
2
d) 1.0E-02
Obvious
(e) 2.0E-03
(f) 4.0E-03
Yes Multiple
(g) 6.0E-03
No
(h) 1.3E-02
(i) 1.0E-01
Hid
Figure B-21
Decision tree for : relevant step in procedure missed
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Table B-10

Guidance on decision nodes for p_e: relevant step in procedure missed

ize logic terms are
to be overlooked simply
owever, this effect is diluted if
a typical flowchart); for this

flow paths.
t (as used in p_e) if it is preceded by a

Dif(:f" Guidance as Stated in EPRI TR-100259 [2] Guidance Specific for Fire HRA
Obvious vs. Is the relevant instruction a separate, stand-alone numbered step, in which case the No additional guidance for fire.
Hidden answer is Yes or the upper branch is followed in the decision tree? Or is it “hidde

some way that makes it easy to overlook, for example, one of several statemeats i
paragraph, in a note or a caution, or on the back of a page?
Single vs. At the time of the Hl, is the procedure reader using more than one tékt pr réor If the EOPs are implemented in
Multiple concurrently following more than one column of a flowchart procedure? er parallel to the fire procedures,
with Yes, or follow the upper branch in the decision tree. Generally, multi multiple procedures will be in effect.
procedures apply only to BWRs.
Graphically Is the step governing the HI in some way more consplcuou urrounding steps? No additional guidance for fire.
Distinct For example, steps that form the apex of branches in racedures, steps

Placekeeping
Aids

ar “response/response not obtained” format. They
may incorpor eck- may have provisions for placekeeping. Use of both of
these aids wo d during operator training on the simulator.

No additional guidance for fire.
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pce: Skip a step in procedure

QK
Obwious we. Hidden Single v, Multiple Graphically Distinct Placekeeping Aidz _
Cancel
Ia.ne-na {a) 1.0e-03
; 2 3e-01 b
5|ng|e e T (b:l 3.0e-03
0.0e+00 {c) 3.0e-03
: Toemn 2002 () 1.0e-02
Ohwious : TOenz .
0.0e+00 (&) 2.0e-03
| z.0e-03
Yes Multiple S L () 4.08-03
E— 3.0e-03 o) 6.0e-03
Mo | z.0e03
1.0e+00 L —_— {hy 1.3e-02
. De-
Hidden (i 1.0e-01
1.0e-01
Branch Information Motesidezumptions
—_—
Are placekeeping aids, such az checking off or marking through During a fire the fire w.adur @'4 epientad in parallel ta the
completed stepz and marking pending steps uzed by all crews? EOPs.
The procedure reade dure, although part of the crew
are performing 1C28.1 [hande

Figure B-22
EPRI HRA methodology p_e branch s ion to account for fire procedures used in
parallel to EOPs

Q.
O
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B.7.3.6 Failure Mechanism f: Misinterpret Instruction

Guidance on Failure Mechanism f'is shown in Figure B-23 and Table B-11.

Standard,
pc f Unamiguous
Wording

All Required Training on

Information Step Value

(a) neg.

(b) 3.0E-03

Yes '3

No \
(d),0E-

3.0E-02

(f) 6.0E-03

(g) 6.0E-02

Figure B-23
Decision tree for p_f: misj
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Guidance on decision nodes for p_f: 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
unusual grammatical construction? Does anything
about the wording require explanation in order to
arrive at the intended interpretation? Does the proper
interpretation of the step require an inference about
the future state of the plant? Standard wording = Yes

Ambiguous; Unusual = No. 4

No additional guidance for fire.

All Required Information

Does the step present all information required to
identify the actions directed and their objects?

Training on Step

Has the crew received training on the corre
interpretation of this step under conditi S t
those in this HI?

\Z

e,
Q.
v
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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

Figure B-2
Decision tre
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(f) 6.0E-03

(9) 1.0E-02

(h) 3.1E-02

(i) 3.0E-04

() 1.0E-03

(k) neg.

(1) neg.

p.g: error in interpreting logic




Table B-12

Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

Guidance on decision nodes for p_g: error in interpreting logic

Decision Node

Guidance as Stated in EPRI TR-100259 [2]

Guidance Specific for Fire HRA

NOT Statement

Does the step contain the word not?

AND or OR
Statement

Does the procedure step present diagnostic logic in which
more than one condition is combined to determine the
outcome?

Both AND and OR

Does the step contain a complex logic involving a
combination of AND and OR terms?

Practiced Scenario

Has the crew practiced executing this step in a scenario
similar to this one in a simulator?

e,
Q.
v

No additional guidance for fire.

*

A
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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.

e Adverse . .
pch Belief in Adeguacy of Consequence if Reasonaple Policy of Yerbatlm Value
Instruction Alternative Compliance
Comply
(a)meg.
5.0E-01

Yes

No
(c)1.0
(d) neg.

Figure B-25

Decision tree for p_h: delibz violatio
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Table B-13
Guidance on decision nodes for p_h: deliberate violation
Decision Guidance
N 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 of standi
orders? In the current regulatory climate, a crew mu
have strong motivation for deliberately violating
procedure.
Reasonable Are there any fairly obvious alternatives, s

Alternatives

compliance or use of different systems,
accomplish some or all of the goals of
the adverse consequences prg

response is ulti

Policy of
“Verbatim”
Compliance

Does the utility
verbatim ¢

B-43



Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

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 IfT,,, is greater than the shift length, shift change can be credited.
e If T is greater than or equal to ERF activation time, ERF review can be credited.
e If T, 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 available.

. The
multiplied to
alues are

Multiple recoveries to a single decision tree are permitted by the CBDTM meth
dependency levels are applied to each recovery individually; the recoveries amg t
obtain the value shown in the Multiply By column in Figure B-26. The d
calculated using THERP.

CBDTM{THERP

Recaovery Factors Applied to Po Based on 1300.00 oveny: Dependency should not be less than MD
BE Data Self Extra STa  Shif ERF - . ]
Cusls) Branch Intial HEP ~ Review  Ciew  Review Change Heview fi=colel) M e D\}’:lrl:'ede \‘E;T:é

Procedures and Training

Scenario Descripton pea | [e [ Boet2 ne | owe o ] E | [ Boe02

Titne: Windaw pebr | [m | 1502 ] e | =~ | 1o | | 1502
pec: F hed. NC NC J | J | 10 | | (. 0e+00
o [Tos02 wc | | [Wa=] [ 1o | [ 10e02

Execution Stress pee| [0 [BOe3 | | we | e =] [ 10 | EE

Execubion Lntecovered pf: |T ,m NC J | | J | 10 | | 6.0e-03

Execution Recovered -

Exerution Sunmary peg | [d [ 1802 NC (] | =] [ 10 | [ 1502
pch: F neq. NC C ME | | J | 1.0 | | 0.0e+00

Sum of iecovered Pea thiough Pch = Recovered Pe [1.1e-01

Becdculate

Figure B-26
Cognitive recove

§

For existing E wv

the dependency levels may need to be increased from the base case if
the timing availabfc has decreased. If the dependency level is below the minimum recommended
level set by the ERRI HRA methodology, the DF column shown in Figure B-26 will be red.

If the base case applies multiple recoveries to decision trees p,a and p d and the scenario being
modeled involves impact on instrumentation, the recoveries need to be reevaluated.

Q

For fire response actions, the assignment for recoveries follows the same process as for internal
events HRA.
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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 (T, ,) and a
logarithmic standard deviation of normalized time (o). With these two parameters, the

probability of crew non-response (P_) in a time window (T ,) is given as follows:

P.=1-®[In(T,/T,,) o] tion B-1
where:

() = the standard normal cumulative distribution (refer to @ ad normal distribution
tables) \

T, =(T, -T,-T,,) = time available for cognitiye reSpon

w = the system time window available (time t 1r sible damage state such as

equipment damage, or the time to core CD)).

T, = the manipulation time, that is, th > requited to complete the needed actions

wieg,of the time needed to don special gear,
action and perform then action; it is equivalent

once they are identified. This
travel (if necessary) to location Of
to T defined in Secti

12

c = the logarithmic

The timing information is défineddin the same way for all methods in the EPRI HRA
methodology. For fire

directly to the HCR/

more conserv ime typically used for T_,. The crew median response time
consists of det nosis and decision-making. If there is a wide distribution on the data
points used to d T,, and calculate P_ , then response time should be considered as a key

source of uncertaiity and an upper bound sigma applied (see below).

Sigma (o) corresponds to the variability in operator response and is determined from

Table 3-1 in Reference [2]. It is based on the type of reactor (either PWR or BWR) and the HFE
categorizations CP1, CP2, or CP3. It must be noted that P_ is based on the assumption that time
window T 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
lower bound can be used for cases in which there is little crew variation expected such as the
initial response to a reactor trip.
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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 Lower Boun er Bound
Deviation (Note 1)
Plant Type | HI Category | Average o
Percentile

CP1 0.7 1.00
BWR CP2 0.58 0.96
CP3 0.75 0.91
CP1 0.57 0.88
PWR CP2 0.38 0.69
CP3 (Note 4) 0.77 1.2

Note 1: The standard deviation was ca
in Table B-14 are those used in the E
100259. There is an error in the notes
being the 95" percentile, but the

Note 2: Lower bound 10th pg
Note 3: Upper bound 90th pe
Note 4: For PWR CP

ns, t

be calculated. Instead overly ¢
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from data presented in EPRI TR-100259 [2]. The values shown
culator as well as those listed in Table 3-1 of EPRI TR-
100259: the formula used to determine sigma is stated as

d used in the calculation is for the 90th percentile.

ge o -1.64 X (standard deviation of the sample of c5s).
average ¢ +1.64 X (standard deviation of the sample of os).

¢ is only one data point in the original data set; therefore, no distribution can
ative estimates are presented and are to be used with caution.
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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'|N|T'F|HE'52 Flevision Date:  01/23/08
Erwviranment
Lighting Heat/Humidity Radiation Atmosphere
i ¥ * Normal (+ Background * MNarmal
" Emergency " Hat / Hurnid " Green " Steam
 Portable ¢ Cold £ Yelow £ Smoke
" Fed " Respirator requirs

Special Reguirements Complexity of Resp E e \

Toolz [~ Requied [ Adequate [ Available -

Parts [~ Required [ Adequate [ Available
Clathing [ Requied [ Adequate [ Awailable

E quipment Accessibility

Location: | ain Control Roam

Accessibility: ’m

Figure B-27
EPRI HRA methodo e tion PSFs

e impact the operators, the smoke PSF should be checked.
¢l will be at least moderate to high.

If the operators Rave to travel through an area in which the fire has impacted accessibility, the
accessibility field§hould be set to, at a minimum, with difficulty. If the location of the action is
inaccessible because of the fire, HEP should be set to 1.0.

In the EPRI HRA methodology, if any one of the PSFs shown above is considered negative, the
stress (determined 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 Jow stress: PSF=1
e Moderate stress: PSF=2
e High stress: PSF=5

BEID
|F'EIST-INIT-FIF|E-52

Stresz
Flant Responze As
| L Warkload Stress
Lo Q
High
" | High
==» The PSF Selection has to be NEGATIVE becBls w

Figure B-28
EPRI HRA methodology executi s

The selection of stress level be tent with how it is determined for internal events
HRA. The fire may cause ¢ gss initially and in the long term if the operators do not
perceive the plant condigiens tbe improving. For control room actions, the stress level may or
may not be elevated. Ihe level of§stress would be dependent on the control room PSFs.

The actual valuesfised for the execution HEPs of the individual error modes are clearly situation
specific and are determined based on an interpretation of the instructions in THERP [3].
Quantification of the execution portion of each HEP is based on THERP data and techniques.
The various tables in THERP’s Chapter 20 are used in determining the HEPs for the subtasks
that make up 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).

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 P, 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” fo
THERP Chapter 15 describe adjustments to the nominal values, in partic
improved layout and clarity of procedures. For fire procedures that ar
to current EOPs (such as if they are not symptom based and/or dq p e
“response/response not obtained” format), the EOM values fh RP Table 20-7 are used

ructured similar

directly and are not reduced by a factor of 3.
. The application of recovery is included when it is judge%’er 1s enough time for
b

the human interaction. See
endencies.

revisitation, based on the sequence timing and tlme
Item #7 for additional details on the impact o

cedural step and is typically
modeled as the EOM (from Table 20-7) dure step with the EOC modeled as a

failure to read the associated instrument.

In determining the EOM p, valugg; if the human interaction takes place within 10 procedural
steps from the start of the proce

7(2) (long list, with cheg
provisions) are usuall

s) is used. Items 20-7(3) and 20-7(4) (no check—off
¢ procedure is not an EOP. The start of the procedure is
e accident sequence based on policies for the control room
supervisor to conduct a brigf afid thus re-synchronize the entire crew upon transfer of
procedures.

Table 20-1 is for local manual valve operation. This table is also applied
to the opera er local components such as switchgear breakers and room doors.
The dependeng@e between elemental HEPs in the subtasks that make up each p, is handled

using the dependency rules in THERP:

e [fahuman interaction required two of two manipulations for success, p, includes HEPs
for EOC(1) + EOC(2).

e [f 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 p, is quantified within the EPRI 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
THERP St Fact (0] id
Step No. Instruction/Comment Error Type HEP ress Factor verride
Table | Item

E-1.3 Step4 |Locally close 8804 A (73-ft RHR access)
RNO - EOM 20-7b | 4 5
EOC 20-13 E-3

Total 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

-- EOM
EO

4.3E-3
3.8E-3

Total Step HEP |4.1e-02

Table B-16
Example of THERP modeling: execution recovered
Critical Step | Recovery : . Cond. HEP | Total for
No. Step No. Acti HEP (Crit.) | HEP (Rec) | Dep. (Rec) Step
E-1.3 Step 4 Locally close 8302 [ 3-ft access) 2 86-02 2 56-03
RNO %
E-1.3 Step |Check fo ging pp amps, charging
8 injectiofflow, and 'Shpp flow if pps are in 4.1e-02 LD 8.9e-02
operatign
Total 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 on the
plant. For example, the fire HFE may require the action to be performed in the gontext of a
different, fire-induced initiating event than was modeled for the existing EO

Table B-17
Potential changes to consider when updating internal events HFE

Internal Events ents HFEs for Fire

HFE Data

Cues If not previously documented, include onent ID in the cue
identification field. Additionally, the inp on instrumentation are to be
noted.

Procedures and No changes are needeg at the expected procedure

training response is the same gsponse to a fire and to internal events
scenario.

Operator Document fir ific insight® from operator interviews.

interviews

Manpower No ch are nee as a preliminary quantification.

requirements

Time window If th ion of the EOPs is delayed due to the performance of the
dure(s), the delay time is systematically increased by the average
take to perform the fire procedure(s)—typically about 30

.Inthiscase, T__ =T + 30 min.

delay delay base case
ction is a local action, the T, may need to be increased to account for
the additional time it could take for the operators to get to the location due to
etours caused by the fire.

The 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 T  be
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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Table B-17
Potential changes to consider when updating internal events HFEs for fire

Internal Events
HFE Data

Changes to Consider When Updating Internal Events HFEs for Fire

Cognitive
unrecovered

CBDTM

Decision tree P _a: If the fire fully impacts the instrumentation such that
indications are not available, the HEP evaluates to 1.0. If the instrumentation
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 P_b: If the EOPs are implemented in parallel to the fire
procedures, the workload is considered to be high.

Decision tree P _c: If SCBA is required due to fire, communications are
considered poor.

Decision tree P _d: If the fire fully impacts the mstrument
available and the HEP evaluates to 1.0. If instrumen
impacted, cues are not as stated, but credit can
specific training. If the fire has no impact ogmst
impacted by fire.

ially
eneral and/or
ion, the cues are not

Decision tree P e: If the EOPs are implemente
multiple procedures are used.

parallel to fire procedures,

Decision tree P_f: No modification ee for fire.

eded for fire.

Decision tree P_g: No modifi
Decision tree P_h: No eeded for fire.

Cognitive
recovered

CBDTM

- : : l., .
If the time was modified 0 Tire

ensure that the minimum [€

e recoveries need to be reevaluated to
el of dependency is met.

If the instru ation is partially impacted by fire and recoveries have
prewously been 2 d to decision trees P_a and P _d, the recoveries need to

Cognitive
HCR/ORE

Xisting internal events actions, the same sigma value is
alevents. T., should be adjusted to account for any additional
5 time required to address instrumentation impacts. If the fire impacts
entation, cues are not available and the HEP evaluates to 1.0.

Execution PSFs

ChecKkto ensure that, for local actions, the location is still accessible in spite
. If not accessible, HEP = 1.0.

or fire scenarios that impeded communications or if smoke is present such
that it will impact operator performance, the stress should be moderate or
high.

Execution stress

The evaluation of stress should be consistent with how it is applied for internal
events.

Execution No changes are needed.
unrecovered

Execution No changes are needed.
recovered
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B.7.7 Summary of Modeling Fire Response Actions within the EPRI HRA

Methodology

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.

Table B-18

Fire-specific parameters used in the EPRI HRA methodology

EPRI HRA
Methodology

Fire-Specific Parameters to Include in HFE Analysis

Basic event In the Related Human Interaction Field, the analyst should i oth fire

data response actions and any EOP actions that are occurrin same scenario.
In many cases, the fire response actions are perfor overy to an
internal events action. L 2

Cues The Cue field includes documenting the specific inSttcumentations, and any

instrumentation impacted by fire should

For fire response actions, the cue g'a_step in the fire procedures. If
operator interviews confirm th

gp’in the fire procedure as the cue
e operators state during operator

Procedures and
training

Operator
interview

ocumeft insights from operator interviews. The operator interviews include
n on the expected usage of the fire procedures. Are the fire procedures
lemented in parallel to EOP actions? Do the operators intend to use the fire
procedures, and do they believe in the adequacy of the fire procedures?
Typically, 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.

Manpower
requirements

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 P _a: 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 P _b: If the EOPs are implemented in parallel to fire procedures,
the workload is considered to be high.
Decision tree P_c: If SCBA is required due to fire, communi are
considered poor.
Decision tree P _d: If the fire fully impacts the instrumentatio cues are not
available and HEP evaluates to 1.0. If instrumenta ﬁ partially impacted, cues
are not as stated, but credit can be taken for gepera -@ specific training. If
the fire has no impact on instrumentation, thefeu ot impacted by fire.
Decision tree P _e: If the EOPs are imple in parallel to fire procedures,
multiple procedures are used.
Decision tree P_f: Use the ce as for internal events.
ance as for internal events.
e guidance as for internal events.
Cognitive for internal events.
recovered
CBDTM
Cognitive ions that are proceduralized in the fire procedures, the
HCR/ORE gma is used when it has been confirmed by operator interviews that
use and believe in the adequacy of the fire procedures. If there is
about when and/or how the fire procedures will be implemented, the
nd is used.
Execution fire response actions, a high stress level should be used if any of the
execution PSFs is negative.
Ensure 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
evaluates to 1.0.
Execution 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

B-54




Detailed Quantification of Fire Human Failure Events Using the EPRI Fire HRA Methodology

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 Section 3

of this report. The following assumptions were made in the identification process:

e Actions that require multiple spurious indications on different parameter: screened
from consideration.

e Actions that require indication on one of several redundant ghan be screened from
consideration. If the action requires multiple spurious indicati ndant channels, the
actions cannot be screened from consideration.

e Actions that have a proceduralized verification step ¢ ned from consideration.

For quantification, the EPRI approach is not suitable tifly the probability that the EOC
will not occur. Instead, the EPRI approach as @ at C has occurred and then models a
g ,

recovery action. If the recovery action is pro€ in the fire procedures, the guidance for
fire response actions can be applied. If the recoV@ty action is a proceduralized EOP action, the
existing EOP guidance can be applie

B.8 Modeling Fire Effects U he EPRI Methods

sed—not initiator based—the way in which the

C 4.3 are incorporated into the EPRI approach is not
usses each PSF described in Section 4 and how it is addressed
for fire HRA. However, PSFs@refiever considered independently. For example, the cues could
ould impact cues. Where appropriate, this section attempts to

ap specific for fire and focus on how fire-specific scenarios could
pyerlap is situation specific, and the HRA analyst must have a qualitative
understanding ofihe scenario and the EPRI approach before quantification. It is outside the
scope of this appefidix to reproduce all guidance related to the HRA methodology and applied
methods such as THERP [3], CBDTM [2], HCR/ORE [1], and SHARP/SHARP1 [4].

capture some
be addressed.

B.8.1 Cues and Indications
Cue and indications can be mapped to the following parts of the EPRI approach:

e Considered explicitly in decision trees p.a and p_d.

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 T

delay *

e The time it takes for the operators to interpret the cues is considered in T, ,.
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The Cue tield 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.

considered
puriously

e Partial impact: a minimum set of the required instrumentation is available a
accurate. For this case, some of the instrumentation can be failed by the
actuating, giving false indications.

e Total impact: less than the minimum set of required instrumgnta ailable. All
instrumentation required for diagnosis is failed by the fire.
\wdeled

The following examples illustrate the way in which impacted cu

For an internal events case, consider an action in whlch indicators are available and

[10e-01 3 neg.
1.0e+00 (k) neg.
1.0e-01 ey ne.

2.0e-03 (d) 1.5e-03
1.0e+00
5.0e-01 (e) 5.0e-02
1.0e-01
1.0e+00 (f) 5.0e-01

1.0e+00
() 0.0e+00

‘warning of

Al Cues as Stated Do

Specific Training General Training

) neq.

by 3.0e-03
) 1.0e-02
dy 1.0e-01
1 1.0e+00

vpg |0.0e+00

{
Mo 3003 {
1.0e+00 Toe0z {
i
{

1.0e+00 1001
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 p.a and p_d is 1.5E-1 with no recoveries applied.

pca: Availability of information

| Ind. Avail in CR || CR Ind. &ccurate || Wwarndal. in Proc. | ¢ Traningonind.
[Foeod
0.0e+00 —
1.0e+00
2.0e-02
1.0e+00

]
Mo

5.0e-01

1.0e+00

10 e+0i
1.0e+00

ped: Information misleading

‘waming of
Differences

Al Cues as Stated

g [00=400
No

1. 0e+00
1.0e+00

1.0e+00

Figure B-30

Modeling to reflect parti instrumentation due to fire effects

For fire response acti may be a step in the fire procedures. If operator interviews
confirm that the cre low the fire procedures step by step, crediting the step as the
cue in the fire procedtire would be appropriate. However, there are many cases in which the
operators will rator interviews that they will not follow the procedures step by
step and instea for additional information. In this case, the cue would need to be
something that s the operators to at least check the fire procedures. Simply using the step in
fire procedures 1d be inappropriate.

For the partial instrumentation impact case, identification and interpretation of the invalid
indications could be time consuming and, in the worst case, cause the operators not to take the
required actions within the time available. The time it would take for the operators to interpret
and react to a partial instrumentation case is captured in T, ,. In some cases, because of a
combination of spurious and failed indications, the diagnosis is so complex that T, , 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 time:

e T, =system time window; typically the time from reactor trip (T=0) to an undesired end
state

e T,, =time from T=0 until cue is reached

e T _=manipulation time
e T, , = median response time

The Timing Analysis field documents the source of the timing in accordance guithiRASME/ANS
PRA Standard Requirements HR-G4 and HR-G5 [7].

Tiys Tips T,» and T, are used as inputs to crediting recoveries 1n C s trees and the
HCR/ORE correlation.

For fire HRA, T is based on the defined accident sequence e fire PRA. For
risk-significant actlons, this time is based on realistic gener l- ydrauhc analysis or
simulation from similar plants in order to meet PRA Sta, irement HR-G4.

If the dependency analysis module within the
aligned such that T=0 is the same starting poi
fire: there may be cases in which the fire start
impacts are identified for several minutes. This

ol@gy is applied, all HFEs must be
/200 ctice to set T=0 as the start of the
ot require a reactor trip, and no fire

g growth time would be modeled in T

delay *

. This time is a function of the fire and also
by the fire. If the implementation of the EOPs is
procedure(s), the delay time for all existing

T,.., represents the time at which t
takes into account any procedure d
delayed because of the perfo
internal events HFEs is sy

fire procedure(s) — typical T + 30 min.

inutes. In this case, T, = T . e case
T, is best obtained pbservations. For scenarios in which no instrumentation is
impacted by fire, the tlme ould be 51m11ar to the internal events time because the EOPs are
symptom based—not
instrumentatio
partially impac
These are the ca

1s a compelling reason not to. For cases in which the cues are
fire, the diagnosis may not be clearly identified in the procedures.
in which simulator observation would be the most beneficial.

For fire response aCtions, the diagnosis will typically be made in the control room and the
execution local; therefore, it would still be possible to observe a T,, time from simulator
observations. If there is a need to model local cognition, T, can be obtained by talk-throughs
and walk-throughs.
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The manipulation time (T, ) 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 T_be 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 annual
SCBA training; however, in training, operators do not feel time pressure—and therefore this
observed timing could be conservative. For HFEs that require SCBA gear, it should be
ensured that there is enough time to perform the action even with a conservative estimated
time to don gear.

e The presence of smoke. If the operators cannot clearly see the va ed to open, there
may be additional time involved in locating the correct Valvs th i

In some cases, the fire procedures specifically state that the loc st be required within
a specified time. This time can be used as a preliminary estimatcifor By, or T . It can be used for

T _if it is expected that the time does not include diagnosis ction. For risk-significant
actions, the time for manipulation will need to be base lk-throughs and talk-throughs with
operators.

NUREG-1792 [6] and NUREG/CR-6850 [5 @ ut that timing can be influenced by many
other PSFs. In particular, the time to perform amdcCtion 1s a function of (at least) the following
factors that could be impacted by fire. The discusSigns that follow consider only the PSFs and
how they relate to time; discussion ow each of the PSFs is addressed in the EPRI approach is
provided in other parts of this appengi

e Crew. The HRA methods the number of crew required in the Manpower field.
If there is not enough ¢ e all required operator actions in the fire sequence
within the total ti ilable, the HEP = 1.0.

The crew is also
can be credited as@ecoveri€s. During a fire, the technical support center (TSC) will typically
be activat ithi s of the start of the fire and can be credited for actions that occur
later (after is actuated) in the scenario.

The variation{in crew response is characterized within the HCR/ORE by the use of sigma.
The more expdeted variation among crews, the higher the sigma value. For EOP actions,
limited crew variation is expected.

e Human-machine interface (HMI). The manipulation time accounts for the time it would
take for the operators to interact with the plant, that is, open a valve or start a pump. T, also
accounts for 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 T,
would be longer than if the indicators are located on the front panel.

e Complexity of action involved. T,, accounts for complexity in diagnosis: the more complex
the diagnosis, the longer it will take to make a correct one. T_ 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 T . Additionally, T _
accounts for locating and using special equipment such as ladders or keys.

e 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 T, 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, T
accounts for the time it takes for the operators to get into the fire procedures.

delay

e Procedures. The procedure usage will impact all aspects of timing. T, is based on when
the operators receive the cues; if the cue is a procedure step, T, must account for the total
time to perform all previous steps in the sequence. If the procedures are ambiguously
worded, it would take the operators longer to make the diagnosis. This i ected in T
The manipulation time must account for the total time it takes to perfg
steps. There could be several proceduralized steps that are not requi
operators will still perform these actions—Ileading to longer‘ime h the final steps in

the procedure.
e Environmental conditions. Environmental conditions may Me operators’ response
time; this is accounted forin T .

The EPRI HRA methodology uses the following rules
which recovery factors can be applied to each

1. If T, > shift length, Shift Change can be :
2. If T, > ERF activation time, ERF Review cafijpe credited.
3. If T > 15 minutes, STA ReviewfCan be credited.

4. The self-review and extra crew time-based recoveries.

crew availability for determining
iSion tree:

g foll ¢ examples of how the overall estimates of the time
available and time needed t : ae desirable action can be influenced by other PSFs
during a fire. These s i

methodology to mo

nd response by the crew. For this example, assume that the
following PWR is given. The cue is an annunciator, and the operators have 30 minutes
to open the valvelafter the start of the fire before the pumps cavitate due to loss of suction. The
fire causes a spuri@us closure of the valve but does not impact instrumentation. Operator
interviews were conducted; the operators stated that they anticipate the following sequence of
events: trip the reactor, enter E-0, and disperse the fire brigade. After they ensure that they have a
transient and the 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, T, = 30 minutes by definition of the fire sequence, T, = 0 because the
loss of suction occurs at the start of the fire, and the annunciator is received at the start of the
fire. T, 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
operator to locally open the valve. A walkdown was performed; it took the operator 5 minutes to
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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, T =5 minutes for travel
time and 5 minutes to open the valve—the total T is therefore 10 minutes.

The following scenario would be input into the HRA methodology as shown in Figure B-31.

BEID
|‘|Z......3.EHHE-F-A4D Revizion Date:  03/12/09

T

oy, |30 |Minutes ﬂ J

" delay! " J| T P J| Ty 110 7—1
I I |
Unit:  |Minutes = Unit: |Minutes = Unit: | Minutes =
Inerversible

Cblle DramageState
| \ 4

t=0

3

Time available for Recovery = T(zw] - T(m] - T(142] - T(delay] = Minutes
SPAR-H Available time [cognition] Minutes
SPAR-H Available time [exe Minutes
Iinimurn level OvEr HD
Timing Analysiz
Figure B-31
Modeling for timing scenario 1
This timing information is used dire HCR/ORE [1], and the results are shown in

Figure B-32. This action is a CP1.
expected that the crew variationgwi

ma is used because this is an EOP action, and it is
because the scenario models a well-trained

can be used.

Fla LE Sigma UB
0.4 0.7 1
Cpz2 0.2 0.58 0.96
CP3 0.59 0.75 0.91
PR CP1 0.26 0.57 0.53
CPz 0.07 0,35 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 T .

B.8.2.2 Timing for MCR Abandonment Actions

For MCR abandonment scenarios, the timeline is difficult to model. T, r the time at
which the control room would receive the cues and consider abandoni enario involves
smoke in the control room, T, would be the time at which theQm es a specified level.
For a loss-of-control scenario, T represents the time at whic s lost. This time may
not necessarily be at T=0.

delay

T, , 1s the time from which the cue for abandonment is re
decision to abandon. There will always be uncertainty i e, and typically a sensitivity
analysis can be done to establish a bounding c ould be difficult to demonstrate
this in the simulator, this value is typically a st’s best judgment.

1 the operators make the

Unlike T,, T, can be observed; typically the
trained on annually. Depending on t ay be available to obtain an estimate of the
manipulation time. However, traini s are not necessarily performed using SCBA gear
or addressing local fire effects s okgy Given a fire in a specific location, the operators’

ew variation associated with the point at which the
, the upper bound for sigma should be considered when using

methodology. Pragedures are considered explicitly in decision trees p a, p.d, p.e, p.f, p.g, and
p.h and to model EOMs for execution. They are implicitly used in quantification to identify the
cues for cognition and the critical task for execution and to develop the timeline.

As stated in NUREG-1852 [8], there are three roles of plant procedures that can aid in successful
operator performance during a fire:

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

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

o Failures in the operator-procedure interface for diagnosis are modeled in decision trees p_e,
p.f, p.g, and p_h. 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 tasks and

proceduralized recoveries are to be identified, and each critical task is as an EOM and
EOC.
e Decision tree p a addresses procedure usage to assist the opgrato instrumentation is

by the fire or providing spurious readings. For cases in whi artial impact on
instrumentation, a warning in the procedure can be credi avthg a positive impact on
diagnosis.

unreliable. The fire may cause the instrumentation to be unrel&ec se it is either failed
t

ass e Operator if the instrumentation is
he e cues are providing the correct

Decision tree p_d also considers procedure usag
unreliable. The A/l Cues as Stated branch adda
readings. The fire may cause the instruments i8ly actuate, causing false readings. In this
case, the cues listed in the procedures would notW¥g stated. The fire procedure may alert the
operators that an instrument can spuci@@§ly actuatej¥and the procedure warning is addressed in
the second branch.

If the EOPs are implemente
this is modeled in decision er, if the cue for the action occurs after the fire has
been extinguished, the workl@a #hed to decrease.

Decision tree p e als the use of multiple procedures and the effects of working two
procedures at once.
procedures wi i
fire procedure
there are multip

emented prior to the EOPs, the workload could still be considered high if
¢ procedures or if multiple attachments are used at the same time.

In some cases, especially for some ex-control room (CR) actions, procedures might not exist or
be readily retrievable or ambiguous. The analyst needs to perform checks of the adequacy and
availability of these other procedures that would be needed to address the fires modeled in the
fire PRA. Obviously, the amount of training the crews receive on implementing the procedures
and the degree of realism will be 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 p.d, p e, p.f, and p_g would not be applied, and decision
trees p,a, p.b, and p c 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 p_fis
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. SwW
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 Spuriously close.
2. HVAC
ASW Pp Rms: E-101 and E-103 E-103 will remgin a
v

In the example in Table B-19, it is not clear why the same equi Npears in both the
Affected column and the Available column, and the Ambigu orded Procedure branch
would be applied.

nd le€al actions is an important factor in
], training serves three supporting

As with procedures, training for both control rog
assessing operator performance. As stated ind
functions for operator performance during a

e Training establishes familiarity wj ascdures and equipment needed to perform the
desired actions as well as poten ifi

e Training provides the leve

expected sequence of e

e Training gives pefSonnel th
adverse conditioni§, enhan€ing confidence that they can reliably perform their duties in an
actual fire gvent.

typically operators can be considered “trained at some minimum level”
1red tasks. This is modeled in the CBDT decision trees by always selecting
the Yes branch fofftraining. For fire HRA, the crew’s familiarity and level of training (e.g., the
types of scenarios, frequency of training or classroom discussions, and frequency of simulations)
for addressing the range of possible fire compilations and potential actions to be performed may
not be the same as for internal events. “Less familiarity” needs to be accounted for in assessing
the impact of training for fire actions and in determining their HEPs. The less familiarity is
accounted for in decision trees p a, p.d, p.f, 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 p_ a, p.g, and
p.d address general training, and decision trees p d and p_f 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.
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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 p a, p.d, p.f, and p_g.

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 speci
coordination is required for the action to be successful (especially if it invol
in different locations), and whether the activity may require sensitive an
by the operator.

For quantification, complexity is not addressed explicitly for qug i ondwithin the EPRI
HRA approach. Within the HRA methodology, the HRA analy XX itatively assess the
complexity of the action as simple or complex, both for cogaitiomand*®€xecution, in order to meet
PRA Standard Requirement HR-G3 Category I. In generz complex the operator
action, the higher the HEP. For quantification, the EPR @

B.8.4.1 Cognition Complexity

There are very few EOP actions that d require*¢omplex diagnosis because EOPs are

r to make a diagnosis of the initiator for success.
The assumption with the EOPs i erators follow the procedures, they will be

icatiefs can be misleading, making the diagnosis more
complex. Poor cues and ind
the cues and indicatio cted by the fire, it will take the operators longer to make the
correct diagnosis; thi di
considered complex fithe opetators must interpret the instructions because of unclear wording.
Ambiguous wordi odel€d in decision tree p f. Additionally, the use of the fire procedures
is not always s , which would lead to an increase in T_. Sometimes the use of the
procedure is le cretion of the operators; in this case, there will be a greater variation
among crew, and\¢he upper bound for sigma can be used in the HCR/ORE.

For cognitively complex actions, additional crew may be credited in the CBDT decision trees
because it is assumed that the more crew available to assist, the greater the success. Extra crew
members, STA, 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 T . Using THERP, each critical
task is assigned a failure probability; the more tasks required, the higher the failure
probability.

Multiple 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, the higher the complexity. If the action
involves oral instructions among crew members, THERP Table 20-8 is used§for selecting an
EOM. If a crew member must report to other members after completing an additional
critical task of reporting is included and modeled as an EOM using ei or ASEP.

s may need to
. The necessity of

Multiple location steps. During the execution of an action, multi
be visited either by different members of the staff or by one®taf’
visiting multiple locations (e.g., different electrical cabinets i
different panels in the MCR) increases the complexity, parti if coordination and
communication among the staff members are required. y, if multiple locations must
be visited to complete the action, high complexity i ed. Visiting multiple locations
requires a longer execution time, and this is 1 inereasing T_. The more locations
involved, the more critical tasks required y ion, there are more EOCs and
EOMs that can result in a high failure pro

Multiple functions. Multiple functions may need to be performed in the execution of an
action (e.g., both aligning and cofitrotling flow) that will increase the execution complexity

of the action. For each function an EOC value is applied using THERP; for
example, failure to open v C isgelected from THERP Table 20-13 for local action,
and failure to monitor fl, C be selected from THERP Table 20-11. If both

opening and monitorin , the sum of both EOCs is used.

the action would become more difficult to complete because of
complexity should be assumed. Within the HRA methodology, the

ly, accessibility will impact the manipulation time, and it is always ensured
that there is enough 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
respect to what they are trying to accomplish (see Swain and Guttmann [3] for a more detailed
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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 Aigh. 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, PSFs
that make up stress—such as workload, training, procedures, and cues and indications—are
considered explicitly and described previously. The stress level determined in tifg stress decision
tree is reflected as a direct multiplier to the execution using the values showmyi ble B-20.

Table B-20
Stress PSF values

HRA Methodology Stress Level Multiplierto P_, *\

Low 1
Moderate 2
High 5

The first branch of the decision addresses whe e 0 s believe that the plant is
responding as expected. For fire scenarios t ), transient with no instrumentation
impacts, the plant would be responding as expc€€d. The spurious actuation of equipment is not
expected, and, if the fire scenario invg spuriou§pactuation, the No branch would be used.
Another example would be if the o
impacts and MCR abandonment is

If any one of the following
stress decision tree is consi@

e Poor lighting.

e Heat or smoke dug to the &ffects of the fire. It is assumed that the HRA analyst has assessed
qualitative thaigh smoke is present, the action can still be completed.

e SCBA is required.
e Special tools of clothing are required.
¢ Radio communication is required.

e Accessibility 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.

room internal
is may not be
jon on cues).

CBDT addresses HMI issues in decision trees p a, p,b, and p c. For most contr
events actions, these decision trees evaluate to negligible values. For fire HE
the case if the cues and indications are affected by the fire (see the previous

For actions that require local diagnosis, decision tree p c could be i%

indications may not be easy to locate and, when located, they céuld fally impacted by the
fire. For MCR abandonment actions, the remote shutdown pane ample of where the
indicators may not be easily identified.

For the execution of control room actions, the HMI is consi gligible; this is reflected in
the selection of THERP values for EOC. Typicall room actions that require manual
control, THERP Table 12-20 is applied.

Fire response actions may require the operat ate valves or switches that are not

at these valves may not be manipulated as
often, not all of the HMI issues may ssed. All unclearly or ambiguously labeled
valves (i.e., part of a group of two ves that are similar in all of the following: size and
shape, state, and presence of tags) a ressed in the selection for the EOC using THERP.
THERP Table 12-13, Item 5 1s used for the EOC for unclearly or ambiguously
labeled valves.

B.8.7 Environmen

Within the HRA metliodologysenvironmental impacts are considered in the stress level. If the
fire does not dimectly 1 e control room, the environmental conditions inside the control
room are not @ glevant to the success of operator actions because they rarely change
control room haBig@bility. However, if the fire directly affects the MCR by smoke, the
introduction of toXic gases, or fire damage—requiring the control room to be abandoned—
environmental conditions need to be considered as negative impacts to the crew’s success. If any
smoke or toxic gas is present in the control room, the stress decision tree evaluates to high stress
because the plant is not responding as expected (because the HVAC system is failed). It is
outside the scope 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 HFE 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 possible,
the demands associated with identifying such routes and any extra time associat@d with using the
alternative routes should be factored into the analysis. According to NURE 850 [5], if the
action is required to be performed in the same location as the fire, the acti
credited in the fire PRA. If the local actions required a detour becaus e
time for the detours is to be included in T . Additionally, the stggss considered high
because the accessibility for the action is limited by the fire loca \

An evaluation should be performed to address the issue that any €quiptnent necessary for the

completion of hot shutdown from the remote shutdown EZ essible and in working order
e

such that it will not be adversely affected by the fire or ts (e.g., heat, smoke, water,
combustible products, and spurious actuation). Jieki ssgyand success rate in reaching
systems and equipment should be assessed in @ onstration for feasibility or judged
conservatively to adequately adjust for the greage
working in the likely unfamiliar environment and%x-CR controls. If it is qualitatively assessed
that at the hot shutdown panel a pie quipment*would not be in working order and that the
equipment is required for success, t uld be set to 1.0. It is not within the scope of this
method to address repairing equapment damaged by the fire.

ress'and time pressure on the operators

v

B.8.8 Special Equipme

conditions during a fire, the crew may require the use of

, identified in NUREG-1852 [8] as portable equipment, can
include keys, ladders, shlights, clothing to enter high radiation areas, and, for fire,

i ing and SCBA gear. The accessibility of these tools needs to be checked
located and accessed during a fire. If they cannot be accessed during
the fire, the HEP@valuates to 1.0. It is outside the scope of the EPRI method to address locating
secondary equipment if the primary pieces are not available. Furthermore, the level of familiarity
and training on these special tools needs to be assessed. The familiarity with special equipment
can be addressed by choices for EOCs in THERP.

The call for abandoning the MCR might also require the donning of protective gear or SCBA
gear. The hindrance 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 T . 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

equipment or move and connect awkward hoses, this would be reflected
level would be impacted by accessibility. Communication impacts w
increased stress level. ) 4

B.8.10 Crew Communications, Staffing, and Dynamics \

Crew-to-crew variability is modeled in the HCR/ORE bysising ppropriate bound for sigma.
For EOP actions with no fire impacts to instrumeptatio minal sigma case can be used.
For cases in which there could be crew-to-crey bil Iting from fire impacts such as
confusion in procedure, instrumentation imp4 gision making for control room
abandonment, the upper bound for sigma will begfised. Communication is explicitly addressed in
decision tree p,c, and additional crew gam be credited for recovery in the CBDT trees if enough
time is available. The HRA methodg@logy documents the total number of people required for
success; if the total number of crew ed s greater than the total number available, the HEP
should be set to 1.0.

B.8.10.1 Team and C miIC

develops. In pan the procedures are written and what is (or is not) emphasized in
training (whic
systematic and 1
affecting overall
that includes the f0

w performance. NUREG-1792 [6] recommends a review of team dynamics
lowing:

e Are independent actions encouraged or discouraged among crew members? Allowing
independent actions may shorten response time but could cause inappropriate actions to be
unnoticed until much later in the scenario. If this scenario is identified to be modeled, this
would be considered as in decision tree p b: 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 obvious
during a procedure review. For example, if the operators receive a cue such @s an annunciator
and they know that this is an important annunciator, they may be allowe t aside the
EOPs and attend to the annunciator—even if the documented plant protoceigto not leave
the EOPs until directed to do so in the EOPs. For this case, T,, and T ld reflect the
time at which the operators leave the EOPs and acknowled% the iator. Additionally,
if the interviews confirm that all operators will be following C glie, extra crew can be
credited as a recovery in the CBDT.

la;

Are periodic status checks performed by most crews so ryone has a chance to “get on
the same page” and allow for checking on what has er ed to ensure that the desired
activities have taken place? This is addresseddamde e p.b.

umenting both the number of crew required and
lant status discussions by the crew may be delayed
ss opportunity to recover from previous mistakes.
ine as well and in not applying recoveries for cognition.
determined by talk-throughs with operations staff as well as

HRA methodology provides a
the number of crew availa

Such differences
observing simul

n panels and controls, which requires additional coordination

ers. It must be ensured that adequate control room members are

fill the needs of proper shutdown actions from alternate and remote shutdown
e HEP = 1.0.

necessary to
panels. If not,

B.8.10.2 Communication

For both internal 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 p,c, 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 must
dispatch a local operator to perform the action. The indication provides a correct reading showing that
the valve is failed. In addition, the fire procedures direct the operator to locally opethe valve.

operated relief valve (PORV) LOCA.
Table B-21 provides a basic event summary of Scenario 1.

Table B-21
Scenario 1 HEP summary

Analysis Method CBDTM/HCR Combination
P(cog) 3.4e-03

P(exe) 2.5e-03

Total HEP 5.9e-03

Error factor 5

Identification and Definitj
1. Initial conditions: s state, full power
2. Initiating event: fife in Are

e f#ansformer and impacts targets in the plume and vertical trays
ames

3. Accident sequefite (functional failures and successes):

a. Reactor trip, turbine trip

b. No ATWS

c. No containment spray required

d. AFW successful

e. Slactuates 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:
a. Operators failed to detect spurious PORV opening prior to automatic SI actuation
b. Operators controlled ECCS flow to match makeup flow with leakage rate
c. RHR pumps tripped

d. Cooldown and depressurization either failed or failed to be completed before RWST
reaches 33%

5. Operator action success criterion:
a. Recognize that 8804A 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

7. Additional notes: This is an internal events action but not currently mo i . It will be
added to the fire PRA model. .

The current screening HEP for this action is 0.1.

Related Human Interactions A\

Switchover to recirculation on low RWST level.

Initial Cue @
Charging pump amps.

Charging injection flow.
SI pump flow if pumps are in operation.

Cue
RCS pressure decreasing would be the cue operators would be focused on for
diagnosing a stuck-open POR

Monitor light boxes: The ir
that the valve failed to
information. The op
for diagnosis.

he switch would not be available to alert the operators
t the monitor light boxes would be giving conflicting
look at both the position switch and the monitor light boxes

The cue for stafting co ecirculation is RSWT level <33%.
Degree of Clar s and Indications

Average.

Procedures

Cognitive: ES-1.3 (Transfer to Cold Leg Recirculation).
Execution: ES-1.3 (Transfer to Cold Leg Recirculation).
Other: CP-M-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.
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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 8982 A 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.
Simulator, frequency: 0.5 per year.
Operator Interview Insights

The operators stated that it would be obvious that 8804A or B féiled %‘when they
attempted to close it from the control room. In addition to the p n es, the valve
position is also monitored on monitor light boxes. The cabling fog th&nonitor light boxes is
separate from the valve cabling.

The operators estimate that it will take 10 minutes to c n the valve and 15 minutes to
travel to the valve location.

The operators are aware that switchover to re
preview E-1.3 (Step 13 of E-1, Preview EOP;
the preview, the crew anticipates tha will not

i coming and will have an operator
, Transfer to Cold Leg Recirculation.) During
any mismatch on the valve position.

Manpower Requirements

Manpower requirements for S 10 1 are sffown in Table B-22.
Table B-22
Scenario 1 manpow
Crew Mempers luded | Total Available | Required for Execution
Reactor operators Yes 2 1
Plant operaters Yes 2 1
Mechanics Yes 2
Electricians Yes 2
I&C technicia Yes 2
Health physics fechnicians Yes 2
Chemistry technicians Yes 1

Execution Performance Shaping Factors
Execution performance 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 Background
Atmosphere Normal

Special Requirements

Complexity of Response | Cognitive Complex
Execution Simple
Equipment Accessibility | Control room Accessible
73-ft RHR access Accessible
Stress High
Plant response as expected &\lo
Workload

Performance shaping factors

Performance Shaping Factor Notes
Because of the fire and the spurious opening g
The fire location does not prevent the operatd
Stress is considered high.

,t t is not responding as expected.
hing 73-ft RHR access.

Timing
Timing for Scenario 1 is shown in =

300.00 Minutes

T

142

T 2.00 Minutes T,, 25.00 Minutes
delay b |

Irreversible
Cue D amageState

t=0

Figure B-33

Scenario 1 timing

e T_ =300 min = time to RWST depletion
e T,  =180min=RWST <33%

delay
e T, ,=2 min = estimated time to attempt to close the control room switch and realize that

the valve must be closed locally

T =25 minutes based on operator interviews
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Cognitive Unrecovered CBDTM

Scenario 1 cognitive unrecovered CBDTM is shown in Table B-24.

Table B-24
Scenario 1 cognitive unrecovered
P_ Failure Mechanism Branch HEP

P_.a: Availability of information a Negative
P_b: Failure of attention i Negative
P_c: Misread/miscommunicate data a Negative
P_.d: Information misleading a Negative
P_e: Skip a step in procedure c
P_f: Misinterpret instruction b
P.g: Misinterpret decision logic i
P_h: Deliberate violation a

Sum of P_a through P_h = Initial P_ =

P.a Notes
The monitor light boxes in the control room are

P_b Notes
Two hours into the scenario, the workload is
working in both the fire procedures and the EO
monitor light boxes located on the

ed high because the operators will be
he operators are required to check only the
control room for the valve positions.

P.c Notes

Checking the monitor light b uire the use of formal communication to complete.
However, the completion o 3 does require formal communication.

P.f Notes

Not all information Would be @vailable because the position indicator lights may have failed
because of fire. Persomnel are well trained on all EOP steps.

P.g Notes
Failure to close 159 result of lack of training on fire procedures.

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
Py o
o < =
23|38 2|8 o |3
Initial E, 3] é, g é u I o Final
> S
[ = = = ]
»n | W o S
P .
a“ Negative - - - - - - 1.0e+00
P. .
b Negative | X - - - - - 1.0e-01
P.c | Negative | - - - - - - | 1.0e+00
1;“ Negative | - - - - - - 1.0e+Q0
Pee | 3.0e-03 - - - - - - 1.0e+ 3.0e-03
Pt | 3.0e-03 - - X - - - 10¢e-0 3.0e-04
EC 10e-03 | - | - | X 1.0e-04
EC Negative | - - -
3.4e-03
Note: Due to time available, STA is cr,
Cognitive HCR/ORE
Sigma for Scenario 1 cogni E is shown in Table B-26.
Table B-26
Sigma table
Plant Ty Re Type LB Sigma UB
BWR CP1 0.4 0.7 1
CP2 0.2 0.58 0.96
CP3 0.59 0.75 0.91
PWR CP1 0.26 0.57 0.88
CP2 0.07 0.38 0.69
CP3 0.77

Sigma: 3.8e-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.

%
Q.
v
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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 Stress Factor | Override
Table | Item
E-1.3 Step 4 |Locally close 8804A (73-ft RHR access)
RNO - EOM 20-7b | 4 5
EOC 20-13 E-3
Total 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
- EOM 43E-3 5
EO 3.8E-3
Total Step HEP |4.1e-02
Table B-28
Scenario 1 execution recovery
S L 2‘:::";;" Acti HEP (Crit.) |HEP (Rec.)| Dep. C°('§'c"")EP T°;:‘;;°’
E-1 .éNS(t)ep 4 Locally close 8 [ 3-ft access) 2 86-02 2 56-03
E-1.3 Step |Check fo ng pp amps, charging
8 injectiod, and Sl ppdlow if pps are in 4.1e-02 LD 8.9e-02
operatign
Total Unrecovered| 2.8e-02 Total Recovered| 2.5e-03
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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
for Human Event Analysis,” or ATHEANA human reliability analysis (H
quantifying many of the human failure events (HFEs) identified in the fir

Specific guidance describing the process for applying the method is d 1

Technique
od, in
els.

NUREG-1880 [1] and NUREG-1624, Rev. 1 [2]. ATHEANA i 1 thodology
specifically designed to identify, model, and quantify errors or 6n (EOCs). However,
this approach may be used in any instance in which a simpl hodology is not valid
because of the complexity of the scenario (especially tho g d1agn051s or cognitive
complexity that could result in multiple credible paths ich operators can choose).
ATHEANA is based on reviews of operating e nically challenging domains
plex technologies) combined with
: ience. A key observation that drives
the ATHEANA approach for NPPs is that “real”®EEs do not usually occur randomly or as a

anel). Instead, HFEs in these situations occur

situation for which their training and procedures

, ¢ other unusual set of circumstances occurs (i.e., the

operators are “set up” by thejepgfatidial context). In such situations, incorrect assessments are
atus of the system being monitored or controlled, and subsequent

eral or may even be detrimental.

certain indications because they ar
when the operators are placed iamg

It is likely that ome i0s may have complicating characteristics that match well with
HEANA was designed to address. So, when fire scenarios and
equately covered by the simplified fire HRA, the potential for the
scenarios being icularly challenging and the need to perform an ATHEANA analysis should
be carefully considered. Certainly, fire scenarios with the potential for unexpected spurious
indications or equipment actuations that would be difficult to track and understand would be
strong candidates for an ATHEANA analysis.

related HFEs ¢

This appendix 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 prior
to quantifying HEPs). Also note that although the process presented in the figurg appears to be
mostly linear, in reality these nine steps can be an iterative process.

E Objectives and 1 ) 1.
! technical concerns Define and Interpret
; of the analysis 1 the lssue 2
" 2. A
Define the Scope
the Analysis
—>

PRA perspective
and model

i development i
i (initiating events, | > 4
; sequences, i Define the
1 success criteria, ! P .
! relevant human ! < Corresponding HFE
H actions) H inal Context or UA (or EOC)
6.
_______________ > Search for Plausible
Deviations of the PRA
ild Lead to Potential Scenario
ulnerabilities

Error- Forcing Context |

v $

7.
Evaluate Potential to
Recover from the
HFE/UA

A 4

9.
Incorporate
HFEs/UAs and
Corresponding HEPs
into the PRA

8.
Estimate the HEPs for
The HFEs/UAs

A 4

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. Although it
is recommended that analysts review the introduction to NUREG-1880 and all 0fthe
ATHEANA steps prior to quantifying fire scenario HFEs, the identification s, their
inclusion in the fire PRA models, and much of the fire context and relatedw on needed to
apply the ATHEANA quantification process will have already been e overall fire
PRA and identified in applying Steps 1-3 (Sections 3-5) of thiwep@

C.2.2 Step 3: Describe the Nominal Context !\
C

In this step, the analyst will determine and document th rogression of the scenario,
that is, the scenario that represents the most realistic d 1@n of expected plant and operator
behavior for the selected issue and initiator. T 1 ould contain elements such as the
following:

e Initial plant conditions
e Sequence of events and expected'timing before and following reactor trip

e Plant system and equipmentgigsponise

e What the operators wil ajectories of key plant parameters and indications)
e Key operator acti

Regardless of the H
not unique to ATHE

e scenario progression

applied, the process of describing the scenario is universal and
uch, much of the information needed to put together this scenario
ted as part of the qualitative analysis described in Section 4 of this
ort to note that—because this scenario description provides the bases of
quantification usifig an expert elicitation process—it is important that the description and its
related context be'®lear and uniformly available at an appropriate level of detail to enable the
experts to visualize the scenario and assess the importance of various parts of the context as it
relates to performance of the human actions of interest.

There are several 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 PRA
scenario may create a challenging operational situation for the operating crew. Typically, the
way to describe the impact of a challenging operational context is through the,id@atification of
driving factors, often called performance shaping factors (PSFs). The plant condi
performance shaping factors together define the error-forcing context

As described elsewhere in this report, a spectrum of performande in g factors (e.g., PSFs,
timing, dependencies, available staffing, informal rules, progresgiono cenario) should be
evaluated in order to pinpoint specific factors that could lead to apotemtial vulnerability or
positive factors that contribute to success (typically, only a ors are key drivers to
performance). Again, much of this information may ha gathered as part of the qualitative
analysis, but the search here is intended to be m talled than what is required for
screening and/or scoping. Operators and trai ole in this step. Ways to identify
vulnerabilities include the following:

e Investigation of potential vulnerabilities due tOfBiases in operator expectations (through their
training and operating experieng) via the review of training materials, observations of
simulator exercises, and intervi

REG-1624, Rev. 1 for examples)

— Evaluati al rules and EOPs, especially with respect to critical decision points,
or sources of confusion in procedure logic, mismatches between the timing
scenario and that underlying the procedure development, and special cases
such as preemptive actions

Appendices B, C, and D in NUREG-1624, Rev. 1 provide examples of the types of results that
could be developed 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 evalua
always considers both the complete EFC and the occurrence of the UA(s).
is scenario specific (i.e., separate analyses may need to be performed for
versus the base case), and dependencies are incorporated as part of t nalysis.

Performance of this step is linked with quantification, and iteratien erithese steps is likely.

, recovery
very analysis

C.2.6 Step 8: Quantification

The ATHEANA methodology uses a formalized expert-gpinio itation process to estimate
the HEP rather than specific rule sets or a similar struc nvert the effects of these
important influences into an HEP.

The process begins by assembling the inform
operational stories—describing how the scenari
each context identified. The resultin

in Steps 3—7 into narratives—or
ight unfold; a narrative will be developed for
ational s@@nario description may include the following:

1. Additional plant conditions that
accident sequence analyst

o be quantified as part of the HFE (unless the
event trees or fault trees)

2. Distinctions in the timifig anfpbehavior (that might need to be addressed as part of the
HFE, unless logic i i

3. Instrument or in ion isgue(including failures) that will need to be reflected (for fire,
these might be expli

4. Different ure paths or response strategies that operators might rationally take
erators might take different procedure paths
6. Credible recovery actions

In developing the information addressed by the last three elements, the HRA analyst is likely to
need help from 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 th&experts’
experience will help calibrate the group and avoid the “that can’t happe lant”
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, it may hemece to calibrate the experts

against a probability scale such as the one prov

b. Note: The HEP solicited is a distributi clPa mean value.
7. Construct a consensus HEP.
a. Each expert should discuss a tify the HEP estimate they provided.

b. Openly discuss the opinions néeessary, refine the HFE (iterate). Discussions
should continue until igtribution is reached.

8. Repeat previous tasks

9. Perform a

antification process, along with specific guidance on how to
ocess, control for bias, and so on, can be found in Section 3.8 and
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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 occasional

failure if all of the crews/operator
this scenario.

experience

Operator(s) is “unlikely” ~0.01 1 out of 100 would fail. T
to fail low, and we should®iot s&e
crews/operators we

Operator(s) is “extremely | ~0.001 1 out of 1000 w,
unlikely” to fail i

desired action is so easy
ivable that any crew/operator

Note: These values are meant as calibration poin eteavalues. The 1E-03 value is not intended to be a
lower bound.

C.2.7 Step 9: Incorporate HEP o PRA

After the distributions are obtaingd, can/be incorporated into the PRA. If there is a range of

UAs or EFCs, the distributiop$’cambe ved and the resulting distribution used for the HFE

in the PRA (see Equation @ @ g.are, however, some cases in which it is more appropriate
oExplicitly reflect the different contexts and/or UAs. These cases

to alter the logic of the
and their implicationgfare discusSed further in Section 3.9 of NUREG-1880 [1].

P(HFE C |S)*P(UA, | EFC,,S) Equation C-1
where:
S nario. Full operational story (might not be equivalent to PRA scenario).
UAs = unsafe actions. Different procedure paths leading to undesired outcomes

and associated reasons for taking them.

EFCs = 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 guidance
provided in Sections 3—5 of this report. In addition, although there are overlaps between
ATHEANA'’s Step 5 and the qualitative analysis guidance given in Section 4g0f this report,

identified using the guidance in this report and their potential irg)act performance have
been thoroughly considered. After applying Step 5, if potentially i leatory factors have
been identified (see NUREG-1880, Section 3.5.2.3), Section 3.6%. EG-1880 should
also be reviewed. This section provides guidance on determiingWwhether deviation scenarios,
such as those with potentially important aleatory influen be carried forward to the
quantification process.

will be necessary to apply the
pntinuing with quantification. In Step
the HFE being analyzed in the context of each

ppthe description of each scenario is extended
ions to justify the judgment of either a high or low

When Step 5 and Step 6, if necessary, have bg ple

using the information obtained in t
recovery potential. This information

expert elicitation process tlt g.advantage of the entire knowledge base gained in
performing earlier step Sithiat the team of experts should be expanded to include experts
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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 detailed
assess human performance information and HRA, but mostly covered by 4, Qualitative
SO on. Analysis.
Step 6: Search for deviation scenarios. Probably not needed enarios are already

“deviations.” ¢

Step 7: Assess potential for recovery. Similarto S

Step 8: Quantification (explicitly addresses
dependencies and develops uncertainty
distributions)

ppreach than scoping trees (Section 5)
RA Approach (Appendix B);
approach to dependency and uncertainty

* Note: Initial HFE identification and définition will be addressed by Section 3; however, further refinements
may be required in later steps of the fi ss (including quantification).

C.3.1 Additional Guida
ATHEANA

Qu

ive Analysis of Fire Scenarios Using

This section provide
when using this repo

ion of how to specifically apply the ATHEANA HRA method
. Remember, the objective or final result of the ATHEANA qualitative
analysis (Steps,3 and is@'full operational scenario description, or “operational story.” The
resultant narra nclude accident progression and as many details as are reasonable,
such that opera ainers can “put themselves into” the scenario because, in quantification,
those experts willlbe asked, “What would your crews do in this situation?”

To accomplish this understanding of possible operator performance in fire scenarios, the analyst
must obtain, for example, an understanding of the following:

e Procedures used in fire scenarios

e Use of those 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)

e Development of insights from training, experience, or demonstration of fir
actions (both in-control room and ex-control room), including the use o
equipment

e Timelines or other ways to represent the time-sequencing (i ev .., plant behavior,
equipment, and operator response) in fire scenarios

usiig ATHEANA should
ers and, as needed, other

Then, for each HFE and associated fire scenario, qualitative H

address the following (with the help of and input from opera

experts, for example, in operations, PRA, and thermal i

1. Identification of any factors (e.g., specific fife sce ditions, timing of plant conditions
and behavior associated with the scenarie @ availability of specific equipment—

including equipment degradations) that maygiitfluence different operator decisions or actions
(identified previously).

2. Identification of any tradeoffs (i€., o ors have to make impromptu choices between
alternatives for which there may oth positive and negative effects) or other difficult
decisions (see Table 9.15 4, Rev. 1 for examples of other potential problems

in “response planning” ‘@ era may need to make.

imdications mislead operators to take, or not take, an action) (see
4, Rev. 1 for examples of scenario characteristics that could lead

Table 9.15b in N

starting with the fire PRA scenario description, different procedural paths or choices, and the
reasons for these different choices. (Note that, for each different sub-event, this analysis
results in the development of the qualitative description of the EFC.)

The first item 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
are modeled and their quantification. In particular, for the application of all fire HRA

C-10



Detailed Quantification of Fire Human Failure Events Using ATHEANA

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 to
fail. Instead, some deviations from the expected or planned-for accident scenario must occur in
order create a context in which operator failure is credible.

that represent
the PRA-

However, some accident scenarios, such as fire events, already have charact
operationally challenging events for operators. Consequently, further deviati
defined scenario are not needed to identify potential causes for operato
NUREG-1624, Rev. 1 (particularly Section D.6) describes a sn%lar
water event.

C.3.3 Additional Guidance for Quantitative Analys@cenarlos Using

ATHEANA
After the qualitative analysis described previo g @formed HFE quantification using
ATHEANA can be performed. For HFE quan n G-1880 [1] is the best reference
for analysts to use in applying ATHEANA. Bg Sipossible that HFE sub-events may be
identified, quantification may include three majofjelements:

for a loss of service

Quantification of the frequency @f different plant or fire conditions (that would cause or
influence operator understandin 1 Ghoices)

2. Quantification of the prq of dififérent operator understanding and/or choices (given

the plant or fire conditi

3. Quantification of ilur&§probability for the HFE (or HFE sub-event) given Items 1 and 2

Analysts have the ch@ice of défining new HFEs (instead of HFE sub-events, called unsafe
actions in NUREG-1 UREG-1624, Rev. 1 [2]) or summing the HFE sub-event
probabilities.

Based on experiéfice in applying ATHEANA, most of the effort is in identifying and developing
the elements of afi§operational story” that represents what the experts think is important to
operator behavior. When this agreement is reached, reaching a consensus in final quantification
by the operational experts is usually not difficult (if using the tools and techniques for facilitating
expert elicitation, such as those given in NUREG-1880.)

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.

C-11



Detailed Quantification of Fire Human Failure Events Using ATHEANA

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 expgrt panel of
trainers.

e When explaining answers, one trainer brings up a possible influence specific plant
condition or equipment failure) that no one else has con51dered

e Because everyone agrees to the validity and importance of t analyst either:
— Asks everyone to include this factor during quant1ﬁcat1o 0

— Defines a new HFE to address this newly define

For example, uncertainties in timing estimates (sg 4.6.2) can result in important

y equivalent to the “tipping
sausephey are not predefined or as easily
1S the same. Although not required, the
ntify andiseparate such cases that equate to “tipping

sensus among the expert panel and developing the

identified), the effect in ATHEANA quantificat
ATHEANA user might find it easier
points” in timing estimates since re
associated distributions might be si

tion in fire PRA is the strawman list of sources of

. This list might be helpful in exploring “worst case” and
with the expert panel, providing seeds for discussion about
how timing estimategiand other po8sible scenario conditions might vary.

Such redefinitign of t nd associated operational scenario descriptions should be done
both for and b ional experts who are participating in the expert panel for quantification.

C.3.5 Additional Guidance for Addressing Operator Response to Spurious
Indications

Because one principal reason that the ATHEANA HRA method was developed was to address
EOCs that might result from operators not understanding the real accident context (including
potential instrumentation 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 HRA

to deciding to take an action or make a procedure transition, 2) do not requi
the (erroneous) indication, and ¢) in practice, tend to correspond to easil

consistent with operator “informal rules” for protecting plant equipm : off pump due
to high lube oil temperature). In other words, it may be difficultgo j a@lEP less than 1.0 for
such spurious indications. However, there may be other HFEs t 0 et all of these
criteria; investigating those initial failures might be fruitful.

To investigate the possibility of recovering from an EOC due rious indications, the
ATHEANA analysis should include factors addressed i oping approach as a kind of
feasibility test:

e s there time to recover?

e Are there new cues or procedure steps for recomery?

e Are initial actions reversible?
e [finitial actions are not re

Then, additional factors su mg and experience can be explored with operational
experts. In such cases, ence may not need to be fire specific.

estigate other impacts of spurious indications on operator
ibed in Section 4.10. In such cases, the fire scenario may not be
all of the spurious indications and alarms that could occur. In
tions and alarms might be present that are unrelated to the actions
required for safe§hutdown but could still be a distraction or delaying factor in operator response.
As discussed in S&tion 4.10, the resulting impact on operator response might be minimal or
extreme, and it might be difficult to predict operator response in a specific fire context. For
example, it might seem reasonable to expect operators to ignore spurious indications for certain
secondary-side systems. However, real-world accidents have shown that operators can become
focused on preexisting 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 to perform tatled analysis on

a specific HFE or set of HFEs. Steps 1 and 2 of the ATHEANA process, iela the definition
of the analysis scope, are already defined by the scope of the PRA. In this ¢ le, the HFE and
associated context have been defined by the fire PRA as showndn Fi . The HFE is as

follows: Operator fails to manually align 115-kV alternate p ing loss of both
buses and EDG:s fail to start. R

AILLIRE OF 115K FLAG FOR FIRE
RMATIVE POWER SCENARIOE
QOURCETO DE

]
‘ ﬂ 0L.00E+00
1
115K T 0B FAILS MO POWER TO T200%AT

ELIE XEwiDA MORMAL
FEEDER EREAKER

15k -1DE-FIRE| A CP-005

I 1
| AMCEBKRTODE XFR | | | | CAEBLE DAMAGE | | ATF 4 AND B FAIL |

Figure C-2
HFE in failure of 115-kV alternate power source fault tree

C.4.2 Step 3: 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.

2. Turbine trip successful.

3. AFW failed due to the fire.

4. Pressurizer PORV spuriously opens due to the fire.

5

. 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 load the
bus.

7. Given that the EDGs do not start (or start and trip) or if the EDG output

aker would not

alternate feeder breaker (or reclose the normal feeder breaker), pdweshust be removed
from the ESF loading sequencer (ESFLS) to remove the trip-

8. Buses XSWI1DA or 1DB must be energized from the alternatge poter source.

Note: DC power is available until the batteries deplete u power is restored.

OP)0. Step 3 of EOP 0 verifies that
Blackout Procedure, Emergency

Onthe operators will check that buses 1DB
and 1DA are energized. Again, both buses are deer erglzed so the procedure will lead the

Procedurally, upon reactor trip, the operators wq
buses are deenergized, which takes the operatg
Contingency Actions (ECA) 0.0. In Step 10 O

=

(¢}

operators to AOP 304: Loss of Bus watliiNo EDG. Binally, in Steps 17 and 18 of AOP 304, the
operators will find the relevant resp@nse aetigns for this HFE. The required operator actions
include the following:

1. Shift supervisor directs gt
2. Reset ESFLS to cleaigtripSignal (Step 17 of AOP 304; execution is local, skill-of-the-craft).

a. Local plant operator, sgatidhed at or near the main control room (MCR), gets ESFLS
and proceeds to the relay room.

b. Local ons flash gear
c. Local pl perator opens left cabinet (~2 ft from floor) and locally removes power
from the [@ading sequencer.

d. Local plant operator alerts control room operator that the trip signal is clear.
3. Close breaker in MCR (Step 18 of AOP 304; execution is in MCR and proceduralized).
a. Control room operator will ensure that Bus IDA 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 norma1| 18 IF XSW1DA normal power source is
power source: NOT available, THEN energize
XSWIDA 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 ALL.F Breaker. [
c. Verify BUS 1DA potential lights []
are energized. c) Verify BUS 1DAwpo Tights [

are energi

Figure C-3
Steps 17 and 18 in AOP 304

Nominal Conditions

he relay room is accessible, and there is
clay room or en route to it. Given a SBO event,

Given the location of the fire and the layout &
no degraded environment (e.g., no smoke) in tf
lighting will be significantly reduced (igg., flashlig
performed in these conditions. The 1 i
procedures. All other factors are av

Working Parallel Proced

In this plant, fire proced erformed in parallel with the EOPs. Because of potential
coordination issues, ti€ interacti@u of the two procedures has been carefully examined, and an
integrated timetable Created (88e Table C-3). The timing presented in the table is based on a
combination of job pégforman€e measure (JPM) timing requirements, simulator observations for
non-fire SBO 108, a talk-through with multiple operators to determine how the
nominal timing adjusted in a fire scenario.
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Table C-3
Integrated scenario timeline
Time Event Comment
T=0min 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 ECA 0.0;

Procedure transition brief held by shift OPER2 designated to §tart reviews of
supervisor (SS) to alert all control room Fire Procedure (FF,

staff that they have an SBO and fire.
They will be entering ECA 0.0.

T =5min OPER1 begins ECA 0.0.

T =7 min Step 4 of ECA 0.0: dispatch local plant
operator to investigate failure of AFW. i sy restoring AFW and not
to assist in additional actions.

T =10 min STA arrives.

T=15min | OPER1 reaches Step 10 of ECA® By this time, OPER2 has finished
notifies SS that they to transi to | reading 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 =15 min Seven contingent time-critical actions
(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.

T=20min | OPER1 begins AOP 304; OPER2 OPERZ2 dispatches one local plant
begins directing FP actions. operator to perform FP actions.

T=35min | OPER1 arrives at Step 17 of AOP 304 Cue for action. Because a majority of
(locally remove power from ESFLS). 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, which
has a 15-minute time uirement; this
has been verified by, obServations of the
JPM. The timing st n the
operator is give strctions to
perform thi ) des donning
,@nd ends when the
en completed (end

thisire scenario, an additional 5
inutes was added, based on a
down, to account for the fact that in
a fire scenario the local plant operator
must walk back to the MCR to report
that Step 17 has been completed.
Radios are not available during a SBO
in this plant, and cable tracings were
not performed for the phone lines and
so cannot be credited.

T =60 min Fire is exti . Determined from detailed fire modeling,
accounting for location and available
fuel sources.

T=90min_| Co m occurs if action not Determined from thermal-hydraulic run
or . for loss of AFW and SBO with one
primary PORYV stuck open.

Considering that the operating crew will be in parallel procedures, staffing for this HFE was also
examined during the talk-through and determined to be sufficient to perform the necessary
actions. Other factors such as training and familiarity with using parallel procedures for both
board operators 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 oxx 1 1
operators
Plant operators 7 4 3

ccupied due to the fire.

**Two is the minimum staffing requirement; during the day, there are
available.

¢
*This includes members of the fire brigade and staff occupied with FPs t]
allyighree control room operators

C.4.3 Step 4: Define HFE and Unsafe Acti

amines the HFE in the context of the
s or UAs. This is Step 4 of

After the nominal scenario is described, the

r fails to manually align
115kV power

I
Opeérators Fails to Operator fails to
initiate manual properly align
alignment power

HFE

UAs ™

Failure to close breaker
in MCR (step 18)

I
Failure to locally
remove power from
ESFLS (step 17)

\/

Figure C-4
Breakdown of HFE into UAs
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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

After the control room operator initiates manual alignment (dispatches the 1
the local operator can fail to remove power from the ESFLS. This is a we
skill-of-the-craft action that requires no diagnosis. This action is also a it is trained on.
In this case, the only credible mode of failure is an EOC (e.g., remoy, r from the wrong
component or opens the wrong switch). If this happens, there is ng,l fegdback, but the MCR
will have clear indications that the ESFLS signal has not been “N ause of the lack of
reliable remote communications due to the combination of fite (1@ teldphone lines credited) and
SBO (limited radio communication), no immediate feedbagk 1 ilable. The local operator will
@ ad been made and then go back and

need to travel to the MCR (~5 minutes) to find out an e
perform the action again (another 20 minutes). &
from 57 minutes to 82 minutes, leaving 8 migl tore core damage. Therefore, there is
sufficient time to recover from this action, but' [

C.4.3.3 UA3: Failure to Close Br in MCR

The final opportunity for failurein thi§Sequence is failure of the control room operator to close
the breaker in the MCR and 2 ea e power (Step 18 of AOP 304). This is a MCR
action with immediate feed@a ant.power restored). The control panel layout is such that an
EOC is not likely. The d cues and a long timeframe (33 minutes) for recovery. Given

the high potential forffecovery UA is not considered for further analysis.

C.4.4 Steps
Potential

7: S r Vulnerabilities, Scenario Variations, and Recovery

Steps 5—7 in the ATHEANA process (Figure C-1) are iterative in nature and are aimed at
creating a set of plausible operational stories, or variations on the nominal scenario, that can be
used in quantification. The key to these steps is to understand whether there are any contexts that
could lead to crew variability or create potential vulnerabilities in the crew’s ability to respond to
the scenario(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:

e 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. However,
they are trained on SBO as crew, not as single operators. Fire procedure training does not
include performing the procedures in parallel.

e Parallel procedures: The fire is ongoing during this scenario, so a porti ¢ staff will
be unavailable to help with the EOPs because they will be in the fire ures. Operator
talk-throughs verified that adequate personnel are available for t ssafy actions in this
scenario. While operators will be going through two procedfires %1 (FP and EOP), the
relevant steps of the FP have been examined and do not co EQOP actions. While

the control room operators will be operating in parallel, the shift Swpervisor’s attention will
be split; the shift supervisor is a key decision point at s¢ aces in the procedures.

e Communications: Communication lines impacted (no radios) and landlines
potentially impacted by fire (no cable traci timeline should be adjusted
appropriately.

— Previous steps in the ECA/AOP (e.g., lo
due to extra time required for, municati
explicitly accounted for in the timeli

actions such as Step 13) might cause delays
, delaying the cue (Step 17). These are not

— Generally, local plant travel back to the MCR to report.

e Stress due to fire: So o ongoing fire and related distractions.

e Efficiency of cre rdination:
— Crew variations that c@uld result in variability in the time to perform actions and
effectiveness nication back to control room.
— Toom fire.

—  “Weaker’{erews that do not perform well working on procedures in parallel.

— Shift supervisors who are not experienced in coordinating the use of EOPs and fire
procedures in parallel, especially being cognizant of operational priorities that are present
in both procedure sets.

e 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 contexts, and/or HEPs (if needed);
each expert independently provides a HEP (may be the same as the initial judgment or may
be modified).

6. Arrive at a consensus HEP for use in the PRA.

with this HFE. Now is the time to apply these vulnerabilities to ga ntified in Step 4. In
this case, each UA will be examined independently. Note: An unga tion may have multiple
operational stories if multiple credible contexts (EFCs) nee xamined separately.

Previously, the analysts searched for potential vulnerabilities arfé sc riations associated
e

Prior to quantification, the experts were calibrated usi sgale in Table C-1. The experts
were also informed that although 1E-03 was thg calibration scale, it does not

As discussed previously, the only ctedi ure mechanism for the crew to fail to initiate
manual alignment is for the cre ntly delayed or distracted such that they miss the
timeframe for action. In this as 33 minutes to initiate the action and still have
time available to carry out the ofpmier to core damage. Plausible variations explored during

discussion with the pl RA experts include the following:

e Crew variations, Such as these two extremes in possible timing outcomes:

— A meth is good at taking time to work through the procedures and talk
throug ial conflicts. The crew works well as a team and relies on one another.
TrainingWgfdone as a team on both the non-fire SBO procedures and the fire procedure,

ol room operators are a bit slower in working through their respective
procedures'when they are performed in parallel, depending heavily on the shift supervisor
for coordination, 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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— SSis 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 SBO.

— Fairly significant fire (lasting 60 minutes), so there may be many unaccQunted for
distractions (e.g., failed indicators and/or spurious indicators not directly$elevant to this
HFE but that may take time and attention away from operators).

— End-of-shift fatigue.

After exploring these factors, the driving factors were split into oties: those that extend
the timeline and those that affect performance. For those factorsgth the timeline, the
experts were polled to determine the minimum and maximug timing Variation that could be
expected due to these combined factors. The extended timelin rs include slow crews,
minimum staffing, excessive travel time for local actio istractions, and SS as a funnel
point. The experts estimated minor variations o rdef of J0—15 additional minutes to get to
the critical procedure step and 5-10 additio s to perform critical procedure steps. With

this additional time factored in, the time for r be reduced to as little as 8 minutes.
This, however, does not jeopardize the timeline f@gthe actions themselves.

Note: Because such a large timefrafie w ailable for this action, this rough approach at
timing analysis was determined to quate for quantification. If there was less time margin,
the experts could choose to ugto two different contexts—one with worst-case
timing and one with nomi o_and then combine the HEPs using a weighting based on

the likelihood of the giv iext (see Equation C-2).

Equation C-2

Other driving fact@rs the operators considered in producing their estimates include a range of
experience levels, a mismatch between training (heavy interaction as crew) and reality (relatively
autonomous), reduced cognizance of timeline due to distractions, and stress due to fire.

Considering 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 99th
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 . 0.05
Consensus 1E-04 1E-04 1E-03 3E-03 5E-03 5E-02

*

The final step was to “sanity check” the final distribution. In thi x
sanity check:

istribution passes the

actions are well trained, proceduralized, havegaslon elihe and a high potential for
onfusion or misdirection.

e Holistically, on average, the action was determined @“ix ely unlikely” because

e Probability capped at 1E-04.

e Worst case falls between “unlike fail and*$infrequently” fails because, even in the worst
case, they still have buffer time

e Tails of the distribution a ely accodnt for the effectiveness of crew collaboration and
the specifics of timing.

C.4.5.2 UA2: Failur ocC Remove Power from ESFLS

This is a local action¢hat is pr@ceduralized/skill-of-the-craft. A long timeframe is available for
the action (53 minute ilaple for an action that takes only 20 minutes). There is sufficient
training on the cause it is a JPM. However, training on this action is done in a non-fire
n addition, the JPM timing is based on nominal conditions and accounts for
the availability offinany local plant operators to help with the procedure. With only two local
plant operators available for the EOP/AOP in this scenario (four are assisting with the fire and
one is attempting to restore AFW), the operator in question may be fatigued from rushing around
and performing the higher workload. Given the fast pace and general stress, the local plant
operator may 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 UAL, 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 contribution
due to an EOC was considered negligible (~1E-4), even discounting recovery ofithe local action.
C.4.6 Step 9: Incorporate HEP into PRA

After the individual HEPs are calculated for each UA, they can be cq @" &d into one distribution
using Equation C-1. In this case, however, our HFE simplifies to @neWdA with one context, as
shown in Figure C-5. \

Operator fails to manually align @
115kV power

|

Operator fails to elfor fails to
initiate manual progerly align
alignment power Negligible
I Contribution to
’b - overall HEP
A2 f'_[l_"\ UA3
|
F#ilure to locally

femove power Failure to close
from ESFLS b"ee{‘ztee' |n1§;:(:|:¢
(step 17) P19 —

Figure C-5
Summary of HFE Logic

Therefore, for this HFE—Operator 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 guidance
and cautions on the development of mean values from discrete distributions.

C.5 References

1. U.S. Nuclear Regulatory Commission. NUREG-1880, ATH’EAN r’s Guide, June 2007.
2. U.S. Nuclear Regulatory Commission. NUREG-1624, Revisi echnical Basis for
AYAY

Implementation Guidelines for A Technique for Huma

May 2000.
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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 PRA

Standard [1]. The intent of examining the relationship between these documentsiis twofold:

e To ensure that relevant technical issues as defined by the PRA Standard nsidered in
the development of this guidance

e To examine how the fire HRA guidance provided herein magps t Standard
supporting requirements and their variations by capability cat sure that the
guidance can meet the capability category desired by the us

e idelines to perform an
assessment of their own fire HRA against the PRA Stay gquirements, not only for the HRA

Tables D-1 and D-2 correlate the ASME/ANS F
fire HRA guidelines section where guidance applicable to that requirement can be found. The
PRA Standard requirements that differ b ability Category are indicated with a category
designation before the description, S 1I for Capability Category II. Groupings such as
Cat I-1I indicate that the PR ard ement covers both Capability Categories I and II.
Where no category designa the PRA Standard requirement is the same for
Capability Categories |

being studied and th
guidelines ha
goal of the fire

vel of detail of the analysis. Based on public review comments, these

i to reflect that meeting Capability Category III is not the intended
ever, because fire HRA depends heavily on the evaluation of plant-
specific features\t@’evaluate the performance shaping factors that influence the assessment of
feasibility and théjgalculation of an HEP, it may be necessary to go into greater detail for those
unique plant-specific design elements influencing the analysis to ensure that they are properly
reflected in the results.

Table D-1 contains 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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D-2

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

throughs with operators to validate response
modeling.

HR-A Systematically identify calibration, test, Pre-initiating events HRA is not
inspection, and maintenance (pre-initiator) applicable to fire PRA (see Section
activities that may impact the availability of 1.3).
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 L 2
human failure impact as an unavailability at the
appropriate level (function, system, train, or
component).

HR-D Systematically identify pre-initiator HFE
probabilities based on plant-specific
activity-specific influences on hu
performance.

HR-E1 Section 3.2, Internal Events Operator

Actions.
Section 3.3, Fire Response Actions.

HR-E2

and performed by control
ose and recover a failed
, or component.

HR-E3 I: Conduct walk-throughs/talk- Section 4.2, Information Collection.
threughs with operations and training to verify Section 4.5. HRA Narrative.
that'actions are consistent with actual plant ) ’ o
operations and procedural practices. Section 4.6.1, Cues and Indications.

Section 4.6.3, Procedures and
Training.
HR-E4 | Cat Il and lll: Use simulator exercises and talk- | Section 4.2, Information Collection.

Section 4.5, HRA Narrative.




Table D-1
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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 Requirement

S

HR-F1 Cat | 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.

Cat lll: Define HFEs that represent the human
failure impact at function, system, train, or
component level as appropriate. L 2

HR-F2 | Cat Il: Complete HFE definition via accident Seclion'®b, HRA Narrative.
sequence—specific cues, timing, procedures,
and train-level tasks required to achieve the
response goal.

Cat Ill: Complete HFE definition vi
sequence-specific cues, timing, £

and specific detailed tasks at ind
component level (e.g., pumps or va
required to achieve the f the response

HR-G1 | Cat II: Perform detaile r risk- Screening: Section 5.1, Screening Fire
significant HFEs g values for | HRA Quantification (for non-risk-
non-significa significant HFEs).

Cat lll: B iled analysis for the o . ) .
estimatfion of human¥iailure basic events. Scoping: Section 5.2, Scoping Fire
HRA Quantification (for non-risk-
significant HFEs).
Detailed Analysis: Appendices B and C
(for both risk-significant and non-risk-
significant HFEs).

HR-G2 | Address cognition as well as execution errors Scoping quantification (Section 5.2),
in HEP estimation. the EPRI approach (Appendix B), and

ATHEANA (Appendix C) all address
cognition as well as execution.

HR-G3 | Catll and Ill: Address plant- and scenario- Section 4.6, Performance Shaping

specific cues, timing, procedures, and other
PSFs for HEP estimation.

Factors (PSFs).
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:
Internal Events PRA [1]

Relevant Fire HRA Guidelines
Section(s)

HRA Requirement

7]

HR-G4 | Cat Il: Use appropriate realistic generic T-H Section 4.2, Information Collection.
ana_lyses or simulgtion from similar plaqts 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 Information to
on plant-specific T-H analyses or simulations. | Develop HFE Narrati
Section 4.6.2, Ti a PSF.

HR-G5 | Cat II: For significant HFEs, base time required
for actions on walk-throughs/talk-throughs of Scopi tificati
procedures or simulator observations. coping uantincation

botPcon plant-specific T-H
Cat Ill: Base time required for actions on walk- ana
throughs/talk-throughs of procedures or
simulator observations (for all, not just for
significant HFEs).

HR-G6 | Review post-initiator HEPs to ensur tion 7, Documentation.
consistency with each other and
reasonableness considering cont

HR-G7 Section 6.2, Dependency Analysis.

HR-G8 Section 6.3, Uncertainty Analysis.

HR-H1 Section 6.1, Recovery Analysis.
Cat IlI: Include recovery actions to restore
equipment 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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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 Requirement

S

parameters (particularly timing for HRA), use
realistic applicable T-H analyses from similar
plants.

Cat lll: Use plant-specific TH analyses.

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,
characterize, and quantify pre-initiator, post-
initiator, and recovery actions considered in
the PRA, including the inputs, methods, and L 4
results.

HR-13 Document sources of model uncertainty and ctign 7, Bocumentation.
related assumptions (as identified in QU-E1 Py 2.4, Assumptions.
and QU-E2). . :

tion 6.3, Uncertainty.
OtherR

AS-A1 Explicitly model in accident sequenceg@analysis | Section 4.5, HRA Narrative.
the appropriate combinati of syste
responses and operatofractio at affect key
safety functions for ea ediinitiating
event.

AS-A4 | For each mod ating event (in Section 3.2, Internal Events Operator
accordan , identify Actions, and Section 4.5, HRA
necess actions to achieve the Narrative.

itefla (see Notes 1and 2). | ATHEANA, Appendix C.2, Identifying
and Defining HFEs, and C.5,
Quantification.
AS-A6 ents sequentially according to the | Section 4.5, HRA Narrative.
nse of the systems and operator actions
acc@rding to the accident progression event
timing. Where not practical, provide the
rationale used for the ordering.
AS-A9 | Cat ll: For accident sequence progression See HR-G4.
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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)

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 | \j,4esired éperator Responses to
in the accident sequence models or system Spurious Actuation.
models.
SC-A For accident sequences, supporting
Note 2 | requirements AS-A2, SC-A3 (SC-A4, if
applicable), AS-A3, and AS-A4 are intended to P
be used together to capture the specification of
the set of systems and human actions
necessary to meet the key safety function
success criteria.
SC-A3 | Specify success criteria for key safety AS-A4.
functions identified for each initiatin tt
is modeled.
QU-E1 | Identify model uncertainty sources. Section 6.3, Uncertainty Analysis.
QU-E2 | Identify assumptions m in the PRA model Section 2.4, General Assumptions.
development.
QU-E3 | Estimate CDF rgs interval and See HR-D and HR-G8.
intervals assoClated i arameter
uncertaintig )6 and HR-G8), including
state-o orrelation.
QU-C2 | Addres Section 6.2, Dependency Analysis
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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.

Section 2.
Response Actions.

HRA-A3

Cat Il: Identify new undesired operator actions
associated with single instrument failure-
caused spurious indications (see ES-C2)
(e.g., due to verbatim compliance with the
instruction in an alarm response
when separate confirmation is
required).

Cat llI: Identify new un

resulting from failure
two instrumen
verbatim co
alarm respd

confirmatien i

, HFEs Corresponding to
ired’Operator Responses to
s Actuation.

ection 4.6.1, Cues and Indications.

HRA-A4

ough procedures and

nt actual plant operations and training

See HR-E3.

HRA-B1

I-II: Define HFEs that represent the
impact of human failures at function, system,
train, or component level as appropriate,
grouping responses into one HFE if the
impact is similar or can be conservatively
bounded.

Cat lll: (no grouping).

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.

D-7



ASME/ANS PRA Standard and the Fire HRA Guidance

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 II: Complete HFE definition via accident
sequence—specific cues, timing, procedures,
and train-level tasks required to achieve the
response goal.

Cat Ill: 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.

See HR-F2.

HRA-B4

Cat Il: Consistent with ES-C and HR-F,
include HFEs for cases where fire-induced
failure of any single instrument could cause
an undesired operator action, or explain basi
for inapplicability.

inapplicability.

Se&

HRA-C1

Cat II: Quantify HEP

related effect @

-significant HFEs;
ic impacts to previously

: Quantify HEPs and account for fire-
ted effects using detailed analysis in
rdance with HR-G.

See HR-G1, -G3, -G4, and -G5.

HRA-D1

D-8

Cat II: Include recovery actions to restore
equipment as needed to provide a more
realistic evaluation of significant accident
sequences.

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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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, Docu tation.

Other Requirements

ES-C1

Identify instrumentation relevant to operator
actions for which HFEs are defined or
modified to address fire PRA scenati

ES-C2

1) of any single instru
each operator action
that could cause an erator action

the PRA.

ted with each operator
essed and 2) that could
sired operator action related to
sign credited in the PRA.

See HRA-A3.

FSS-B1

ine and justify conditions assumed to lead
toWICR abandonment and/or reliance on ex-
control room operator actions, including
remote 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 II: 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.

PRM-B2

Verify the dispositioning (settling or putting in
order) of the peer review exceptions and

deficiencies for the internal events PRA and
that this does not adversely affect the fire
PRA model development.

PRM-B6

Address AS-A and -B in the con

PRM-B9

-y

\ mentation.

Section 3.3, Fire Response Operator
Action Categorization; also see SRs
under AS-A and -B.

odels or split
podification to include fire-

el according to HLR-SY-A and

Section 4.2, Information Collection.
Section 4.5, HRA Narrative.

PRM-
B11

el all operator actions and operator
infliences in accordance with the HRA
element of this PRA Standard.

See HRA-A through -E.

PRM-
B15

Model any new accident progressions beyond
the onset of core damage identified according
to PRM-B13 to determine the fire-induced
LEREF 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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E

SUMMARY OF TESTING AND REVIEWS

E.1 Objective

Two important steps in the development of the joint EPRI/NRC-RES fire HRA guidelines were
subjecting the guidelines to review and testing. Reviews were conducted by an independent peer
review team, and a public comment period. The fire HRA processes included inthe guidelines
were also subjected to hands-on testing. Early in the development process, t
were submitted to a panel of independent technical area experts from bot and within
the NRC for their review and feedback. After the peer review was co d, the methods were
subjected to hands-on testing at two nuclear power plants. The #po s then issued for public
O

comment. As part of the public comment period, the fire HR%d i ere further tested by
0

the PWR Owner’s Group and by some of the method developm

Each of the review and testing activities was highly val evelopment of this report.

As a result of lessons learned and feedback receiyed fr th the peer review and the testing
ral revisions. The project team is

or their time and invaluable input to

grateful to those who contributed to all of thé§eg
this project.

An overview and some details abou eview and"test activities are provided in the sections
that follow.

E.2 Independent Peer#

The objectives of the p v were 1) to evaluate the methodology to ensure that it is

technically sound andfwi the needs of the intended users, 2) to identify any significant
deficiencies in the p
be addressed and the
3) to ensure th
usable for the i

ology is documented in a manner that is clear, concise, logical, and
dience.

Along with the draft copy of the document, the independent review panel members were given a
set of instructions that included the following questions to keep in mind while they were
conducting their review:

1. Is the technical approach sound and reasonable?

2. Are the selected HRA models appropriate for the application?
3. Are the assumptions presented in this methodology reasonable?
4. Does the guidance meet its stated objectives?
5

. Is the writing clear and of acceptable quality?
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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 reviewer
documented their feedback and submitted this documentation to the guidance development team.
Each comment from the peer review panel was reviewed and assessed by the pr@ject team. Based
on these comments and the feedback received during the peer review meeti
were made to the document and to the scoping trees to prepare them for

E.3 Testing Objectives and Scope 'S

After the peer review was completed, the guidelines were subje N rounds of hands-on
testing. Testing was included in the process because the guidelingidevelopment team felt that it
was necessary to put the methods through a process to h: e whether the assumptions
used in developing the guidance would hold up when a actual plant-specific fire

scenarios. Subjecting the methods to testing al i h level “reasonableness” check

d inaccuracies, and assessing the
ting conducted as part of this project did

uality verification and validation (V&V) analysis

availability of adequate detailed H
i pe of this analysis.

is not practical and is thereforeg

For the purposes of this praj¢
(HEP) values that a) w
perspective, b) were
for the same action,

ally logical from a probabilistic risk assessment (PRA)

n values derived in the test plant’s internal events analysis
not higher than the screening values obtained using the
NUREG/CR-6850 H ing method [1]. The underlying assumption behind this definition
of reasonablengssu probability of an operator committing an error when conducting a
given action in ? % should increase when fire effects are introduced. Conversely, the
probability of an'€rror should not decrease given that fire effects are present. If the fire HRA
methodology yields a lower HEP than the one yielded by the plant’s internal events HRA, it
would suggest that the assumptions in one of the two analyses are incorrect. A key point to
remember is 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.
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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 #I 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:

Exercise fire HRA method broadly enough to evaluate the adequacy o uidance and
test the applicability of scoping and detailed HRA approaches. 4

Results should identify areas where guidance is insufficient or vements to the logic
structure of quantification approaches are needed.
In particular, the following items should be tested:

1. Test the scoping flow charts by applying th ast one action for each branch in
the structure.

a. Verify that the qualitative questions ppropriate.

b. Check the quantification v for reasomableness (i.e., that the new HEP values are
not lower than the internal{eve lues or greater than the screening values).

2. If possible, also apply the HRA approach and compare with the internal events

assessment.

obtained HEPs, both in terms of face validity and the relative
ifferent types of conditions, should be evaluated. The method
R and a PWR. There is an assumption that there will be an

le at the selected plants or at least a fire PRA that has developed
¢ extent that the human failure events (HFEs) have been identified
PRA models.

The reasonablen

e Obtain a copy of existing fire PRAs and relevant plant procedures (emergency operating
procedures [EOPs], fire procedures, and alarm procedures) for review (two weeks before
plant visit).

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.
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If 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.

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 EOCs or S

2. Existing internal events ex-control room HFEs
a. No expected fire effects ex-control room in termsef sv@i SO on
b. Potential fire/smoke effects ex-control room \

3. Fire response actions A
a. Fire manual actions (FMAs), including pr, ive and reactive actions according

to NUREG-1852 [2]
b. HFEs with potential fire effect
4. HFE(s) from a MCR abandonment d

HFE(s) from a scenario th

tion (EOC and EOOs )
o0 habitability scenario

ht requir¢’use of the alternate shutdown panel for

range in the result.

Step 2. Visit plant (tw. nt) and obtain support from plant PRA and training staff to:

E-4

Revise selec FEs if some events are not suitable for testing.
Apply scopingquantification approach and, where appropriate, the EPRI HRA approach to
selected HFEs.

— Support will be needed from training and other plant personnel to make scoping path
selections 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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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 application?

E.3.2 Testing Scenarios Plant #1

Prior to the plant visit, the project team was given a set of plant procedu five

t
scenarios was proposed for use in evaluating the scoping methodolo lan®¥#1, including
one or more scenarios in the five categories of 1) existing interifal e infportant to the fire

PRA, 2) new fire PRA HEP not in the internal events PRA, 3) spufiguStimdticed scenario, 4)

spurious/false indication causes inappropriate operator action, and 5 in control room
abandonment.

These scenarios are summarized next. Q

Existing internal events HEPs important tQ rio. Fire starts in the turbine

building, causing loss of offsite power and of
diesel fails to start. The emergency condensers sugcessfully actuate on high RPV pressure, there
is no stuck-open ERV, and there is n jor incredse in reactor recirculation pump leakage

(no LOCA). The operator actions siowndmsligure E-1 are important to reach a success state.

y diesel; the redundant emergency

success

Figure E-1
Operator actions for success state

e ZECOl—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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— 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.

ZOMUI (with ZOUO1) and ZLTO1—makeup to the ECs is required in order to continue EC
success for 24 hours. Procedures instruct operators to control EC makeup (Z€OMU1 models
this but assumes that they isolate per cooldown and then ZOUOI or 02 is ired to ensure
that the valve is opened—these should probably by combined into ong H as not to
waste makeup water (FCV from makeup tank to EC shell fails ope makeup tank
to overfill shell and flow out the overflow to drains), but failure t is only shortens
the time window for ZLTO1.

—  Procedures: ZOMU1 N1-SOP-33A and SOP-21.1, Tabl N
— Procedures: ZLTO1 N1-SOP-33A and SOP-21.1 e&m

pk | , pfocedure directions in CR
anks (B1'369 of TB)

and between 2 and 18 hours after fire initiator
ility of EC shells)

— Cues/instrumentation: EC shell, makeup

— An operator is required to be at EC mdl

— Time window: within %2 hour for ZOMU
for ZLTO1 (depends on ZOM d availa

e Success means that an BE c rol pressure, heat removal, and inventory for 24
hours.

in core damage although, with future modifications and
arger, a success path is possible as described previously for

e Failure is assu
the use of a al
ZECOI.

ZHRA4—when batteries discharge (4 to 8 hours, depending on load shedding, ZOLS1), RPV

pressure a onitored for plant control purposes in the east/west instrument
room and i ecessary to reach a success state unless the new modifications
(coming) havgfbeen implemented (portable charger allows ERV to stay open and ensures

in the CR).

—  Procedures: SOP-21.1 for ZOLS1 and SOP-29.1, Alternate Instrumentation
— Cues/instrumentation: loss of CR instruments and battery voltage

— An operator is required to be in east/west instrument rooms (EI 281 of RB)
— Time window: 4 hours after fire initiator if no load shedding

e Success means that plant control is retained without DC power

e 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 HRAI,
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 could
result in EC isolation (assumed in the PRA).

In this scenario the fire starts in the turbine building, causing FCV-29-137 or FCY-29-141 to fail
open. There are two key operator actions associated with this scenario:

e ZFL0O3—operators prevent overfill given MSIV closure or loss of | air

— Procedures: N1-SOP-1

— Cues/instrumentation: RPV level !\

— Main control board

— Time window: 3 minutes @
e ZFL02—operators prevent overfill given g @ tra

— Procedures: N1-SOP-1

— Cues/instrumentation: RPV 1

— Main control board

— Time window: 3 min

e ZFLOl—operators reco

—  Procedures:

— Cues/instrum@ntation: RPV level and pressure

Spurious/false in@ication causes inappropriate operator action fire scenario. Fire starts in
reactor building (e.g., R2A, R3A, or R4A) or turbine building (T3B, El1 261 West), impacting
cables to Annunciator K1-4-3 (EC11) and K1-4-5 (EC12); false indication of EC line break.
(Signal on X 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 likely to
be irreparable damage to the buses/boards; they have simply lost all of their powgr feeds, causing
loss of all loads on these buses/boards. Offsite power actually remains avail 1
provided again to the buses/boards by reclosing necessary breakers, alth
this cannot be done from the main control room because of damage t r switch
controls on Panels A4 and AS. '3

In the C3Na fire scenario, occurring in the area of the feedwate M, the panels in the
main control room, the fire causes a ramping up of the feedwaterf§supply to the reactor vessel
(e.g., via spuriously increasing the pump speeds and/or fully 0 g the feedwater regulation
valves) and an overfill of the vessel. For initial fire P ing purposes, this is assumed to
clyfloss@f feedwater (either because of

umps or operator shutdown and
cram), and loss of control rod drive
(CRD) initial injection (no credit is given in the 1itial fire PRA model for early CRD injection,
and N1-SOP-1 directs securing of C mps by the operator in such a situation). In addition,
the overfill condition is assumed to{ia Cs unavailable or at least ineffective due to the
vessel overfill condition. It is that the smoke and conditions of the fire are
sufficient to cause the oper he control room.

ba

E.3.3 Testing Sce t #2

Prior to the plant visif, an engiicer from Plant #2 gave the project team a set of plant procedures
as well as four detailedyfire sg€nario descriptions intended to challenge the scoping HRA
flowcharts in ways. The four scenarios chosen were modeled in the plant’s fire PRA
and needed ana eyond a screening analysis to obtain a better HEP. These scenarios had
detailed fire modeling available, and the impacts to instrumentation were known.

Table E-1 lists the scenarios tested, the scenario’s classification, and the flowcharts that were
used to test them.
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Table E-1
Classification and flowcharts used for the scenarios tested
Scenario o e 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
directed action to manually action
control LCV110/111
4 Operator responses to Undesired operator
spurious 4-kV Bus F ground | response action ¢ rigus EOC
annunciator
5 Operator fails to deenergize | New action added fi CR abandonment

PORV/closed to mitigate
spurious operation during
MCR abandonment

fire PRA

Scenario 1: Locally open 8804 A/B for high-
PORV LOCA. The fire starts in a tra

trays adjacent to the flames. Importaftt i
breaker to vital buses and other bus

sure recirculation following a spurious
impacts targets in the plume and vertical

V and disable its block valve. Attempts to
pto auto safety injection fail.

tions including initiating event: reactor trip, spuriously opened
11 LOCA, no containment spray required.

feedwater successful, Bus G ECCS equipment is impacted by fire.

3. Operator actions preceding the key action: controlled ECCS flow to match makeup flow with
leakage rate. Tripped RHR pumps.

Symptoms/indications (other than cue): PK03 (RWST level <33%)).
Consequences of success or failure: if unsuccessful, core damage.

Operator action success criteria: align cold leg recirculation via 8804A/B.

A

Time cue is received: 180 minutes.
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8. Manipulation time: 25 minutes.
9. T, =120 minutes +180 minutes.
10.T, =T, —-T, —-T

ey — 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. Assumptions/initial conditions including initiating event: fire starts in cabinet, reactor trip
occurs simultaneously with fire alarm actuation in the control room, CCW outlet valve
spuriously closes, and CCW flow is lost.

2. Preceding functional failures and successes: fire damages equipment in roonijIncludes most
SSD equipment associated with Bus F.

3. Operator actions preceding the key action: immediate operator acti to open
spuriously closed valve is directed in CP M-10. This recovegy is @ to occur prior to

EOP action to align standby train.

4. Symptoms/indications (other than cue): numerous annunciat@is/a s from reactor trip, loss
of some indication due to fire; may see other annunciato te as a result of CCW flow

loss.
5. Consequences of success or failure: overhe em to above 140 degrees, and
fails its loads.

6. Operator action success criteria: place the standby heat exchanger in service with flow from
an ASW pump.

7. Time cue is received: N/A.

8. Manipulation time: abou ute
9. T, =90 minutes.

10.T, =T, -T, —-T

Cue: fire alarm actu

Scenario 3: ed action to manually control LCV110/111.

1. Assumptions/iftitial conditions including initiating event: fire starts in electrical cabinet;
reactor trip occurs simultaneously with fire alarm actuation in the control room. AFW Pumps
1 and 2 are impacted, as is LCV.

2. 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.

4. Symptoms/indications (other than cue): RCS temperature and pressure increasing.
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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. T, = 135 minutes.

10.T=T, —-T —T,, =120 minutes.

delay

Cue: fire alarm actuated; decreasing SG level; all SG and level instrumentation available.

Scenario 4: Operator responses to spurious 4-kV Bus F ground annunciatog, To test the
spurious EOO and EOC flowcharts, the plant provided the following examp HFE it

identified in its review of ARP procedures. The review of the ARP was pgrfo accordance
with the guidance in Section 3 of the draft guidelines. The complete was not

provided or defined because this action has not yet been incorp@ate he fire PRA. The
analysis for this HFE focused on how to use the flowchart; it was ed that the spurious
flowcharts need additional clarification. \

Scenario description:

The following annunciator spuriously actuates in the ¢ om: AR PK-18-23 —4-kV Bus F
ground OC alarm.

The logic for the 4-kV Bus F ground is show =2.

Charging pp
SI Pp Fdr
ASW P
Aux Fw

C@W pp
480 v Bus 1 F 4Kv

Alarm

Figure E-2
Logic for the 4skV Bus F ground

Step 5 of the procedure consists of the following steps:

5.1 Check annunciator typewriter printout for equipment having the group.

5.2 Shut down the running pump, or open the 4-kV breaker 52-HF-10 feeding 480-V Bus F.
5.3 Notify maintenance services to locate and repair defective circuit.

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.
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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.

T, = 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, ISBP, and DSDP.

E.3.4 Operator Interviews
On the first day of the plant visit, the HRA team—along with ti{fé pl @eer—met with two

a
reactor operators to gain insights on how they would execute th: given the specific
fire scenarios. The intention was to find areas in which the operators @uld potentially be tripped
up by the circumstances of the scenarios and to figure out w he assumptions made when
developing the scenarios were valid. In general, the op believed in all cases that the
actions could be successfully carried out, given adimgirc anees presented. This was as
out their abilities to safely handle

any situation that develops in the plant.

After the interviews with the operator at,down with the plant engineer and stepped
through the flowcharts using the sceffari
on how the logic in the charts held

E.3.5 Testing Results/L

Overall, the testing eXercises ighly beneficial to the fire HRA guidance development team.
The team got an intefim look at how the flowcharts performed, given realistic scenarios. The
team also had gh o introduce the methods to some of their potential users and get
oniacl at both plants posed several insightful questions and made valuable
suggestions on to improve the scoping flowcharts. The interviews with plant personnel prior
to testing the flowgharts also gave the team insights on how the operators are trained and how
they use their procedures and instruments to diagnose problems. This gave the team a better idea
of how well the scoping trees actually modeled operator actions.

For example, during the interviews at Plant #2, the operators emphasized that they would not
open the fire procedures 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
whether the travel path was accessible. Branches were added to the flowcharts to account for
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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 and
were appreciative of the team’s efforts to develop guidance for performing this part of their fire
PRA. The scoping trees underwent several iterations after the peer review and bgth the first and
second round of testing exercises to get to the resulting trees included in the gui

the test plants.

E.4 References ¢ @

1. U.S. Nuclear Regulatory Commission. NUREG/CR-6850, I 1989, EPRI/NRC-RES

Fire PRA Methodology for Nuclear Power Facilities. S r 2005.

Note: When reference is made in this document to /CR-6850/EPRI 1011989, it is
intended to incorporate the following as we

Supplement 1, Fire Probabilistic Risk A ods Enhancements. EPRI, Palo Alto,

CA: September 2010. 1019259.

2. U.S. Nuclear Regulatory Commj
Reliability of Operator Manual @cti
in Response to Fire, Octobga2007.

. NUREG*®1852, Demonstrating the Feasibility and

E-13






-

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

The development and definition of time margin are provided in Sectlon

(i.e., the ratio between the available time and the time required, essen tra time
avallable) is included not only to account for potential shortcomgngs asibility assessment,

but also to account for potential variability in crew response t1m ore, time for
recovery is implicitly accounted for in extra time being availabl r orming the action.
The feasibility assessment gives a close approximation o equlred by an average crew;

however, it does not address the reliability of the actlo argms are used to account for
potential variability in crew response times in dete¥in s using the scoping flowcharts.

The larger the time margin, the more likely th crew performance will be enveloped
and the lower the HEPs that can be assigned.

A time margin also provides a safety
judgment in predicting the amount
accurately accounted for in the feas
the extra time is included to

the following:

uired for aspects of the response that cannot be
sment, especially under stress [1]. Specifically,
tial unexpected fire effects and variabilities such as

e Individual differe
e Crew difference

e Variations g fire t related plant conditions

ecreated in the feasibility assessment

provides guidance on developing timelines to help with the assessment of the
time margins that €an be assumed to be available.

In general, for the scoping HRA quantification, a time margin of at least 100% or a factor of

2 additional time must be available to provide a safety margin and allow assignment of an
optimal HEP 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 in
crew response times is possible, analysts should at least initially select conservative estimates of
response times and refine the data later should the HFE significantly impact the®fire PRA model
quantification results (i.e., dominate the cutsets). See further discussion in Se@ti .6.2.

F.2 Performance Shaping Factors

In the construction of the scoping fire HRA quantification, the ? icifly addressed were

those deemed to be the most relevant for the fire context that wluld¥accotint for variation in crew

performance. In particular, the concern was with factors thaggwer@thotight to lead to the greatest

variation in crew response and the desire to encompass t € affecting human

performance of actions taken during a fire. The PSFs ¢ d for inclusion were based on
ifcmes -GJ3 [3] and discussed in

Before entering the scoping flowcharts, there is @ginimum set of PSF criteria that must be met.
As described in Section 5 of this rep i e8¢ minimum criteria does not preclude the

scheme discussed in Secti
performance influenci
and execution of the
skill-of-the-craft.”
actions being
including any
any equipment
available and ac

erators should be trained on the use of the procedures and the
raining on the action should cover all steps of the action,

When this minimum set of criteria has been established, there are several PSFs addressed
explicitly within the flowcharts. Some of these PSFs are covered within the flowcharts because
they were likely unable to be accounted for in the feasibility assessment. In general, the PSFs
included in the flowcharts are explicitly included because it is expected that these PSFs could
induce significant 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 whether
the complexity should be assessed at the high or low level.

Likely status of the fire (ongoing or extinguished). The likely status o ¢ is measured
based on the time since the initiating event. For conservative estimat initiating event is
considered to coincide with the start of the fire. Based on informati&fi ndix P of

NUREG/CR-6850 [4] and FAQ-08-0050 [5], most fires are®xti or contained within

contextual variable included within the scoping flowcharts b it addresses other
important factors that may be critical but that are not di within the scoping
flowcharts. For instance, if an action needs to be co d before the fire has been fully
suppressed, additional factors not directly addmesse il the flowcharts may inhibit the

s accessibility to the action site;
filigrfire procedures and coordinating and
¢, if the fire has not been fully suppressed and
1Quld be evaluated in determining an
appropriate HEP level (e.g., level of e or other hazardous toxin in the air). Therefore,
these additional PSFs are as in§tances in which the fire has not been suppressed.

70 minutes of the start of the fire.” The measurement of ti art of fire is a
a
ke

Amount of available ti i ditional timing question posed in the scoping
approach to distinguish -term and short-term events. The time available, also
known as the tim the amount of time from the occurrence of the relevant cues
that is available
, and @ny remaining extra time (e.g., time for recovery). Within the
stinction is made between long-term events (i.e., events that have

e time available) and short-term events. The distinction is based on the
simple assumption that shorter time window events could be more susceptible or sensitive to
minor distracti@ns and diversions related to the occurrence of the fire than longer timeframe
events. With only a relatively small time window, such distractions could have a
proportionally greater impact than when larger timeframe events are involved. These
requirements are intended to account for potential distractions related to the fire (even if it
has been extinguished) that could significantly delay response times and pose a greater threat
to completing actions for short-term events.

scoping flaWeh
more than

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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e 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 to
ongoing fire effects at the action location or in its path. Fire effects limiting ¢he ability to
proceed to or through an area may include the presence of flames, intole eat, water on
the floor or in the area, high amounts of smoke or other toxin impeding b or

visibility, and illumination of the area.
e Time margin. As discussed in Section F.1, a measure of tirfle m@ncluded to account

for the uncertainty not directly addressed through the feasibii ent or other PSFs
included within the flowcharts.

F.3 HEP Values @
F.3.1 Base HEP Value

The scoping fire HRA approach differs from th
reduce undue conservatism by allowi edit for

time margins. Therefore, the HEPs
compared to other traditional HRA

1

reening fire HRA approach in an effort to

& manner, this HEP is the best achievable in the scoping fire
-3 is defined in ATHEANA [6] as the value for “The operator is

possible for the fire
HRA approach. The
‘Extremely Unli

scoping approal llowing specific conditions are required to attain the HEP of 1E-3:

e Minimum PS¥ criteria have been met prior to entering the flowcharts

e Procedures match the scenario, indicating a straightforward diagnostic situation
e Diagnosis and execution take place within the MCR

e Fire effects 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 on the

is the nominal value of 1E-2 adjusted downward to reflect the availabilit

nominal HEP from SPAR-H is also adjusted downward to reflect low, (“obvious
diagnosis” in SPAR-H), which is consistent with the conditions¢for t r optimal case in
the scoping fire HRA approach, an HEP of 1E-4 is obtained. Thj at the base HEP for

the scoping fire HRA approach (fire is no longer ongoing, and esse ly optimal conditions are
present) is conservative by an order of magnitude relative t ifar conditions (except that a
fire-induced initiating event was not involved) in SPA

e at assigned through the use

of ASEP [9] for diagnosis within the time allg he t1 for diagnosis is equal to 30
minutes. It also matches the HEP for diagnosis qual to 20 minutes and the lower
bound is used. Justification for the use of the low€gbound in this instance is assumed because the
diagnosis of the action is relatively si and straightforward, with more than adequate time
available. It is believed that the posifiv itions assumed for the base scoping value, including
the assumption of a longer tim ¢ event (30 minutes available) and a 100% time margin,
parallel the conditions in A pr a similar value. Furthermore, it should also be
noted that the HEPs produc [9] are argued to be conservative values.

portion of the HEP, SPAR-H [7] stipulates a value of 1E-3
inal conditions and would produce even lower values if the

ing fire HRA approach were treated in SPAR-H. ASEP [9]

Ps for executing actions relative to the scoping fire HRA approach
base value but in the ability to reduce these values significantly (i.e., to 4E-3) when it
is a simple task, With moderate stress and a second crew member to verify the action. Therefore,
it is argued that th@re is not significant disagreement between the scoping approach and ASEP.

The base HEP in the scoping approach is also cg :jl '

For quantification of ghie execu
for executing actiongiunder n

Similarly, walking through the tables in Chapter 20 of the THERP manual [8] in the following
manner results 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 applied to the
HEP depending on the level of the PSFs. These multipliers were used in the detgrminati
HEP values displayed in the HEP lookup tables featured in Section 5 of this
determination of the HEPs, as the conditions of the scenarios deteriorated,or
negative (e.g., time margin of less than 100% or high smoke levels requi crew to wear
SCBAs), the multipliers were applied cumulatively. In other words, i
two (or more) PSFs were applicable (negative influence on per K e multipliers for the

PSFs were applied consecutively in determining the final HEP.

Table F-1
Multipliers Used for increasing HEP values to reflect
poorer conditions

Change in PSF coping Approach Multipliers

Fire effects ongoing (i.e., less than 70 minutes 10
start of the fire)

Available time is less than or equal to utes 5
High execution complexity 5
Increases in smoke leve pplied for each of 2
the two levels)

Decrease in timefmargin a@ilable 5

Across Flowcharts

The HEP values a§signed for HFEs in which the diagnosis and execution of the action(s) takes
place within the MCR are the minimum values obtainable (i.e., those values assigned through the
use of the INCR flowchart depicted in Figure 5-3). The HEP values assigned when using the
other flowcharts (i.e., execution takes place locally, HFE for alternate shutdown, or HFE for
action[s] in response 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
procedural guidance, and will be subject to fewer extraneous variables. Similarly, the HEPs
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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 executed
actions (EXCR, Figure 5-4). Note that HEP values for the SPI tree were calculated assuming that
fire effects were ongoing, so they correspond with those branches of the INCR and EXCR
flowcharts. The multipliers applied to the flowcharts are listed in Table F-2.

Table F-2
Calculation of HEP values across scoping flowcharts
HEP in Base Flowchart Multiplied Adjustment @ HEP in Scoping
by Value Flowchart
INCR (Figure 5-3) X 2 EXCR (Figure 5-4)
EXCR (Figure 5-4) X ASD (Figure 5-5)
INCR (Figure 5-3) for in-MCR X SPI (Figure 5-6)
actions
EXCR (Figure 5-4) for ex-CR
actions
An example may help to illustra ¢ of the multipliers. A scenario involving the same PSFs
is presented for each of the harts onstrate the application of the multipliers across the

flowcharts. The PSFs for t e scenario are as follows:

e Fire effects ngoing (i.e., <70 minutes since the start of the fire).
e The area is ac€gssible, and there is no fire in the vicinity of the action.
e Available time is greater than 30 minutes.

e Execution 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 (SPI128 from HEP Lookup Table AT),
which is five times larger than the normal HEP for an ex-CR action.

F.4 References

1. “Criteria for Safety-Related Nuclear Plant Operator Actions: A Preli ssment of
Available Data,” P. M. Haas and T. F. Bott, Reliability Engmeer @E p. 59-72.

2. U.S. Nuclear Regulatory Commission. NUREG-1852, Demo
Reliability of Operator Manual Actions in Response to Firef

3. ASME/ANS RA-Sa-2009, Addenda to ASME/ANS RA tandard for Level 1/Large
Early Release Frequency Probabilistic Risk Assess@ lear Power Plant

Feasibility and

Applications, The American Society of Mechamical in€ers, New York, NY, February
2009.

4. U.S. Nuclear Regulatory Commission. N -6850, EPRI 1011989, EPRI/NRC-RES
Fire PRA Methodology for Nuclear Power /ities. September 2005.

Note: When reference is made it thi ument to NUREG/CR-6850/EPRI 1011989, it is
intended to incorporate the follow

6. U.S. Nuclea ulatory Commission. NUREG-1880, ATHEANA User’s Guide, May 2007.

7. U.S. Nuclear Regulatory Commission. NUREG/CR-6883, The SPAR-H Human Reliability
Analysis Method, August 2005.

22 The HEP of 0.05 can be obtained either by referencing HEP Lookup Table J in Table 5-3 in Section 5.2.6 or by
applying the multipliers discussed in Section F.3.2. For instance, beginning with the base value of 1E-3 and
applying the multipliers of 10 for ongoing fire effects and 5 for decreased time margin results in a final HEP of
0.05 (=0.001 * 10 * 5).

F-8



Justification for Scoping Approach

8. U.S. Nuclear Regulatory Commission. NURGE/CR-1278, Handbook of Human Reliability
Analysis with Emphasis on Nuclear Power Plant Applications (THERP), A. D. Swain and H.
E. Guttman, August 1983.

9. U.S. Nuclear Regulatory Commission. NUREG/CR-4772, Accident Sequence Evaluation
Program Human Reliability Analysis Procedure, February 1987.

10. “The Origins of the SPAR-H Method’s Performance Shaping Factor Multipliers,” R. L.
Boring and H. S. Blackman, Joint 8th IEEE HFPP/13th HPRCT, 2007.

&
,3\
<&

%
Q.
v

F-9









The Electric Power Research Institute Inc., (EPRI, www.epri.com)
conducts research and development relating to the generation, delivery
and use of electricity for the benefit of the public. An independent,
nonprofit organization, EPRI brings together its scientists and engineers
as well as experts from academia and industry to help address challenges
in electricity, including reliability, efficiency, health, safety and the
environment. EPRI also provides fechnology, policy and economic
analyses to drive long-range research and development planning, and
supports research in emerging technologies. EPRI's members represent
more than 90 percent of the electricity generated and delivered in the
United States, and international participation extends to 40 countries.
EPRI's principal offices and laboratories are located in Palo Alto, Calif.;
Charlotte, N.C.; Knoxville, Tenn.; and Lenox, Mass.

Together...Shaping the Future of Electricity

Programs:
Nuclear Power
Risk and Safety Management

%
Q.
v

© 2012 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power
Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF ELECTRICITY are
registered service marks of the Electric Power Research Institute, Inc.

1023001

Electric Power Research Institute
3420 Hillview Avenue, Palo Alto, California 94304-1338 ¢ PO Box 10412, Palo Alto, California 94303-0813 USA
800.313.3774 « 650.855.2121 * askepri@epri.com * www.epri.com



	EPRI/NRC-RES Fire Human Reliability Analysis Guidelines
	ABSTRACT
	CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	REPORT SUMMARY
	PREFACE
	CITATIONS
	ACKNOWLEDGMENTS
	ACRONYMS

	1 INTRODUCTION
	2 FIRE HRA FRAMEWORK
	3 IDENTIFICATION AND DEFINITION
	4 QUALITATIVE ANALYSIS
	5 QUANTIFICATION
	6  RECOVERY, DEPENDENCY, AND UNCERTAINTY 
	7 DOCUMENTATION
	A DEFINITION OF TERMS
	B DETAILED QUANTIFICATION OF FIRE HUMAN FAILURE EVENTS USING THE EPRI FIRE HRA METHODOLOGY
	C DETAILED QUANTIFICATION OF FIRE HUMAN FAILURE EVENTS USING ATHEANA
	D ASME/ANS PRA STANDARD AND THE FIRE HRA GUIDANCE
	E SUMMARY OF TESTING AND REVIEWS
	F JUSTIFICATION FOR SCOPING APPROACH



