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ABSTRACT

This report is Volume 1 of the NUREG-2199 series that describes a new human reliability
analysis (HRA) method, an Integrated Human Event Analysis System (IDHEAS) for Nuclear
Power Plant Internal Events At-Power Application. This report is a technical basis document of
the method. IDHEAS for Nuclear Power Plant Internal Events At-Power Application was
developed based on the cognitive basis for human reliability analysis (NUREG-2114) and
IDHEAS General Methodology (NUREG-2198). It incorporates the strengths of existing methods
and addresses their weaknesses. The goals were to reduce analyst-to-analyst variability in
HRA, add realisms to HRA, improve transparency and traceability of the HRA process, and
base the method on state-of-art understanding of human cognition and behaviors. IDHEAS
improves upon existing HRA methods by providing a structured approach to task analysis
through crew response diagrams, a model addressing time uncertainties, a quantification model
based upon insights from cognitive psychology and human behavior literature, and a set of
human error probabilities in the quantification model estimated by a structured panel of informed
experts. The method addresses post-initiating, internal at-power events. It assumes that the
crews being modeled are the nuclear power plant control-room crews that have been trained to
work together within pre-defined team structures and work processes. Therefore, it models the
errors made by trained crews performing required responses to plant disturbances. It is
applicable to development of probabilistic risk analysis models for internal at-power events and
can be used to support risk-informed decision-making including the Significance Determination
Process and the Accident Sequence Precursor programs.

This report focuses on the technical basis aspects of the method, while other reports in the
NUREG-2199 series will describe the process of estimating human error probabilities through
expert judgment (Volume 2), the process and results of testing the method (Volume 3), and the
users manual of the method (Volume 4).
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EXECUTIVE SUMMARY

The Integrated Human Event Analysis System (IDHEAS) responds to a Commission staff
requirements memorandum (SRM-M061020) to evaluate human reliability analysis (HRA)
models in an effort to propose a single model for the agency to use or guidance on which
model(s) should be used in specific circumstances. With a series of reviews and analyses of the
existing HRA methods and the NRC’s needs, the staff decided to develop a new HRA method
that integrates the strengths of existing HRA methods and improves some key limitations in the
HRA state of practice by incorporating the knowledge of human performance and cognitive
psychology. Recognizing the needs for reducing method-to-method and analyst-to-analyst
variability in HRA, the project took a strategic approach: (1) developing a cognitive basis
framework, (2) from the cognitive basis framework, developing general HRA methods that can
be adapted to any given HRA application, including internal and external events, at-power and
shutdown modes of operation, nuclear power plant (NPP) operation and non-NPP operations
(such as fuels and materials handling and medical equipment use), and (3) from the general
methods, developing concise, application-specific HRA methods for given applications, as
directed by the Commission in SRM-M140529. With this strategy, the effort so far has
developed three products: NUREG-2114, “Building a Psychological Foundation for Human
Reliability Analysis”; NUREG-2198, IDHEAS General Methodology; and NUREG-2199, a joint
product of the NRC and the Electric Power Research Institute (EPRI), IDHEAS for Nuclear
Power Plant Internal Events At-Power Application. This report is the first volume of NUREG-
2199, presenting the technical basis aspects of the method. Other volumes of the series
describes the process of estimating human error probabilities through expert judgment
(Volume 2), the process and results of testing the method (Volume 3) , and the Users Manual of
the method (Volume 4).

The NRC and EPRI decided to develop an IDHEAS method for internal at-power application
because the maijority of probabilistic risk analysis (PRA) models for nuclear power plants
address internal at-power events. Also, HRA for internal at-power events comprises the majority
of the HRA experience base and application. The objective was to develop an HRA method to
reduce analyst-to-analyst variability, to add realism to HRA, to provide traceable and
reproducible results, and to improve estimates of human error probabilities (HEPs). The method
was aimed to be a stand-alone HRA method that integrates the good features in HRA state-of-
practice methods and incorporates the state of knowledge on human performance and cognitive
psychology. The development of the method has been through the following stages:

(1) initial development of the method based on the cognitive basis framework for HRA
(NUREG-2114) and concepts of the IDHEAS General Methodology

(2) expert judgment of the human error probabilities in the quantification model of the
method

(3) the NRC internal and external peer review of the initial method report

(4) improvement of the method based on inputs from the reviews and feedback from the
NRC'’s Advisory Committee on Reactor Safeguards (ACRS)

(5) testing the method
HRA generally comprises the following high-level tasks: qualitative analysis, which is the

process of understanding the event and collecting information about the event; quantification,
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which is the process of identifying crew’s failure modes and estimating the human error
probability of the event; and model integration, which considers all of the human failure events
in a PRA sequence together and adjusts human error probabilities of individual events based on
dependencies between the events. The IDHEAS for Nuclear Power Plant Internal Events At-
Power Application offers guidance for the full-cycle of the HRA process in six steps:

(1) Scenario analysis—Describe the accident scenario and analyze the main human
performance challenges in the scenario.

(2) Identification and definition of human failure events (HFEs)—Identify the human failure
events in a scenario.

(3) HFE feasibility analysis and time uncertainty analysis—Initially assess whether an HFE
is feasible to be achieved, identify uncertainties in the time available for an HFE and the
time required to perform the HFE, and calculate the impact of the time uncertainty on the
human error probability.

(4) Task analysis—Identify the critical tasks required for successful response and the
requirements, inputs, and guidance for the tasks; identify the expected crew response
paths and error recovery (correction) potential, and graphically represent the paths and
tasks with a crew response diagram (CRD).

(5) Implementation of the quantification model—Identify crew failure modes (CFMs)
applicable to each critical task of the HFE and calculate the human error probabilities of
the CFMs (the quantification model provides a set of CFMs, a decision-tree for each
CFM that represents the most relevant performance-influencing factors (PIFs), and
expert estimated human error probabilities of every CFM under different combinations of
the performance-influencing factors).

(6) Model integration—Analyze dependencies between the HFEs in a PRA sequence,
identify and analyze recovery actions, and document uncertainties in the HRA.

The specific guidance in IDHEAS for Nuclear Power Plant Internal Events At-Power Application
begins at the qualitative analysis of identified HFEs in a given PRA scenario. Analysts can use
the guidance in the IDHEAS General Methodology when performing the first two steps,
analyzing scenarios and identifying HFEs for internal at-power events.

The key features of IDHEAS for Nuclear Power Plant Internal Events At-Power Application
include the following:

. The guidance for qualitative analysis includes a detailed cognitive task analysis process
that requires analysts to identify and graphically represent crew response paths and
critical tasks needed for success; the task analysis outcomes form the basis for
quantification of the HFE. This process is essential for HRA traceability and
reproducibility while it has been generally lacking from existing HRA methods

. The quantification model consists of a set of CFMs, the PIFs that are most relevant to
the CFMs for internal at-power events, and cognitive mechanisms explaining why the
PIFs lead to the CFMs; the model is based on a state-of-the-art understanding of human
cognition and it explicitly defines the PIFs and explains the effect of PIFs. Using the
model makes the quantification process transparent.
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° The human error probabilities of the CFMs under various combinations of the relevant
PIFs were estimated through formal expert judgment; analysts only need to identify
applicable CFMs and PIFs without estimating the error probabilities by themselves. This
helps to reduce analyst-to-analyst variability in estimating human error probabilities.
Moreover, the expert judgment provides the uncertainty distribution (range, body, and
central tendency) of the human error probabilities; allowing the user to quantify
parameter uncertainties in HRA.

° The guidance for time uncertainty analysis provides an explicit process to identify
uncertainties in time available for human actions and assess the impact of time
uncertainties on the feasibility and probability of an HFE.

These features comprise the improvements of the method on existing HRA method practices.
Through these features the method is expected to yield better transparency, traceability,
reproducibility, realism, and reduced analyst-to-analyst variability.

The overall goal of reducing the inter-analyst variability in HRA is an ongoing endeavor. Even
though IDHEAS for Nuclear Power Plant Internal Events At-Power Application pursued this goal
by enhancing qualitative analysis, developing a transparent quantification model based on
cognitive mechanisms, and providing expert judgment of human error probabilities, the method
will still need to be exercised by analysts for different applications and inter-analyst variability
will exist because of subjectivities in the method and uncertainties in the information available
for analysis. This method at the present stage provides cohesive guidance for qualitative
analysis and a concise quantification model specific for internal at-power operations to improve
the quality of HRA predictions, particularly related to understanding crew responses and
estimating human error probabilities. In addition, the transparency and traceability of the HRA
process produced by the method allows the analysts to trace the sources of variability and
reach reconciliation.

Finally, this report is a technical basis document that explains the basic concepts of the
methods and describes the method process and general guidance for use. The report does not
cover the details and tips of applying the various steps of the method to specific applications,
nor does it provide guidelines on effective, efficient, and consistent use of the method. These
will be addressed by the Users Guide of the method. In addition, Volume 2 of the NUREG-2199
series documents the detailed process of using formal expert judgment to estimate the human
error probabilities in the quantification model, and Volume 3 of the series documents the results
of testing the method and lessons learned on how to use the method.
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DEFINITION—IDHEAS CONCEPTS AND TERMINOLOGY

Macrocognition—Macrocognition is a term to describe cognition in real-world settings.
Macrocognition focuses on the nature of human performance in “the field,” where decisions
often are very complex and must be made quickly by domain experts in risky or high-stakes
situations. Microcognition models clarify the building blocks that underlie cognition.
Macrocognition integrates the more narrowly focused laboratory research findings of how the
brain works together into a larger picture that describes what people actually do with their brains
in applied, complex settings.

Macrocognitive functions (also referred to as cognitive functions)—These are the basic
building blocks of macrocognition (i.e., the high level mental activities to accomplish a task or
achieve a goal in a naturalistic environment). IDHEAS adopts a macrocognitive model
consisting of five macrocognitive functions relevant to human performance in complex, dynamic,
high-risk domains:

o detection—detecting stimuli and noticing problems (detecting/noticing)
° understanding—understanding information and making sense of situations
. decision-making—planning responses and making decisions about what to do

(planning/decision-making)

. action execution—executing the planned action and monitoring effectiveness of the
action
° teamwork—communicating, coordinating, and collaborating with team members

Cognitive process—This is the process of achieving a macrocognitive function. There can be
many levels of details of cognitive processes. IDHEAS adopts the cognitive processes that are
directly associated with each macrocognitive functions.

Cognitive activity—Also referred to as basic or generic cognitive tasks, these are the building
blocks of the cognitive processes. A taxonomy of cognitive activities represent the basic
cognitive elements that support a macrocognitive function. For example, the cognitive activities
for Detection include (but are not limited to) assessing information to be detected, attending to
sources of information, perceiving and recognizing information, evaluating information, and
retaining information for understanding.

Cognitive mechanisms—These are the low-level processes underlying cognitive activities.
Examples of cognitive mechanisms are attention, working memory, and automaticity of actions.

Human action—This is the human interaction with or manipulation of plant systems.

Human error or human failure—This is any member of a set of human actions that exceeds
some limit of acceptability, including inaction where required, excluding malevolent behavior

Human failure event (HFE)—An HFE is a basic event that represents a failure or unavailability

of a component, system, or function that is caused by human inaction, or an inappropriate
action.
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Crew response—Crew response refers to interaction of a crew with plant systems. A crew
response may or may not result in a physical manipulation to the plant systems.

Human task—A human task constitutes a recognizable and consequential unit of activities. The
crew needs to complete a task to achieve a desired state of the plant systems (i.e., complete a
human action). It is typically defined in terms of its consequences, and if it fails, it will have a
significant effect on system safety, production, or availability

Critical task—Critical tasks are those tasks that, the failure of which, result in the human failure
event. A critical task typically refers to the tasks associated with the significant transition points
in a crew’s response, such as entering a procedure, transitioning to another procedure, deciding
to begin implementation, and execution.

Subtask/task steps—The elements in a human task. A task may consist of multiple subtasks
that are to be performed in serial or parallel to achieve the task goal.

Operative narrative—An integrated logical description of why a human failure occurs that
adequately describes the entire context of the evolving scenario, how the scenario affects all
information and stimuli in the operators’ environment, and factors that may influence personnel
response in that context, considering the effects on all plant systems and functions.

Crew Response Diagram (CRD)—A CRD is a graphic representation of the ways in which the
failures of critical tasks required to achieve success of the required response can lead to the
occurrence of the HFE. The critical tasks are associated with nodes on the CRD.

Crew Failure Mode (CFM) (also referred to as error mode)—A CFM describes the way an
outside observer would describe why a failure had occurred based on an understanding of what
it is the crew should be doing in response to an upset condition (e.g., read the wrong data,
misread the procedure).

Human error probability (HEP)—An HEP is measure of the likelihood that the crew will fail to
initiate the correct, required, or specified action or response needed to allow for the continuous
or correct function of equipment, a component, or system, or by commission performs the wrong
action that impairs the continuous or correct function of these same items.

Performance influencing factor (PIF) (also referred to as performance shaping factor
(PSF))—A PIF influences human error probabilities as considered in a probabilistic risk
assessment’s human reliability analysis and includes such items as level of training, quality or
availability of procedural guidance, time available to perform an action, etc.

Decision Tree (DT)—A DT represents the explanations of why the failure mode might occur.
The branches of the DT represent a set of PIF characteristics that have been determined to be
relevant to determine the likelihood of the CFM occurring. Each path represents a different
combination of the status of the PIFs (i.e., a different crew failure scenario). The set of paths
through all of the DTs represents, at the level of the PIF characteristics, the most relevant set of
crew failure scenarios pertinent to the CFM.
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1 INTRODUCTION
1.1 Background and Objectives

Probabilistic risk assessment (PRA) results and insights are frequently used to support
risk-informed regulatory decision making. The U.S. Nuclear Regulatory Commission (NRC)
continues to improve the robustness of PRA, including human reliability analysis (HRA), through
many activities (e.g., supporting and endorsing PRA standards developed by professional
societies). Improving HRA has been a focus of the NRC since the publication of the NRC’s PRA
policy statement (Ref. 1). A particular HRA issue is the variability of results from method-to-
method and analyst-to-analyst. That is, the human error probability (HEP) for a particular human
failure event (HFE) can vary significantly depending on the HRA model/method used or the
analyst applying the method.

In a Staff Requirements Memorandum (SRM) (SRM-M061020) (Ref. 2) to the Advisory
Committee on Reactor Safeguards (ACRS), the Commission directed the ACRS to “work with
the staff and external stakeholders to evaluate the different human reliability models in an effort
to propose a single model for the agency to use or guidance on which model(s) should be used
in specific circumstances.” The staff and representatives of the Electric Power Research
Institute (EPRI) met with the ACRS in April 2007 and presented a plan for addressing SRM-
M061020. The ACRS, in a letter to the Commission titled “Human Reliability Analysis Models,”
dated April 23, 2007 (ACRSR-2247) (Ref. 3) stated that: “The staff should compare the NRC
and EPRI models with respect to their basic assumptions and intended use. An evaluation of
these assumptions and their supportive evidence should be performed.” With a series of
reviews (e.g., Refs. 4—6), analyses, and discussion, the staff decided to develop a new HRA
method that integrated the strengths of existing HRA methods and improved some key
limitations in the HRA state of practice by incorporating the knowledge of human performance
and cognitive psychology.

The Office of Nuclear Regulatory Research (RES) took the lead in addressing SRM-M061020.
The work has been performed collaboratively with EPRI under a RES/EPRI Memorandum of
Understanding (Ref. 7). EPRI’s participation was motivated by a recognition that, although the
methods currently employed by its members were serving needs for risk management and risk-
informed applications well, those methods had not been substantively updated in more than 20
years and needed improvement in several areas. EPRI is interested in pursuing enhanced
methods that can yield practical insights into human reliability and further improve reproducibility
of the results.

The ACRS has been actively involved throughout the development of this report, periodically
reviewing the progress and providing valuable comments. In particular, in the ACRS letter dated
on May 8, 2014 (Ref. 8), the Committee made six recommendations to the method, including
that the method should have guidance on performing a thorough scenario analysis to
understand the event being analyzed and guidance to address uncertainties in human actions.
The project addressed the recommendations as an effort to improve the method.

To begin addressing SRM-M061020 (Ref. 2), a detailed literature review was performed,
including a review of current psychological research (Ref. 9), existing HRA methods (Ref. 10),
results of the International HRA Benchmarking studies (Refs. 4 and 5), and other HRA guidance
(Refs. 11 and 12). In addition, the development team conducted discussions with NRC staff and
external stakeholders regarding the HRA state-of-practice and needs. The conclusion was that
each existing method had its own strengths, weaknesses, and specific application scope.
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Therefore, the staff concluded that characteristics of several methods should be incorporated
into a new, integrated method to meet the SRM objective; the new method should incorporate
the lessons learned from the International and U.S. HRA empirical studies (Refs. 4 and 6) and
reviews of existing HRA methods and guidance, as well as the state-of-the-art knowledge of
human errors from cognitive psychology research. The new method is referred to as an
Integrated Human Event Analysis System (IDHEAS). IDHEAS is intended as a new HRA
method firmly grounded in HRA technology and experience as well as the state-of-knowledge
on human factors and human performance. This project has sought to achieve this goal by
mining the current state-of-the-art knowledge, updating the theoretical basis for HRA, and
building on existing technology and experience.

Given the need to update the fundamental knowledge employed by HRA methods, the project
first performed a comprehensive cognitive literature study to identify “direct linkages” of
cognitive mechanisms to observed failures and to consolidate the information into a cognitive
framework for HRA. The framework is constructed on macrocognitive functions, which refer to
the high-level mental activities that must be successfully accomplished to perform a task or
achieve a goal in a naturalistic environment. The macrocognitive functions relevant to human
performance in complex and dynamic domains can be characterized as: Detecting;
Understanding; Decision-making and Planning; Action Execution; and Teamwork. IDHEAS is
based on this cognitive framework.

Recognizing the needs for reducing method-to-method and analyst-to-analyst variability in HRA,
the project took a strategic approach: (1) developing a cognitive basis framework, (2) from the
cognitive basis framework, developing a general HRA method that can be adapted to any given
HRA application, including internal and external events, at-power and shutdown modes of
operation, NPP operation, and non-NPP operations (such as fuels and materials handling,
radioactive equipment use), and (3) from the general method, developing concise, application-
specific HRA methods for given applications. With this strategy, the project so far has developed
three products: a cognitive basis framework for human error analysis, IDHEAS for Nuclear
Power Plant Internal Events At-Power Application, developed as a joint effort between the NRC
and EPRI, and a general HRA methodology developed by the NRC staff, referred to as IDHEAS
General Methodology (IDHEAS-G). This report describes IDHEAS for internal at-power
operation. The objective was to develop an HRA method to reduce analyst-to-analyst variability
and improve estimates of human error probabilities (HEPs) for internal at-power applications
because that comprises the majority of the HRA experience base and application. The method
was aimed to be a stand-alone HRA method with the following characteristics:

1. integrates the good features in HRA state-of-practice methods and incorporates the
state of knowledge on human performance and cognitive psychology

2. is practical and straightforward to use

3 provides traceable and reproducible results

For simplification, this method is referred to as IDHEAS in this report.

1.2 Approach for Development

The key features of IDHEAS for Nuclear Power Plant Internal Events At-Power Application
include the following:

1. The method focuses upon actions typical to at-power internal events PRA and, in
particular, on procedure driven actions. The assumption is that human actions modeled



by the method are performed by crews trained on well-developed procedures in NPP
control rooms.

2. The method was intended to address the estimation of the probabilities of HFEs that
have been identified for inclusion in a plant PRA; IDHEAS General Methodology
provides guidance foridentification of HFEs.

3. IDHEAS consists of a qualitative analysis process that includes a detailed cognitive task
analysis and an HEP quantification model for HFEs that are identified for inclusion in a
PRA and defined at a functional level; the quantification model were developed
specifically for internal at-power events.

4. The method is intended to meet the American Society of Mechanical
Engineers/American Nuclear Society (ASME/ANS) PRA Standard (Ref. 13) as a detailed
HRA method for analyzing risk-significant events.

We recognize that the overall goal of reducing the inter-analyst variability is an ongoing
endeavor. Even though the HRA method provides an approach, key concepts, “data,” and tools
(including language as well as analytical devices), it will still need to be exercised by analysts for
different applications. The goal of this method now is to provide cohesive guidance for
qualitative analysis and a concise quantification model specific for internal at-power operation to
improve the quality of HRA predictions, particularly related to understanding crew responses
and estimating HEPs.

However, it should be recognized that the present document should not be considered a users
guide. Although the document does provide significant guidance for performing an HRA using
IDHEAS and covers all of the major aspects of performing an HRA, there remain areas (e.g.,
the development of crew response diagrams to support the qualitative analysis) where it is likely
that additional guidance will be needed for efficient, effective, and consistent use of the method.
In addition, there are other areas where guidance is provided, but the IDHEAS-specific
guidance has not yet been developed. For example, guidance for performing the requisite HRA
dependency analysis is provided, but it is based on earlier approaches to treating dependency
and does not capitalize on unique aspects of the IDHEAS framework (e.g., it is a causal model
and dependency is a causal issue) that should lead to significant improvements in the ability to
adequately address dependency (see Section 8.3 for a brief discussion of the expected
advantages). Thus, additional work beyond that described in this document will be required to
complete the planned methodology and develop a thorough users guide.

1.3 Assumptions Underlying the Use of the Method

The following assumptions are implicitly made for HFEs analyzed with IDHEAS for Nuclear
Power Plant Internal Events At-Power Application:

. Operators trust and follow their procedures. Therefore, accident sequences are
developed based on the expected procedure progression given the initiating event.
Without this assumption bounding scenarios cannot be developed. One consequence of
this is that, to some extent, an error of commission (EOC) or a deliberate violation of
procedures is not modeled. Yet, where conditions suggest that an EOC is a possibility,
the IDHEAS approach does not preclude the modeling of EOCs.
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The set of operating procedures (emergency operating procedures, abnormal operating
procedures, annunciator response procedures, system operating procedures, etc.) that
guide the responses whose failures are represented by the HFEs have been tested and
verified to be appropriate and that the response is feasible.

Training is conducted on the procedures such that the methods of response are
understood and have been practiced in the simulator or, for some of the more
unexpected responses, using desk-top exercises.

There is sufficient fidelity between the plant response to a given set of failures or an
initiating event as modeled in the simulator and the expected plant response that there
will not be any significant potential for developing an inappropriate understanding of the
plant status and the required operator responses.

The crew is experienced, well-trained, and well-disciplined with good communications
protocols. The crew complement (shift staffing) is in accordance with the licensing
requirements outlined in Title 10 of the Code of Federal Regulations (10 CFR) 50.54.

Instrumentation required to implement the operating procedures is generally available
and reliable. When instrumentation is significantly impaired, this will be reflected in the
value of the HEP through explicit evaluation. However, depending on the nature of the
indications, single instrument failures are often considered to be compensated for by
redundant instruments.

HRA Process and Report Structure

Figure 1-1 illustrates the general HRA process. HRA generally comprises the following high
level tasks:

Scenario analysis and HFE Identification: Systematically review the event scenario
evolution and applicable procedures to identify the relevant required responses and a
definition of the accident sequences to include the effect of failing to perform the
responses represented as HFEs consistent with the logic structure of the model.

Qualitative and Quantitative Analysis: Develop an HFE narrative (including the expected
response path and timeline, an assessment of relevant crew failure modes (CFMs), and
performance-influencing factors (PIFs). Assess the HEPs in a well-defined and self-
consistent manner that accounts for plant- and scenario-specific influences on human
performance and ensures feasibility of the final action.

Model Integration: Perform a reasonableness check of HEPs and capture potential
dependencies between actions in the same sequence. Model system recovery actions
only if the recovery has been demonstrated to be plausible and feasible for the scenarios
applied and account for uncertainty and dependencies on earlier human failures in the
scenario. (The effect of human performance can represent an important source of
uncertainty in the numerical results of a PRA).
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Figure 1-1. IDHEAS and how it fits in the overall HRA process

Although the IDHEAS General Methodology covers the whole process shown in the diagram,
the specific guidance in IDHEAS for Nuclear Power Plant Internal Events At-Power Application
begins at the qualitative analysis of identified HFEs in a given PRA scenario. Analysts can use
the guidance in the IDHEAS General Methodology when analyzing scenarios and identifying
HFEs for internal at-power events. Thus, this report structure generally mirrors the lower portion
of the diagram. The report comprises the following chapters:

Chapter 2 provides an overview of the IDHEAS process. The overview includes a
high-level description of the guidance for scenario analysis and HFE identification
although the detailed guidance is not included in this report.

Chapter 3 offers guidance for performing a feasibility analysis to ensure that the staff can
model the actions associated with the HFEs. The process and criteria for determining
the feasibility of an action, including guidance for evaluating timing elements necessary
for the analysis are described. The chapter also provides guidance on analyzing the
effect of time uncertainties, and for addressing time-critical actions.

Chapter 4 provides guidance on the performance of a detailed task analysis (both
cognitive and execution) and the construction of crew response diagrams (CRDs) and
associated timelines, which are developed for this method to support a consistent and



thorough assessment of the possible scenario progression (success and failure paths) in
sufficient detail to support quantification.

. Chapter 5 supplies a description of the quantification model. The quantification model
comprises a set of CFMs, DTs, and guide questions. A DT captures the relevant PIFs
and represents PIF combinations for every CFM. The guide The guide questions for
every PIF help analysts consistently evaluate the PIF of a DT.

. Chapter 6 provides guidance in carrying out the quantification model described in
Chapter 5 to estimate an HEP through the interface provided by the CRDs developed in
Chapter 4.

o Chapter 7 offers guidance on integrating the HRA with the PRA, including topics such as

cutset review, recovery, dependency, and uncertainty.

. Chapter 8 is an overview of items needing further consideration and resolution before
the final publication of this method.

. Appendix A provides example demonstration of the IDHEAS method applied to three
HFEs.

. Appendix B provides a summary of the lessons learned from existing HRA methods and
activities.

. Appendix C provides a mapping of the crew CFMs to the macrocognitive functions,
proximate causes and cognitive mechanisms to show the applicability of relevant PIFs to
the DTs.

. Appendix D gives an overview of the expert elicitation process and the results.

1.5 Continuous Development and Improvement of HRA

There are several regulatory applications in which HRA plays a significant role. Examples are:
the significance determination process, risk-informed licensing changes, fire analysis, precursor
analysis, and detailed PRAs for existing as well as future reactors. In addition to these
regulatory applications, industry is using PRA/HRA for decision-making. The existence of
different HRA methods reflects the need to have tools available suitable to the specific
application needs. For example, ASEP (Ref. 14) was developed as a simple alternative to
THERP (Ref. 15), which is resource-intensive. Also, SPAR-H (Ref. 16) was developed as a
simple tool to screen human events to support NPP event analysis. Even if we try to focus
specific methods to specific applications, analyst-to-analyst variability will be an issue in addition
to a specific method’s capability to correctly handle human performance in the specific
application.

Finally, although we focused on the aims mentioned in the beginning of this chapter throughout
the development process of IDHEAS, there are a number of issues that need to be addressed
to make IDHEAS a practical tool as discussed in Chapter 8. Furthermore, there is a need to test
the method to demonstrate that the aims and the overall objective of reducing HRA variability
are achieved, and finally guidance on how to use the method needs to be developed. Moreover,
completing the initial development of the method was just the first step in our long term goal for
improving HRA. The method itself may need improvement and enhancement as new lessons
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are learned in applications, new knowledge of human performance and human error become
available, and new requirements for HRA are raised.
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2 AN OVERVIEW OF IDHEAS

This chapter presents an overview of the Integrated Human Event Analysis System (IDHEAS)
human reliability analysis (HRA) method and how its elements support the probabilistic risk
analysis (PRA) process. IDHEAS was developed to support an HRA that is being performed to
support a PRA model. A crucial task, therefore, is the identification and definition of the human
failure events (HFEs) that are to be included in the logic model. However, development of
guidance for this task was not a primary objective of the IDHEAS development described in this
document, since this is addressed in other guidance documents, such as NUREG-1792, “Good
Practices for Implementing Human Reliability Analysis (HRA)” (Ref. 1); NUREG-1624,
“Technical Basis and Implementation Guidelines for A Technique for Human Event Analysis
(ATHEANA)” (Ref. 2); “SHARP1: A Revised Systematic Human Action Reliability Procedure”
(Ref. 3); and NUREG-1921, “EPRI/NRC-RES Fire Human Reliability Analysis Guidelines” (Ref.
4). Nevertheless, since the development of the PRA model is an iterative process, there are
aspects of the IDHEAS HRA model that can influence the definition of accident scenarios. For
example, if specific sets of performance-influencing factors (PIFs) can lead to a high likelihood
of failure, it may be advisable to modify the model to include accident scenarios that generate
challenging PIFs.

It has to be remembered that a PRA model is a representation of the spectrum of potential
accident scenarios. The accident scenarios constructed for a PRA are idealized, representative
scenarios each of which typically represents the bounding case for the whole class of scenarios
with similar characteristics. Where the scenarios that are encompassed by the representative
accident scenario differ is in a level of detail that is not modeled. Examples of assumptions that
are inherent in the definitions of the representative accident sequences include:

. Partial failures are not modeled. Failures of components are considered as complete
(e.g., a valve fails to close and remains in the open position as opposed to in a half-
closed position).

° Failures occur at the time the supported function is demanded (i.e., failures to run are
assumed to occur at the time of demand and not when the failure actually occurs). This
essentially limits the time at which subsequent responses are required.

. Failures that have no direct effect on the accident scenario development are not
modeled, although they may create distractions for the operators.

As will be discussed, the functional definition of the HFEs identifies those specific PIFs that are
scenario specific (i.e., those that can be determined from the accident scenario definition and
the plant status evolution that results). Thus the initial definition of HFEs is determined by the
level of detail with which the scenarios are modeled. Determining the appropriate level of detail
for the accident scenario descriptions can be challenging when using a PRA to evaluate the
significance of an event (e.g., accident sequence precursor (ASP)) or a performance deficiency
(Significance Determination Process (SDP)), because the boundary conditions may be different
from those used in a PRA model used for prospective analysis. Depending on the specific HRA
method used, additional PIFs are taken into account when evaluating the HEP. These PIFs are
used to assess the scenario-specific factors that influence the reliability of the operators’
response.

An important assumption when using HRA models in a PRA is that, because the time at which
an initiating event may occur is considered random, the HEPs are intended to represent an



average over crews, time of day, and other plant conditions that could be coincidental with the
failures defining the PRA scenario for which the HFE is being evaluated. When performing a
PRA analysis for a scenario in which coincidental failures are to be modeled as boundary
conditions (e.g., for an ASP analysis), their impact as distractors will be taken into account
explicitly when assessing the PIFs.

2.1 The HRA Process and the Elements of IDHEAS

Figure 2—1 illustrates the IDHEAS process. The main steps of the HRA process and the way in
which the elements of IDHEAS are used in each of these steps are listed in Table 2—1. The key
IDHEAS elements include the performance of a task analysis, the development of the Crew
Response Diagram (CRD), and the implementation of the quantification model to estimate the
HEPs. In addition, an essential element of the HRA process is the performance of a feasibility
analysis to ensure that the critical tasks associated with an HFE can, at least, potentially be
performed given the expected characteristics of the scenario. Because this can be done at any
point during the HRA process, it is not highlighted as a separate step, but could be considered a
continuous activity that may be revisited as additional relevant information becomes available.
Guidance for performing a feasibility analysis is discussed in Chapter 3.

Understand PRA Scenario
Scenario
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Crew
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Diagram
Develop CRD &
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Critical Tasks
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Figure 2—-1. IDHEAS process



Table 2-1. HRA process steps and IDHEAS elements

HRA process step

Products of the step

IDHEAS elements (and report section)

Accident scenario analysis
and operational story

Description of accident scenario, operational
story characterizing main human performance
challenges in the scenario

See IDHEAS General Methodology for
detailed guidance.

Identification and definition of
HFEs

Set of HFEs and their definitions

This report assumes that the set of HFEs
has been identified and defined functionally
as part of the development of the PRA
model. See IDHEAS General Methodology
for guidance on HFE identification.

HFE feasibility analysis and
time uncertainty analysis

HFE feasibility and effect of time uncertainty

HFE feasibility, time uncertainty and their
contributions to HEP, in Chapter 3

Task analysis

Identification of critical tasks required for
successful response and the requirements,
inputs, and guidance for the tasks;
identification of crew failure paths (HFE failure
scenarios); error recovery (correction) potential
and development of CRD; development of time
line.

Crew response diagrams (CRDs), notation,
the qualitative analysis process, and
example analysis, in Chapter 4

Implementation of the
quantification model—
identification of applicable
CFMs and application of the
DTs

For each HFE, identification of the CFMs
applicable to each crew failure path,
quantification of each CFM though using the
DTs, HEP for the HFEs (before consideration
of dependencies)

Quantification Model, i.e., the CFMs and the
associated decision trees, is described in
Chapter 5. Using the quantification model,
i.e., identification of CFMs and crew failure
scenarios (DT paths) is described in Chapter
6

Integration—results review,
documentation, dependency

HEPs after review and consideration of
dependencies, identification, and analysis of

Model Integration, Chapter 7

analysis, and recovery
actions

recovery actions, and analysis of uncertainties.

The CRD is a graphical representation of the results of a task analysis to list the high-level tasks
that are necessary for successful response and which, if performed incorrectly, would lead to
the HFE, and is the framework within which the quantitative analysis is performed. In addition,
the CRD includes identification of opportunities for recovery given an initial failure. The paths
through the CRD (including failure to recover) are called crew failure paths. The quantification
model is developed as a set of crew failure modes (CFMs) and associated decision trees (DTs).
The CFMs represent different ways in which the crew may be observed to fail a critical task and
the nature of the critical tasks will determine which CFMs could be contributors. In other words,
which CFMs are relevant may vary as a function of the nature of the critical tasks. The DTs are
structured to address the PIFs that can influence the occurrence of the CFMs.

Although the HRA process steps may be performed using other conventions and the
quantification elements of IDHEAS, (i.e., the CFMs and the DTs, may be applied without the
CRD) one of the aims of IDHEAS is to provide guidance for a systematic, structured HRA
process from identification through qualitative analysis to the quantification of the HFE.

Although the steps of the HRA process are shown here sequentially, in practice, almost all of
these steps are iterative. As the HRA evolves through these steps, it also evolves with the PRA
that the HRA supports. As such, the inputs to the HRA potentially come from several PRA tasks.
For example, timing information necessary for HFE quantification and cable tracing for
instrument reliability may come largely from the PRA. Furthermore, the potential for adverse



environments and timing information relative to equipment damage comes from the
understanding of the PRA scenarios for which the HFEs are defined.

Each of the steps of the overall HRA process shown in Table 2—1 are described at a high level
in the following sections.

2.2 Scenario Analysis

The objective of accident scenario analysis is to develop operational narratives that adequately
describe the entire context of the evolving event scenario, how that scenario affects information
and stimuli in the operators’ environment, and factors that may influence personnel response in
that context, considering the effects on all plant systems and functions. Scenario analysis
analyzes a PRA scenario with a focus of understanding operator actions and challenges. The
analysis allows for HRA analysts to gain perspective for the complete spectrum of
scenario-specific conditions that may require operator attention. That perspective is essential for
an analyst to perform an integrated assessment of all factors that may influence personnel
performance in the context of the evolving scenario. The output of a scenario analysis is
referred to as operational narrative.

221 Document Initial Condition, Initiating Event, and Boundary Condition

The initial condition is the status of the plant and crew before the initiating event, including:

° plant operation status
o significant plant configuration and unavailable components
. staffing and ongoing activities

An initiating event is an event originating from an internal or external hazard that caused a plant
abnormality requiring successful system automatic interventions, human interventions, or both
to protect plant safety.

The boundary condition is the plant, site, and crew status immediately after the initiating event.
The boundary condition specifies the effects of the initiating event on the plant’s structures,
systems, and components (SSCs) and instrumentation including:

the plant automatic responses

the initiating event’s effects on SSC availability

the effects of the SSC abnormality or damage.

the end consequence/success criteria—the end point for the PRA/HRA analysts to
determine scenario termination.

222 Develop the Baseline Scenario

The baseline scenarios should include a description of the scenario with the appropriate level of
information detail to understand the scenario progression and the operational experience
related to the scenario for the analysis. A timeline may need to be constructed to understand the
baseline scenario, including a description of the initial plant and staffing condition and other
background information to this scenario (e.g., type of reactor, unique plant system, unique plant
configuration, and latent component failures) at the beginning of the timeline.



The baseline scenarios can be divided into two classes:

° For PRA analysis: The analyses examine hypothetical events. The baseline scenario is
the expected scenario progression path from the operations’ perspective based on the
given initial condition, initiating event, and boundary condition. The baseline scenario
provides an understanding of the expected operator responses to the event according to
their training and procedures.

o For the event analysis of the SDP and ASP processes: The analyses analyze the
boundary conditions and context created by actual events. However, the conditional core
damage frequency or probability is based on the PRA model with these boundary
conditions imposed. This will influence the assessment of the PIFs necessary to analyze
the HEPs.

2.2.3 Perform Context Analysis

The purpose of context analysis is to identify the context (situations and conditions) that
challenges plant and human performance in the scenario. The documentation of the context
serves as the high-level guidance for HFE definition and analysis, although not every item in the
context applies to all the HFEs. Context analysis is performed to provide a basis to estimate the
HEPs of the associated HFEs. The context is divided into the following three sub-context
groups:

. The plant context—The plant context provides a bird’s-eye view of the scenario for a
holistic understanding of the scenario progression before diving into the details analysis
of specific HFEs.

. The crew context—Crew context is centered on the conditions that affect the crew
performance of key actions. This includes the information, stimuli, conditions, etc.
affecting the crew’s ability to perceive the information related to the plant abnormality,
understanding the situation, making correct decisions, and performing the required
actions in time to prevent an undesired consequence from happening. All of the above
mentioned human activities are most likely to be performed in a teamwork environment.
Identification of operational challenges should be based on the understanding of how
these macrocognitive functions are performed.

° The task (to be performed) context—Task context refers to the factors that challenge
personnel tasks in HFEs.

2.3 Identification and Definition of HFEs

2.3.1 Identification of HFEs

An HFE is a part of a PRA scenario. It is defined as a failure to perform a required function in
response to the particular plant status (e.g., an unavailability of a system or function, or the
initiation of a function following an initiating event).

Several sources provided guidance on identifying and defining HFEs such as NUREG-1792
(Ref. 1), ATHEANA (Ref. 2), SHARP1 (Ref. 3), and NUREG-1921 (Ref. 4). Each of these
methods was reviewed to provide the guidance presented here. Currently, the Fire HRA



Guidelines presented in NUREG-1921 (Ref. 4) represents the state-of-practice and is the
primary guidance adapted here for IDHEAS.

Identifying the HFEs to be modeled in PRA requires working with PRA analysts to develop a
base event sequence in the PRA model with input from the baseline scenario developed in the
previous step. Additional HFEs are identified by identifying and developing other event
sequences for the scenario by asking “What-If’ questions.

When identifying the initial selection of HFEs to quantify, the HRA analyst should work with the
PRA team. Guidance is provided in multiple sources on the composition of a multi-disciplinary
HRA team to ensure a thorough review and inclusion of relevant human-system interactions
(Refs. 1-3). The HRA analyst should be called upon during the development of the initial plant
PRA model to ensure completeness of the model.

This report is primarily focused on post-initiator HFEs. That is, those human actions that take
place after an initiating event has occurred. These represent actions taken either while following
procedures or performing recovery actions in response to the initiating event. Pre-initiator ' and
initiating event 2 HFEs may also be considered, but are not covered here, except as indicated
below. For further guidance on the identification of pre-initiator human events, the Good
Practices (Ref. 1) summarizes the steps that should be completed for a thorough review.

HFEs caused by a response failure 3 should be included in the model as they may have a direct
influence on the mitigation or exacerbation of undesired plant conditions after the initial plant
upset. These events could represent the effect of human failures committed during actions
performed in response to a plant disturbance (e.g., while following post-trip procedures
(post-initiating events) or performing other recovery actions that could preclude an initiating
event such as starting the redundant component cooling water train given failure of the
operating train). Identification of these HFEs to be included in the PRA model focuses on the
operator actions that will be taken in response to a variety of possible accident sequences.
These actions result in failures that, in combination with equipment failures, may result in core
damage or lead to a large, early release.

The primary source of information in determining HFEs involving response failure will be a
review of all relevant procedures and guidelines including:

system or normal operating procedures
emergency operating procedures (EOPs)
abnormal operating procedures (AOPs)
annunciator procedures

1 Pre-initiator human interactions take place before the start of an accident sequence and represent human
failures in inadvertently disabling, mis-positioning, or failing to restore equipment following calibration, test,
or maintenance activities. These actions make the equipment unavailable when needed during the accident
scenario.

2 Initiating event human interactions are those human events that contribute to the occurrence of the initiating
event. The effects of initiating event human interactions are often accounted for in the initiating event
frequencies obtained from plant operating experience (Ref. 3). However, if the initiating events are analyzed
using system models, those models may include HFEs that have the characteristics of either pre-initiator
HFEs or have the characteristics of a post-initiator HFE in that they represent failure to respond to an
annunciated failure.

3 These HFEs primarily involve post-initiator human actions but may also include those HFEs that are
included in system models for initiating events.
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° system operating procedures
° severe accident management guidelines (SAMGs)
. other special procedures as appropriate (e.g., fire emergency procedures)

An additional source of information comes from actual experiences in responding to operational
disruptions, plant trips, etc. Walkdowns and talk-throughs with plant operators or observations of
simulator exercise may also offer useful information, and help analysts with understanding the
procedures and how they are implemented by the crews. For identification of HFEs involving
special circumstances (e.g., fire or seismic HFEs), the analyst should make use of special
procedures and the experience of operations and training personnel to aid in understanding how
the procedures are interpreted and implemented as operator actions and, therefore, as potential
HFEs.

The goal in the reviews of procedures, historical data, and interviews is to identify ways in which
crews are intended to interact with the plant equipment after an initiator. The ways they interact
will be a function of the various conditions that can occur, as defined by the development of the
PRA accident sequences and associated equipment unavailability and failure modes. To meet
this goal, analysts should particularly note where operator actions that will directly influence the
behavior of the system or affect critical functions are called out in these procedures and under
what plant conditions and indications (cues) such actions are carried out. (Note: Some actions
may be performed immediately and without regard to the specific situation, while others will be
plant status and cue dependent.) It will also be useful, at this time, to examine whether there are
any potential accident conditions under which the procedures might not match the situation as
well as would be desired (e.g., potentially ambiguous decision points or incorrect guidance
provided under some conditions). Information about such potential vulnerabilities will be useful
later during quantification and may help identify actions that need to be modeled.

During the review of post-initiator related procedures, the functions, associated systems and
equipment modeled in the PRA should be identified. It is necessary to understand whether the
function is needed or undesired for each scenario addressed. Then, the system and equipment
should be identified regarding their effect on the function (i.e., how they contribute to performing
the function or have caused the undesired condition). In the identification process, ways in
which the equipment may functionally succeed or fail should be understood and included.

Once the functions, systems and equipment have been identified and understood, the analysts
may work on identifying the human actions important in the interactions with aforementioned
elements. That is, the ways in which the operators intend to or are required to interact with the
equipment credited to perform the functions modeled for the accident sequences included in the
PRA, as well as how the operators will respond to equipment and failure modes that may cause
undesired conditions per the PRA, need to be identified. If a scenario is identified for which the
procedures do not apply, or the response cannot be shown to be feasible, no credit is taken for
the operator response; if an HFE is included in the model as a placeholder for example, its
probability should be set to 1.0. Furthermore, if the required instrumentation is unavailable, the
HFE would again be set to 1.0, unless an argument could be made that alternative cues were
available.

While identifying the post-initiator human actions, certain types of actions are not expected to be
included such as those performed without any procedural guidance or those on which the
operators do not train. Instead, the action included or credited with the analysis will most likely
resemble the following:



° actions that are necessary and desired or expected given the scenario
back-up actions to failed or otherwise defeated automatic responses (NUREG-1792
(Ref. 1) cautions to be sure that the action can be credited to recover the auto-failure
mode)
anticipated procedure-guided or skill-of-the-craft recovery actions

° actions that require permission from other emergency or technical support staff

Although many of these actions will be included as errors of omission (EOOs), errors of
commission (EOCs) should be considered where applicable as well. EOOs represent failures to
take the appropriate actions as called out in the procedures or as trained on or as expected
given the scenario. NUREG-1792 (Ref. 1) points out that possible actions for which failure
would involve an EOC have generally been beyond PRA practice, but some issues may require
that the PRA/HRA address such failures.

2.3.2 HFE Definition

HFEs are typically defined in conjunction with HFE identification and, as the PRA develops, the
definition is refined and revised. The American Society of Mechanical Engineers/American
Nuclear Society (ASME/ANS) PRA Standard HLR-HR-F (Ref. 5) outlines the requirements for
definition. Consistent with these requirements, the definition activities described in this section
are those associated with understanding the PRA boundary conditions for the HFE and the
tasks involved in crediting plant staff actions in the PRA.

For the identified HFEs, the response failures should be defined to represent the effect of the
human failures at the function, system, train, or component level as appropriate. The definition
should start with the collection of information from PRA and engineering analyses, such as the
following (Refs. 2, 3, 4):

. accident sequences, the initiating event, and system and operator action successes and
failure subsequent to the initiating event and preceding the HFE

° accident sequence-specific procedural guidance

. accident sequence-specific timing of cues and the time available for successful
completion

o the time available for action

. the high-level tasks required to achieve the goal of the response

o the cues and other indications for detection and evaluation of errors

Once this information is gathered, the HFE can be defined at the level describing the human
failure of not properly performing the action and linking it to the affected component, train,
system, or function. The definition should include what the consequences of the failure are and
where those consequences are likely to be located (i.e., at the component, train, system, multi-
system, or function level).

Much of the detailed definition of the HFE will be completed with the qualitative analysis. In fact,
the identification and definition of the HFEs may be seen as an iterative process expanded upon
with the qualitative analysis.



2.3.3 Initial Assessment of Feasibility

Once the operator action has been identified and the HFE defined, the HRA analyst may
perform an initial assessment of whether the operator action is feasible. At this stage in the HFE
development, the feasibility assessment is primarily conducted using information obtained
during the HFE definition supplemented by any additional information that may be known about
the particular action or PRA scenario. This initial assessment should be based on the criteria
described below, but note that any EOP based actions can initially be considered feasible and
should be carried forward in the analysis. However, feasibility should be treated like a
“continuous action step” and reviewed periodically as the HFE is further developed and refined.
Chapters 3 and 4 offer information on how to perform a more detailed assessment of feasibility
as more information is obtained.

The following questions can be used to perform the initial feasibility assessment of HFEs given
the information that may be available at this stage of the analysis. If the questions can be
answered with the available information and it is clear that the HFE would not be feasible, the
HFE should not be included in the model or the HEP should be set to 1.0. Otherwise, the HFE
should be included in the model and re-evaluated later when more detailed information is
obtained during stages described in Chapters 3 and 4:

° Is there sufficient time to complete the action? Although a detailed timing analysis is
not required at this point, using the available timing information from the identification
and definition of the HFE, the analyst should assess whether there is sufficient time
available to complete the action. If it is obvious that there will not be enough time
available, the HFE should not be included in the model or the HEP should be set to 1.0.
This item involves examining both the total time required to accomplish the action and
the time available. The total time required for the action consists of the amount of time
required for diagnosis and the amount of time required for execution (including transit
time). The total time required must not exceed the total time available to complete the
action. The total time available can be estimated based on thermal-hydraulic
calculations, simulation data, or engineering judgment as is traditionally done in PRA.*

° 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 affected by the
initiating event such that the action cannot be performed, the action is considered not
feasible.

° Is the location where the action is to be accomplished accessible? If actions are to
be performed locally, the location of the action as well as the route must be accessible. If
the area or route is not accessible, the HFE should not be included in the model or the
HEP should be set to 1.0.

o Is there enough staff available to complete the action? If there are not enough crew
members available to complete the action (the number of people required for each task
exceeds the number of crew members available), then the HFE should not be included
in the model or the HEP should be set to 1.0.

4 Although such a detailed judgment is not necessary for this initial feasibility assessment, Chapter 3 presents
detailed guidance on estimating the amount of time required.

2-9



° Is all the equipment needed to perform the required critical tasks available? This
item includes instrumentation or alarms and component operability considerations.
There must be at least one channel of instrumentation or alarms for cue(s) for an
operator action to be feasible. Similarly, the components manipulated during the
operator response must be free of damage. If the initiating event has damaged the
equipment such that it will not function (even if the operator takes the appropriate
action), then HFE should not be included in the model or the HEP should be set to 1.0.

In the identification and definition stage, the HFE narrative and information about each PIF is
likely not yet known. Thus, this initial evaluation should be based on the available information
with knowledge that, as the additional information becomes available, the feasibility step should
be reassessed as described in Chapters 3 and 4 for those HFEs that have not been eliminated.

234 Time Uncertainty Analysis

Uncertainty exists in the time required and time available for actions because each action
represents a range of conditions captured by a given PRA scenario as well as other sources of
variation (e.g., crew-to-crew differences). The purpose of this step is to identify and analyze the
effects of time uncertainties for time-critical actions. As described in Chapter 3, time uncertainty
analysis includes identifying uncertainty factors in the time available and time required to
perform the human actions in an HFE and quantifying the contribution of time uncertainties to
the overall HEP of the HFE. The process is as follows:

1. Identification of factors contributing to time uncertainty that include:
. Estimating distribution of time available for completing the task (time available)
° Estimating distribution of time required to complete the task (time required)

2. Calculation of the contribution of time uncertainty to the HEP
HEP = Pt + Pc

Pc Probability of all the crew failure modes (for the selected DT path) of all the critical tasks
of the HFE. This is all types of operator failures other than Pt. Pc will be calculated from
the IDHEAS quantification model.

Pt Error probability introduced by the time factor in the HFE. It is calculated as the
convolution of the distribution functions of time available and time required. This
assumes that the crew follows its protocol or procedures correctly, and there are no
additional complications (e.g., equipment failures) except as specified in the initial
condition, initiating event, and the boundary condition. Pt represents the likelihood that
the time available to perform the human action is less than the time requi