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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS� 
MEETING OF THE ACRS SUBCOMMITTEES ON� 

HUMAN FACTORS AND� 
RELIABILITY &PROBABILISTIC RISK ASSESSMENT� 

MEETING MINUTES - DECEMBER 15-16, 2005� 
ROCKVILLE, MARYLAND� 

INTRODUCTION 

The ACRS Subcommittees on Human Factors and Reliability & Probabilistic Risk Assessment 
held a meeting on December 15-16, 2005, in Room T-2B3, 11545 Rockville Pike, Rockville, MD. 
The purpose of this meeting was to review the status of the agency's current research on 
Human Reliability Analysis. Eric Thornsbury was the Designated Federal Official for this 
meeting. The Committee received no written comments or requests for time to make oral 
statements from the public. The Subcommittee Chairman convened the meeting at 8:30 a.m. 
on December 15, 2005, recessed at 6:20 p.m., reconvened at 8:30 a.m. on December 16, 2005, 
and adjourned at 10:45 a.m.. 

ATTENDEES 

ACRS Members 

G. Apostolakis, Subcommittee Chairman T. Kress. Member 
M. Bonaca, Subcommittee Chairman E. Thornsbury, Designated Federal Official 

Principal NRC Speakers 

J. Yerokun, RES E. Lois, RES 
A. Kolaczkowski, SAIC J. Forester, SNL 
S. Cooper, RES D. Gertman, INL 
A. Bye, HRP P. Braarud, HRP 
B. Hallbert, INL 

Other Principal Speakers 

F. Rahn, EPRI Z. Elawar, PVNGS 
J. Julius, Scientech A. Mosleh, UMD 

Other members of the public attended this meeting. A complete list of attendees is in the ACRS 
Office File and is available upon request. The presentation slides and handouts used during the 
meeting are attached to the office copy of these minutes. 
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OPENING REMARKS BY CHAIRMAN APOSTOLAKIS 

George Apostolakis, Chairman of the ACRS Subcommittee on Reliability & Probabilistic Risk 
Assessment, convened the meeting at 8:30 a.m. Dr. Apostolakis stated that the purpose of this 
meeting was to review the status of the agency's current research on Human Reliability Analysis 
(HRA). He said the Subcommittee would gather information, analyze relevant issues and facts, 
and formulate proposed positions and actions, as appropriate, for deliberation by the full 
Committee. The rules for participation in the meeting were announced as part of the notice of 
the meeting published in the Federal Register on November 28, 2005. Dr. Apostolakis 
acknowledged that the Committee had received no written comments or requests for time to 
make oral statements. 

DISCUSSION OF AGENDA ITEMS 

EPRI HRA Calculator 

Dr. Frank Rahn, EPRI, began the presentations. He first introduced his colleagues that would 
be presenting other portions of the discussion, then provided a brief discussion of the 
organization of the EPRI HRA Calculator Project. After reviewing key HRA-related EPRI 
research over the past twenty years, he passed the presentation to Dr. Zouhair Elawar. 

Dr. Elawar, Palo Verde Nuclear Generating Station, provided a briefing on the background of 
the EPRI HRA Calculator. He discussed the analyst factors that were a significant source of 
variation in industry HRAs. EPRI designed the HRA Calculator to facilitate a standardized 
approach to human reliability analysis while meeting utilities' needs for all current and 
foreseeable PRA and regulatory needs. Dr. Elawar described the main objective of the 
calculator to meet the HRA criteria in the ASME PRA standard. He also reviewed the members 
of the EPRI HRA user's group and discussed their mission. Dr. Elawar also stated that the 
uncertainty seen in this approach to HRA is comparable to that of other PRA aspects. He 
finished by describing uses of the method in HRA updates, configuration risk management, the 
SOP process, operator training, and other licensing issues. 

Dr. Rahn returned to the microphone to lead the next discussion on the status of the HRA 
Calculator and some of its applications. He reviewed the development of the tool to provide 
immediate use by the members, defensible and reproducible results, and easy-to-use software. 
The development also includes guidelines and training to support consistent application and 
direct mapping to the ASME PRA standard. Dr. Rahn discussed the work the HRA user's group 
does with universities, how the group provides a focal point for feedback to NRC, and the 
benefits the international members of the user's group provide. For example, the project is 
following the development of the French method MERMOS. 

Dr. Rahn concluded his portion of the presentation by discussing the HRA models contained 
within the HRA calculator. For pre-initiator (latent) analysis, the user has a choice of the 
THERP model from NUREG/CR-1278 or the ASEP model from NUREG/CR-4772. For post
initiator (dynamic) analysis, the user can choose from the cause-based decision tree (CBDTM), 
HCR/ORE, the Annunciator Response model, and/or THERP. 

Dr. Jeff Julius, Scientech, provided the subcommittees with a technical description and 
demonstration of the EPRI HRA Calculator. He described how the technical approach follows 
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the general process of identification, screening, qualitative characterization, quantification, and 
dependency evaluation. The method also requires the input of performance shaping factors. 
Dr. Julius then provided an overview demonstration of the software's functions and features, 
including the pre-initiator module, the post-initiator module, and the dependency analysis 
module. He also described how the software interfaces with other PRA programs and showed 
how it produces documentation for the users. 

Dr. Rahn and Dr. Elawar rejoined Dr. Julius to provide a summary and conclusions to the 
presentation. 

Comments and Observations From the Subcommittee Members 

Dr. Apostolakis asked if they had tested the calculator with different users (Le., use two 
groups to analyze the same application). Dr. Elawar stated that complete agreement 
among users was not possible. Dr. Rahn added that the main testing approach is 
through the peer review process, where they are finding good consistency among 
groups. Dr. Apostolakis raised the issue of the European HRA benchmark study 
published in 1989 and suggested that the HRA community needs to address the results. 

Dr. Bonaca asked if the method has had any validation through the use of simulators. 
Dr. Elawar answered that they do use simulator training and other sources of simulator 
data. 

Dr. Apostolakis asked Dr. Elawar which parts of the EPRI HRA Calculator web site he 
can see. Dr. Elawar promised to send a sample HRA to Dr. Apostolakis for his 
information. 

Dr. Bonaca asked how the models were chosen to include in the calculator. Dr. Rahn 
replied that they used a pragmatic approach that included all the models being in use by 
industry at the time. 

Dr. Apostolakis asked Dr. Julius if they had questioned any of the assumptions of the 
models adopted in the calculator. Dr. Julius said no, but anything is subject to later 
questioning. 

Dr. Apostolakis asked if the NRC staff had reviewed the HRA Calculator. Dr. Rahn 
answered that it is available for review. Dr. Erasmia Lois, RES, added that the staff did 
review the calculator as part of its review of HRA methods. 

At the conclusion of the session, Dr. Apostolakis commented that consistency is 
important, the tool appears good, and suggested an exercise to compare results from 
different groups. Dr. Bonaca stated that the level of detail in the tool and the training 
that accompanies it impressed him. Dr. Kress stated that it has a good framework, 
thinks an exercise would be worthwhile, and would like to see more of the database that 
supports the tool. 
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Overview of Human Reliability Research Activities 

Mr. Jimi Yerokun, Section Chief in the Office of Nuclear Regulatory Research, began the staffs 
presentation by reviewing the objectives of the briefing: to provide an update on NRC's human 
reliability analysis research programs and to address current interests of the ACRS. The staff 
hopes to obtain input from the Members to inform their planning of HRA activities. He then 
presented the goals and objectives of the research program and described the major focus of 
the research to support NRC's action plan on stabilizing the PRA quality expectations and 
requirements. Mr. Yerokun provided an overview of the upcoming briefings and presented a 
graphical description of how the human reliability program fits into the larger picture. 

Evaluation of HRA Methods 

Dr. Erasmia Lois introduced the next topic on the Evaluation of Human Reliability Analysis 
Methods Against HRA Good Practices. As part of the "PRA Action Plan for Stabilizing PRA 
Expectations and Requirements," the staff is developing guidance for performing and reviewing 
HRA. The first phase of the work created the HRA Good Practices document, NUREG-1792. 
The second phase is the evaluation of various HRA methods against those good practices, the 
topic of this presentation. 

Dr. Lois described the review team's approach and the expert meeting held to discuss the initial 
evaluation results. She noted that outside experts performed the review of current NRC 
methods to provide an independent perspective. She briefly listed the methods reviewed, all of 
which are domestic thus far. Dr. Lois then summarized the overall results of the evaluation in 
terms of general strengths and weaknesses. She also noted the evolution in thinking on 
quantifying human failure that is evident in the range of methods. The overall perspective of the 
review views the methods as a "tool box" that provides a range of methods for different types of 
analyses. Consequently, she noted the importance of using the right method for the right 
application, and using it in the way the designers intended. 

Dr. Lois then introduced Dr. Alan Kolaczkowski and Dr. John Forester to describe the 
evaluations of specific methods. Dr. Kolaczkowski began with a discussion of the Technique for 
Human Error Rate Prediction (THERP), from NUREG/CR-1278. He reviewed the scope of the 
method, the underlying model and data, and the quantification approach. He noted that the 
quantitative factors rely on the expert judgement of the authors. Dr. Kolaczkowski finished by 
describing the strengths and weaknesses of THERP. Strengths include good qualitative 
insights, wide application and use, a broad range of performance shaping factors (PSFs), and 
explicit handling of diagnosis and implementation failures. Weaknesses include resource
intensiveness, misapplication, one-size-fits-all diagnosis, and actually addressing only a 
relatively small set of PSFs in the quantification. 

Dr. Kolaczkowski continued the discussion with a description of the Accident Sequence 
Evaluation Procedure (ASEP) method. He described the scope of the method and its 
underlying model, discussing its approach to pre- and post-initiators. The quantitative values in 
ASEP use the same basis as THERP, but are more conservative. Like with THERP, he 
described the strengths and weaknesses. Strengths include ease of use, simplicity, thorough 
analysis of pre-initiators, explicit handling of diagnosis and implementation failures, and 
commonly accepted results. Weaknesses include likely misjudgements by non-experts due to 
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lack of guidance, lack of ability to handle extreme or unique PSFs, and similar data limitations 
as THERP. 

Dr. Forester continued the briefing by discussing the scope and underlying model for the Human 
Cognitive Reliability (HCR) I Operator Reliability Experiments (ORE) method, developed by 
EPRI. The strengths of HCR/ORE include strong empirical data and a straightforward and 
traceable derivation of human error probabilities. Weaknesses include the need for simulator 
runs to create the empirical evidence, a lack of guidance for obtaining expert judgements for 
crew response times, questionable generalization of plant-specific simulations, and lack of a 
systematic approach to identify human response vulnerabilities. 

Dr. Forester also presented the evaluation of the Cause-Based Decision Tree (CBDT) method, 
also developed by EPRI. He described it as a quantification technique for estimating non
response probability of post-initiator human actions. Strengths of the method include a required 
evaluation of potential causes of errors, ease of use, flexible selection and application of PSFs, 
and suggestions for other relevant factors not covered by the decision trees. Weaknesses 
include a lack of guidance for time-limited conditions, lack of guidance to support the flexible 
selection and application of PSFs, an assumption of independence among the factors in the 
decision trees, the use of THERP data, and potential misapplication of the self recovery feature. 

Dr. Kolaczkowski presented the staff's review of the EPRI HRA Calculator, noting that it is a 
software tool and not a model. It automates the use of a number of other methods. Strengths 
of the calculator include improved consistency, good traceability and documentation, and 
flexibility. Weaknesses include potential misuse without training, lack of guidance for which 
method to use, lack of guidance on using its flexibility, and non-use of some PSFs during 
quantification. Dr. Kolaczkowski also discussed the sigma decision tree option contained in the 
HRA Calculator. 

Dr. Kolaczkowski continued the presentations with a discussion of the SPAR-H method included 
in the Standardized Plant Analysis Risk (SPAR) models. It is a quantification technique for 
diagnosis and action human failure events to provide reasonable estimates for regulatory uses. 
Strengths of this method include simplicity of use, good coverage of many situations, detailed 
discussion of PSF interactions, explicit handling of diagnosis and action failures, and some 
validation of the values by comparison to other methods. Weaknesses include misuse by non
experts. independent treatment of PSFs, insufficient guidance for PSFs, inadequate resolution 
for more detailed analysis. and lack of explicit guidance for addressing a wider range of PSFs if 
needed. 

Dr. Forester discussed the evaluation of A Technique for Human Event Analysis (ATHEANA), 
documented in NUREG-1624. This method strives to address a wide range of performance 
conditions and failure modes, and is based on a four-stage behavioral sciences view. Strengths 
of ATHEANA include thoroughness, consideration of a range of different conditions, direct 
uncertainty evaluation, and consideration of errors of commission. Weaknesses include 
difficulty in reproducing results, complexity, resource and time intensiveness, insufficient 
guidance for addressing the broad range of factors, and insufficient guidance for producing 
human error probabilities. 

After skipping over the discussions of the Success Likelihood Index Methodology (SLIM) Multi
Attribute Utility Decomposition (MAUD) method, the Failure Likelihood Index Methodology 
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(FUM), and a revised Systematic Human Action Reliability Procedure (SHARP1), Dr. Lois 
summarized this discussion by reviewing the next steps for the project. The staff is considering 
development of a regulatory guide and/or SRP addressing methods for regulatory use. They 
are also planning to expand their review to international methods. In general, the HRA 
community could achieve continued improvement of the methods through common frameworks, 
improved technical bases, improved quantification capabilities, and an expanded knowledge 
base. 

Comments and Observations From the Subcommittee Members 

Dr. Apostolakis asked why the staff doesn't recommend against the use of some 
methods. Dr. Lois noted that they discussed this question during the expert meetings, 
where they concluded that some weaker methods may still be useful for some 
conservative analyses. Dr. Apostolakis suggested that the NRC send a clear message 
that they will not accept some methods. 

Dr. Apostolakis commented during the discussion on the staff's review of the EPRI HRA 
Calculator that a key question is how to find the optimum balance between 
standardization and flexibility. The staff agreed. 

Dr. Apostolakis posed a question to help guide the research program: What should an 
NRC staffer look like in 10 years? Dr. Kolaczkowski provided his view that such a staffer 
should have a solid background in behavioral sciences. 

ATHEANA & SPAR 

Dr. Susan Cooper began the next session that summarized the current status of ATHEANA and 
SPAR-H, the NRC's two current HRA methods. She first reviewed the different objectives and 
uses of the methods, then presented the details of ATHEANA. 

Dr. Cooper began by describing ATHEANA as a perspective on why serious accidents occur. It 
provides an approach for human reliability analysis both retrospectively and prospectively. It 
includes a process for both qualitative and quantitative HRA, search schemes for human failure 
events and error forcing contexts, and a quantification approach including uncertainty. She 
reviewed the reasons for the development of ATHEANA, to improve the state-of-the-art by 
incorporating advances in behavioral sciences to more realistically represent human behavior in 
accidents and near-accidents. 

After reviewing the improvements ATHEANA contains, Dr. Cooper discussed applications in 
which the staff has used ATHEANA, including pressurized thermal shock, a joint NRC/EPRI fire 
analysis, steam generator tube rupture, and an NMSS spent fuel handling project. Dr. Cooper 
finished her portion of the presentation by discussing the future plans for ATHEANA. The 
principal focus of the project is now technology transfer through development of a user's guide 
and training workshops. The staff is also identifying additional applications for ATHEANA, 
possibly including analysis of advanced reactor designs, retrospective analysis of operating 
events, and Yucca Mountain. 

Dr. David Gertman, Idaho National Laboratory, provided the staff's discussion on SPAR-H. He 
described the rationale for development of the program, in which the NRC asked INL to develop 
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a method for simple, realistic analysis of human error for the SPAR program. Many second 
generation HRA activities, including international research and ATHEANA, informed the 
development of SPAR-H. Dr. Gertman described the assumptions inherent in the method that 
make it applicable to most situations. To complete the presentation, he discussed the contents 
of the SPAR-H report (NUREG/CR-6883), which includes updates to the PSF definitions, 
incorporates both positive and negative effects of PSFs, provides worksheet examples, offers 
an improved uncertainty approach, provides more technical basis, and extends the method to 
low-power & shutdown conditions. 

Comments and Observations From the Subcommittee Members 

Dr. Apostolakis asked if ATHEANA's context-driven approach is useful for safety culture. 
Dr. Cooper answered that the RES HRA group has not yet been involved in the safety 
culture work, though the human factors staff has. Mr. Yerokun added that it may not be 
appropriate yet for HRA involvement, since the safety culture work is still in the 
development stages. 

Dr. Bonaca asked if the staff was planning to maintain both HRA methods. Dr. Gertman 
replied that he believes it to be a good idea, since the two methods represent different 
tools for different applications. 

Dr. Apostolakis commented that it would be useful to see an example of disagreements 
with industry on human reliability analysis during the significance determination process. 
Mr. Cheok said the staff would follow up on this during a spring briefing on SPAR-H. 

Dr. Apostolakis commented during the SPAR-H presentation that the staff should note 
some PSFs as only useful for retrospective analysis. He also asked about the basis for 
the PSFs and if a mapping exists for the PSF seen in the Halden report (high information 
load). Dr. Apostolakis suggested use of a deliberative approach for multiple PSFs rather 
than a formula. 

Halden Experiments 

Dr. Andreas Bye, Halden Reactor Project, provided the briefing on the Halden experiments and 
data collection activities supporting HRA. Mr. Bye first discussed the role of data in HRA and 
how data from simulators such as Halden informs HRA practitioners, method development, and 
quantification. He also discussed how the staff will use data from the Halden project to populate 
the HERA database. 

Mr. Per 0ivind Braarud then described the task complexity experiment for the Subcommittees. 
This simulation examined three task complexity factors (time pressure, information load, and 
masking) to see how they affect human performance. Mr. Braarud described the participants in 
the simulator study - seven three-operator crews from the simulated plant or its sister plant. 
The simulator is based on s Swedish BWR plant. He described the simulator setup, the 
operation procedures used during the study, and the training the crews receive on the simulator. 
Mr. Braarud continued by describing the scenarios used for the study and how they implement 
the complexity factors in the scenarios. He also described the experimental design for the 
experiments in terms of balance in the scenarios. 
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He continued the presentation and discussed the results of each complexity factor. He first 
described the masking factor experiments, showing both the main tasks and the additional 
masking tasks the operators needed to perform. The results of this series of experiments show 
that the response time for the main task relates to the difficulty of the additional task. In 
particular, if the additional task has either unclear cause and effect relationships, a potential for 
misdiagnosis, or a high cost of non-resolution, it can have a complicating effect on the main 
task. 

For the time pressure and information load factors, Mr. Braarud again described the 
experiments, including the main tasks and additional tasks. Variants for this experiment 
included performance of only the main tasks, the main tasks with time pressure, the main tasks 
with information load, and the main tasks with both time pressure and information load. He 
presented the results of the experiment in terms of time to completion of the main task. The 
analyses indicate that the division of work and resource management present a vulnerability for 
some crews. 

Mr. Braarud and Dr. Bye also discussed the relevance of their work to second generation HRA 
methods and ATHEANA. Halden provides qualitative insights on context and crew 
characteristics. It also shows the need to consider additional tasks that could distract the crew 
and may indicate the need for HRA methods to search for such tasks. They concluded by 
discussing the next steps for the project: document the method, perform additional experiments 
in 2006, and examine issues related to the generalization of their results. 

Comments and Observations From the Subcommittee Members 

Dr. Apostolakis asked how the data from the simulator study is applicable to American 
crews. Mr. Bye answered that they use very controlled studies, crew characteristics are 
similar around the world, and they use standard emergency operating procedures. He 
added that they would like to work with American crews in the future. 

Dr. Apostolakis suggested experiments to examine whether PSFs are independent. 

HERA Data & Bayesian Methods 

Dr. Lois introduced the first topic of the second day of the meeting. She also noted that Dr. Ali 
Mosleh is representing himself at the meeting due to his interest in the topic. He is not under 
contract to NRC or acting for them in any capacity at this meeting. She then turned the 
presentation over to Dr. Bruce Hallbert to begin the formal presentation. 

Dr. Hallbert, Idaho National Laboratory, first provided an overview of the morning's 
presentations. The goal was to update the Members of the status of efforts related to data 
production and system development for the Human Event Repository and Analysis (HERA) 
database. After reviewing some background information, Dr. Hallbert described the objective of 
the project as the systematic collection of information about human performance in PRA
relevant settings. Their approach involves identification of information sources, development of 
a process for extracting information, development of a repository for the information, and 
development of quantification approaches to allow use of the information. 
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Dr. Hallbert continued by describing the structure for the HERA database. Section I contains 
plant and event overview information. Dr. Hallbert described the details for the initiating event, 
latent condition, and active condition entries. He then described how they record the subevents 
in codes in Section II of the database. He continued by describing how Section III contains 
dependency information about the human subevents. Dr. Hallbert also provided an example of 
a HERA subevent profile based on an actual event. Dr. Hallbert concluded this portion of the 
presentation by describing the status of the project, which has captured information from 45 
licensee event reports (LERs) in approximately 700 data records. 

Dr. Hallbert then introduced the remainder of the presentations, which summarize a workshop 
on use of Bayesian methods for HRA. Dr. Ali Mosleh, University of Maryland, began the first of 
these presentations. 

Dr. Mosleh presented his work on Bayesian Methods and HRA. He described how Bayesian 
inference works and how HRA applies the variables. He framed the presentation with questions 
about the uncertainties in operator response and the probability of that response. He then 
discussed different models used for the probability of a response, and a possible explanation for 
why the actions have a probability. 

Dr. Mosleh then discussed three possible areas of application of Bayesian methods. The first is 
the development of a generic or reference human error probability from different types and 
sources of information. The second is the extension of data classification techniques to capture 
analyst judgements and relax the requirements on data quality and quantity. The third area is 
exploration of the role of causal factors on performance. Dr. Mosleh then provided a discussion 
of the mathematics of Bayesian methods for HRA use, such as with Bayesian Belief Networks. 

Dr. Hallbert then returned to the microphone to lead the final discussions of the meeting. He 
presented work on extending Bayesian methods for causal models and context in HRA 
methods. He discussed why the use of information about human performance in HRA is limited, 
and why they believe a Bayesian framework can be useful. He described the issue as relating 
the performance environment to the model of human behavior to predict the risk metric of 
interest. Dr. Hallbert then discussed the research on extending Bayesian methods to employ 
information about causal and contextual factors in HRA. 

Dr. Hallbert illustrated the concepts through an example application to operator performance 
and PSFs. The purpose of the work was to identify a set of PSFs and a general model which 
they can test to assess their predictive validity. This research examined a set of 10 PSFs, and 
collected data from multiple crews and multiple scenarios to develop a model with demonstrated 
predictive ability. 

Comments and Observations From the Subcommittee Members 

Dr. Apostolakis asked if the HERA project is recording successful human actions also. 
Dr. Hallbert answered affirmatively. 

Dr. Bonaca asked if the information in LERs is limited. Dr. Hallbert answered yes. Dr. 
Bonaca suggested that the INPO APIX system might be useful. Dr. Lois agreed, but 
added that the project in resource-limited at this point. 
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Dr. Bonaca noted that many events are not reportable since operators correct mistakes 
before an incident can occur. Dr. Hallbert agreed, noting that this data is only the tip of 
the iceberg, and does not estimate the number of opportunities. Dr. Kress asked how 
then do they get the denominator for the fraction of failures. Dr. Hallbert answered that 
they don't, and can't, so must use a Bayesian approach rather than a frequentist 
approach. 

Dr. Apostolakis commented that the Bayesian approaches can be simple in concept, yet 
complex in practice. 

Closing Discussions 

Closing Comments and Observations From the Subcommittee Members 

Dr. Apostolakis reviewed the upcoming schedule for HRA interactions. He noted that 
the full Committee will review the evaluation of HRA methods in February. He 
suggested that the staff plan to discuss SPAR-H in the spring. He also asked them to 
suggest additional topics for review. The staff suggested the ATHEANA user guide and 
applications of ATHEANA. 

Dr. Bonaca expressed his appreciation of the method evaluation work and the best 
practices document. SPAR-H impressed him, despite its limitations. He would be 
interested in seeing a detailed application of ATHEANA. He also noted the Halden work 
as very interesting and expressed hope that the work might shed light on how to model 
individual characteristics within a team. 

Dr. Kress noted that the quantification of HRA is very important to risk analysis. He 
stated that the Bayesian work shows promise for quantifying the effects of PSFs. He 
seconded Dr. Apostolakis' comment that a focus on time would be good. He also 
agreed with the need to deal with the results of the ISPRA study. 

Dr. Apostolakis noted his appreciation for the staff and EPRI presentations. He sees a 
lot of value in the HRA Calculator. He sees a need to resolve ATHEANA vs. SPAR-H 
issues. He stated that Halden appears to be doing good work. He agreed with the value 
of the HRA method evaluation project, and added that he is in favor of benchmark 
exercises to compare methods. He also wants to see a response to the European Union 
HRA benchmark exercise. 

SUBCOMMITTEE DECISIONS AND ACTIONS 

The Subcommittee Members discussed future briefings by the staff on the topic of HRA. We 
have scheduled the HRA method evaluation project for the February 2006 full Committee 
meeting. We will schedule additional projects for the spring and summer. The Members 
expressed particular interest in SPAR-H and ATHEANA. 

10� 
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BACKGROUND MATERIALS PROVIDED TO "rHE SUBCOMMITTEE PRIOR TO THIS 
MEETING 

Documents 

I. None provided. 

II. None provided. 

III. USNRC, "Evaluation of Human Reliability Analysis Methods Against Good Practices," 
draft NUREG, 9 November 2005. 

IV. USNRC, 'The SPAR-H Human Reliability Analysis Method," NUREG/CR-6883, 
August 20. 

V. Idaho National Laboratory, "Human Event Repository and Analysis (HERA) System," 
draft NUREG, I1\1 UEXT-05-0586. 
Hallbert, Bruce, "Bayesian Methods Workshop Summary Report," November 2005. 

VI. Karin Laumann, Per 0ivind Braarud, and Hakan Svengren, "The Task Complexity 
Experiment 2003/2004," HWR-758, OECD Halden Reactor Project, August 2005. 

*************************************************** 

Note:� Additional details of this meeting can be obtained from a transcript of this 
meeting available for downloading or viewing on the Internet at 
http://www.nrc.gov/ACRSACNW or can be purchased from Neal R. Gross and 
Co., Inc., (Court Reporters and Transcribers) 1323 Rhode Island Avenue, NW., 
Washington, DC 20005 (202) 234-4433. 
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SUBJECT:� FEDERAL REGISTER NOTICE REGARDING THE MEETING 
OF THE JOINT ACRS SUBCOMMITTEES ON RELIABILITY 
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Attached is a Federal Register Notice regarding the subject meeting. Please have this Notice 
transmitted for publication as soon as possible. 
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FR Notice 
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G. Apostolakis, ACRS 
J. Larkins, ACRS 
J. Dixon-Herrity, OEDO 
J. Szabo, OGC 
A. Bates, SECY 
S. Burnell, OPA 
R. W. Borchardt, NRR 
B. Boger, NRR 
P. Hiland, NRR 
C. Ader, RES 
C. Paperiello, RES 
PMNS 
Public Document Room 



, 
[7590-01-P] 

NUCLEAR REGULATORY COMMISSION 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

MEETING OF THE JOINT ACRS SUBCOMMITIEES ON RELIABILITY 
AND PROBABILISTIC RISK ASSESSMENT AND ON HUMAN FACTORS 

Notice of Meeting 

The ACRS Subcommittees on Reliability and Probabilistic Risk Assessment (PRA) and 

on Human Factors will hold a joint meeting on December 15-16, 2005, Room T-2B3, 11545 

Rockville Pike, Rockville, Maryland. 

The entire meeting will be open to public attendance. 

The agenda for the subject meeting shall be as follows: 

Thursday, December 15, 2005 - 8:30 a,m. until the conclusion of business 

Friday, December 16, 2005 - 8:30 a.m. until the conclusion of business 

The joint subco'!lmittees will examine the current status of human reliability analysis 

including ATHEANA, SPAR-H, and industry approaches (if available). The Subcommittee will 

hear presentations by and hold discussions with representatives of the NRC staff and industry 

regarding this matter. The Subcommittee will gather information, analyze relevant issues and 

facts, and formulate proposed positions and actions, as appropriate, for deliberation by the full 

Committee. 

Members of the public desiring to provide oral statements and/or written comments 

should notify the Designated Federal Official, Mr. Eric A. Thornsbury, (Telephone: 301-415

8716) or Dr. John H. Flack, Senior Technical Advisor (Telephone: 301-415-0426) five days prior 

to the meeting, if possible, so that appropriate arrangements can be made. Electronic 

recordings will be permitted. 

Further information regarding this meeting can be obtained by contacting the 

Designated Federal Official between 7:30 a.m. and 4:15 p.m.{ET). Persons planning to attend 

this meeting are urged to contact the above named individuals at least two working days prior to 

the meeting to be advised of any potential changes to the agenda. 



Advisory Committee on Reactor Safeguards 
Human Factors and Reliability & Probabilistic Risk Assessment Subcommittees Meeting 

Rockville, MD� 
15-16 December 2005� 

- Proposed Agenda �
Rev 12/08/05� 

Cognizant Staff Engineer: Eric Thornsbury (301-415-8716, eat2@nrc.gov)� 

Opening Remarks and Objectives 

EPRI HRA Calculator 

II' 

III 

Break 

Overview of Human Reliability 
Research Activities 

Evaluation of HRA Methods 

Lunch 

Evaluation of HRA Methods (cont) 

Break 

IV ATHEANA & SPAR-H 

HERA Data & Bayesian Methods 
CIt On ~Cl 

Recess for the day 

Reconvene 

HERA Data & Bayesian Methods (cant) 
A. Mosleh, UMD 

Break 

Halden Experiments A. Bye, HRP 

Adjourn 

Notes: 

December 15 

G. Apostolakis. ACRS 
M. Bonaca, ACRS 

F. Rahn, EPRI 
Z. Elawar, PVNGS 
J. Julius, Scientech 

J. Yerokun, RES 
E. Lois, RES 

E. Lois, RES 
J. Forester, SNL 
A. Kolaczkowski, SAIC 

S. Cooper, RES 
M. Cheok, RES 
D. Gertman, INL 

B. HaUbert, INL 
A. Mosleh, UMD 

December 16 

B. HaUbert, INL 

8:30 - 8:45 am 

8:45 - 10:30 am 

10:30 - 10:45 am 

10:45 - 11:15 am 

11 :15 am - 12:30 pm 

12:30 - 1:30 pm 

1:30 - 3:00 pm 

3:00 - 3:15 pm 

3:15 - 4:30 pm 

4:30 - 5:45 pm 

5:45 pm 

8:30 am 

8:30 - 9:45 am 

9:45 -10:00 am 

10:00 am -1:00 pm 

1:00 pm 

• Presentation time should not exceed 50% of the total time allocated for a specific item. 
• Number of copies of presentation materials to be provided to the ACRS - 35. 



ADVISORY COMMITTEE ON REACTOR SAFEGUARDS� 

SUBCOMMITTEE MEETING ON FUTURE PLANT DESIGNS� 

December /62005� 
Date 

PLEASE PRINT 

AFFILIATION 

_----L-1\~v-=- _ 
Ivll _ 

utvtb 



ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
K-4A 

SUBCOMMITTEE MEETING ON-ftTTtJRE PLANT DESIGNS, 

December 15. 2005 
Date 

PLEASE PRINT 

NAME AFFILIATION 

/:Tol-!N FoRES,En S14IJOI.J1 LABS 

A-e-A ~ 10 l-~ e::u~ LA) -Sk!- \ __,S_A-=r=------=c=-- _ 

Lv-V\. U.+\CA \\b-t:...-'<--"t__ __....l...\_Y1.:....-L=- _ 

DfW-CO CEfCTIt-lV(l.V ~AJL-----=:....:......-_--------

11~ 13'4< fltuf!- P~-<-d 
74 Jf\/I'~i/ bQ~4(2,Uj) -----L..JfcJJ~/1 ~vu i'e zt-

. r 
JJf?Q6{'wj {2lkw - UfJU) 4MV0q (t~,d~ K 

; , nrtt bi't1.st.~ _._1v.><....z4'-'- _ 

~\~ vt ~,'-~ c~~ ----=U---'-M_P _ 
:1" '-f~'" ~ '-'\.\,f ~h.i '?Ai ~,-l.-. Ll C 



ADVISORY COMMITrEE ON REACTOR SAFEGUARDS� 

SUBCOMMITTEE MEETING ON FUTURE PLANT DESIGNS� 

December 15. 2005� 
Date 

NRC STAFF SIGN IN FOR ACRS MEETING� 

PLEASE PRINT� 

NRC ORGANIZATION 

i(cs Irpflr¥f JoG/LA?t6
j 

~ E-5JDRAA/OERAfJ 

S'LtA~ "CZ . CvJ-r
"J)P'tt'-l6k HCl.I'£ (~ '"'r'\ -IV U-& RA /A:..L...fL;;;...,,;,.A-~__ 

-S~~\ fV\ j M ~iJ 
I I' 

G2£S / DrcAPr IOEa..A- ~ 





Federal Register/Vol. 70, No. 227/Monday, November 28, 2005/Notices 71335 

NUCLEAR REGULATORY 
COMMISSION 

[Docket No. 72-27] 

Pacific Gas and Electric Company;� 
Notice of Issuance of Materials License� 
SNM-2514 for the Humboldt Bay� 
Independent Spent Fuel Storage� 
Installation� 

AGENCY: Nuclear Regulatory� 
Commission.� 
ACTION: Issuance of Materials License.� 

FOR FURTHER INFORMATION CONTACT:� 
James R. Hall, Senior Project Manager,� 
Spent Fuel Project Office, Office of� 
Nuclear Material Safety and Safeguards,� 
U.S. Nuclear Regulatory Commission, 
Washington, DC 20555. Telephone: 
(301) 415-1336; fax number: (301) 415
8555; e-mail: jrh@nrc.gov. 
SUPPLEMENTARY INFORMATION: The U.S. 
Nuclear Regulatory Commission (NRC 
or the Commission) has issued Materials 
License No. SNM-2514 to the Pacific 
Gas and Electric Company (PG&E) for 
the receipt, possession, storage, and 
transfer of spent fuel at the Humboldt 
Bay Independent Spent Fuel Storage 
Installation (ISFSI), to be located in 
Humboldt County, California. This 
Materials License is issued under the 
provisions of Title 10 of the Code of 
Federal Regulations, part 72 (10 CFR 
part 72), and is effective as of the date 
of issuance. A license for an ISFSI under 
10 CFR part 72 is issued for 20 years, 
but the licensee may seek to renew the 
license prior to its expiration. 

The Humboldt Bay ISFSI is licensed 
to provide interim storage in a dry cask 
storage system for up to 31 metric tons 
of uranium contained in intact and 
damaged fuel assemblies and associated 
radioactive materials resulting from the 
operation of the Humboldt Bay Power 
Plant, Unit 3. The dry cask storage 
system authorized for use is a site
specific version ofthe HI-STAR 100 
system, designated as the HI-STAR HB 
system, designed by Holtec 
International. 

Following receipt of PG&E's 
application dated December 15, 2003, 
the NRC staff published a "Notice of 
Docketing, Notice of Proposed Action, 
and Notice of Opportunity for a Hearing 
for a Materials License for the Humboldt 
Bay Independent Spent Fuel Storage 
Installation" in the Federal Register on 
February 11, 2004 (69 FR 6701). In 
conjunction with the issuance of this 
license, the staff published a "Notice of 
Issuance of Environmental Assessment 
and Finding of No Significant Impact for 
the Humboldt Bay Independent Spent 
Fuel Storage Installation," in the 

Federal Register on November 16, 2005 NUCLEAR REGULATORY 
(70 FR 69605). The staff's ~OMMISSION 
Environmental Assessment (EA) 
considered the impacts of the . Advisory Committee on Reactor 
construction, operation and Safeguards; Meeting of the Joint ACRS 
decommissioning of an ISFSI at the Subcommittees on Reliability and 
Humboldt Bay site, including impacts Probabilistic Risk Assessment and on 
resulting from the use of the HI-STAR Human Factors; Notice of Meeting 
HB dry cask storage system. The staff 
has determined that no significant 
environmental impacts will result from 
the proposed Humboldt Bay ISFSI. 

The NRC staff has completed its 
environmental, safeguards, and safety 
reviews of the Humboldt Bay ISFSI 
license application and safety analysis 
report, as amended. The NRC staff 
issued Materials License No. SNM-2514 
and its Safety Evaluation Report (SER) 
for the Humboldt Bay Independent 
Spent Fuel Storage Installation on 
November 17,2005. 

Further details with respect to this 
action are provided in the application 
dated December 15,2003, as amended 
October 1, 2004; the staffs EA, dated 
November 16, 2005; Materials License 
SNM-2514 and the staffs SER, dated 
November 17, 2005; and other related 
documents, which are publicly available 
in the records component of NRC's 
Agencywide Documents Access and 
Management System (ADAMS). These 
documents may be accessed through the 
NRC's Public Electronic Reading Room 
on the Internet at: http://www.nrc.gov/ 
reading-rmladams.html. These 
documents may also be viewed 
electronically on the public computers 
located at the NRC's Public Document 
Room (PDR), 01F21, One White Flint 
North, 11555 Rockville Pike, Rockville, 
MD 20852. Persons who do not have 
access to ADAMS or who encounter 
problems in accessing the documents 
located in ADAMS, should contact the 
NRC PDR Reference staff by telephone 
at 1-800-397-4209 or (301) 415-4737, 
or bye-mail to pdr@nrc.gov. The PDR 
reproduction contractor will copy 
documents for a fee. 

Dated at Rockville, Maryland, this 17th day 
of November, 2005. 

For the Nuclear Regulatory Commission. 
James R. Hall, 
Senior Project Manager, Licensing Section, 
Spent Fuel Project Office, Office ofNuclear 
Material Safety and Safeguards. 
[FR Doc. E5-6549 Filed 11-25-05; 8:45 am] 
BILLING CODE 7590-01-P 

The ACRS Subcommittees on 
Reliability and Probabilistic Risk 
Assessment (PRA) and on Human 
Factors will hold a joint meeting on 
December 15-16, 2005, Room T-2B3, 
11545 Rockville Pike, Rockville, 
Maryland. 

The entire meeting will be open to 
public attendance. 

The agenda for the subject meeting 
shall be as follows: 

Thursday, December 15,2005-8:30 
a.m. until the conclusion ofbusiness. 

Friday, December 16,2005-8:30 a.m. 
until the conclusion ofbusiness. 

The joint subcommittees will examine 
the current status of human reliability 
analysis including ATHEANA, SPAR
H, and industry approaches (if 
available). The Subcommittee will hear 
presentations by and hold discussions 
with representatives of the NRC staff 
and industry regarding this matter. The 
Subcommittee will gather information, 
analyze relevant issues and facts, and 
formulate proposed positions and 
actions, as appropriate, for deliberation 
by the full Committee. 

Members of the public desiring to 
provide oral statements and/or written 
comments should notify the Designated 
Federal Official, Mr. Eric A. 
Thornsbury, (Telephone: 301-415
8716) or Dr. John H. Flack, Senior 
Technical Advisor (Telephone: 301
415-0426) five days prior to the 
meeting, if possible, so that appropriate 
arrangements can be made. Electronic 
recordings will be permitted. 

Further information regarding this 
meeting can be obtained by contacting 
the Designated Federal Official between 
7:30 a.m. and 4:15 p.m. (ET). Persons 
planning to attend this meeting are 
urged to contact the above named 
individuals at least two working days 
prior to the meeting to be advised of any 
potential changes to the agenda. 

Dated: November 21,2005. 

Michael R. Snodderly, 
Acting Branch Chief, ACRS/ACNW. 
[FR Doc. 05-23321 Filed 11-25-05; 8:45 am] 
BILLING CODE 7590-01-P 



EPRI HRA Calculator® 
Introduction 

Frank Rahn, EPRI� 

NRC - White Flint� 

December 15, 2005� 

EPI2' 

Presentation Overview 

• Introduction to EPRI HRA Users Group (Dr. Frank Rahn) 

• EPRI HRA Calculator® Background (Dr. Zouhair Elawar) 

• EPRI HRA Calculator® Status & Applications (Dr. Frank Rahn) 

• EPRI HRA Calculator® Technical Description (Jeff Julius) 

• Conclusions (Dr. Frank Rahn) 
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Presenters 

•� Frank J. Rahn - D. Eng. Sc., PE, Fellow of ANS 

- 31 years at EPRI 

- Manager of Risk Applications & Safety Codes 

• HRA Users Group 
• R&R Users Group 
• MAAPUsers Group 
• GOTHIC Advisory Group 
• RETRAN & VIPRE Users Group 
• LOOP & Transmission Grid Initiatives� 

- Columbia University Alumnus (MS and Dr. of� 
Engineering degrees in Nuclear Engineering)� 

- Tel: 650 855 2037� 

- frahn@epri.com� 
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Presenters 

•� Zouhair J. Elawar, D. Eng. Sc, PE 

- Senior PRA Engineer, Palo Verde Nuclear Generating 
Station (PVNGS) 

- 27 years Nuclear experience, 10 years PRA experience 

- Stanford University Alumnus (MS and Dr. of Engineering 
degrees in Mechanical Engineering)� 

- HRA Users' Group Chairman� 

- Tel: 6233935328� 

- zelawar@apsc.com� 
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Presenters 

•� Jeffrey A. Julius 

- EPRI HRA Users Group Project Manager 

- PRA Technical Manager, Scientech LLC 

- 25 years Nuclear experience, 19 years PRA experience 

- University of Washington Alumnus (BS in Engineering) 

- US Navy Nuclear Power Program Alumnus (Engineer 
Qualified, 1 Year as Prototype Training Instructor) 

- HRA Project Manager for 14 plants, reviewer at 10 plants 

- Author/co-author of 10 papers/articles on HRA 

- Tel: 206.248.1818 ext 230 

- iiulius@scientech.com 

~5	 Copyright C 2005 Electric Power RIOlII811rch '"s~lute, Inc. All rights reserved. EFI2I 

HRA Calculator® Project� 
Established 2001� 

•� EPRI --- project manager on behalf of the industry 

•� HRA Users Group --- Utility group that provides guidance 
and resources to EPRI on industry needs and priorities, and 
beta testing of software prior to release 

•� Scientech --- Contractor to EPRI for technical work,� 
including software development, maintenance and training� 

•� Jointly funded work --- e.g. with Risk and Reliability Users� 
Group� 

•� Coordinated with other industry efforts� 
- EPRI Advisory Committees� 
- NEI� 
- Owners Group� 
- International Participants� 

~6	 Copyright 0 2005 Electric Power Reeaatch Institute, Inc. All rights reserved. EFI2I 
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Key EPRI HRA Research 
over last 20 years 

•� Early EPRI HRA-related research includes: 

- SHARP (Systematic Human Reliability Procedure) EPRI 
Report NP-3583 (1984) 

- Human Cognitive Reliability (HCR) Model for PRA� 
Analysis, EPRI Report NP-4531 (1984)� 

- A Human Analysis Approach Using Measurements for� 
IPE, EPRI Report NP-6560-L (1989)� 

• Operator Reliability Experiments (ORE) 
• Operator Reliability Assessment System (OPERAS) 

-� SHARP1 (Revised Systematic Human Reliability� 
Procedure) EPRI Report NP-7183-SL (1990)� 

Copyright Cl2005 Electric Power Research Institute, Inc. All rights reserved. EP121 

EPRI HRA Calculator®� 
Background� 

Zouhair J. Elawar, APS� 

Chairman of HRA Users Group� 

NRC - White Flint� 

December 15, 2005� 
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"Analyst" Factors in HRA 
Prior to HRA Calculator 

"Analyst" factors used to be very significant in the following� 
areas:� 
- Selecting the appropriate pre-initiator and post-initiator methods� 
- Performance shaping factors: alarms, accessibility, training,�

procedure, work load, and other factors� 
- Operator stress level assignment� 
- Error factors and propagation of errors� 
- Available timing and event diagnosis timing� 
- Selecting the proper tables from THERP� 
- Recovery of errors and level of dependency between personnel 
- Means vs. Medians 
- Dependency between HRAs 
- Consistency between similar HRAs 
- HRA documentation 

~9	 Copyright 112005 Electric Power Resellrch Institute, Inc. An righla reS6fVed. EFI'2I 

What is the EPRI HRA Calculator®? 

•� A software tool designed to facilitate a standardized� 
approach to human reliability analysis (HRA).� 

•� It is designed to meet utilities needs for all current and 
foreseeable PRA and regulatory needs 

•� Prior to the development of the HRA Calculator 
- Wide varieties of methodologies were used 
- The results could vary widely when comparing results 

between similar plants, or even when comparing the 
actions within the same plant that are evaluated by 
different analysts 

•� The HRA Calculator provides: 
- A nearly-universally used tool 
- Whose strengths and weaknesses are well understood 
- That provides an adequate and consistent HRA 

COPYright C 2005 Elaclric Power Aesellrch lnflblule, Inc. All rights reserved. EFI'2I~10 
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EPRI HRA Calculator® 
Main Objective 

•� Ensure that a standardized tool will satisfy the HRA criteria 
of the American Society of Mechanical Engineers PRA 
standard. 

The ASME PRA standard contains both "high level 
requirements" and "supporting requirements" 

there are many possible ways to comply with the ASME 
PRA standard 
Risk-informed PRA applications use the ASME PRA 
standard 

•� The HRA Calculator helps ensure PRA quality through� 
consistency and uniformity� 

•� The HRA Calculator is backed by a strong Users Group 

Copyright 0 2005 Electric Pl;)Wel RllIS911rch Institut8. Inc. Al' "9hl:llleserved. EPr21~11 

EPRI HRA Users Group Members 
AEP Jim Hawley, Sieve Cherba, Yu Shen 

Ameren UE Keith Connelly. Mark Walz 

APS Zouhair Elawar 

Constellation Energy Jim Orr, George Lapinsky, SIeve Kimbrough, Paul Jameson 

Detroit Edison Joe Lavelline, Jorge Ramirez, Michael Hall 

Dominion Song Hua-Shen, Fred Cielek, Barry Sloane. Tom Hook, Dave Bucheit 

Duke Duncan Brewer, Robert McAuley 

EPRI Frank Rahn 

EXElON John Steinmetz. Greg Kreuger 

FENOC Colin Keller, Sum leung, Dennis Jondle 

FPl Ching Guey, Ken Kiper, larry Rau, Mahmoud Heiba, Brien Vincent 

NMC George Baldwin. Jim Maslerlark, Brian 8rooan, Frank Yanik 

NRC Erasmia Lois 

NPPD Joe Edam 

CANDU Owner GroupJOPGlNSS Keith Oinnie, Marcello Oliverio, Sugata Ganguli, Ranbir Parmar, Ben Hryciw 

OPPD Jay Fluehr, Alan Hackerott 

PG&E Amir Afzali, Nathan Barber 

PSEG Tom Carrier, Shahin Seyedhosseini 

SAROS Stuart Lewis� 

SCIENTECH Jan Grobbelaar, Jeff Julius� 

SCE&G Leo Kachnik� 

SCE Michelle Carr, Parvis Moieni, Gary Chung 

Southern Anees Farruk. Young Jo, David McCoy. Ed Ingram. Owen Scott, Roger Hayes 

STPNOC Bill Stillwell, Roland Dunn, Alice Sun, Ray Fine 

TVA Bill Mims, Anne Robinson 

TXU Bob Lichlenslein, Dan Tirsun, Steve Karpyak 

Westinghouse David Finnicum, Gerard Samide, John Kilzmiller 

WolfCreek Vern Luckert, JC Patel, David A1lord 

Copyrighl Cl2005 Electric Power Research In,lilule. lroc:. All rights reserved EPr21~12 
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EPRI HRA Users Group Mission 

•� Develop a tool to enable different analysis employing the� 
same HRA method to obtain comparable results� 

•� Provide an HRA interface with the R&R Workstation and� 
similar PRA codes� 

•� Improve the sensitivity analysis of Human Error Probabilities 
used in PRA models 

•� Develop standard gUidelines for application of human� 
reliability data, methods and performance shaping factors� 

•� Satisfy the HRA Criteria of the ASME Standard 

•� Coordinate with EPRI, owners groups and NSNRC to� 
develop guidelines and training materials� 

•� Ultimately help industry converge on common methods 

Copyright C 2005 Electric Power Research Institute, Inc. All rights reserved. EFI2I 

EPRI HRA Users Group 
HRA Calculator Applications 

•� HRA Update to PRA Standard 

•� Configuration Risk Management 

•� SDP Process 
- Add or alter recovery events 

•� Training 
-� Including identification of PRA-important scenarios and� 

procedures� 

•� Licensing Issues 
-� Impact of plant design modifications such as timing and� 

instrumentation� 

~l~'4	 Copyright C12005 Eleclr>c Power Research institute, Inc. AN rights reserved. EFI2I 
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EPRI HRA Users Group Contact Information 

• Public website: 
- www.eprLcom/hraJindex.html� 

- Tell your non-HRA User Group friends!� 

• Support website for HRA Users Group: 
- www.epriweb.com/epriweb2.5/ecd/np/hralindex.htmI� 

- Use for bug reporting, suggestions, downloads� 

• For software support & user group suggestions: 
- Jan Grobbelaar (jqrobbelaar@scientech.com) 800.862.6702 

- Jeff Julius (JJulius@scientech.com) on 800.862.6702 

• For EPRI project management support contact: 
- Frank Rahn at 650 855.2037 or FRAHN@eprLcom 

Copyrighl C 2005 Eleclrlc Power Research Inslilule, Inc. All rights reserved. EP121 

EPRI HRA Calculator®� 
Status & Applications� 

Frank Rahn, EPRI 

NRC - White Flint 
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EPRI HRA Users Group� 
Technical Approach� 

•� Develop a software tool to meet the safety and regulatory needs 
of the nuclear plants 
- For immediate use by members 
- Defensible and reproducible� 
- Report ready� 

•� Develop a Uses Manual and Help supporting the software� 
- Make software easy to use� 
- Promote consistency� 

•� Develop HRA Guidelines and conduct training 
- Promote consistency 
- Maps to ASME PRA Standard (directly and via EPRI's ePSA 

and Document Assistant) 
- Starting with Level 1 PSA, build the foundation for the future 

•� SOP 
•� Fire/flood 
•� Shutdown 

Copyright 0 2005 Eleclrlc Powel Resoareh lnslilule, Inc. All rights reserved. EPI2I 

EPRI HRA Users Group� 
Of Special Note� 

•� The HRA UG works with universities to promote scholarship 
and student training 

-� Software is available to schools at nominal cost 

•� The HRA UG is a focal point for providing feedback to NRC 
(on request) for draft reports 

-� NRC Good Practices 

-� SPAR-H 

-� Human Event Repository and Analysis (HERA) 

•� The international membership of the HRA UG allows it to 
better monitor new developments in the field to ascertain if 
they would better serve the needs of the members 

-� E.g., MERMOS methodology at EdF was explored 

J;..,
~'8 EPI2ICopyrighl C 2006 Elvclric Power ReseBl~h Institute, Inc. All rights reserved. 
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EPRI HRA Users Group� 
HRA Models approved by Steering Committee� 

Pre-Initiator (Latent) HRA� 
- THERP Model (NUREG/CR-1278)� 
- ASEP Model (NUREG/CR-4772)� 

Post-Initiator (Dynamic) HRA 

•� CBDTMrrHERP Model combination for Cognitive/Execution� 
- Recommended for all human failure events� 

•� HCR/OREITHERP Model combination for Cognitive/Execution 
- Recommended for time-critical human failure events 

•� Annunciator Response model (NUREG/CR-1278) for skill-based, 
memorized actions 

•� CBDTM & HCR/ORE (EPRI TR 100259) 

•� THERP and Annunciator Response model (NUREG/CR-1278) 

Copyright Cl200S EIBClrlc POW8r Research Institute, Inc. All righls reserved. EFI2I~19 

EPRI HRA Users Group� 
New Software Features HRA Calculator® Version 3� 

•� Dependency Analysis Function� 

- Import cutsets� 

- Find combinations� 

- Identify dependencies� 

- Facilitate quantification of conditional HEPs� 

•� Tighter links between Performance Shaping Factors and� 
Quantification� 

•� Integration with the ASME PRA Standard requirements 

•� SPAR-H Model 

•� Next presentation - Summary of the functions and features� 
of the EPRI HRA Calculator software� 

~20 Copyright Cl2005 Electric Power Research Institute, Inc. AU righls reS8fVed. EFI2I 
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EPRI HRA Calculator@ 
Technical Description 

Jeff Julius, Scientech LLC� 

NRC - White Flint� 

December 15, 2005� 

EP121 

EPRI HRA Calculator®� 
Technical Approach� 

•� Follows the SHARP/ASME general Process of Identification, Screening, 
Qualitative Characterization, Quantification, & Dependency Evaluation 

•� Allows for selection of methods 

•� Requires input of qualitative factors (Performance Shaping Factors) 

•� Consolidates voluminous hard-copy reports & tables into a single tool 

•� Promotes consistency by standardizing: 

- Definitions of qualitative performance shaping factors 
(for example timing terms) 

- Promoting guidelines for selection of PSF values I characteristics 
(for example, selection of THERP stress factor) 

- Suggesting limits affecting quantification 
(for example, limiting recovery to 1 means, limiting the dependency 
used in recovery based on time available, & minimum HEP level) 

EP121Copyright C 2005 Electric Power Raaearch InsblulB. Inl; All rights reserved. ~22 
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EPRI HRA Calculator® Software 
Version 3.01 Functions and Features 

• Pre-initiator (latent) HRA module 

Procedure and LER Screening 

ASEP 

THERP 

• Post-initiator (dynamic) HRA model 

HCR/ORE 

CBDTM 

THERP 

SPAR-H 

• 

• 

Dependency Analysis module 

Interfaces with R&R Workstation, WinNUPRA, generic 

• Documentation in HTNlL, WORD, RTF 

~23 CopY"9hl ~ 2005 EllIClric POWI:lr R9lItllHch lnslilule, Inc. AM rights ,esllNed. EPr21 

Pre-Initiator Module: Screening� 

ANAI,.Q<; PROT~~T,IC!'l SrsIE~,g-LI~~_TI~_ 

ANAl.~PROTECHONI'l.l'lCTlONAl TEST 
5P Illl.) 'i2 MOToR ORM',..I'AFW;;u,;;p MOMH.., TEST' 
5P 13S5A TIlA!NA Al'1N QUAATERl't 0: VALVE TEST 

MCWfI-lY SAfEGlJAJlDSHOlDAWCCH'OI\fNT STATU••• 

TRAIN 8 ArW QUjlJlTERL.Y CI-f:CX VAlVE !,~S!!_~..... 
II ruRB1NE-DIl.l\IENftrWPlWMOl'lTli.YTEST 

11 CQto'flOf\ENT COOlING PlM' .lltIN..JAL INSPfCTIOO(, .• 

CCMIEMQUAATElllY T'EST TRAINA 

11 OIESEl COOllrt:i WIlJUl,1'\J'oIP .Ml:!lTlt..!..!.E.5.! __ __.. 
II COOlW>;WAT(R STR:AIN!ll. AAI'LlAl INSPECTION E••. 

5oQfEGUAAOS TRAVElING SCA.EENs MONT:;L'YlciiARm...." 
l'l COM.oE:t6AT'E PlM' MOTOR INSPECnON(~ 24:H 

11101f5(LGfNfRJi.TORFufL().IlT~~,~_~_,~. 

III OlE5[l COOlING WATER PlJl"f'FUEl Oil TRANSFER•.. 

Copynghl 0 2005 Electric PO'Wel Research lnsm... le. Inc. All rights reserved. EPr21~24 
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Pre-Initiator Module: BE Data & Procedures 

Basic Event Data 

Procedures 

Qualitative Data� 
Common to ASEP� 
&THERP Methods 

~25 

Pre-Initiator Module: Performance Shaping� 
Factors Common to ASEP & THERP� 

EPr21Copyrighl C 2005 Elaclric: Power Research Inslitute, Inc. All rights re9Ell'Ved. 
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Pre-Initiator: ASEP Critical Steps & Recovery 

Copyright Cl2005 Electric Power Research In~tilule. Inc, All rights reserved. ~27 

Pre-Initiator Module: 
ASEP Dependency Factors 

~28 EP121Copyright Cl2005 Electric Power Researt:h Inslitule, II'IC. All righl8 reserved. 
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Pre-Initiator Module: THERP Method 

~29 Copyrignt C 2005 Electric Power Research Institute. Inc. All rights reserved. EPI2I 

Pre-Initiator Module:� 
THERP Table & Item Selection� 

THERP Tables 
Linked In 

Copyright C> 2005 Electric Power R8IIearch Insblule. Inc, All rights reserved. EPI2I 
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Pre-Initiator Module: THERP Multiple EOCs 

CopYright Cl2005 EIDClric Power Research Institute, Inc. AU rights reserved. EPI'2I 

Pre-Initiator Module: THERP Logic Model 

to 18,2) PellOlm SP l1ffiA lor post mantenance testing.�

"* (7.10.3) 0:·1·3.11 CC PMP DISCH OPEN� 
'. to [8.2J PerIOlmSPl155Aloq:101tmarlenanceles!ing.� 
~ (l.1O.51 BKR 15-5, 11 CC PMP CO~N[CT
 

to 18.2) Perform SP '1s=A 101 pod rnaillenanc:e le*lg� 
8 [7.10.8) C5·46036.'1 CCPMPCS� 

lO 18.21 PerlormSP1155Q,IOIpodmaill~t~
 

Copyright Ie 200& E,9C1ric Powe. REl!IlIolirch INililute, Inc. All rights reser.red. EP121 
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Pre-Initiator Module: THERP Summary 

C(-'-'," CC PMP$UCT OPEN 
Perform SP 1t55A lor pasl mairtenancel8$l .. 

7.1Q3 [[-'-3.11 CC PMPOISCH OPEN 1.3e-04 

7.105 
a2 Perlorm SP" 55A for posl m¥.ter'lMCelesl .. 

B~A 15·5, " CC PMP CONNECT 
LD 5.1e-02 

2.6_ 
a2 Perform SP 11554. tor post maintenancelesl. .. LD 5.1e-02 

7.10.8 [$-46036. 11 CC PMP CS 1.3~ 

a2 PedOim SP,' 55A lor post maintenance lest. .. LD 5.10-02 

Iota/PeKe 5.9_ 

Copyright Cl200S Electric Power Research Irl!Ililule. loc, All rights reserved. EPICI 

Post-Initiator Module: BE Data & Cues 

Basic Event 
Data 

Cues 

Qualitative Data 
Common to All 

Methods 

Copyright e 2005 Electric Power Ras811rch Ins~l"le. In(;. All rights reserved EPICI 
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Post-Initiator Module: Procedures & Training 

BfDala 
·Cue(s) 
p:~~-4irldr.aritg 

Scentw-~Oes<:riptlon 

. T"""Whiow 
·C<Q1ItIveUnrec"""",eod 

-ClJ9'l't'vell:erovered 

Exeo.IionPSFs 

·~oonStt"1 

E:<eaAoonlbeeovered 
E_ulionRKOWI'ed 

ExenfDls.-n.., 

Training 

Qualitative Data� 
Common to All� 

Methods� 

Copyright Cl200S EI9ctrIc Power Research lnslilule, Inc, All rigMs reserved ~35
 EPI2I� 

]'>'" 

Post-Initiator Module· Scenario Description 
~EW ,<It ~ _ tI"P" " 

1~:1;~~~~;S!· 
CBDTMfTHERP 

BED•• 
Cue(s) 

Procec1ltes~Tr.-i1Q 

-g,LAh};. 
TrneWi'ldcJw 
CIq1il:NeLhle<:QYered� 
CcqJit:iveAeco__ed� 

(xecutwlF!Sk� 

6:«ulXIrlStres,� 
Ex...:urior1Unreo::overed� 
(xecI.itlo"1Reco....ed� ,-- Reo:;lOl t..., (relK:lcl trip (II'ld ~ss bre8lels ilia open~
 
EJ:ecubct'ls..-n..,.� I...-blne hip (both !IMbrie slop ve1ve3 lIle dD$ed). 

8ol:hs';~<bbuse3ereenergized.
 
5'" nOl ~lualed and nolleQl.lied.� 
ToCalfoeOwaler tiownolll'o&ler lhan200gpn. 

4.Plec~q)efIllOfelfOllll'CUCCesSinsequence: 

£n!~ed 1[{) andperlOlll'led immediate action steps' 10 4.� 
T'¥Isfe-le(! to' E5.o,1 and started mooite-ing tf~ical $a1~ ,,"lion daM; trees.� 

eredlFR.H1 onHeatSri<ledpalh~F.Q.3.
 
Sllleatternptingloestatishl>FvJlIowperC28.1.� 

Scenario: Text Field able to provide Initial Conditions, Preceding 
"~36Successes & Failures, Success Criteria, Operator Interview, etc. 

r9J EPr21Copyrighl Cl200S Electric Power Rll88an;h Instiluleo. Inc. All righl:J reserved 
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Post-Initiator Module: Time Window 

BE 00<. 
Cue(s) 

. Proce<bes and Tr~rinQ 

: Scefla'io~fiption 

""~ 
. Cog-Utive Unrecovered 
: 'CDg1itiveRecovered 

·ExeCltlOO P5Fs 
, Execl.J:lOl1Sl:ress 
"··Execlbon l.h"ecovered 
: ExeCltion Recovefed 
~_ .. ExeclA:;on 5lmnary 

Common Timing Picture: System Time Window, Manipulation 

~~-3-7 T_im_e--','--M_e_d_ia_n_R_e_s'--po_n_se_T_im_e..:..,_a_n_d_T_i_m_e_D_e_'a--=y'--s__E__-P-----'~1 
~ Copyrighl C 2005 Electric Power Research Institute, Inc. All rignls ree.Ned I~ 

Post-Initiator Module: CBDTM Cognitive 

,,8£1>«.1 
Cue(t) 

'-Procedlld«lClTtallWlQ 
Scflf\a,IaDescripticWl 

:·-TwWhdow 
. iCJIJE&ZIiJJLii 
:'C~iYeRec:QVet~ 
:fxe:ul:ionP5fs 
- EkecuwnStr_ 
: Exeo:utiorlU'1recQ\leted 
i--ExecutlonRe<OI'ered 
:'fxecul:ionS!m:nary 

4 Man-Machine Interface & 
4 Man-Procedure 

~ 38lnterlace Trees Copy..."tCt2005EIect<~P_,AM••~"I".tit".. t~,.,,""'~.._ EPr21..., 
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Post-Initiator Module: CBDTM Cognitive� 
Recovery� 

c #1-lnitial Cog Failure, #2-Recovery Mechanism, #3-Dependency 
"~ 39 EPr21.,. CopyrighlCl zoos Electric Power Aesealch Institute. Inc. All rights reserved. 

Post-Initiator Module: PSFs & Stress 

Qualitative 
Performance 

Shaping 
Factors 

Qualitative Data� 
Common to All� 

Methods� 

~40 Copyligl'Jl CJ ZOO5 EleclTic Power Aesellrch Insbtule. ItIC. All rights reserved. EPf21 
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Post-Initiator Module: HeR/ORE 

Cognitive 
HEP 

#1- Timing Data implicitly addresses PSF, from Operator Interviews; 

~ 41 #2-Ev~!~:!~05:~~~~A'~~'~'~'~~~~~ri,~:.~~een crews) EPf21 

Post-Initiator Module: Results Summary 

·.. c~s) 

: Proceduresolll'ldTranno 
: - S<;enario[)escrlption 
. Timewndow 

Colptive Uvecovered� 
CocptlvllRecovered� 
f:u~(ut:ion PSfs� 
Exec:utionStress� 
Execution lklrllcovered� 

"Exllcution R~ov8l'ed 

. becubon Surmlary 

Total HEP with contributors: 
Cognitive: Unrecovered & Recovered 
Execution: Unrecovered & Recovered 

Provides Quantitative Human Error Probabilities 
plus Qualitative Drivers; 

Easy to Conduct Sensitivity Cases 
Copyrighl Cl2005 Electric Power Research Institute, Inc. All righla 18MIVed EPf21 
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Post-Initiator Module: SPAR-H Cognitive &� 
Action� 

Cognitive 

#1-Cognitive, #2-Action,� 
~ #3-Dependency� 
~ 43� Copyright e 2005 Eleclric P~f Research Instilule, Inc. All rights re98l'Ved. EP121 

Dependency Process 

•� Identification of Dependencies between Human Interactions 
- Starts with human failure event identification & qualitative 

definition (using PRA model &plant procedures) 

- Addressed during operator interviews 

- Checked with quantification results such as a 
cutset/sequence review 

•� Evaluation of Dependency Level 

•� Incorporation into Logic Model� 
- Basic event consolidation, and/or� 

- Conditional human error probabilities, and/or� 

- Rule-based recoveries, and/or� 

- Changes to fault trees� 

r4b44 Cgpyright Cl2005 Electric Pow"" R,"earcn InstitUle, Inc. AU rights reserved. EP121 
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Dependency Analysis:� 
Create Dependency Analysis File� 

Using a Cutset File and HRA Calculator Database 

~45 Copyright C 2005 Electric Pows, Research Instilute, Inc. All righlll reMf\'ed. EPI2I 

Dependency Identi'fication: Display Results� 
& Display Initiators� 

21 [utSl'!l1 
-IAf-f'TS-F'I.M41 Combinations 
IAfRC#'QR-H 

!?·(ulRtl of Human 
-IAf<f'T'5-J'\..f'F-H 
IIlfRC~ Interactions 
lfAOP--------H 

OAIl..A.I·--lol 
:.;;; Cuttet3 

IAf-fTS-f'I..Ml-H 
IAfRC-AMCUl-H 
I{AOt'-----f1 

0AB..A_4-~ 

':.< [LIl1d4 

lAF.f'TS·Pl..f'I'./'l 
lAfR(-RJl'ICI.A-H 
IfA{)f> -H 

CW\J1.I"--H 
;:: lut ...... S 

-OA<C""'-H 
'A'·,H5·NJt1P"H 
IAfRC.flMCLll-H 

" ltJHlIA-(>(IOR.¥·-tl 

"" Cutset6 

II. By Initiator 

~46 Copyright Cl2005 EI8Ctric Power R8OJI9f1rch Imltllulll:l, Inc. All righlS reserved. EPI2I 
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HRA Calculator® Interfaces: Import I Export 

Import - Combines 
Databases 

O.Oe+OO 10 ->beIowthet-£PW 

Operators leave (( Pump unavailabfe 

N/A O.De+OO O.Oe+OO 10 ->beIowtheHEPW 
O.<le+OO 10 ->belowthel"EPm.t 

N/A 1.7e"''' 1.7&-04 10 

Copyrighl C 2005 Eleclric Power Resellfdlln91ilulll. toe. All righls reserved. EP121~47 

Documentation 

I.Ze-GZ 

O.De+OO 10 -:> below the t£P rmt 

Operators leave ([ Pump unayaJlaMe 
O.Oe+OO 10 --> below the HEP knit 
O.<le+OO \0 ••> below the HEP imIl: 

1.7e-fr+ L7e-Q1 10 

Provides a written report for each Human Failure Event: 

Documenting the Qualitative Factors used in the Characterization 
and the Method used in the Quantification of the Human Error 

Probability 

Copyright e 200S Electric Power Research lns~lule. tnc. A" righl$ reserved. EP121 
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EPRI HRA Calculator® 
Conclusions 

NRC - White Flint 

December 15, 2005 

EPI2I 

ACRS Presentation� 
Conclusions� 

•� The HRA Users Group has worked for 5 years to improve the ability 
of utilities to do HRA. As a result most of the prior deficiencies 
have been corrected 

•� The HRA Calculator€> approach satisfies the ASME PRA Standard 
and the NRC Good Practices in Implementing HRA 

•� The HRA Calculator€> meets all the current and projected industry 
needs to do PRA and support regulatory requirements 

•� The project will extend its work beyond PRA level 1, internal events 

•� The project monitors research work by others to determine if other 
improvements can add value to its mission. Criteria: 

• Traceable 
• Defensible 
• Consistent 

Copyright Cl2005 Electric Power Research Instifute. Inc. All rights reserved. EPI2I 
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ACRS Presentation� 
Conclusions� 

•� The Project has trained a dedicated core of utility analysts 
in its methods, and supports university research 

•� Training Tools (to ACAD standards) have been developed 
for in-house use 

•� A comprehensive set of guidelines complements the ASME 
PRA Standard 

•� Automatic links to all the commonly used PRA tools are� 
available� 

•� The Users Group invites NRC personnel to its meeting and 
appreciates any feedback it receives from the staff 

~51 CopyrighlCl2005 Electric Power REl!l811rch ltL8tilule, Inc. All rights reSElr'Yed EPI2I 
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...,........� 

f--(~) Nuclear Regulatory Commission 

Human Reliability Analysis Program 

Jimi Yerokun� 
Erasmia Lois and Susan COJlPCr� 

Human Factors and Reliability Section� 
PRABIDRAAJRES 

Presented to 
Joint Meeting ofSubcommittees on 

PRA and Humnn Factars 
Advisory Committee on Reactor Safeguards 

Rockville, MD December J5, 2005 

HRA Research Program� 
Goals and Objectives� 

• Goal: Support risk-informed regulatory 
activities 
-� Licensee requests for changes 

-� Rulemaking 

-� Licensing applications 

• Objectives 
- Improve existing methods/tools� 

- Technology transfer� 

-� Address emerging needs 

Briefing Overview 
• Overview of the Human Reliability program 
• Discussion of specific activities 

- HRA methods evaluation (with respect to HRA 
Good Practices. NUREG-1792)� 

- HERA database� 

- Halden activities� 

• HRA methods of interest� 
- EPRI's HRA Calculator� 

- ATHEANA & SPAR-H� 

Briefing Objectives 

• Provide an update on NRC's human� 
reliability analysis (HRA) research� 
programs� 
-� Obtain feedback/input to inform planning of 

HRA activities 

• Address current interests of ACRS 

HRA Research Program Goals and� 
Objectives (continued)� 

•� Major focus of current HRA research is to support 
NRC's action plan (SECY-0118, "Stabilizing the 
PRA Quality Expectations and Requirements") 
that includes addressing issues related to HRA 

- HRA Good Practices (NUREG-1792) - completed 
- Evaluation of HRA methods against good practices (in 

progress) 
- Development of data in progress 

Probabilistic Risk Assessment 

·Y6:1v1ka1 
I~iyaf
 
ti~.upe
 

.""'""''''''''....... 
--:.-'-" 
.~~~ .-&plllldtco 

~ ~;~~u 
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Review of Human Reliability Analysis (HRA) 
Methods Against HRA Good Practices 

(NUREG-1792) 

Erosmio Lois (USNRC) 
John Forester (SNL) 

Alo. Koloczkowski (SAlC) 

..',........... Presemarioll to tire Advisory Commiuee 011 Reactor Safeguards.� 
(~.) PRA and HumQlI Factors Subcommittees 

\~/ RockviIJe. MD Drcrmber /5. 2005 

lffi)E.. 

Background 
The NRC has developed the "PRA Action Plan for Stabilizing PRA 
Expectations and Requirements," (SECY-04-0118) to address PRA 
quality issues 
Guidance for performing/reviewing HRAs is pan of the plan 
Guidance is developed in two phases: 
- Phase I: HRA Good Praetices--NUREG-1792, completed 
- Phase 2; Evaluation of Methods Against the Good Practices, in 

progress 
Status of Methods Evaluation 
- Draft repon. submitted for internal review. including ACRS 
- Address comments/submit to ACRS full committee: February 

2006 
- Subn~t for public comment: March 2006 
-� Revise/submit to publication: September 2006 

Overview of HRA Steps/Good Practices 

Fonn HRA team 

•� Identify Human Failure Events 
•� Appropriately include in the model� 

Identify Plant Conditions� 
•� Identify Performance Shaping Factors� 

(PSFs)� 
Quantify 

Considering Plant Conditions and PSFs 
Address Dependencies 

Outline 

•� Background 
•� Evaluation of Methods 

HRA Process/Good Practices 
Summary of Results 

Discussion of each method 

•� Plans for next steps 

Approach for HRA Method Evaluation 

Compared methods, step-by-step with Good Practices 

External review of ATHEANA, SPAR-H, SUM/FUM 
Expert meeting to present initial evaluation/expert input 

Addressed recommendations 
- Look deeper to underlying teclmica1 basis (frameworks, models, 

data) 
- Discuss methods as intended to be used vs as practiced 

- Develop plan for next steps 

Revised reviews 

ACRS Subcommittees' review and feedback 

BRA Methods Reviewed 

Technique for Human Enor Rate Prediction (THERP) (NUREGICR�
1278)� 
Accident Sequence Evaluation Progratn (ASEP) HRA Procedure� 
(NUREG/CR-4772 )� 
Human Cognitive Reliability (HCR)/Operator Reliability� 
Experiments (ORE) Method (EPR! TR-l00259)� 
Cause-Based Decision Tree (CBDT) Method (EPRI TR-lOO259)� 
EPR! HRA Calculator� 
Standard Plant Analysis Risk HRA (SPAR-H) Method (NUREGICR�
6883)� 
A Technique for Human Event Analysis (ATHEANA) (NUREG�
1624, Rev. I)� 
Success Likelihood Index Methodology (SLIM) Multi-Attribute� 
Utility Decomposition (MAUD) (e.g., NUREGICR-35 I8)� 
Failure Likelihood Index Methodology (FUM)� 
A Revised Systematic Human Action Reliability Procedure 
(SHARPI, EPR! TR-101711) 
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Summary of Results 

Most HRA methods are quantification tools for estimating 
human error probabilities (HEPs) 
- Provide guidance for obtaining HEPs 
- Do not address HRA process/good practices 
A few touch on some aspects of perfonning an HRA, but 
how to do a good HRA is left to analysts 
An exception is ATHEANA which provides both 
guidance and a quantification approach 

Summary of Results (cont.) 

All HRA quantification methods have strengths and weaknesses 

Reflect an evolution in the thinking of bow to quantify human failure 
-� Early me'hods more simplistically oddress hUIllllJl behavior 
- Progression of nx:thods reflects etTons to better 

understandfmcorporate advances in behavioraVcognitive science 
and operational experience 

- Different approaches/capabilities for translating qualitative 
infonnatioD into mathematical expression 

Different methods developed for different purposes 
(detailed versus scoping analysis) 

Summary of Results (cont.) 

Overall perspective: Methods can be viewed as providing 
a ''tool box" : 
- Some provide a '001 for de'ailed analyse.; o'bers for screening 

analysis 

Using the right method for the right application is very 
important 
Therefore, we should use those methods that provide best 
capabilities for the application 
Should use methods as they are intended to be used 
Drop any method(s) found to have unjustified technical 
basis 

11 

Summary of Results 

EPRI early on developed guidance on how to do an HRA 
(SHARP/SHARPl) 

- Good job of covering many of the good practices 
related to identification and modeling 

- Insufficient guidance on identifying context and errors 
of cOllUnission 

- EPRI HRA methods typically reference these� 
documents� 

- Experience shows that SHARP/SHARPI was not used 
widely/consistently 

Summary of Results (cont.) 

•� Strengths, e.g., 
Some provide clear/good technical basis of underlying 
model 

Good step-by-step guidance on how to use the tool 
-� Traceable analysis 

•� Weaknesses, e.g., 
- Weakness of the technical basis make the use of some 

methods questionable 
- Address only a limited set of perfonnance shaping 

factors (PSFs) and context (plant conditions)� 

- Methods not applied as intended� 

10 

Findings of HRA reviews-
method-by-method 

• Scope of the method 

• Underlying model/data 

• Quantification approach 

• Strengths and weaknesses 

" 
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Scope� Underlying Model/Data 
Technique for Human Error Rate Prediction (THERP)� THERP 

INlJREG/CR·1278) 

•� General guidance on identification and modeling (e.g., 
decompose operator tasks into subtasks)� 
- How to incorporate into PRA not covered� 

•� Guidance for quantification of pre- and post-initiator� 
human failure events� 

•� No screening human error probabilities (HEPs) for 
pre-initiators; post-initiator screening available, but 
more recently done using ASEP 

•� Diagnosis contribution to error is handled with time 
reliability curves (TRCs) 

•� Decomposes non-diagnosis HFEs into lower level 
errors via task analysis and identifies potentially 
important performance shaping factors (PSFs) 

" 

Quantification Approach� 
THERP� 

•� TRC used to quantify diagnosis failure probability 
with some adjustment considering a few PSFs 

•� Implementation failure probability estimated using 
nominal HEPs selected for tasks and subtasks (based 
on tables that inherently account for some PSFs) that 
are then adjusted up/down to account for certain other 
PSFs, as well as dependencies among taskslsubtasks, 
and recovery 

•� Total HEP is equal to the sum of the diagnosis and 
implementation failure probabilities 

•� "Generic" uncertainty bounds are provided for all 
probability estimates (not necessarily relevant to 
actual context) 

IS 

Scope 
Accident Sequence Evaluation Program (ASEP) 

HRA Procedure INlJREG/CR-4772) 

•� A quantification technique for pre- and post-initiator 
human failure events 

•� Provides both screening and nominal human error 
probabilities for both pre- and post-initiators 

•� Otherwise, a simplified version ofTHERP meant to 
be useable by PRA analysts with limited HRA 
background 
-� ASEP is a self-contained technique with no specific use of 

THERP 
- Analyst does not need to "know" THERP 

17 

•� Human failure is treated considering a diagnosis 
contribution and an implementation (response 
execution) contribution - each quantified 
separately then added together 
- Diagnosis contribution uses a simple TRC model 
- Implementation contribution uses "nominal" HEPs that 

are adjusted to account for some PSFs 
•� Few HEPs and quantitative factors have an 

empirical basis 
- Values based mostly on expert judgments of the authors 
- Judgments from an understanding of human-machine 

interactions in industrial and military facilities, 
including nuclear power plants (mostly 1960's vintage) 
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Strengths and Weaknesses� 
THERP� 

Strengths 
Detailed task analysis can 
provide valuable qualitative
lfisights 
Method has been applied 
widely, across industries, 
producing large pool of 
experienced analysts 
Good qualitative discussion of 

~1~~':;:P~F~f~o:e~r:~Jhowto 
identify failures of concern 
Explicitly handles diagnosis 
and implementation failures 

Weaknesses 
•� Resource-intensive if performed 

as intended (so shortcuts often 
used) 
Not implemented as intended 
(e.g.. use just the tables) 

•� Analyst may use the technique
without HRA specialist leading 

•� TRCs for post-initiator
diagnosis are based on expert
judgment, used generically 
across all scenarios (one size fits 
all is probably not valid) 
Only a relatively small subset of 
PSFs actually addressed in 
quantifying HEPs (how to 
handle other PSFs left to 
analyst) ,. 

Underlying Model/Data� 
ASEP� 

•� Pre-Initiators 
- A generic error rate is used for all pre-initiator failures, 

which is modified by "checking-type" of recovery 
probabilities (e.g., 2M checker, written checklist used) 

•� Post-Initiators 
- Diagnosis/implementation models similar to THERP 
- But.. .simplified treatment of factors affecting the HEP 

•� Uses a simple representation of complexity of task (step by
step or dynnmic) and stress level for operator 

• Uses 11 simpler dependency treatment 
• Allows tor additional recovery by other staff 

Quantitative values� 
- Same basis as THERP� 
- Adjusted somewhat to be more conservative� 

" 
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Quantification Approach Strengths and Weaknesses� 
ASEP ASEP� 

•� Pre- and post-initiators quantified based on adjustment 
of a generic (for pre-) or initial (for post-) error rate 
(either a screening value or a nominal value) that is 
then adjusted based on a few PSFs and the 
simplifications mentioned earlier 

•� Diagnosis portion of post-initiator assessment uses 
TRCs just like THERP 

•� Uses just a fixed set of PSFs and limited guidance for 
applying them (via look-up tables and curves) 

•� "Generic" uncertainty bounds are provided for all 
probability estimates (not necessarily relevant to 
actual con text) 
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Scope 
Human Cognitive Reliability (HCR)/Operator Reliability 

Experiments (ORE) Method (EPRI-TRlOO2S9) 

•� EPRI developed quantification technique for 

estimating non-response probability of post

initiator human actions only 

-� Does not explicitly address human errors in diagnosis 

- Essentially assumes a correct diagnosis 

Provides both screening and nominal HEPs 

Includes Cause-Based Decision Tree (CBDT) 

method for longer time-frame events 

Assesses response execution errors separately 

21 

Quantification Approach� 
HCR/ORE� 

• Obtain estimates of critical parameters 

• Only PSF directly considered is time
related, cue-response structure 
- Temporal relationship between alarms and 

indications and the need to respond, leads to 

different standard deviations 

• All other influences assumed to be 
contained in estimates of median response 
time and response time variability 
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Strenglhs Weaknesses 
Easy to use • Analyst may use the technique 
Simplified technique without HRA specialist input 
Leods to thorough analysis of pre leading to posstble 
initiators misjudgments about the PSFs 

and relevant plant conditions Explicitly handles diagnosis and 
implementation failures • Judgments about PSFs and 

context are made by the analystResults are conumnly accepted as with little guidance reasonable for 'not far from 
average' context (i.e., conditions • Cannot directly handle more
associated with the scenario and extreme or unique PSFs and 
action of interest) plant condition considerations 

due to the simplilied underlying 
Screening approach at least models and use of limited 
requires some analysis number of PSFs 

Same data limitations as 
THERP 
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Underlying ModeVData� 
HCR/ORE Method� 

•� Simulator measurement-based. time/reliability correlation 
(TRC) for diagnosis portion of human action 
- Crew response time data can be Iitled by a lognonnal 

distribution which has the two parameters. TlI2 (median 
response time) and s (the logarithmic standard deviation of 
normalized lime) 

-� The probability of non-response within a time window can 
therefore be obtained from the standard normal cumulative 
distribution. 

•� Obtains estimates of crew response time for use in TRC 
- Plant specific simulations 
- Expert judgment from operators 
- Generalize from EPRI ORE data 

•� Probability of response execution failure is said to be 
based on relevant data from earlier simulator studies. 

n 

Strengths and Weaknesses� 
HCR/ORE� 

Strengths Weaknesses 
Use of empirical data is a In practice. analysts cannot or do 

strength if: not conduct enough simulwor 
Enough planr-specific simulator runs to address range of 
runs are conducted (but see fll'St conditions and PSFs 
weokness) lllck of guidance for obtaining 
Assumptions about t~ underlying expert judgments for crew 
distribution for TRC are response times 
appropriare 

Generalizing ORE sirrwhuor results 
for plant-specific use is 

Derivation of HEPs themselves questionable
straightforward and traceable No systematic approach to identify 

- it's the derivation of the human response vulnerobilities 
porameters that is tricky 

*Wcaknesses strongly question use 
of the method 

24 
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Scope� 
Cause-Based Decision Tree (CBDT) Method� 

rEPR!·TRlOO259)� 

Originally developed by EPRI to: 
- Serve us 0 check on cuses where the HeR/ORE approach has produced 

very low probability values 
- Address l1C1ions with longutirne frames where "clltrapolDtion using the 

lognormal curve (from the HeR/ORE TRC) could be extremely 
optimistic" 

• Quantification technique for estimatinl\ non-response 
probability of post-initiator human actIOns only 
- Causal opproach allows identification of potential error mechanisms 
- Fuctors that could c;ontribute to fuilures in diagnosis are assessed 

Like HCR/ORE, assesses response execution errors� 
separately� 

•� In more recent years, the CBDT method has frequently 
come to be used as a "stand alone" method 

Quantification Approach� 
CBDTMethod� 

• Uses a decision tree approach whereby 
analysts answer questions related to a set of 
influencing factors and resulting HEPs are 
provided. 

• The REPs obtained from the eight decision 
trees are allowed credit for "self' recovery 
by crew members if time permits. 
-� The resulting HEPs are then summed together, 

along with an HEP for failure to execute the 
response, to obtain the final HEP 

" 

Strengths and Weaknesses� 
CBDTMethod� 

Strengths Weaknesses 
Use of causallOOdel requires :t~:a:::{~~~;:analysts to evaluate potential 

conditionscauses of errors 
Although allows flexible 
selection and application of 

Ease of use of decision trees inf1uencin~ factors, guidance to 
suppon this is not provided 
Assumption of independenceAllows flexible selection and am:mg the various factors 

application of influencing factors represented in the decision trees 
(beyond decision nees) as needed Potentiall&, the validity of 

~t~ EP data from 
Suggests other factors not covered 
by decision trees may be relevant Potential for optimism from 

misapplication of self recovery. 
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Underlying ModellData� 
CBDTMethod� 

• General causal model of human behavior 
involving decomposition into causes and 
human failure mechanisms in the form of 
decision trees. 

• HEPs included in the method's decision 
trees are based on adaptation of data from 
THERP (NUREG-1278) to the conditions 
covered by the method. 

" 

CBDT Decision Tree "Factors" 

Uses a series of decision trees to address potentia) CllUseS of enors and 
produces HEPs based on those decisions. 

-, Availability of relevant indicutions (locution. accuracy, reliability of 
indications); 

- Attention to indications (workload, monitoring requirements, relevant 
alarms, etc.); 

- Datu errors (location on panel, quulity of display, interpersonal 
communiculioNi); 

- Misleading datu (cues match procedure, training in cue recognition, etc.); 
- Procedure formu.t (visibility lind salience of instructions. place-keeping 

aidi); 
- Instruelional clarity (standlu'dized vocabulary. completeness of 

information, b'wning provided); 
- Instructional complcxity (use of "not" statements. complex use of "and" & 

"or" tenDs, ele.); and 
- Potcntial for deliberate vio1Qtions (belief in instructional adequacy, 

aVQilQbility IIhd consequen.ces of altcmlltivC5. etc.). 

2. 

Scope� 
EPRI HRA Calculator� 

• Software tool - not a method 

• Automates use of HCRJORE, CBDT, 
THERP annunciator response model, or 
SPAR-H to address diagnosis of post
initiators HFEs 

• THERP for response execution portion if 
not using SPAR-H 

• Uses THERP and ASEP to quantify pre
initiator HFEs 

• Relies on SHARPI as the lIRA framework '0 
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Underlying ModellData, Quantification Approach 
EPRI BRA Calculator 

•� No underlying model or data of its own (with one 
exception) 

•� Analysts interact with computer screens and 
provide data entries relevant to quantifying the 
human event, e.g. level of stress, time available. 
-� Prompted entries per the selected methods 

-� Software user's manual is provided 

•� Familiarity with the methods on the part of the 
analysts is assumed 
-� User's guide to support HRA and use of the methods is 

planned 
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Sigma Decision Tree� 
EPRI HRA Calculator� 

•� If using HCR/ORE TRC, may use to obtain 
standard deviation based on whether action is 
skill-based or rule-based, nature of procedural 
guidance, extent of training, and stress 
- Offered as alternative to what was used in TR-lOO259 

(cue-response structure) 
- Provides analysts a means of incorporating the effects 

of several performance shaping factors (PSFs) related 
to the "diagnosis" portion of the crew response 

-� Represents a significant change in the approach 

•� Similar to what was used in original HCR model 
- EPRI ORE experiments argued that assumptions 

underlying the HeR model were not supported and 
dropped consideration of these aspects 

" 

SCOPE� 
Standard Plant Analysis Risk HRA (SPAR-H)� 

Method lNUREG/CR-6883)� 

•� A quantification technique for diagnosis and action 
human failure events 

•� Can be used for pre- and post-initiator events although 
SPAR-H does not use that classification nor 
distinguish between the two 

•� Designed to provide reasonable estimates for 
regulatory uses such as evaluating the risk of plant 
events and conditions as part of the accident sequence 
precursor program (ASP) or in Phase 3 of the 
Significance Determination Process (SOP) 

" 

Strengths and Weaknesses� 
EPRI BRA Calculator� 

Strengths Weaknesses 
Improves consistency in ~Jcto:~~~':~~ :e~ged.perfom1ing "mechanical" aspects llnalyslS wilhOUllhe proper HRA andof quantification, e.g., difficult to human factors expcnCRcc or oversighl� 
~ to address cenain items� No Juidanc:e for which method to use 
Traceability and documentation is - g~~~He~'~w= a positive as tbe software 

Although allows nexibility 10 changeautomatically stores and 
doc~nts key inputs and results =~i:j::;~idra:=to 
- Yet, level of detail on basis for CDCOUJ'Dged.� 

selections up to the analysts� NO!. all PSFs disalssedladdrcssed in the 
software as part of the method used 

Flexibility allowed to make llppellr to be handled within Ute 
chauges to the basic lrodeVdata software qwtnLiticalion (i.e.• info 
with good cause. included for reference only) 

For HCRIORE. inltoduces SiglOD
- But not encouraged  Decision Tree to obtain standard 

standardization advocated. deviation based on whether action is 
which is inconsistent with skill-bosed or rule-based. nature of 

procedural guidance. extent of training,CBDT suggestions tlnd SIreSS (see next slide) 

" 

Sigma Decision Tree� 
EPRI HRA Calculator (continued)� 

•� Unclear exactly how the data in the Sigma Decision Tree 
was derived (two important assumptions) 

- A basic assumption: following an initiating event, as 
the accident proceeds further into the response, one can 
expect to see larger deviations in crew response times 

- A ~ s can be indicative of difficult diagnosis, the 
need for deriving diagnoses by monitoring 
meters/alarms, or use of different response strategies. 
Thus, s is indicative of how demanding and stressful 
the scenario is for the operators 

•� Use of Sigma Decision Tree is questionable 
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Underlying ModellData� 
SPAR·H� 

•� Human failure is treated considering a diagnosis contribution 
and an action contribution - each quantified separately then 
added together 
- Both use an initial generic error rate 
- Generic error mte is modified using 8 PSFs for which a 

simple multiplicative model is used, with an additional 
adjustment when 3 nr more negative PSFs are used 

- Further adjustments are made using the THERP dependency 
model with inherent consideration of recovery 

Error rates and their adjustments (to some extent) come from 
review of other HRA methods and the values they provide as a 
means to ensure some 'Validity' (actually consistency) for 
values in SPAR-H. 

,. 
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Quantification Approach Strengths and Weaknesses� 
SPAR-H SPAR-H� 

Stan with generic error rate for diagnosis error (0.01) and action 
error (0.001) 

Determine each PSF level assignment which establishes 
multiplier to be applied to generic error rate 
-� Each PSF quantitatively treated as independent 
-� There is a discussion about interactions among PSFs but no 

explicit quantitwive guidance for how to account for this 

-� Additional adjustment made if there are 3 or IIK>fe negative PSFs 
(hence accounts for some interaction at this level) 

Total HEP is equal to the sum of the diagnosis and aClion failure 
probabilities 

Further adjustment made for dependencies among tasks 

Result is treated as a mean value and uncertainty is represented 
with a constrained non-informalive (eNI) prior distribution 

'7 

Scope 
A Technique for Human Event Analysis (ATHEANA)� 

(NUREG-1624 Rev. I)� 
(:wG4 Reliability Engineering &System Sarety Article on Quantification)� 

•� Identification, modeling, and quantification of 
post-initiator human actions, including treatment 
of errors of commission 
-� Concepts applicable to pre-initiators, but little specific 

guidance provided 
•� Addresses potential cognitive failures for a human 

action, failures in implementing the desired action, 
and the situations that could cause them to occur 

•� Strives to address a wide range of performance 
conditions and failure modes (unsafe actions) 

•� Intent is to address both nominal and deviation 
scenarios (i.e., not just "near-average" context) ,. 

Quantification Approach� 
ATlIEANA� 

Uses a fonnal, facilitator-led expert elicitation process with 
experts particularly knowledgeable of the actions and 
scenarios of interest (typically persons from the operational 
and training staffs) 
Based on consideration of the factors deemed to have the 
most influence on the action of interest as derived during 
the context development process 
- A pre·set list ofPSFs is not used. although guidance for the range 

of factors to be considered is provided. 
- PotentiaJJy relevant factors are considered ""together" by the 

ex.perts as opposed to individually 
- Important (driving) factors are identified based on the scenario� 

conte:\t (the relationship between plant conditions and potenrial� 
PSFs)� 

Estimates cover the entire distribution for the REP to 
account for epistemic and aleatory uncertainties 
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Strengths Weaknesses� 
Relatively simple to use Analyst may use the technique� 

without HRA specialist leading to�The eight PSFs included may 
possible PSF/context misjudgments 

cover many situations where a 
In spite of detailed discussion of

tOOre detailed analysis is not potential interaction effects� 
required belWeen PSFs. treats PSFs as� 
Provides a detailed discussion of� independenl 

Insufficient guidance for examining 
and understanding the scenario 

potential interaction effects 
between PSFs (but see related conditions that detennine which� 
weakness) levels of lbe PSFs are appropriate� 
Explicitly handles diagnosis and PSF dimensions have inadequate� 

action failures� resolution for detailed analysis, 
e.g., all conditions that lead to 

Some attempt to "validate' values judgment that procedures are 
based on consistency with other ··(lvailable. bUI pOD'" get the same 

HRA melhods multiplier. 
No explicit guidance for addressing
a wider range of PSFs when _ 

Underlying Model/Data� 
ATlIEANA� 

•� Based on behavioral sciences view of human perfonnance 
being in 4 stages 
The detailed context development process in ATHEANA 
(i.e., defining plant conditions and PSFs that are associated 
with the scenario for the action of interest) is designed to 
find reasons why a failure in any of the stages might occur. 
Since the REP estimates come from a group consensus, 
expert elicitation process, judgment is used in the 
quantification process 

-::C:t~;abl~~~~ua~~ :a~;~~'~Cr:? wID 
- Their judgments are based on the infonnation (..data") collected 

arout the action using ATHEANA search process. their own 
ex{"'rience, and industry experience (as passed on in ATHEANA 
trllttling and in NUREG-1624). panicuJarly .bout events that 
resulted In undesired consequences 
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Strengths and Weaknesses 
ATHEANA 

S!Wl&!h.! ~ 
Among the (DJst thorough context If not documented tborou~y. 
developing liRA methods, investigating the origins of the HEP estunates 
behavior influencing factors beyond from the expens can be obscure 
tbose considered in tOOst (if not all) and therefore difficult to 
other methods. Strives for realism and reproduce or review. 
identifying error-forcing conditions. Detailed context development to 
Includes consideration of a reasonable 
ran~e of different conditions (called ~=~~~ ~priate 
devtations) as pan oftbe context. and conside:fduring quantiflCl1lion, 
not just the condition of the plant as can be complicated and time and 
specified by the PRA model 1b.is is resource intensive 
done to capture the effects of aleatory Consideration of "deviation'" 
uncertainties not !Tealed in other scenarios can add time 
methods oor typically in the PRA. Guidance for addressing ,be 
More relevant uncertainty evaluation broad range of factors relevant 
111m: considers the specific HFE and its to the nominal case needs to be 
conle;(t rather than the use of "generic·' strengthened
uncertainty bounds as is done in many More ~uidance for transforming 
other methods. scenario information into HEPs 
Highlights need to consider and is needed. 42 
examine errors of commission. 
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Scope 
Success Likelihood Index Methodology (SLIM) Multi�

Attribute Utility Decomposition (MAUD)� 
and Failure Likelihood Index Methodology (FLIM)� 

•� Quantification methods with a primary focus on 
post-initiator diagnosis failures 
-� In principle, could be applied to any type human failure 

event 
• Pre-initiators, response implementation. and enors of 

conmtission 
• Little guidance for these types of actions. It is up to the 

analysts to defme the event being quantified. 

•� FUM (developed by PLO) is based on SLIM with 
the main distinction being that FUM provides 
scaling guidance for a suggested 7 PSFs (in some 
applications more) 

43 

Quantification Approach� 
SLIM and FLIM Methods� 

• Expert judges identify the PSFs relevant to 
the events they are quantifying 

• Weight and rate the PSFs in terms of their 
influence on an event 

• Calibration values are identified and used in 
conjunction with obtained SLI for the event, 
in order to derive the REP 

45 

Scope� 
A Revised Systematic Human Action Reliability� 

Procedure (SHARPl, EPRl TR·lOl711)� 

•� SHARPI is a guidance document for performing 
many aspects of an HRA in the context of a PRA 
(including identification and modeling issues) 

•� Covers both pre- and post-initiator human actions. 

•� While it does not provide a quantification method 
for either, it does provide a summary of 
quantification methods available at the time. 

•� Generally consistent with the ASME standard for 
performing an HRA and with the NRC's HRA 
good practices guidance 
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Underlying Model/Data� 
SLIM and FLIM Methods� 

•� Assumes that relative importance weights and ratings of 
PSFs, obtained from expert judges and related to a task, 
can be multiplied together and then summed across PSFs 
to arrive at the Success Likelihood Index (SU). 

•� Using events with known HEPs as calibration events 
(anchor values), and an assumption of a logarithmic-linear 
relation between the desired HEP and the SU, HEPs for 
specific events are obtained. 

•� Since the HEP estimates ultimately come from expert 
judgments, the underlying data is the information about the 
event and the PSFs, the "anchor values," and the 
experience of the judges. 
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Strengths and Weaknesses� 
SLIM and FLIM Methods� 

Strengths 
In principle, allows consideration 
of a wide range of PSFs 
Use of a mathematical fonnula 
provides a trneeable derivation of 
the obtained HEPs, as long as the 
basis for the weights and ratings of 
PSFs are tooroughly documented. 
Use of expen judges lends 
credence to the results. 
For FUM, the inclusion of the PSF 
scaling guidance for the seven 
PSFs 

- ~:~~:e:%PS~ in 
comprehensively� 

- lneluding the identiJication of� 
particuJarly adverse or "error�
forcing" conditions� 

Weaknesses 
ldeotifying appropriate 
calibration data can be 

probletI1lllic 

SO~ artifacts of the 
multiplying and summing of 
PSF may diston the results 

In SLIM, lack of guidance for 
scaling the various PSFs 
Questions regarding the 
appropriateness of the linear 
model to reflect the expens' 
judgments 

Software tool for SLiMIMAUD 
not available? 
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Underlying Model/Data� 
SHARPl� 

SHARPl is a process or framework for performing BRA 
it does not really have an underlying model or "data." 
Objective is to provide guidance to help ensure that the 
BRA is perfonned appropriately in the context of a PRA. 
- SHARP/SHARP! do a very good job of covering many of the� 

good practices related to identification and modeling of human� 
actions, and consideration of dependencies� 

-� Insufficient guidance on identifying context and eITOrs of 
conunissioD 

Following its guidance should strengthen the validity of 
the results of an BRA, regardless of the quantification 
method used. 
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Strengths and Weaknesses 
SHARPI� Next Steps 

Strengths 
•� SHARP I provides good guidance 

for perfomling the "overall" HRA 
analysis. with only rmre recent 
HRA methods addressing a few 
llSpects not addressed or covering a 
few in trore detail. 
- Yel, none t)f the more recent 

methods oddress ull of the ltSpecls 
covered by SHARPl 

Although it does not provide a 
quantification process, it leads 
analysts to identify and consider 
important infoffi'mtion relevant to 
perfomling quantification of 
modeled human actions 

Weaknesses 

~~~~~f.te~t; is that 
it does not provide enough 
guidance for how some of the 
infonnation obtained using the 
method can be used in the 
context of many of the existing 
quantification methods. 
Lack of guidance on the many 
uses of sunulator exercises to 
obtain important infonnntion. 
Insufficient guidance on 
identitication of PSFs and 
context. 
Insufficient guidance on the 
consideration oferrors of 
commission. .. 

May need to develop a regulatory guide and/or SRP� 
addressing method suitability/implementation for� 
regulatory uses� 

•� Continue improvement methods thm reviews of non USA 
methods and interactions with their developers 

•� Strive for convergence in BRA technology 
- Develop conunon frameworks-work with domestic and� 

iIuemational expenslpracritioners� 
-� Address the ISPRA study resohs 

•� Improve the technical bases of methods 
-� Test/compare methods thru simulator experiments and other means 

•� Improve quantification capability 
Expand knowledge base as needed 

'0 
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ATHEANA and SPAR-H:� 
SUMMARIES� 

Susan E. Cooper, RES� 

Mike Cheok, RES� 

David Gertman, INL� 

December 15, 2005 

ATHEANA HRA METHOD 

Susan E. Cooper, RES� 

December 15, 2005� 

What is ATHEANA? 

•� A perspective on why serious accidents occur 
•� An approach for analyzing accidents, 

retrospectively (i.e., event analysis) 
•� A prospective HRA approach, including: 

- A process for performing HRA (i.e., both qualitative & 
quantitative HRA) 

- A formal search scheme for identifying human failure 
events 

- A systematic search scheme for error-forcing contexts 
- A "quantification-with-uncertainty" approach 

ObjectiveslUses of ATHEANA and 
SPAR-H 

•� ATIffiANA 
- Full-scope, 2l1li generntion metbod (e.g., error perspective. 

knowledge-bWle, prooess steps, quantification approach) 
- Designed to SUppOD detailed HRAJPRA evaluations 
- Other uses perfonncdlin progress (but no' fonnally described) 
- Best used to ""at special issues in HRAJPRA (e.g., pressurized 

thennal shock, steam generator lUbe ruplUte) 

•� SPAR-H 
- Simplified method (wi.h modeling & analysis limitations) 
- Designed to be used wi'h SPAR models in perfonning risk 

evaluations of operational events� 
- Consistent. easy~to-use method� 

ATHEANA 

• What is ATHEANA? 

• Why was ATHEANA developed? 

• How has ATHEANA been used? 

• How could ATHEANA be used? 

• Future plans for ATHEANA 

Why was ATHEANA developed? 
•� To improve the state-of-the-an in HRA 
•� To incorporate the current understandin~ of why human 

errors occur,l based on recent advances m behavioral & 
cognitive science 

•� To realistically represent human behavior in accidents & 
near-miss events (substantiated by reviews of significant 
accidents both within & without the nuclear power 
industry) 

I� SignifiCllPI hullliUll errors u5WlII)' occur because humus Ilte '·SCI up" (or failure. The 
"set..," cODsis15 orl combinabon orrilctors that toptbcr are derilled as an "crror~ 
forcin, COllin'''· planl condilion. lInd~ (or triggered) hUIDllD.«laled factors 
(c.g.• tnuljtional perfonnana shaping fuetors). 
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Why was ATHEANA developed? 
(continued) 

ATHEANA provides the following improvements or new '100ls" for 
HRA: 

- M"AG~~i:~.o~~d_~m/:~~~~,:;,USed us the basis for 
A 'ystematic search process for idenlit)<ing human failure cvcnlS. 
including errors ofconunissiou New 
A perspective and fonmlapproach fOr identifying accident s(;cnanos 
involvmg hllmon (noi/rorrJware) vulnerabilities New 
AquaDtification lIpprouch thai is l1exiblc enough to address whatever 

:=~~lf~I~=~=i~~~~f=~:::Yi~~'lf:;t%~1:te~:e~~dercd 
A forl1llll11pprouch to treatiog uncertainty (i.c., quantiliclilion-wilh
unc:crtainly) New 
A technical busis 10 support the currenl perspective on perspective on why 
humuD failures occur und how they contribute to serious accidents. 
Improvement 

Future plans for ATHEANA 

•� Principal focus is "technology transfer" 
- Draft AlHEANA User's Guide 

- Review of User's Guide (internal & external)� 

- Finalize User's Guide� 

- "Training" workshops� 

- Other "spin-off' products (e.g., retrospective analysis,� 
screening approach) 

•� Identify additional, appropriate applications of 
ATHEANA 

How has ATHEANA been used? 

NRC applications: 
Recent Pressurized Thermal Shock HRAIPRA studies 
Basis fot NRC"s HRA "Good Proc1iccs" paidancc (NUREG·1792) 
BasiS for joint NRClEPRJ rue HRAIPRA methodology 
Using in Steam Generator Tube Ruptme HRAJPRA study (io progress) 
Using gcncralllpprollCh in NMSS spent fuel handling project (in 
progress) 
Using ATHEANA perspective in dcvclopinC job aids for NMSS 
byproduct materials stafT(in projp'CSS) 

Examples ofappliclltions outside NRC 
Chem DeMii HRAIPRA for Pueblo design 
Perspective used in various medical appliclltions 
Perspective used in railroad applications 

Future plans for ATHEANA 
(continued) 

•� Examples of possible NRC applications of 
ATHEANA are: 
- HRNPRA of advanced reactor designs 

- Retrospective analyses of NPP events 

- Any detailed HRAlPRA application (especially for 
'·new" issues) 

- Basis for NMSS' review of Yucca Mountain HRA 

- Retrospective analyses of NMSS byproduct materials 
events 
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SPAR HRA 

US NRC Presentation to the 
ACRS 

David I Gertman 

December 15 2005 

r'~""'· 

(~)Why SPAR HRA? 

•� In 1994, the NRC ASP Program was using 4 formal 
rules and 1 heuristic for HRA (range from 1.0E-3 
to 1.0) 

•� NRC requested that INEEL recommend or develop 
a method to allow for more realistic analysis of 
human error 

- Reviewed HRA methods, - - too detailed, too� 
resource intensive to apply easily� 

- Informed by 2nd generation and International� 
developmental activities� 

• Including ATHEANA concepts 

Assumptions 

•� A simple model of human behavior Is adequate 

•� Model is based on human performance and� 
cognition; not on a specific plant condition� 

•� PSFs can be identified that Influence decision� 
making and actions and cover each stage of the� 
human behavior� 

•� Plant conditions, tasks, people, and situations� 
combine to create a context described by PSFs� 
that influence performance� 

Highlights for Discussion 

• Why SPAR-HRA? 

• PSFs used in SPAR-HRA 

• Comparisons with other HRA methods, 
including quantification approach 

• Comparison with experimental or� 
experiential data� 

SPAR-HRA Meets ASP� 
Programmatic Requirements� 

•� Based on an amalgamation of other HRA methods 

•� Easy to use 
•� Simplified approach 
•� Analysis can be completed In short time (If a full scope, 

detailed HRA is needed, other existing methods should 
be used) 

•� Ensure relevant PSF factors are addressed/accounted� 
for� 

•� Appropriate for most human behavior 
•� Used extensively with SPAR models, by the SOP 

program, and In risk analyses of operational events 

PSF Approach 

•� Influences are theory and model based 

•� Reflects PSFs used in many current HRA 
approaches 
- Influence ranges are calibrated� 
- PSFs are reduced to a set of 8� 

•� Existing literature supports SPAR-HRA PSFs 
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SPAR-HRA NUREGlCR- 6883 (2005) 

•� Updates and refines earlier PSF definitions 

•� Incorporates positive and negative effect of PSFs 

•� Provides work sheet examples 

•� Offers improved uncertainty approach 

•� Provides more technical basis Information on 
PSFs and how the analyst should apply 
thresholds 

•� Extends SPAR-HRA to LPISO 

•� Provides findings for calibration against other 
HRA methods 

END� 
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Halden experiments,� 
Data for HRA� 

, , 

Andreas Bye, Per 0ivind Braarud� 
DECO Halden Reactor Project� 

Advisory Committee on Reactor Safeguards� 
Human Factof'!l and Reliability & Probabilistic Risk Assessment� 

SUbcommittees Meeting, Rockville, MD� 
15·16 Docember 2005� 

Role of data in HRA 

Upda:i' " 

1. Inform use of HRA methods 

•� Occurrence of Context 
•� 'Wil/ time pressure occur?" 
•� Subjective/objective PSF importance, when is a PSF 

present? 
•� How does scenario develop based on variability of crew? 

•� Influence of Context on Human Failure/Performance 
"Given high rime pressure, what is the ettect on the operator 
(variability)?" 

What is time pressure "limils" that inlluence pertormance? 
• Threshold differences in human pertorrnance, e,g., when to 

use which levels of PSFs, how much emphasis to put on 
context (also tor expert judgment) 

Outline 

•� Role of data in HRA 
•� Last HAMMLAB (HAlden huMan-Machine LABoratory) 

experiment 
•� Purpose 
•� Method 
•� Results 

•� Summary and next steps 

HRA data from simulators 

1. Inform HRA practitioners in the use of HRA methods 
2. Inform HRA method development 
3. Input to generic DB/repository for use in quantification 

2. Inform HRA method development 

•� Part-validation of PSF weights and thresholds 
•� How many levels for a PSF (2.gen: Information for 

emphasis on context) 
•� Interaction between PSFs 
•� Variability/Distribution of human performance 
•� Validation/Benchmark of several methods? 



2nd gen / ATHEANA Relevance 

•� Qualitative insights on context and crew characteristics 

•� Qualitative insights on plant conditions, deviations from 
PRA base case scenarios 

•� Vulnerabilities in the operator's knowledge base 

HERA input 

•� Populate HERA with simulator data 

•� Will increase the use of HERA to inform also on 
(simulated) accident situations 

•� Similar for NARA, the successor of HEART 

The task complexity experiment 
2003/2004 

Halden Work Report -758 by 
Karin Laumann, Per 0ivind Braarud, Hokan Svengren 

Per 0ivind Braarud 

Dec. 2005 

3. Input to generic DB/repository for 
use in quantification 

•� Quantification of Human Failure Events (generic) 

•� Put results of success/failure (or continuous analogy) into 
Bayesian models or other data structures directly? 

•� Frequencies of executed actions in specific scenarios 

•� We can supplement operational data with simulators 

•� Looking at a PRAIPSA, we see many unlikely scenarios 
•� Instead of waiting lor a handful of operational events, we can 

generate a large quantity of data useful for probability 
estimates 

PSFs from NUREG-1792, Good Practices 

, .� Training/experience 
2.� Procedures and administrative controls 
3.� Instrumentation 

Task Complexity factors for the Crew 

Time pressure is about the temporal demand involved in 
monitoring and operating the process. 
•� Urgent need to act on the process, need to respond to the process� 

without much time to diagnose� 

Infonnation load is about the amount of information needed to 
identify what to do, to identify a solution, or to monitor the process. 
•� Number of systems and sub-systems affected by faults, change in many 

parts of the process. amount of alarms 

Masking is about identifying the cause(s) or the meaning of the 
process symptoms. 

Indication of one faults mask indication of other fault., Missing 
indications, Delayed feedback 10 confirm system or process state 
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Research questions 

•� How do the complexity factors affect human performance 
•� Methodological choice: 

•� A main task is studied in several scenarios 
•� Time pressure, information load and masking a~ studied by 

introducing additional tasks expected to create different contexts 
for the main task 

•� To be able to separate the context and the main task across 
scenario variants. 

•� Assumptions: 
•� Will additional tasks have effect on the main task? 

• What characterise additional tasks with and without effect? 
• What kind of effect will the additional tasks create? 

Participants 

7 crews with three licensed operator in each crew participated in 
the experiment for one week 

•� Shift Supervisor 
•� Reactor Operator 
•� Turbine Operator 

This crew configuration is the normal I regular crew� 
composition at the simulated plants� 

The crews came from the simulated plant and from the sister� 
plant of the simulated plant� 

Simulator 

•� HAMMLAB's HAMBO simulator simulates a Swedish BWR 
nuclear power plant 

•� late generation ABB plant 
Full-scale simulator with a computerized hllman·machine 
interface 

Expected effects of Context Manipulation 

The additional tasks could cause: 
Time Pressure if some of the available time had to be used on the 
additional tasks, or if the crew experience the additional task as 
increased time pressure 
Information Load if the crews attended to and are distracted by the 
the additional task, but do not use substantial time on the task. 
Masking if they make it more difficult to understand the process 
status and the process development. 

Participant characteristics 

Operator Mean Age� Mean 
Experience In 
actual position 

Shift 49 years 9.5 years 
Supervisor (42-59) (.5-26) 

Reactor 44 years 7.5 years 
Operator (36-51) (3-18) 

Turbine 37 years 2.5 years 
Operator (32-46) (1-6) 

Interlace of the simulator in the experiment 
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Operation Procedures 

The procedures are copies of the simulated plants procedures 
The sister plants EOP differ from the simulated plants EOP 
•� Operator from the sister plant use the sisler plants EOP 

•� Four main types of procedures 
•� Nannal operation, including actions for responding to alarms 
•� Nonnal operation used to brtng the plant to different operational 

states 
•� Event based for anticipated events 

EOP (for beyond design basis eccidents) 

•� In addition: First check procedure to get a quick overview of the 
plant when event or aa:ident occur. 

Simulation Set-up 

•� Scenario run plans and experiment staff procedures to ensure 
same conditions for each crew 
•� For example to secure data collection to avoid re-start of scenario 

•� Functions performed by experimental staff: 
Running the simulator, administer the scenario run 
Giving expert comments during the scenario 

•� Observing crew behaviour� 
Recording of video I audio� 

•� External Control room communications 
• Field operators 
• Safety Engineer on dUty 
• Plant Management 
• Other 

Experimental design: Scenario 
variants 

•� Context effect studied by the scenario variants 

•� Within Subject Design: All crews participate in all 
experimental conditions. 
•� Each crew run 5 main scenarios x 4 variants = 20 scenarios 
•� 7 crews =140 runs total 

Training in HAMMLAB 

•� Education and training on all interface functionality 
•� For example Navigation, start and stop of objects, trend 

curves, alarm management 
•� Some special features. known to need more training and 

important features, are trained on more thoroughly 
•� For example: Symbols that are not normally used in the 

plants P&ID. 
•� Inform about scope of the plant simulation. 

•� Comparable to a lull scope training simulator 
•� Presentation of the available documentation in the control 

room 
•� Test scenario for observing that the crew manage the 

computerized interface. 

Scenarios 
5 scenario types. 4 variants of each 

Investigating Implemented in Scenario 

Time Pressure & Information load Incomplete scramlstan of die boron 
(by scenario manipulation) system 

Loss of outside power/transfer of bus 
bars to die 70 kV grid 

Medium LOCA Istart of auxiliary feed 
warerpurnps 

Masking (by scenario manipulation) Leakage from shut down cooling 
system 

Accident operation further down the 
event sequence (by observation) 

Exp. Design: Balancing of scenarios 

•� The order of scenarios for the crews was counter
balanced as much as possible over the 20 scenarios. 

•� The scenarios were also balanced in such a way that the 
crews ran only one scenario variant in each of the main 
scenarios on one day. 
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Measures and data collection 

Both the reactor operator and the turbine operator had head
mounted cameras that captured the process displays that they 
watched 

Two cameras were used that captured the whole control room 
setting 

•� All three operators had a small rtticrophone attached that 
recorded the communication within the control room 

Logging system: Responses On the interface and simulator were 
logged during the experiment 

Also, a subject-matter expert commented on the crew's work 
with the scenario while the scenario was running. 

Debriefing 

•� After each scenario had run the crews did a debriefing of 
the scenario 

•� The shilt supervisor lead the debriefing 

•� Template to do the debriefing 

Masking - studied in one main 
scenario 

•� Research Questions: 
How does the complexity of a second task effect on the 
performance of a relatively simple main task? 
What are the pertonnance effects of different levels I types of 
masking compleXity?� 
What characterize the crews operation of the scenarios masking� 
problem? 
What crew characteristics can be extracted from observing the 
scenario? 

•� There is 4 scenario variants. Scenario 1 to 4. 
•� Main Task and Additional Task 

Each scenario variant have the same Main Task. 
• Each scenario variant have different version of an Additional Task. 

Questionnaires 

•� Task complexity questionnaire 

•� Performance Shaping Factors (PSFj-questionnaire 

•� Observer's evaluation 

Masking 

Main Task 

•� All 4 scenario variants have a leaking shut down cooling 
system. 

•� The leakage actuate the automatic isolation of the system 

•� The in-board and out-board containment valves in series 
of one pipe do not close. 
•� One of the valves can be closed from the control room. This� 

will isolate the leakage.� 
•� The Main task is an easy task: 

•� The task has clear indications: Temperature alarm, Alarm I� 
indication of actuated isolation logic� 

•� There is guidance in the event procedure to check the� 
containment valves� 

•� Closing the containment valve is easy from the process� 
format� 

··11 
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Additional Task 

•� The four scenario variants have different leakage of the 
Reactor's Steam Pressure Relief System and different 
indication of the leakage. 
• Scl: No Steam Pressure Relief System leakage. Sc 1contains 

the Main Task only.� 
Sc2: Steam Pressure Relief System main valve faulty open,� 
w~hout open indication.� 
Sc3: Steam Pressure Relief System leakage through TA valve, 
indication of main relief valve open, temperature alann 
before TAvalve. 

•� Sc4: Steam Pressure Relief System leakage leakage through 
TA valve, indication of main relief valve open, no 
temperature alann before TA valve. 

Tuk', Resp:neTill'lll5olalicncf l,..eMige 

~=Or------~--~------, 

0:18:00 
Time for Closing of 
Main Task valve 

0;'4:00 

0:12:00 

0:10:00 

EEcrMA 
fj]creN:B 
~CfM:C 
mImcrew:D 
• crewE 
EEcrew:F� 
EIlcrew:(3� 
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Task 2· reponge ImI i;IOIaIlDn of IBakagg 

0:20:00 

0:18:00 

'fimefor� 
Closing� 

0:16:00 

t 0:14:00 Additional
J 0:12:00 Task Valve
J0:10:00 

i! 0:08:00 

0:06:00 gCfBw:A 
mCt8w:B 

0:04:00 ~crew:C 
IJilli} crew: 0 

o:oz:oo •� crew: E 
om! crew: F 

O;lllHlOL---- ED crew: G 

Interpretation 
•� Comparing the response times across the scenario 

versions suggest that the long response times for the 
Main Task is related to the difficulty of the Additional Task. 

•� 3 runs of Scenario 3 or 4 have long response times. Case 
Analysis confirms: 

•� Crew 0 Scenario 3 is occupied with the Additional Task. 
Both SS and RD focus on the addnionaltask. 

•� Crew A Scenario 4 is occupied wnh the Additional Task. 
Both SS and RD focus on the addnional task. while TD got 
the task of checking the Main Task procedures. 

•� Crew G Scenario 4 is occupied with the Addnional Task. 
Both SS and RD focus on the additional task. 

Case analyses - Sc version 2, II 
CrewE: 

Detect SPR alarm, conclude that valve is closed but leaking. leave 
SPA.).1,
Later, detect condenser level. and start speculating about SPR 
open.JIll, . CrewF: 
Detect SPR alarm, conclude that valve is closed but leaking 
Give closing order to SPR valve. but it seems like they believe main 
valve is actually closed 
No indication of that the crew really understood that the main valve 
was fully open lor several minutes. 

•� Crew G: 
Occupied with the Main Task, and do not detect SPR alanns 
Misinterpret condenser level related to the main Task leakage (RO 
and TO).� 
Detect Suppression pool temperature alarm, and suspect SPR� 
leakage (SC)� 

" •••• _ _ T . 

:::::1' M"' !� . 
I� . 

I ~i~~~'·~!I~RB_n L.'. I~~ 
.--.......:-=.:.:..-=._._-~-

O ••,QO� I 
0 •• _� I 

I ....,.. i--I ~.I·'·" . ,.. .1._.00 

==, 
• 

': r . I~~: 
0 ..... _ II!.... 

Case analyses - Sc version 2, I 

:: JI... . Scenario variant 2: SPR (Steam Pressure Relief) System 
main valve without open indication 

•� All crews start with Main Task leakage before SPR 
leakage. They have Isolation logic actuated, clear 
indication. 

•� Crew A. B. C: 
•� Detect SPR leakage by looking at alarms or detecting 

condenser level decreasing.� 
Decide quickly to give closing order to isolation valve� 

•� Crew D: 
•� Detect SPR alann early, but conclude that SPR valve have 

been temporarily open, and do not investigate SPR further at 
this point 

•� Later, they have condenser alann, suspect that SPR valve is 
actually open, closes SPR valve. 

Crew Characteristics 

•� Variability in how the crews interpret a somewhat !Iittle 
ambiguous process picture. 

•� The variability in response time of closing the SPR main 
valve is related to the crews interpretation of the situation 

•� Cognition I Diagnosis type of activity 
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Case analysis Scenario variant 3 

•� Crew B (the only crew that solved the additional task in 
scenario 3) 

Detect the Main Task leakage, the automatic isolation, and the SPR 
leakage as expected. 
SC takes a first overview of the shut down cooling system (Main 
Task) 

• SC notices that RO is occupied with the SPR leakage. 
• SC closes the faulty Main Task valve 
• Gives lime for both RO and SC to look at the SPR problem. 

RO detects the indication of the masked leakage location 
• SC perform a correct diagnosis of the leakage. 

•� Crew Characteristics: 
• Team Management: Division of work. 

Communication: RO communicate in the crew a detectk>n he 
himself have not interpreted yet, 

Conclusions: Effect of a secondary task with 
masked information 

•� A secondary task has the potential to affect the 
perlormance of an easy main task if: 

•� The secondary task has a salient indication, or the 
secondary task results in process deviations clearly 
related to the secondary task and not the first task, 
simultaneously with the work on the first task. If the 
secondary task is judged to be important, then it can 
interlere with the main task. 

Conclusions: Effect of a secondary task with 
masked information 

•� There are weaknesses in resource allocation to the 
secondary task: the secondary task will consume undue 
resources if there are vulnerabilities in the crew's work 
processes in terms of division of work between two or 
more problems. or in keeping division of work between 
general process overview and working with the solution of 
given detected tasks. 

Conclusions, Masking scenarios 

•� Scenario version 2 
Added task (pressure relief system leakage): 

• 3 crews did Immediate correct diagnosis of the open relief valve 
• 4 crews recovered from an initial wrong or incomplete diagnosis 

•� Main task (leakagelrom cooling system shutdown rector): 
•� No adverse effect 01 the added task on any of the seven crews' 

pertorrnance 
•� Scenarios versions 3 and 4 had more difficult masked tasks 

•� Added task: 
• Only 1 crew solved the task in both version 3 and 4� 

Main task� 
• 6 of 14 "lOS where the crew's main task was clearly disturbed by the 

additional mesked task 
• 3 out of those 6 hed longe, response time of isolating the leakage than 

a predefined expected pertorrnance criteria 

Conclusions: Effect of a secondary task with 
masked information 

•� There are some complicating properties of the secondary 
task that attract attention and resources such as 

Unclear cause and effect difficulty in seeing the cause for 
the process indication, actions to solve the task do not give 
the expected consequences. 
Strong potential for misdiagnosis: the secondary task has 
the potential for an obvious initial diagnosis that is actually 
wrong. 
Cost of no resolution: if not solving the secondary task has a 
significant effect on the process development and the 
process status, the second task will generate more tasks 
that have the potential to take attention and resources away 
from the main (first) task. 

Time Pressure and Information� 
Load� 
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Time Pressure and Information Load 

•� Research questions 
•� How do add~ional tasks to a main task create time pressure 

and information load for the crew 
•� How do TIme pressure and Information Load affect human 

pertormance 
•� What crew characteristics can be extracted from the 

scenario runs 

•� Three main scenarios 

•� Four variants of each main scenario representing added 
time pressure and information load. 

Incomplete stram'start or the boron system 

Main Tasks 

MAIN TASKS are included in all scenario variants of the Incomplete 
Scram scenario 

•� Manual stan of the Boron system to bring the reactor to a sub 
critical state. Procedure exists for this. 

Open scram valve to get more rods into the core. One out two 
scram valves can be operated. the other one is stuck. 

•� Put one faulted auxiliary feed water train in operdtion (Aux 
feedwater needed due to Main Feedwater Isolation) 

•� Close a valve to get the aux train to deliver water 

Scenario Variants 

Scenario Variant TaskS 

1. Base Case Main Tasks only 

2. TIme Pressure Main Tasks + 
Time Pressure Tasks 

3. Information Load Main Tasks + 
Information Load Tasks 

4. TIme P. + Info. Load Main Tasks + 
Time Pressure Tasks and 
Information Load Tasks 

Incomplete scram/start of the boron system� 
Initiating Event� 

A failure and a leakage in the Main Feedwater give Low level in 
the reactor tank. Power reduction. Isolation of main Feedwater 
and Scram. 

Scram is incomplete. Reactor not under-eritical. the average 
reactor power is !tigher than 2 percent. 

12 adjacent control rods are not insened (slUck) 
18 spread out control rods are not insened 

• Two scram valves do not open. 

Incomplete scramlstart of the boron system� 
Additional Tasks� 

Time Pressure Tasks: 
Main Steam Pressure Relief System Valve open (by fauil) 

• Crew need to Close an isolation valve to the main valve� 
Au,i1iary Feedwate' faults:� 

• Train A. Electrical failure. Crew need to Order Fa I Maintenance. 
•� Train D. Faulted automatic stan signal to the Au, Feedwaler pwnp and 

to a pump of Traio D cooling system. Can be started manually 
Information Load Tasks: 

Feedwater tank level decreasing (indication on the large screen) 
Intennediate cooling system Train B High temperature alarm .� 
Reactor recirculation pwnp High vibrations alarm on. Will appear� 
disappear frequently.� 

Results: Time to start boron system after 
scram 

Scenario c",w Crew Crew c",w CrewE CrewF CrewG Avcn>[!< 
Varianls A B C D 
41 2:45 0:49 327 359 0:49 3:16 
4.2 3:18 t:04 427 ]:19 3:04 2:01 3:51 

1- I:4.3 2:27 4:14 1:11 3:18 359 3:26 
4.4 2:09 2:28 152 4:04 4:37 

_ One !ltand.rd devi.Ul)ft rrom me.n 

_ More lhan one: 5 minulell \\'hicb WItS eslim.led lIS uomlnal time 
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Results� Case Study: Crew G, Sc variant 2 (Start Boron 
11:43)

Mllln Task- Start Borun Svst m . 
Variant A B C 0 E F G 
1 Base 2:4~ 0:49 3:27 3:59 5:10 0:49 S:S6 
ZTim: 3:18 1:04 4:27 1:19 3:04 2:01 1
3Info 2:27 5:17 4:14 1:11 3:18 3:59 3,40 
4T-+J 2:09 2:28 1- I,S2 1- 4,04 1

Additional TftSk: Steam Pressure RenefV..I~ 

Variant A B C 0 E F G 
I Buse 
2 Time 2:40 2:07 3'04 2,54 3:02 I. 
3lnfo 
4T+l 3,17 4,19 3:22 I. I. • 1

Addidonal TlISk: Audia" FeedwBter 
Variant A B C D E F G 
1 B"'" 
2 Time 14:14 8:D4 11:57 4:49 11,37 2,58 2:10 
3lnfo 
4T+1 NO/Sf) 5:52 5:01 3:26 1:42 2:48 

Crew Characteristics 

•� Crew Characteristics (in response to the scenario): 
Division of work: Resources "pulled by" the first salient and 
important task (both SS and RO), to little atlention to 
overview of the s~uation. 

•� Division of work: A task not solved draws resources. Nof 
solved by RO, 5S uses resources on the task. 

Characteristics from case analyses 
•� Division of work I Resource management: 

•� Vulnerabil~ (manifest for some crews) Use undue 
resources on the salient task and forget the overview of the 
situation. 
Crew that performs well have efficient work division. 
Supervisor perform task if needed, but do not forget to keep 
overview of the situation. 

•� Communication decreases in quality for the more difficuR 
scenario variants 

•� Interaction between scenario complications and crew 
characteristics 

•� Dependency I exaggeration of tasks 

•� Not solving one task draws additional resources 

•� Crew firstly detect and work (RO and 55) with getting Aux 
feedwater working due to the low reactor level. 55 informs plant 
management. 

•� RO detects and works with open SPR valve. Do not manage to 
close it. 

•� 5:30 after Feedwater Isolation, RO detects rods not inserted. 5C 
asks RO to 5tart Boron system. 

•� 5C and RD discuss if the open 5team pressure Aelief valve will 
boil away the Boron 

•� RD ask SC to try to close the 5PR Valve. 5C do not succeed. 
Crew order FO to close 5PR valve. 

•� RO focus on the need to by-pass fiRer in reactor clean up 
system. 

•� 10:21 55 asks RO to start Boron system 

Case Study: Crew F Sc variant 4 

•� RO starts with Aux Feedw. Have problem with gelling train 
D running. 

•� 55 order RO to work with the Boration, and TO to work 
with the Aux Feedw. and the open 5PA valve. 

•� TO have problems w~h the two reactor tasks. 

•� Efficient work division for the Boratlon, which was the 
most important task, but led to Depressurisatlon. 

Incomplete scramfstart of the boron system 

Information Load 

•� None of the crews priories to work on the information load 
alarms rather than the more important task in the scenarios such 
as start the boron system, star! the auxiliary feedwater pump or 
closing the open pressure relief valve. 

However, information load seemed to be disturbing for the 
operators. 

For example several of the infonnation load alanns made the alann 
signal go one and off all the time and many of the crews for 
example contjnuously kept the alarm stop button pressed in with 
one hand while they were working on the scenarios 

··11� 
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LOOP I Transfer of bus bars to backup grid� 
Event� 

•� Loss of main Grid (400 kV). 

•� This gives "House Turbine" operation. 

•� The back up grid is available (70 kV) 

•� Procedures states transfer to backup grid if main grid 
unavailable in the foreseen future. 

•� Manual transler only 

•� Turbine condenser have an air leakage that would lead to 
turbine trip alter about 25 minutes. 

•� Turbine trip I reactor scram give buses connected to Emergency 
AC power a automatic sequential start 01 components. 

LOOP I Transfer of bus bars to backup grid 

Additional Tasks 

Time Pressure Task 

•� Leakage from SPR system (stuck isolation valve). Will 
increase temperature in condensation pool 

•� Manual scram or scram on high temp. in condensation pool. 
• Reduced Time Available lor Quick transler 01 Bus bars 

Information Load Tasks 

•� Metal Temperature generator bearing Alarm. 

•� Turbine bearing vibration Alarm 
•� One channel reactor level (Train C) decreasing 

•� Three more alarms 

Results 
•� Time Pressure effect 

•� Four crews actuated scram without pertorming any transler 
01 trains to the backup grid. 

• None 01 these was in the Base case 
• One crew deliberately decided to not transler any trains 

to the back up grid. 

• Three crews scrammed the reactor without any 
communication 01 considering the transler to the backup 
grid. 

LOOP I Transfer of bus bars 10 backup grid 

Main Task 

•� Quick Transfer of buses to the back-up grid 

•� To avoid relying on the automatic AC Power System giving 
stop and restart 01 components. 

•� To avoid that components will be out of power the time n 
takes lor the Emergency AC Power to sequentially leed 
components. 

•� To avoid Ihat components supplied by the ordinary grid 
being oul 01 power. For example Feedwater pumps. 

•� Four Trains 

•� Dilficultto transfer all four trains so that power is 
continuously supplied 10 all four Trains 
There is different arguments lor prioritislng transfer between 
the lour Trains. 

LOOP I Transfer of bus bars to backUp grid 

Results 

I .. ~ 

n .. 0 Tn.. loP.... 

:!lI:31 5S D 
:!lI:2'i TO II 
:!ll:2'i TO (' 
JII:~ ItO A 
:11:'<1 0 ... 
;!'I:W TO • 

Results 
•� Expected Information Load Tasks created Time Pressure 

•� Metal Temperature generator bearing Alarm 
• Just passed H1 level, next level H2 indicate manual trip 

•� Turbine bearing vibration Alarm 
• Fluctuated around H1 level, next level H2 give trip. 

Case analyses of the runs in scenario variant 3 (added 
informalion load tasks only) showed; 

•� crews experienced lime pressure 10 transler bus bars or 
to lrip turbine due to the generator metal temperature 
alarm or the turbine vibration alarm (4 out 017 crews) 
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Results 

•� Crews did not use the relatively more time available in the 
Base Case to plan ahead 

Prioritised the current problems, checking and surveying the 
plant 

•� Used much time I resources on working with the condenser 
air leakage 

• Instead of allocating the turbine operator to that problem 
and allocate RO or SS to plan ahead. 

PSFs from NUREG-1792, Good Practices 

2nd gen I ATHEANA Relevance, cont 

•� Good communication in the crew and good division of 
work are important to solve well a scenario with high time 
pressure. 

•� The crew's performance in a scenario depends on how 
difficult the main task is, and the difficulty of the context 

•� E.g., how many other important things they have to do 
simuRaneously w~h the main task 

•� The crews are normally very good at prioritizing important 
tasks, but not so good to plan coming actions when they 
have time pressure. 

HRA and PRA implications 

2nd gen I ATHEANA Relevance 

•� Qualitative insights on context and crew characteristics 

•� Qualitative insights on plant conditions, deviations from 
PRA base case scenarios 

•� Vulnerabilities in the operator's knowledge base 

•� "Additionar tasks judged to be of safety relevance may 
occupy crew resources and show effect on the main task, 
I.e. the HFE relevant task 

•� The additional task do not need to be linked to the IE 

•� Consider the need to include search for tasks that could 
occur in addition and simultaneously to the PRA defined 
HFE? 

•� E.g. latent additional failures? 

Example use for HRA, 151 gen 

•� 1. Inform HRA practitioners 

•� Time availablelrequired, time pressure and complexity PSFs 
• The resuils help determine PSF categories for similar 

situations in !he given scenarios, 'When do I apply highly 
complex, when moderarely complex?" 

• 'When should I rate the situation Inadequate time?" 
•� Case studies: Teamlcrew dynamics and crew characteristics 

•� 2. Inform HRA method development 

Structure of PSFs, interrelations between them 
• Masking, time pressure and information load as parts 01 

time available, time pressure and complexity PSFs 

•� Adaption of weights 
• Complexity and lime pressure 

12 



Summary, HRA data from simulators 

Purpose 
1.� Inform HRA practitioners in the use of HRA methods 
2.� Inform HRA method development 

3.� Input to HERA and other generic DB/repository for use in 
quantification 

Method 
•� Controlled study, manipulation, detailed measures 

Next steps 

•� Document methodology 
•� Run more studies in 2006 

•� PWR: Masking and PSF study 
•� BWR: Variants of Medium LOCA, Sustained Workload 

•� Look into generalization issues 
•� Compare identical scenarios on Westinghouse PWR with 

Korean studies on full-scope training simulator 
• Scenarios developed in Halden 
• Identical procedures, Westinghouse EOP package 

•� Get crews from U.S. to participate in simulator studies in 
Halden CoN PWR) 

13 
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•� Update ACRS on the status of efforts related to data 
production and system development for the HERA database. 

-� Data description and system architecture 

-� Data types and efforts to incorporate various kinds of� 
human performance evidence� 

•� Describe efforts to address use of data to estimate likelihood 
of human failure events (HFEs) and HRA model parameters. 

- Summary of workshop on Bayesian methods� 

- Discussion of several promising ideas.� 

•� Feedback sought on current direction and approaches to data 
production and use of data in HRA. 
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•� HRA methods use structured processes to identify potential human 
failure events and to estimate their likelihood. 

•� Most methods permit or direct the analyst to account for performance 
conditions and context. 

•� Identifying important conditions and accounting for their effects 
continue to be a challenge for HRA. 

•� HRA methods may account for different Performance Shaping 
Factors (PSFs) and may treat them each differently. 

•� As a result, considerable analyst judgment is required. 

•� Differences in the magnitude of effect of such factors contribute to 
the uncertainty in the resultant risk metric. 
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•� Objective: Systematic collection of information about human performance in 
PRA-relevant settings 

• Approach: 

- Identify information sources that can be used to inform HRA activities. 

- Develop a formal process for extracting HRA-relevant information. 

- Extract the informationl develop a repository to make information readily 
available to NRC users. 

- Develop quantification approaches (e.g., Bayesian type methods) to allow 
the use of various types of evidence in estimations. 
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•� Extraction based on 
concept of layering: 

Subjective 

Objective� 



HERA Main Event Profile� 

Section I. Plant & Event Overview 

1.� Name of Nuclear 
Plant 

2.� LER # 

3.� Event Type 
broken down into 3 
types: 

- Initiating event 

- Condition (Latent) 

- Condition (Active) 
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Also important in Section I: 

- DatelTime 

- Mode 

- Plant Power Level 

- Potentiall Actual Losses 

- Components Unavailable 
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Initiating Event: Plant upset condition that leads to shutting down the 
reactor neutronics process and subsequent removal of decay heat 
from the reactor core. 

Common Initiating Events include: 

- Reactor trip (TRANS or SCRAM)� 

Loss of offsite power (LOOP)� 

Loss of coolant accident (LOCA)� 

Steam generator tube rupture (SGTR)� 

Loss of DC bus accident (LDCA)� 

Loss of service water system (LOSWS), and� 

Loss of component cooling water (LOCCW)� 
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Condition: An event, which, when left unattended, either 

receiving no response from operators or automatically actuated systems� 
would result in an undesired outcome, but that would not require shutting� 
down the reactor neutronics process or removal or decay heat from the� 
reactor core.� 

2 types of conditions, or off-normal events: 

- Active condition: An off-normal event which occurs as a result of 
an undesired outcome is an active condition 

- Latent condition: A latent condition is an off-normal event which 
has the potential for an undesired outcome, but that outcome 
doesn't occur at the time the condition is created. 
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Main event broken down into subevents 

Subevents coded* 
XHE - Human Error (through unsafe action or inaction) 
HS - Successful Human Action (or recovery) 

XEa  Equipment Failure 
EQA: Equipment Actuation 
POS: Positive Human Action 
NEG: Negative Human Action 

Subevents - coded consecutively on timeline 
(e.g. XHE1, XHE2, HS1) 

* Subevent codes adapted from SPAR 



Section III: Human Subevent Dependency� 
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Dependency: The means by and extent 
to which an action or event influences a 
subsequent action or event. 
Dependency increases the probability of 
success or failure of a human action that 
occurs serially in relation to other 
actions or events. 

• Examples include: 
Whether subevents involved the 
same crew or different crews; 

-� Whether or not the subevents 
occurred within a close range of 
time such that a crew "mindset" or 
interpretation of the situation might 
carryover from one event to the 
next; 

- The procedures and cues used along 
with the plant conditions related to 
performing the actions are identical (or 
nearly so) or related, and the applicable 
steps in the procedures have few or no 
other steps in between the applicable 
steps; 

-� Similar PSFs apply to actions; 

- How the actions are performed is similar 
and they are performed in or near the 
same location; 

- There is reason to believe that the 
interpretation of the need for one action 
might bear on the crew's decision 
regarding another action, i.e., the basis 
for one decision in a scenario may 
influence another decision later in the 
scenario. 

10 



Part B: HERA Subevent Profile� 

Separate Part B worksheet required for each human subevent : 

Each Part B Worksheet broken down into 8 sections:� 

- Diagnosis and Planning� 

- Action� 

- Personnel Involved in Subevent� 

- Contributory Plant Factors� 

- Contributory Maintenance Factors� 

- Successful Human Actions� 

- Error Type� 

- Subevent Comments� 

• 
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Byron Unit 1 ( LER 4541996017 ) ***.-"" 
~ 

02 02 

HJ_jSO' T TO' T _ 

9/11/1996 9/11/1996 9/11/1996 9/11/1996 9/11/1996 9/11/1996 9/11/1996 9/11/1996 
12:05:00 AM 12:16:00 AM 12:16:01 AM 12:17:00 AM 12:17:01 AM 12:17:02 AM 12:18:00 AM 12:19:00 PM 

I ~ I 
XHE01 XHE02 XEQ01 

POSOI Operators V'lere preparing to perform a monthly surveillance of the Turbine Protection System 
XHE01 ,A,uxlliary Operator (Non-licensedj tf.2 mistakenly placed the lever actuatin9 tool into position on the TRIP lever, not the TEST 

lever as he Intended. 
POS02 ,A.o#2 realized the tool was on the wrong lever 
:<HEC12 AOtf2 attempted to rernove the lever 8ctuating tool from the TRIP lever retlexively, without taking the time to analyze how best to 

handle the situation, he rotated the lever enough that is caused a Main Turbine trip, 
XEG!O'1 Ivlain Turbine Trip 
EAQO'l Because the reactor was above 30% power, the turbine trip c;3used an automatic reactor trip, which resulted in actuation of Unit 1 

Engineered Safety Features equipment. All automatic safety system actuation occurred as designed. 
HSOI tvlain Control Poom entered into Byron Emer~tency Procedure;3 
HS02 IJperators stabilized the unit in Mode 3 

Page: 1 of 1 
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•� Data and observations from experience, research,
training & other sources can improve our 
assessments. 

•� Improvements needed in making predictions about
the kinds of human human performance possible in
PRA-relevant contexts. 

•� Improvements also needed in ability to make 
predictions about the likelihood of their occurrence. 

•� Workshop goal and subsequent activities aimed at
improving methods for pretlicting human
performance outcomes and likelihood. 

•� Bayesian methods focus of the workshop. 
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• Three ideas illustrate some promising approaches: 

- Considerations about the nature of the 
measure(s) we are predicting and ways of 
combining evidence to facilitate their prediction 
(Professor Mosleh). 

- Approaches to using human performance� 
research to develop parametrically elaborate,� 
contextually sensitive models (Hallbert).� 

- Using operational experience to improve 
knowledge of HRA model parameters (Professor 
Mahadevan). 
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BAYESIAN INFERENCE 

•� The unknown of interest (UOI) 
• What we know about the UOI (Prior)Bayesian Methods and HRA 
• Other evidence (E) 

•� Model of the process generating the evidence 
Ali Mosleh (Likelihood)� 

Center for Risk and Reliability� • Combined state of knowledge about the UOI 
University of Maryland (Posterior) 

Presented to 

Advisory Committee on Reactor Safeguards 

US Nuclear Regulatory Commission .""~RS./"l'.•J.0 
December 15~18. 2005 .:::i, '. ... O'l'\ 
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UNKNOWN OF INTEREST� ESTIMATION FRAMEWORKS 

Unknowns of Interest� Blue Model 

•� AO '" Operator Response or Action Outcome: 

- Failure p(rcsponse)= LP (responseIcondition i)P (condition i) 

-� Success 

p = Probability (AO = Failure)� 
Yellow Model� •� n (p) '" Probability Distribution of p 

Questions:� Example. of f: 
p(response)= f (PIF)

•� Why are we uncertain about AO? (Why P and not "0" • Tables (e.g., CREAM) 
or "1"?) • Mathematical Function (e.g.• SUM) 

• Expert Judgment(e.g., ATHEANA)
•� Why are we uncertain about p? 

A POSSIBLE EXPLANATION FOR "p"� A POSSIBLE EXPLANATION FOR TT(p) 

Given a very speclftc condition (external and internal) the operator • Variability of p from subclass to subclass (of conditions) within 
response is predictable as either success or failure. a super-class (e.g., generic context). Examples 
~~~:{~~~~i~l:%s~ i~~3g~Y O,r:;i~ fe~~~ r~i1~~~i~~l;:'~nr~st - Stochastic (aleatory) variability in factors, e.g.,� 
result in success. That fraction is lOp".� - in PIFs characterizing the condition (e.g., variability in 

time pressure due to Uming of events) 
Therefore "p~ is the product of grouping a spectrum of conditions 
(extemal and internal) as one context -� Crew-to-crew characteristics variability 

l.p 
Uncertainty about the assessed values/states of PIFs for the 
specific condition or state of interest ("parameter uncertainty") 

Model Uncertainly� 

CanlUtill1\5 E.g., Incompleteness of PIFs (or factors used to� 
characterize the condition or context) to represent the� 

The main assumption may be incorrect: Behavior is subject to a� 

EITm' Prmhll.illl 

condition class� 
"residual randomness~· a source of lOp" .� 

1 



POSSIBLE AREAS OF APPLICATION OF POSSIBLE AREAS OF APPLICATION OF� 
BAYESIAN METHODS (113) BAYESIAN METHODS (213)� 

2. Extending data classification and event 
coding frameworks to 

1. Developing "generic or reference" HEPs 
•� explicitly capture and record unavoidable use ofform different types and sources of 

analyst judgments and interpretations information 
•� relax the requirements for the quality and 

quantity of data elements 
-� exposure/success data, i.e.• the number of 

opportunities to make a particular type error 

f.'~" 

'•.--------- ,~.;1.n .,,'" ""~l_"'" 

POSSIBLE AREAS OF APPLICATION OF 
NATURE OF THE EVIDENCE

BAYESIAN METHODS (313) 

Types of evidence available in HRA are often different than 
conventional statistical evidence. Some of the characteristics of 
the information are:3. Exploring the role of causal factors in 

"forcing" or "influencing" performance 
Different forms of information: 
o� Estimates based on data from situations other the error of 

interest•� Use of Bayesian Belief Network for constructing 
o Expert estimates causal models based on soft evidence 
o HEPs generated by applying HRA Models 

•� Use of evidence to assess probabilities needed 
in such BBNs.� Non-homogenous evidence (different pieces of information from 

multiple sources) 

Incomplete. indirect, or partially relevant observations 

10 

FACTORS IN CONSTRUCTING THE MULTIPLE TYPES OR SOURCES OF 
LIKELIHOOD FUNCTION INFORMATION 

• Type of Information 
'=123 ) L(I,. i=I.2.3..... nlp)1to(p)•� Dependence (of information sources) 1t (p11;' I ....... n J ( )�

L I;. i=I.2.3, .... nlp ll,,(P)dp
•� Credibility (of data from experts and models) 
•� Homogeneity (of data points) 

(For Independenl Types)•� Applicability (to the HEP of interest) L(I;. i=I.2.3..... nlp)= TIL(I;lp) 
i_I

•� Evidence Uncertainty 

Examples of I: 

• I, =Actual Event Counts 
• 12 :: Expen Estimates 
• 13 :: Estimates Based on HRA Models 

11 
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GENERIC DISTRIBUTION OF "p" 

Evidence: HEP estimates from different sources and reflecting 
different context or conditions 

E = {p" P" P,. "', Po) 

1.� Assume a beta distribution for p: 

r{ I ~)= r(a+M 0-'(1_ '1'-1 
P IX. r(a) r(~) P P 

2. Use E to estimate distribution of a and ~: 

n(ex.~IE)= L(E[ ex. ~)n"{ex,~)
f fL(Elex,~)n,,(ex.~ )dexd~ 
n' 

3. Estimate tIP): 

" 

DATA UNCERTAINTY: CLASSIFICATION OF 
CCF EyENT 

•� Impact Vector Method and Bayesian Estimation 
techniques used to extract information from uncertain 
and partially relevant data 

•� Motivation: Maximize the use of available information 

• CCF� events are often highly system and situation 
specific 

• Limited in quantity� - need to apply data from one 
situation to another 

• Analysis and classification involve significant� 
jUdgment� 

15 

DATA UNCERTAINTY: EXPOSURE DATA 

Exposure or success data are typicalty unavailable for HEP 
calculations. In some cases. however,one might be able to develop 
upper and lower bounds based on auxiliary information. 

Conventional statistical evidence:� 
E =(No and NE)� 

Uncertain Evidence� 
UE =( I (No). I(NE))� 

Bayesian framework allows us to use uncertainty distribution for the 
exposure/success data (No) and number of errors (NE) 

17 

UNCERTAINTY IN DATA ANALYSIS 

•� Uncertainty in event interpretation 

•� Partial Failures (quickly recovered error) 

•� Uncertainty about the success data (error 
opportunities) 

•� Uncertainty in cause classification (e.g., PIFs 
involved and their values /states) 

;,<I'.-~"".-,.------------------ .~.. 
EXAMPLE CCF EVENT CLASSIFICTION 

LER Event Dcsc:ription:� Two or Ihn:e indepeRdclu switches fuiled doc 10 
higher than nomml levcls or fmc dose in the 
environmenL Fine dUSI dcposil was also round 
on Ibe thUd switch upon inspection. 

Fallun Modc: Fail 10 Opcralc 

Common Cause Component Group Sla: 3 

n,.pot~ ror Even' 

I. Twu or thTec compuncnls rail 0.9 o 0 I 0 

2. All three componenlS rail 0.1 o 0 0 1 

Average bnptlct Vector (] ) F, F, 

0.9 0.1 

" 

DEALING WITH UNCERTAIN EVIDENCE 

•� Weighted Posterior Method 

n{pIUE)= fn(pi E)f {E)dp 

•� Evidence 

,. 

3 



MODELING PARTIALLY RELEVANT EVIDENCE 

•� Totally Relevant 

•� Partially Relevant (one of a number of options) 

It(pIE)= [L(E p)]"lto(p) , O$OO$!
JL(Elp)]"lto(p)dp 

,. 

USE OF BBN TO CONSTRUCT A CAUSAL MODEL 

INFERENCE WITH BBNs 

•� Forward Inference - Backward Inference 

•� Allows 
o use of data to estimate causal link conditional� 

probabilities� 
o quantification of HEPs once the network is populated 

•� Can be used to define a limited number of "generic� 
Contexts' in terms of states of various PIFs� 

USE OF BBN TO CONSTRUCT CAUSAL MODELS 

Bayesian Belief� 
Network (BBN) Basic� 

Concepts� 

JoUuProh. c_..... ll-atit.......... (z-e~
.........,� 
X=l Y=l pq '. pq " 
X=O Y=l (I-plq ,,(l-pl>!" 
X=l Y=O p(J-q) r3P(l-q)" 
X=O Y=O (l-p)(I-q) ,,(I-p)(l-q)" 

20� ~ 

EXAMPLE: IDAC PIF Group Dependencies 

USE OF DATA (1/2) 

•� BBN construction: 
o Test/Identify BBN Links 

• BBN Quantification: 
o Psychological Literature 

o Halden data 

o HERA data 

• Modification of generic estimates based on� 
data-based distribution of contexts� 

23 
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USE OF DATA (1/2) 

~~~
 
'--------v----- '------.r--" '----v----" 

«I ~ «3 

Distribution based on HERA Data 

1lt'1- ---l1fl"'Generic HEP (0): I- I 

Modified HE!'s: a. =..0 

25 

Qualitative-Quantitative BBN 
(MDsleh et ai, 2005) 

• • Quantitative 

/~f:?'~ Probability scale 

----1-) ~ - ----;U:it:t~e
V ..~ Likelihood scale 

----------------- ~& 
27 1>tn...... 

ADEQUACY OF BBN 

• Pure BBN may be too restrictive 
o Dynamic factors 
o Feedback (BBNs are acyclic) 

• Quantification is difficult for "inner nodes" 

• Quantification requirements can be relaxed� 
using the QQ-BBN Methodology� 

------------------;&:.
~ ~~ 
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Extending Bayesian 
Methods: Causal Models 
and Context in HRA 
Methods 
Bruce P. HaUbert 
Idaho National Laboratory 

December 15-16, 2005 

Bruce.Halibert@inl.gov (208) 526-9867 

Objective 

ObJective: Improve our capability to Incorporate Information 
about human performance from various resources In HRA 

•� rn~~~~~iWo~t.: ~~c;.'Il~~~es for Incorporating different types of 

•� Currently we are focus Ing on developing approaches and 
associated technical bases that will lead to Improvements In 
Bayesian methods for HRA 
- For example, causal models and context serve as a basis 

~~~ri:f~~~g~~tf~~f~Tc~'i,';."~eae;,e~~nof~A.Linking 

- An illustration of extending Bayesian methods to explicitly 
account for causal mechanisms and context will be 
presented next 

•� Other frameworks may also be explored In the future 

Approach (cont'd) 

•� Extending Bayesian methods to employ Information about 
causal and contextual factors can assist in Implementing
advanced In HRA. 

•� Need to address: 
- Deflnltlon(s) of data and evidence; 
- Use of partial & Incomplete evtdence; 
- Cases of success and failure; 
- How to employ Information about PSFs & context; 
- Identifying & selecting sources of Information and methods 

to derive prior probabliltles; 
- SUitability of different distributions (i.e., likelihood 

functions) and Important assumptions they employ; 
- How to extend both the mathematical and conceptual basis 

In Balleslan methods to be able to employ all of the 
available evidence. 

Background 
•� The use of readily available Information about human 

performance In HRA Is limited 
- Some HRA methods Include data-however, their quality 

and suitability for HRA analysis Is questionable 
-� Available sources are not typically used for reasons, such 

as: 
• HRA Is modeling rare events-limited relevant 

operational data available 
• Thus far, 0lJeratlonal eXl!9rlence or other sources have 

been regarded as not suitable for HRA-do not 
resemble the conditions analyzed In HRA 

•� Bayesian methods are used In other fields dealing with rare 
events (or sparse data) to support/Inform their analysis 

•� Therefore, we believe that the Bayesian framework can be 
used for HRA as well 

Issue 
Many methods come with causal models Identified via models 
of human performance. 

- Information processing model employed In many methods 
(e.g., ATHEANA, IDAC, SPAR-H, CREAM, etc.) 

Further acknowledge role of Individual history, leamlng,� 
heuristics, biases, & situational elements that were missing.� 
- Error forcing conditions, performance shaplngllnfluenclng 

factors, common performance conditions, etc. 
Quantification entails relating Information about specific 
elements from the performance environment to the model of 
human behavior to predict the risk metric of Interest. 

R.HFfSJ=ThEF,~*l{U¥FlSJ 
; n MFR=MFRo *Ht

HEP = No min al HEP *n PSF, 
js} 

Research Aims 
•� Be able to systematically relate elements of environment to 

performance using models of human performance. 
- Test model assumptions about potential causes; 
- Identify relevant causes and classes of outcomes; 
- Improve the kinds of causal mechanisms that are able to be 

considered In HRA. 
Improve accuracy of resulting HEP estimates. 
- Account for causal mechanisms with greater fidelity 
- Account for multivariate nature of context� 
- Improve our knowledge of uncertainty.� 

•� Develop, test, and employ empirically-based effects models. 
- Similar In concept to limit-state determination for systems 
- Attempt to Identify how Individual and groups of EFCs 

Interact and dynamically shape performance 
•� Support validation or benchmarking of HRA methods 



Concept Illustration: Operator 
Performance and PSFs 
•� Intuitive linkage between PSFs and operator 

performance. 

•� Types of PSFs and their effects on error rates vary 
among HRA methods. 

•� Assessment of PSFs estimated; uncertainty remains 
high In most applications. 

•� Need for better benchmarking and understanding of PSF 
relationship with performance. 

•� Linkage needed to build better models of failure. 

Approach 

Set of 10 PSFs tested for use In predicting crew performance: 

- ~::;;:'3~~;~~~~~\":a"~:~~:~~c:aF=~:ltn~7ii. Stress, 

•� Data collection Instrument developed to measure
"experienced" effects of PSFs. 
-� Critical Tasks (miligallon) 
-� Simulalor Irlals 
-� Rallng by operalors on lhe effect 01 PSFs on performance after 

scenario. 
Data collected on: 
-� Mfl'Ais~D~E~g'~~9~scenarlos used: LOFW, SG overfill, sa

-� 4 crews In Lovllsa and 4 crews In HAMMLAB 
-� 3 common scenarios: overheating, overcoollng, loss of coolant 

Planl·speciflc predicthe power 
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All crews, all plants, all scenarios Plant 1, all scenarios 

Purpose 

Explore how data collected In human factors sbJdles could support
HRA. 
- Identify a sel of PSFs Ihalare predictive 01 crew performance. 
- Delermlne lhe weighting ollhese lactors relallve to one anolher. 
- Demonstrale a general model In which the PSFs can be 

expressed. 
- Measure the laclors affecting the predictive validity 01 PSFs. 
- Replicate Ihe resulls and mode' developments al dlfferenl plants 

and al dillerenilimes. 

Results 

•� Linear model with combined PSF weightings 

Y=a + b,x, + bzX:! + ... + bnxn 
-� Where v. critical tnk mttlGlitian p.rformence 

•� Sensitive to scenario differences 

•� Sensitive to plant differences 

Demonstrated predictive ability (critical task 
performance) 

Summary 

Demonstrated link between performance shaping factors and� 
operator performance.� 

Model, lechnlque show promise lor explaining variability In task 
performance 

- Limited to situations In which the defined set of PSFs are, In fad, 
Influencing performance 

Polenllal use lor data collection using plani-specilic slmulalors 
-� Time and training demands are small 

No assumptions about strength of relationship between PSFs and 
performance: empirically established In each data collection trial. 

Potential for reducing uncertainty In HRA. 
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Additional Thoughts 

•� Question remains of how to take performance (which we can 
observe) and predict quantities of Interest that we don't. 

•� Focus attention on sources of data that Include successful and 
unsuccessful performance In challenging contexts. 

•� Need development of formalisms that are multivariate In nature 
and allow Incorporation of more Information. 

•� Consider how advances In other areas of reliability 
engineering can help (e.g., BBNs, MCMC, Importance 
sampling, variance reduction techniques, design of 
experiments, etc.) 
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Bayesian Analysis of Human Reliability Overview 

and Performance Shaping Factors PSF 

Stress 5 p(E,IAj= .P(AIE,)P(E,) 
Sankaran Mahadevan ~P(AIE,)P(E,)Time 10 

Vanderbilt University 
Complexity 3 

Bayes' Theorem 

SPAR-H model Quantitative HRA 

-~ Update model Numerical example 

fiT! \'ANDERB1LT rv VANDE~BTiTL!:J UNIVERSITY Re'labAtty and Risk Engineering ~ lJNIVE-R$TTV Re'IBbltty and RIM Engineering 

Our analysis uses the SPAR·H model� Bayes' theorem allows us to combine experience.� 
judgment, and observational data� 

Uses 8 PSFs 
Each PSF is a discrete variable 

We are interested in the probability of event E;Stress wnh several possible values� 
Complexity� Given:Available Time The value of each PSF 

• Prior estimate of P(E;), (judgement or experience)Ergonomics multiplies a nominal error 
ExperienceITraning� • Occurrence of a related event, A, (observed data) probability
Fitness for Duty • Relationship between A and E. P(A I E;), (Likelihood) 
Procedures 
Work Processes 

Likelihood~~~prior 
P, =PofIF; posterior~~ 

i=l� 
Ip(A IE,)P(E,) 
;=1 

r=---~~~~~~~~~~~~~~~~~_ 

rv VANDERDII.T ~UNM&~U I 
~ UNrVfRSIl'l' R.Ulllbllly and Risk EnglMerlnlil 00 UN IVERSIr Y ReI.bllly and AI_ Eng........lng 

Update performance factor PMFs using human Case 1 cont. ..� 
reliability data� 

Assumptions:Case 1: Data on binomial output 
• Each opportunity for human error is independent� 

Given:� (Irials are independent) 

• Prior PMF estimates, P(I,). P(I,).... , P(I,,) 
• Performance conditions occur independently 

• Failure data, k and n� (PSFs are independent) 

Posterior Likelihood Prior 
~ ,----J'-----...~ 

p(Pr In,k)oc P(k,nl Pr)p(Pr) 

I~rv	 Irv VANDERBILTVA;~DEtlDJLT 
11~~'~'I\/[RSIT't'	 Re'labnlty and Alak EDgin_ring I ~ UNI\lERSITY Rellabllty and Risk Engineering I 
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Now have data on failures and occurrences of Correlation between trials can be dealt with by using� 
performance factors a generalized binomial distribution� 

Case 4: Correlated trials Case 2: Data on input and output 

Given: 
9= 1 Binomial Independent 

• Prior PMF estimates. P(I,). P(12)•...• P(I,) (:}'(l- pl'"'B""-') Variance Positive• Failure data. k and n 8< , 
greller correlationpix =x)• PSF occurrence data. nf1lo nf2io ... , n,Si l(p.B.n) NegativeVariance less .> 1 correlationGeneralized binomial distribU1ion 

r POSlerior, , Likelihood \~ (multiplicativelorrn) Interpretation of the correlation taetor. 8 

(2) p(p, In,k)oc P(k,n Ip,)e.(p;j 
Estimation of p and €I requires multiple data sets 

I (n" k,). (n;?o k2). (n", ksJ. __ . 
(1) "r!;.nj" •...• "j" + pip,) =- P2(p,) 

~ ..'.~pr.!D£Jl8ILT II M VANDERlIUT ... UNIVERS,ITYI ~ lINI\iFR~lT't Retlllbifty and Risk Engineering I 8 R.flabBIly and RIM EnglnHrlng I 

=� 
Must simulate the joint PMFs of the correlated factors Numerical example results� 

Estimate FacIo. 1 (TIme)� 
Generate�correlation coeff. 0.8 r-----··-------·----------, 

from data -- correlated normalsJI Repeat until i .6. Prior ~ II 

.. desired 0.8! +Case 1 X 

CDF inverse correlation XC•• 2 0 + 1 
transformation coeff. is 

~ achieved 
Correlated ! :: ; :=: ~ + ; I 
discrete variables 

D 010 
Since not independent: ~lIor 

r'-···· .... . __ .. _---------------------,

iVl VANDERBILT FU'I. ";\NUF.UILT� 
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Numerical example results cont... Conclusion 
PSF 

FacIo. 2 (Slress) 
Stress p(E.IA)' .p(AIE,)P(E,) 

1 r--·.-----------------l 
Time 10 ~p(AIE,)P(E.l.0. Prior I� 

0.' I,~ +C8sel i Complexi ty 3� 

Bayes' Theorem 
... 0.6 1 ~~:~ I SPAR-H model 
:::E 1 OeaseS Quantitative HRA 

~::: ~ i 8 II 
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Muhlpller -~Update model Numerical example 
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