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ABSTRACT

The Idaho National Laboratory (INL), sponsored by the Nuclear Regulatory Commission, has
developed a repository entitled Human Event Repository and Analysis (HERA). The objective
of HERA is to make available empirical and experimental human performance data, from
commercial nuclear power plants (NPPs) and other related technologies, in a content and
format suitable to human reliability analysis (HRA) and human factors practitioners. This
Volume 1 of NUREG/CR-6903, discusses the need for a systematic collection of human
performance data on the basis of current regulatory HRA and human factors applications,
describes the taxonomy and structure of the data in HERA, and presents examples of
information extraction and coding.
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FOREWORD

The U.S. Nuclear Regulatory Commission (NRC), with the support of the Idaho National
Laboratory, is developing a database of human events called the Human Event Repository and
Analysis (HERA) system. The objective of HERA is to make available empirical and
experimental human performance data, from commercial nuclear power plants (NPPs) and
other related technologies, in a content and format suitable to human reliability analysis (HRA)
practitioners.

The HERA project supports the NRC's “Action Plan—Stabilizing the PRA Quality Expectation
and Requirements,” SECY-04-0118. Practitioners have viewed HRA as contributing to the
uncertainties of probabilistic risk assessment (PRA) results, primarily due to lack of quality data
to support evaluations of human events under the conditions modeled in PRAs. The NRC
stated in SECY-04-0118 that “such a repository will mark a significant step towards addressing
the issue of quality of data for HRA, viewed by practitioners as a significant limitation of the HRA
state-of-the-art.”

This report, NUREG/CR-6903, Volume 1, “HERA Overview,” builds a technical basis for this
effort, by (a) providing a historical perspective on the use (or non-use) of data in HRA, (b)
presenting examples of successful data uses in HRA (e.qg., the development of the ATHEANA
method on the basis of historical experience), and (c) presenting the current thinking on the use
of information from various sources to enhance the analyst’s ability to understand the drivers of
human failure and to estimate probabilities. HERA will (a) help identify the operant performance
shaping factors (PSFs) or other elements of context that will most significantly affect human
performance for the plant conditions and specific actions modeled in PRA/HRA and (b) provide
a quantitative measurement, or at least semi-quantitative insight, as to the effect of these
contextual elements reflected in the human error probability estimates coming from HRA
methods.

Specifically, this volume provides a detailed description of the event data, the sources of that
data, the information extraction processes, and the format and structure of that data. This
volume focuses on data from NPP operational events and simulator studies. The extraction of
data from other technologies — such as chemical, military, aerospace, aviation, and the
behavioral sciences — will be provided in future updates. Furthermore, detailed information on
the definitions underlying the data structures, the process and quality assurance of coding
HERA events, and the software implementation of HERA will be documented in Volume 2 of
NUREG/CR-6903.

Beyond supporting HRA applications, HERA also will support analysts who seek to understand
how context, work processes, and other determinants interact to produce the observable
behavior that is part and parcel of nuclear power plant activities. In particular, HERA may
inform human factors by (a) providing human performance data to support modeling and theory,
(b) providing information appropriate for the design of a safe workplace, and (c) documenting
cognitive and contextual factors that enhance or limit optimal performance.

Brian W. Sheron, Director
Office of Nuclear Regulatory Research
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1 HERA OVERVIEW

1.1 Introduction

Pursuing its risk-informed regulatory framework, the Nuclear Regulatory Commission (NRC)
published Regulatory Guide 1.200, “An Approach for Determining the Technical Adequacy of
Probabilistic Risk Assessment Results for Risk-Informed Activities,” February 2004, and
developed an “Action Plan—Stabilizing the PRA Quality Expectation and Requirements,” SECY-
04-0118, for addressing probabilistic risk assessment (PRA) quality issues. Among the
technical issues recognized as needing to be addressed, are issues associated with human
reliability analysis (HRA) and in particular the development of a tool entitled Human Event and
Repository Analysis (HERA) system for both human factors and HRA applications. It is stated
in SECY-04-0118 that the development of the HERA system “encompasses the development of
a database structure and the collection of information from operational events or other sources
suitable for HRA. Such a repository will mark a significant step toward addressing the issue of
quality of data for HRA, viewed by practitioners as a significant limitation of the HRA state-of-
the-art.”

This volume of the multi-volume HERA report provides an overview of HERA and addresses
how the HERA database may address information needs within both the HRA and human
factors communities.

The Human Event Repository and Analysis (HERA) system constitutes a data analysis method,
structure, and accompanying software database for recording human performance and reliability
data that are relevant to nuclear power plants (NPPs). HERA accommodates both empirical
data obtained from plant operations (e.g., event reports) and experimental data obtained from
NPP operator studies and related research. HERA analysts analyze these raw data sources to
identify a chronological progression of human actions, inactions, and interactions within the
plant. Once identified, each action or inaction is individually analyzed according to the HERA
analysis and encoding method to indicate how it significantly contributes to the sequence of
activities identified within the total event. The HERA database includes both the original source
materials and the analysts’ identification of factors that influenced human performance.
Ultimately, the information in HERA may be used to support qualitative analyses of human
performance in realistic operational settings as well as to support activities related to estimation
of quantitative HRA and PRA model parameters.

1.1.1 Compatibility with HRA

HERA can be readily understood within the classic framework of HRA. HRA serves a three-fold
goal (Gertman and Blackman, 1994) to:

¢ Identify sources of human error and human failure modes to be included as human failure
events (HFES) in a PRA framework or model,

o Develop models in the PRA representing the specific HFEs of interest, and

e Quantify the human error probability (HEP) associated with each HFE including
understanding the factors that may most influence the HEP estimate.

HERA likewise serves this goal, as depicted in Figure 1.1 and explained below:



Identify Refine Quantify
HRA Errors for Model in HEPs in

PRA Model PRA PRA

r - .l
ER et Event Analysis
8 Decomposition Structures
Data Sources

HERA < A 4
Bayesian
ReE:EH) Statistical
. P u Methods

Figure 1.1 The match of HERA to the goals of HRA.

¢ |dentify Error Sources. HERA provides a basis for selecting empirical and experimental data
sources of human performance that is relevant to NPPs. Empirical data sources include
operations and event reports, while experimental data include human performance studies
such as those conducted in control room simulators. Once these sources have been
selected, the HERA software database serves as a repository for these sources by capturing
the source materials catalogued according to searchable plant and human performance
parameters.

¢ Refine Human Failure Modeling in the PRA. HERA provides a formal method for
decomposing events into a series of subevents related to plant systems or the personnel at
the plant. This decomposition of events into subevents can facilitate the proper incorporation
of hardware and human contributions to the evolution of an event in the PRA.

¢ Quantify the HEPs. For each human subevent, HERA provides a detailed analysis structure
including information about the performance shaping factors (PSFs) that contributed to the
observed human performance. The PSFs in HERA parallel those used in many HRA
methods. Hence, the information provided in HERA about what PSFs are most relevant and
contribute to human errors in certain contexts, should be useful to how we model the
relationships between PSFs and the final HEP estimations produced by specific HRA
methods. In addition, since HERA provides the opportunity to search and compare related
human events, it makes it possible to use Bayesian statistical methods to update estimated
HEPs based on empirical or experimental evidence.

1.1.2 Summary of HERA Content

With the above HRA relationships in mind, HERA consists of an analysis method, supporting
worksheets, and a database, to support compiling, interpreting, and documenting experience
relevant to NPP operations. The documentation is specifically designed to be of a content and
form useful to the variety of HRA methods and the general discipline of human factors. While it
is recognized that information sources covering experiential information are often incomplete or
censored, such data are nevertheless of value in striving to improve the credibility and validity of
human performance evaluations in NPP applications. This is particularly important since the



weakness of data available for HRA is one of the major concerns expressed by practitioners
and decision makers. The validity of HEP estimates and the development and validation of
human performance models used in HRA stand on the footing of the data at their disposal.

Recognizing the many differences between HRA methods, including types of inferences and
explanations of human behavior, a goal of the HERA system since its inception has been to
provide information designed to be of value to most methods. The sources of information
include both raw, unprocessed information of source documents and additional information
related to underlying human performance mechanisms in terms that can be applied directly or
easily transformed to support implementation of a variety of HRA methods. The taxonomy and
structure of HERA is, thus, designed to accept a variety of activities and to support numerous
HRA method implementations.

HERA is designed to contain information from such sources as simulator experience, controlled
experiments, as well as actual NPP events as those reported, for instance, in licensee event
reports (LERS). Initially, the focus of HERA'’s content will be the latter item, LERS, and related
Augmented Inspection Team (AIT) reports and other similar special reports whose subject is an
operational event with human performance issues or lessons learned.

For at least these initial events that will be coded into the HERA database, the following is a
summary of the information included about each event (more detail is provided in Section 3 of
this volume):

The plant/plant type (e.g., PWR) involved;

The plant operating mode and power level at the time of the event;

The date and time of the event;

A description of the operational event;

A summary of what functions, systems, and/or components were potentially or actually lost

as part of the event;

e A detailed chronological breakdown of the event providing details about and timing of both
human successes as well as failures, equipment successes and failures, important plant
states and conditions, and other context-related descriptions to better understand the event
and its evolution;

¢ Any important trends (e.g., a continuing disregard to follow specific procedure steps) noted
about the event;

o Documentation of human failures judged to have strong dependencies among the multiple
failures that occurred;

The personnel involved in the event (e.g., control room operators, engineering personnel);

o Particularly relevant plant conditions that were important to why the event evolved the way it
did and influenced any human errors or successes during the event;

e Specifics as to both positive and negative PSFs deemed to influence the human
performance;

e A cataloging of the type of human error that was made (e.g., mistake or lapse) and its
underlying cause(s);

e additional comments as appropriate.

The information is collected and provided in a way that maximizes flexibility so that its content
can be useful to most HRA methods and the discipline of human factors. For instance:



o HERA accommodates a wide range of data sources relevant to classifying human
performance in NPPs;

¢ Not just human failures, but successful human actions are also addressed in HERA,
including recoveries from initial errors;

o The HERA data structure breaks down an overall operational event into subevents such as
specific successes and failures of equipment and operator actions, thereby supporting
multiple levels of granularity in task analyses;

e The information in HERA could support options for quantification. Quantification options
include, for instance, using the algorithms, curves, and tables in a particular HRA method,
using expert judgment based in part on the information contained in the HERA database,
using a meta-analytic approach (Griffith and Mahadevan, 2006; Lipsey and Wilson, 2001) to
combine multiple HEPs captured in the database, and utilizing Bayesian statistical updating
to refine existing HEPs based on the additional evidence summarized for the events coded
in the HERA database.

1.2 Documentation Series

Comprehensive details regarding HERA are contained in the current and forthcoming volumes
in this NUREG/CR series. This series is expected to be comprised of the following two
volumes:

¢ NUREG/CR-6903, Volume 1, Overview of HERA. This report provides the rationale behind
and overview of HERA, while subsequent volumes provide greater detail behind the
software, encoding, and quantification of HERA events.

e NUREG/CR-6903, Volume 2, HERA Users’ Guide. This report outlines the implementation
of HERA as a software database and explains tools available to review records contained in
this database. This report also provides extensive definitions and illustrations regarding how
events are coded into HERA. It also documents the HERA quality assurance process used
to assure that HERA records are valid and that HERA analysts are consistent and reliable in
their coding of events.

1.3 Overview of This Report

This current report (NUREG/CR-6903, Volume 1) documents the development of HERA and
related processes for extracting information from one source, operational experience (that
includes primarily event experience and also simulator studies), designed to support HRA and
human factors. Future updates will include information from other sources, such as the aviation
industry and behavioral sciences. The current report also provides a concise overview of HERA
structures at a level of detail suitable for a person familiar with HRA and PRA to determine the
type of information that is contained in HERA as well as its regulatory relevance and utility.



2 HUMAN RELIABILITY DATA NEEDS

2.1 Introduction

In accordance with the Nuclear Regulatory Commission’s (NRC) risk-informed approach to
regulation and its policy statement (NRC, 1995) on the use of PRA, during the last decade, the
NRC has increasingly used PRA technology in “all regulatory matters to the extent supported by
the state-of-the-art in PRA methods and data.” Examples of risk informed initiatives include:

e Undertaking risk-informed rulemaking activities such as risk-informing 10 Code of Federal
Regulations (CFR) 2001 Part 50, Section 69, “Risk informed categorization and treatment of
structures, systems and components for nuclear power plants,”

e Generating a risk-informed framework for supporting licensee requests for changes to a
plant’s licensing basis (Regulatory Guide 1.174) (NRC, 2002),

¢ Risk-informing the reactor oversight process, performing risk studies (e.g., for steam
generator tube rupture (SGTR), and pressurized thermal shock (PTS) events),

o Evaluating the significance of events, and

e Using PRA in licensing of new reactors.

For NPPs, these PRAs usually require the modeling of potential plant equipment failures and
the examination of the reliability of the various systems in the plant. In today’s NPPs,
operations and maintenance staff play an integral part in maintaining the plant equipment with
the use of periodic surveillance testing and scheduled maintenance programs. Also, through
emergency response and other procedures, they monitor, direct, or even change the way the
plant responds during an event that challenges normal plant operation to ensure continued safe
operation or safe shutdown of the plant if necessary.

Given the above human roles in NPP operations, PRAs and similar assessments typically
require modeling and analysis of human (i.e., operator or maintainer) performance as it affects
the availability of plant systems and as part of the response to challenges to plant operation.
HRA is the technical discipline used to analyze the reliability associated with operator action.
The HRA process, which includes the use of human factors engineering principles, examines
many of the influences (e.g., ergonomics, quality of procedures, fatigue, etc.) that can affect
human performance and reliability. The process provides a means to understand what affects
operator performance and to identify potential weaknesses and related improvements so as to
lessen the likelihood and consequences of human failures that could possibly occur.

Hence, HRA involves the understanding of human performance in a NPP setting with the
ultimate goal, as used in PRAs, to be able to properly identify and model human actions under
various conditions and to estimate the reliability of those actions. Key outputs of the HRA
process include the estimation of HEPs and knowledge about the key drivers that affect the
HEPs including, for example, plant conditions that are particularly relevant with regard to the
estimated HEP, as well as the most influential PSFs and associated underlying causes. In
HRA, analysts attempt to model human behavior based on behavioral sciences and other inputs
S0 as to predict the potential for human failures for prospective analyses, or to understand the
underlying causes and influences for human failures in events that have already occurred for
retrospective analyses (e.g., for lessons-learned purposes). Human factors and related issues
represent a significant part (but not all) of the influences that are considered in a HRA.



To better understand some of the issues of concern and particularly the data needs to support
HRA, it is useful to first provide a summary of current HRA practices.

2.2 Overview of the State-of-the-Art of HRA

Before discussing the data needs for HRA, it is worthwhile to provide a brief overview of the
state-of-the-art for HRA.

2.2.1 A Common Categorization Scheme

HRA methods developed for NPPs use a common categorization scheme to distinguish
between:

¢ Those HFEs postulated in the PRA as contributing to the unavailability of equipment by
leaving a system or individual component in a faulty undetected state due to errors during
testing and maintenance,

o Those HFEs contributing to an initiating event (that is to an abnormal event that can
challenge plant safety), and

o Those HFEs contributing to the failure of a safety function, system, or component modeled
in the PRA in response to an initiating event.

As a result, HFEs in an HRA are classified as (1) pre-initiator HFEs; (2) initiator-related HFEs,
and (3) post-initiator HFEs. This categorization scheme helps distinguish the conditions under
which a task is being performed and, therefore, identifies the influences affecting human
performance that could be quite different for the different tasks modeled in a PRA.

For example, for pre-initiator actions involving normal operations such as testing and
maintenance, such actions are not generally time sensitive, and hence time is typically not an
important influencing factor. But pre-initiator HFEs may be related to short-cutting test and
validation practices due to causes such as tedious repetition of restoration activities, tool
availability or suitability, and accessibility of the component being maintained. Therefore, those
types of influencing factors may be more important to take into consideration when modeling
and assessing pre-initiator HFEs in a PRA.

Initiator-related HFEs involve human failures that can induce or otherwise contribute to the
occurrence of an initiating event (e.g., an operator inadvertently causing shutdown of a
feedwater pump, which in turn causes an automatic shutdown of the plant). It is not a common
practice to model these types of HFEs in PRAs. The occurrence and the frequency of such
events are captured in PRAs by the use of available statistical data on initiating event
occurrences.

Post-initiator HFES, associated with actions taken in response to an initiating event and
subsequent plant transient, are modeled and analyzed in a PRA/HRA. Studies of human
performance under abnormal or accident conditions have identified many influencing factors.
For example, in some situations, time available to respond can be an important factor. Other
factors may also be important, such as how well procedures will direct the appropriate actions to
take given the postulated accident scenario and to what extent the operators have been trained
on the type of scenario being addressed. As a result, the PSFs for post-initiator human events
are handled differently from the PSFs for pre-initiator human events.



2.2.2 Evolution of Human Performance Modeling in HRASs

HRA methods, along with the rest of PRA for assessing NPP risks, have evolved over thirty
years. However, although practitioners appear to have converged on how to model and assess
equipment performance in response to most initiating events modeled in a PRA, a lesser level
of convergence has occurred in HRA. As mentioned above, there are many methods available,
all attempting to:

¢ Model the anticipated human behavior through the identification of PSFs,
e Assess their relative strength for the conditions under which tasks are performed, and
e Use algorithms or experts to translate this qualitative information into HEP estimates.

Not surprisingly, early HRA methods tended to consider PSFs that could generally be easily
observed and measured (e.g., poor equipment layout). They also tended to employ explicit and
rather simple quantification techniques, driven largely by the assumption that the cognitive
functioning of people performing the tasks was intact; i.e., less rigorously accounting for the
potential for failure due to the cognitive demands involved (Straeter, 2005). Many of these
earlier methods attempted to compensate for the lack of explicit modeling of cognition implicitly,
by considering influences such as stress, whose strength could be justified in terms of cognitive
demands.

As time went by, much of the importance of these objective-type PSFs was decreased through
simple-to-fix improvements (e.g., through use of mimic boards or priority alarm schemes); while
our knowledge about human behavior under accident conditions continued to grow. As a result,
new HRA techniques were developed, incorporating knowledge from both the behavioral
sciences and the analysis of actual events observed in NPPs and other high-risk technologies.
These technigues resulted in a common recognition that the cognitive demands on humans
dealing with situations that can lead to an accident can no longer be ignored or treated too
simplistically because, in fact, cognition often plays a vital role in the success or failure to
mitigate an event. Hence, it became increasingly important that methods guide analysts to both
understand and account for the cognitive aspects of human behavior in the estimation of HEPs.
As a result, the more recent HRA techniques rely on much more sophisticated underlying
human performance models addressing psychological factors that can affect a person’s
capability to successfully deal with cognitive demands. Nevertheless, early HRA methods are
still in wide use in the NPP industry and, if applied properly, can be sufficient for use in many
applications.

2.2.3 A Sampling of HRA Methods

Many of the potentially risk significant HFEs postulated in PRAs include operator failures in
circumstances that have not been observed (i.e., the circumstances of interest are sufficiently
rare that there are few opportunities to observe human performance of interest). As a result,
classical statistical methods cannot be used to directly estimate the HEPs. Hence, the evolution
of HRA has resulted in numerous methods for assessing human performance in NPPs,
recognizing that direct observation and measurement are not possible in many cases. A
sample of methods is discussed here to provide insights as to the data needs for HRA.

In the Technique for Human Error Rate Prediction (THERP) (NUREG/CR-1278, Swain and
Guttmann, 1983), the authors provide an insightful discussion of how a variety of internal and
external PSFs can influence the reliability of human performance for both pre- and post-initiators
and list 50 potential PSFs that could affect performance under different circumstances.



However, to estimate HEPs, THERP provides tables (i.e., Chapter 20) of tasks modeled in
HRAs and associated HEPs. The tasks listed in these tables are procedure- and control-driven
types which are relevant to nuclear power operations, e.g., maintenance. However, the PSFs
included in the tables are mainly job- or environment-related factors. The authors do provide
the ability to treat stress levels and experience, which are internal-type PSFs; however, they do
not provide the capability to explicitly treat other factors and specifically PSFs related to
cognitive tasks. Although some of these PSFs are implicitly treated in some of the tabled
elements, such an approach does not allow human reliability analysts to identify and measure
the effects of these PSFs.

In the ensuing years since the publication of THERP, more methods have been developed with
the same objective of identifying error likely situations and predicting the likelihood of human
failure in these situations. There are currently over 20 methods available for characterizing and
predicting states of human failure. In all of these methods, human failure is characterized by
humans either not performing the desired action or doing something other than the desired
action. This often implies a time frame (i.e., if an action is not performed before a certain time, it
can be considered a failure or error). Each of these methods provides explicit consideration of
human factors and other influences that affect performance, and these methods encourage
analysts to apply them to account for situational factors that, together with operator, crew, or
organizational factors, may affect the likelihood of human failure.

The Cause-Based Decision Tree (CBDT) approach considers human failure modes as
predominantly arising from failures at the plant information-operator interface, or at the
procedure-crew interface (Singh, Parry, and Beare, 1993). Specific failure mechanisms may be
accounted for through a CBDT analysis, much like accounting for PSFs used by other HRA
methods. Some of these mechanisms may include or imply cognitive functions. Nevertheless,
failure is largely treated as an obstacle to successful performance of an appropriately
intentioned crew.

The Standardized Plant Analysis Risk-Human Reliability Analysis (SPAR-H) method (Gertman
et al., 2005) provides a comparison of a few widely used methods. The conclusion of the
SPAR-H developers is that most widely used HRA methods consider a limited set of similar
types of PSFs, although techniques that rely on expert judgment for quantification are
conceivably capable of considering a wider set of PSFs judged to be relevant by subject matter
experts. Many of these HRA methods estimate HEPs by adjusting a nominal HEP with
multipliers representing the strength of the effect for each PSF on the success/failure of the task
analyzed (Boring and Gertman, 2005). Thus, in these methods an HEP is estimated using
expressions such as:

n

HEP =Nominal,, x| [ PSF

i=1

In the SPAR-H method, a nominal HEP is modified by the product of PSFs determined or
postulated to be operant in the context under consideration. The PSFs in the equation serve as
estimators for the effect of contextual conditions on human reliability.

The Cognitive Reliability and Error Analysis Method (CREAM) method (Hollnagel, 1998)
produces screening values by employing information about common performance conditions
(CPCs). CPCs are constructs similar to PSFs that are deterministically related to the control
mode and, hence, the failure probability of human actions. The combined effects of CPCs may



serve to improve or reduce performance reliability. The mean failure rate (MFR) for a human
action being screened is given by:

MFR = MFR, x10"

The variable A is of special significance and is a logarithmic function that incorporates
information provided by an analyst regarding the quantity and effects of common performance
conditions on performance reliability (Fujita & Hollnagel, 2004). Screening, thus, requires
information about performance conditions and how they may affect human reliability.

The quantification technique in A Technique for Human Error Analysis (ATHEANA,; Cooper et
al., 2000) produces estimates of human reliability for the HFE of interest by expressing its
conditional probability in certain error forcing contexts (EFCs) that may manifest themselves for
a postulated accident scenario S:

P(HFE|S) = > P(EFC,|S)xP(UA|EFC,,S)

The ATHEANA technique requires analysts to account for the many ways that unsafe acts
(UAs) may occur across a complete set of error forcing contexts that may arise in a given
accident sequence (Forester et al., 2004). This approach requires information that can be used
to identify and quantify the likelihood of different error forcing contexts as well as the likelihood
of unsafe acts in those contexts.

2.3 Implications for Human Reliability Data Needs

HRA is a process that includes the collection and analysis of information about plant conditions,
PSFs, and any other human performance influences. Through a prescribed method (of which
there are many), the process then translates this information ultimately into an estimated HEP
for an action of interest to NPP operations. While these methods presently have some basis for
the algorithms they use and the PSFs they consider, significant judgment is used in the
implementation of these methods with little relevant empirical evidence. Consequently,
empirical evidence is needed to better inform HRA methods so as to validate, or at least
partially support whether the appropriate influences are being considered and that the
algorithms used provide HEPs that are realistic for the actions and situations that are analyzed.

As a result of the significant judgment required, there is considerable uncertainty in HRA results
as well as some skepticism as to the credibility of the results. HRA is therefore considered as
among the most uncertain portions of a NPP risk assessment by PRA practitioners and
decision-makers. Today'’s risk-informed regulatory approach in the commercial nuclear industry
demands that the uncertainties in HRA be reduced or at least be better understood.
Additionally, decision-makers need to be able to consider the results credible and to some
degree, validated. Preferably this validation should be based on experience such as that
represented in the HERA database, even if that experience is partially reflective of what is being
modeled and analyzed in PRASs.

However, there are insufficient data to assess operator reliability in HRA and to fully understand
human factor influences that affect human performance under a variety of conditions and for a
wide-spectrum of plant conditions. This lack of sufficient data is one of the concerns expressed
by practitioners and decision-makers. Data are required not only to directly support HEP



estimates needed to quantify the risk significance of postulated HFEs, but also to support the
development and validation of human performance models (including human factors influences)
used in HRA methods.

While the details may differ, the various methods generally need relevant information to (a)
identify the operant PSFs or other elements of context (some of which are human factors
issues) that will most significantly affect human performance depending on the plant situation
and the specific action, and (b) provide a quantitative measurement, or at least semi-
guantitative insight, as to the effect of these contextual elements that can be reflected in the
HEP estimates coming from these methods. The need for these qualitative and quantitative
data is confirmed by studies of operator performance that have shown that performance is
variable within and across contexts, and can be influenced by contextual factors (Hallbert,
1997). Knowing which factors are important in a given context is vital to understanding and
predicting human performance outcomes. Beyond being able to identify these factors,
measurement is necessary in order to model and predict performance.

The underlying bases for the situational factors (e.g., PSFs, human factors, and plant conditions
for the scenario of interest) that are addressed by the current methods and the probability
values used in the methods include both actual data and judgment. Actual data that are
applicable and in a form usable for NPP risk assessment have been and continue to be sparse.
What is available comes from reports and databanks involving experiments using artificial tasks
(e.g., psychology experiments), experiments and field studies of actual tasks in industrial and
process industry settings, military data on human failures, simulations in NPPs, and actual
events in nuclear plants such as that reported in LERs. Given the nature of NPP operations and
the rare opportunities to observe most failures of particular importance to NPP risk,
considerable judgment has also been used not only to augment actual data, but to re-interpret
the human performance data (which are generally not from nuclear experience) for NPP
settings and activities. This has caused data to be used or otherwise applied beyond the
purposes for which the original data were intended. Additionally, considering the potential
subjective interpretation of the data for NPPs, the inclusion of judgments where data were
lacking and the genuine variability in human performance even under identical conditions, there
is considerable uncertainty in HRA results as well as skepticism as to the credibility of the
results

Even though many sources of information on human performance exist, few are regularly
employed or referenced in analyses of human reliability. For purposes of informing HRA, there
has been reluctance to employ information from operating experience. This is principally due to
the sensitivity of human performance to operating contexts. For instance, it is difficult to match
context from operating experience (such as that captured in LERS) to rare events of more
interest in PRAs. That is, although operating experience sometimes encompasses
circumstances important to estimate the human contribution to NPP risk, it is not the same or
even similar to many of the PRA modeled situations. Hence, HRA uses analytical methods to
characterize HEPs of interest in PRA rather than using experience-based information directly.

Collecting human reliability information has also proven difficult. By most definitions, human
reliability is concerned with the potential for human error. Unfortunately, there is still a stigma
associated with acknowledging fallibility and error in many industries, especially when it results
in damage and loss. For this reason, organizations have shied away from collecting and
analyzing human performance data especially among licensed personnel. Nevertheless,
operating experience provides a readily available source that includes instances of both
successful human performance as well as failures. And for the more risk significant events, the
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NRC typically follows up by conducting investigations using augmented inspection teams, which
result in thorough descriptions of human decisions and actions as well as lessons-learned that
can be used to improve future operations.

Given the increased use of HRA results in regulatory decision-making, there is a need to make
greater use of the sources that are available, especially those sources related to operational
experience. Efforts are especially needed to characterize the sources of information that are
capable of informing HRA applications and to attempt their development and use. Recognizing
that evidence from various information sources exists; efforts are also needed to develop the
means and tools to support their use.

2.4 How Can the Information in HERA Be Useful?
2.4.1 General

A systematic collection of human performance information for the conditions studied in HRAs
would go a long way to improve our HEP estimates and the assumptions and theoretical
frameworks for modeling human performance. For example, data may be helpful in supporting
the direct estimation of HEPs for some situations (e.g., perhaps some types of p