
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON, DC 20555 - 0001 

 
May 19, 2010 

 
 
 
 
MEMORANDUM TO: ACRS MEMBERS 
 
FROM:   Peter Wen, Senior Staff Engineer /RA/ 
   Reactor Safety Branch - A 

Advisory Committee on Reactor Safeguards 
 
SUBJECT: CERTIFICATION OF THE MINUTES OF THE MEETING OF THE 

SUBCOMMITTEE ON RELIABILITY AND PROBABILISTIC RISK 
ASSESSMENT REGARDING HUMAN RELIABILITY ANALYSIS ON 
APRIL 7, 2010 

 
 

The minutes of the subject meeting were certified on May 19, 2010, as the official  
 

record of the proceedings of that meeting.  A copy of the certified minutes is attached.  
   
  
 Attachment: As stated  
 



    UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON, DC 20555 - 0001 

 
May 19, 2010 

 
 
 
MEMORANDUM TO: Peter Wen, Senior Staff Engineer   
   Reactor Safety Branch – A 
   ACRS 
 
FROM:   John Stetkar, Chairman 

Reliability and Probabilistic Risk Assessment Subcommittee 
 
SUBJECT: THE MINUTES OF THE MEETING OF THE SUBCOMMITTEE ON 

RELIABILITY AND PROBABILISTIC RISK ASSESSMENT REGARDING 
HUMAN RELIABILITY ANALYSIS ON APRIL 7, 2010, IN ROCKVILLE, 
MARYLAND 

 

I hereby certify, to the best of my knowledge and belief, that the minutes of the  

subject meeting on April 7, 2010, are an accurate record of the proceedings for that meeting. 

 
 
 

 /RA/      May 19, 2010 
_________________________________                     
John Stetkar, Chairman   Date  
Reliability & Probabilistic  
Risk Assessment Subcommittee 

  



Certified on: May 19, 2010        Issued: May 19, 2010                                
By:  John Stetkar 

 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
MINUTES OF THE MEETING OF THE SUBCOMMITTEE 

ON RELIABILITY AND PRA REGARDING  
HUMAN RELIABILITY ANALYSIS ON APRIL 7, 2010 

 
 
Meeting Purpose 
 
On April 7, 2010, the ACRS Subcommittee on Reliability and Probabilistic Risk Assessment 
held a meeting in Room T-2B3 at the Headquarters of the U.S. Nuclear Regulatory Commission 
(NRC), located at 11545 Rockville Pike, Rockville, Maryland. The purpose of the meeting was to 
discuss the staff’s activities to address differences in various human reliability analysis (HRA) 
models.  The meeting was open to the public.  The meeting was convened at 8:30 a.m. and 
adjourned at 5:43 p.m.  
 
Attendees 
 

ACRS   

J. Stetkar, Subcommittee 
Chairman 

C. Brown, Member D. Bley, Member 

M. Bonaca, Member M. Ryan, Member  W. Shack, Member 

J. Armijo, Member H. Ray, Member S. Abdel-Khalik, Member 

P. Wen, ACRS Staff   

   

NRC Staff   

C. Lui, RES E. Lois, RES S. Shen, RES 

S. Cooper, RES  Y. Chang, RES S. Peters, RES 

L. Coyne, RES C. Hunter, RES G. Demoss, RES 

K. Hill, RES M. Druin, RES V. Barnes, RES 

S. Wong, NRR T. Ghosh, NRR  
 

Others   

A. Mosleh, U-MD S. Hendrickson, SNL J. Forester, SNL 

B. Hallbert, INL  T. Morgan, INL R. Boring, INL 

S. Lewis, EPRI J. Julius, Scientech D. Kelley, INL 

V. Dang, Paul Scherrer Inst.   
   



Opening Statement 
 
Subcommittee Chairman Stetkar convened the meeting by introducing the ACRS members.  He 
stated that the purpose of this meeting was to discuss the staff’s activities to address 
differences in various HRA models.  He gave a short background as why this issue was raised.  
He said that in a November 8, 2006 Staff Requirements Memorandum (SRM)-M061020, 
resulting from the Committee’s meeting with the Commission on October 20, 2006, the 
Commission directed the ACRS to “work with the staff and external stakeholders to evaluate the 
different Human Reliability models in an effort to propose either a single model for the agency to 
use or guidance on which model(s) should to be used in specific circumstances.”  He said that 
the Subcommittee would gather information, analyze relevant issues and facts, and formulate 
proposed position and action, 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 previously 
published in the Federal Register. Chairman Stetkar acknowledged that the Committee had 
received no written statements or requests for time to make oral statements from members of 
the public.  He then invited Dr. Erasmia Lois, the Office of Nuclear Regulatory Research (RES), 
to begin the staff presentation. 
 
Introduction  
 
Dr. Erasmia Lois, the lead project manager of the RES responsible for the current HRA model 
development also gave a brief background on how this issue was raised.  She noted that the 
staff has briefed this issue with the ACRS Subcommittee in February 2007 and December 2008 
and with the Full Committee in April 2007.  She said that the staff’s approach to address the 
SRM raised issue would be to use a domain-specific hybrid method to address model 
differences and use a toolbox method to address different applications.  She said that the staff 
is currently focusing on developing a new hybrid HRA model for probabilistic risk assessments 
(PRAs) that cover internal events at full power.  She gave a brief discussion on the qualitative 
and quantitative approaches of the hybrid method.  The qualitative analysis will encompass 
existing sound concepts and practices and will include identification of context-specific key 
drivers of human performance.  The quantitative approach will incorporate the results of 
qualitative analysis.  Although there is not much progress in the staff’s development of the 
quantitative approach, she said that the ultimate goal is to develop anchored values to estimate 
human error probabilities based on data and evidence.  She also provided the current project 
activities and timeline.   
 
The presentation slides used during the meeting are attached to the transcript of this meeting at 
the following website: http://www.nrc.gov/ reading-rm/doc-collections/acrs/tr/subcommittee/.  
The presentations to the Subcommittee are summarized below. 
 
Model-Based HRA Framework 
 
Professor Ali Mosleh, University of Maryland, presented the overview of the RES’ HRA model 
development project framework.  He said that the project started with a survey of various 
methods and users needs, followed by a workshop of experts in HRA and related domains to 
identify the desirable quality attributes.   
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He stated that the expert panel identified the following set of desirable attributes for a robust 
HRA method: content validity, empirical validity, reliability, traceability/transparency, testability, 
capability for graded analysis, and usability/practicality.   
 
Professor Mosleh then gave an overview of the staff proposed HRA methodology.  He reported 
that the staff’s approach under development contains three layers of analysis: the crew 
response tree (CRT) (top layer), the human performance model (middle layer), and the 
performance shaping factors (bottom layer). He explained the CRT concept and said that the 
CRT is constructed in parallel with the event trees.  He said that the staff’s approach provides a  
structure for identifying the context associated with the human failure events under analysis and 
uses the human information processing cognitive model as a platform to identify potential 
failures.  He also said that the human performance model represents the link between the 
performance shaping factors and the possible human failures identified within the CRTs. 
 
Application Examples 
 
Dr. Song-Hua Shen, RES presented an example of an abstracted CRT for a steam generator 
tube rupture (SGTR) event.  In the example, he explained key steps in constructing a CRT.  He 
reported that the branch points of the CRT can include operator action options, operator 
decision options, crew member interactions, and key plant functional states.  The branch points 
discussed in his presentation included: plant conditions, success path, failure path, opportunities 
to branch to another procedure, and other paths observed in operating experience.   
 
Empirical Study Using U.S. Simulators 
 
Dr. Erasmia Lois gave a background regarding the U.S. HRA empirical study project.  She 
reported that for the last few years, the NRC has participated in an international project on HRA 
benchmarking activities at the Halden simulator.  That project is based on a foreign reactor and 
European crews using their procedures.  She said that the staff was directed by the 
Commission in its SRM-M090204B (February 18, 2009), to test U.S. nuclear plant operating 
crews’ performance in a variety of situations and keep the Commission informed on the HRA 
database and benchmarking activities.  She reported that since the issuance of the SRM, the 
RES staff has worked with the Sandia National Laboratories (SNL), the Idaho National 
Laboratories (INL), and other collaborative participants to develop and carry out the HRA 
empirical study, including data collection, using different HRA methods (ATHEANA, EPRI’s 
Calculator/CBDTM, SPAR-H, and THERP/ASEP).  
 
Mr. John Forester of SNL presented an overview of HRA empirical study using U.S. simulators.  
He discussed the basic experimental design and gave examples of how various human failure 
events were determined through the simulated accident scenarios.   
 
Human Performance Data Collection in Support of HRA Programs 
 
Mr. Bruce Hallbert, INL, discussed the collection of simulator-based human performance data 
that can be used to strengthen the technical bases of HRA.  He reported that a series of 
scenarios have been developed with a collaborating utility that employ a limit state concept.  In 
this context, a limit state implies a boundary that delineates qualitatively between success and 
failure of a system (i.e., operator performance). 
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Mid-Layer Modeling 
 
Ms. Stacey Hendrickson of SNL and Ms. April Whaley of INL jointly presented the steps to 
generate a failure mechanisms (FM) table and discussed the creation of the human 
performance model (mid-layer model), which links the performance shaping factors (bottom 
layer) and the crew response tree (top layer).  They explained that human failures can be traced 
through the I-D-A cognitive model, which includes information collection (I), diagnosis/decision 
(D), and action (A). They also gave examples of preliminary methods to group performance 
shaping factors.    
 
SUBCOMMITTEE DECISIONS AND ACTIONS  
 
There are many topics and items discussed during the meeting, and the members offered 
numerous comments and asked many questions.  The following are the major highlights of 
these comments and questions: 
 
• The staff stated that they are currently focusing on developing a hybrid HRA 

methodology for internal events at full power. Chairman Stetkar commented that the 
staff’s proposed approach should be able to handle both internal and external events, 
under all operating modes. He questioned on the domain needs (e.g., full power, 
shutdown, fire, seismic, flooding); whether different domains require different HRA 
approaches?  He also questioned whether the staff’s current approach (i.e., focusing 
only on internal events at full power) is adequate for addressing the SRM-M061020 
requirements. Several members also expressed the desire to know how the staff’s 
proposed approach will address the SRM requirements.   

 
• Regarding the staff’s concept of constructing a parallel CRT, Chairman Stetkar asked 

how does it accommodate existing PRAs? And how does it integrate the HRA process 
with the PRA models? He also expressed concerns regarding the “practicality” of the 
proposed HRA approach and commented that the approach should be practical and 
should include guidance and examples, rather than focusing on a template-type 
approach which may be misused by inexperienced practitioners. 

 
• Member Ray suggested that there may be limits on what is achievable with the staff’s 

approach.  In this regard, he gave some examples such as: operator response under 
heavy external influence and intrinsic operator training, the effect of fatigue on operator’s 
performance, and the difficulty in getting empirical data for rare low-probability events 
with potentially high consequences.   

 
• Member Bley expressed a concern on the use of the I-D-A model and a lack of 

consensus in defining the elements of a human performance model.  He indicated that 
there is no information processing model that everybody would agree to; however, he 
noted that the work being done for the mid-level model is an important advancement.  
He commented that in order to have a hybrid HRA model that addresses the best 
aspects of various methods, it is important to construct a complete picture of the mid-
level model and have it work so that it ties everything together. 
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• Member Abdel-Khalik asked how the operator’s mindset and safety culture issues are to 
be incorporated in the HRA model.  He also commented on the importance to obtain 
meaningful data to validate the HRA model. 

 
• Member Armijo indicated that the staff presented enough to show the key parts of their 

approach and what they are trying to do.  He also noted that the most important output 
of this work is not the analysis itself but feeding the results of the analysis to improve 
plant safety.   

 
• Member Shack said that he was very impressed by the work presented.  Although the 

proposed approach gives the impression that you would need to re-do the event trees 
that probably may be a good thing because of the way it roils-up the context as you go 
through the decision points. He also noted that the mid-level model is an interesting way 
of doing it. 

 
• Member Bonaca also said that he was very impressed by the work presented and the 

progress made by the staff.  He noted however, that the work is not ready to go to the 
Full Committee. 

 
• The staff’s current progress does not address the quantification aspect of HRA.  Several 

members asked the staff as how this quantification aspect of HRA is going to be 
addressed. 

 
• Several members indicated that collaboration between the industry and the NRC could 

be an important factor for accomplishing this work. 
 
• The majority of members expressed desire to have another subcommittee meeting with 

the staff on this topic.   
 
• Overall, Chairman Stetkar commented that the staff has made considerable progress on 

this subject, since the last subcommittee briefing which was held over a year ago.    
 
Following the staff and applicant presentations and discussions, Chairman Stetkar asked the 
members if they had additional issues and concerns that needed to be discussed.  Members 
were asked for their overall observations from the presentations.  The major comments and 
issues are described above.  He then adjourned the meeting by thanking everyone for attending 
the meeting. 
 
BACKGROUND MATERIALS PROVIDED TO THE SUBCOMMITTEE  
 
1. Staff Requirements Memorandum M061020, dated November 8, 2006 (ML063120582) 
2. Staff Requirements Memorandum M090204B, dated February 18, 2009 (ML090490812) 
3. RES Internal Document, “Model-Based HRA Framework,” dated March 2010 

(ML100680636) 
4. RES Internal Document, “Use of Simulator Log Data for HRA” (ML100680636) 
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*************************************************************************** 
NOTE: 
Additional details of this meeting can be obtained from a transcript of this meeting available in 
the NRC Public Document Room, One White Flint North, 11555 Rockville Pike, Rockville, MD, 
(301) 415-7000, downloading or view on the Internet at http://www.nrc.gov/reading-rm/doc-
collections/acrs/ can be purchased from Neal R. Gross and Co., 1323 Rhode Island Avenue, 
NW, Washington, D.C. 20005, (202) 234-4433 (voice), (202) 387-7330 (fax), 
nrgross@nealgross.com (e-mail). 
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