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Comments and Questions on 
RIL-2021-XX 

Draft - Integrated Human Event Analysis System for 
Human Reliability Data (IDHEAS-DATA) 

September 2020 
John W. Stetkar 

 
 
JWS Note:  These comments are based on the version of this report that was discussed during 
the September 23, 2020 meeting of the ACRS Subcommittee on Reliability and Probabilistic 
Risk Assessment (ADAMS accession number ML20238B982). 
 
Several comments refer to the "current version of NUREG-2198".  That report is: NUREG-2198, 
"The General Methodology of an Integrated Human Event Analysis System (IDHEAS-G)", Draft, 
June 2020 (ADAMS accession number ML20238B988).  Several comments also refer to the 
"IDHEAS-ECA report".  That report is: RIL-2020-02, "Integrated Human Event Analysis System 
for Event and Condition Assessment (IDHEAS-ECA)", February 2020 (ADAMS accession 
number ML20016A481). 
 
 
1. General Comment, Characterization of "Data" 
 
I think that it is very important to distinguish between the conceptual notions of "data" and other 
sources of information that are used to inform the authors' judgments and conclusions.  In my 
personal view of the world, "data" are objective information that is compiled from sources such 
as actual operating experience, simulator testing, focused studies of human performance, etc. 
 
Estimates of human error probabilities (HEPs) that are derived from expert judgment or from a 
particular human reliability analysis (HRA) method and models are not "data".  That caution also 
applies to similar assertions about the relative importance of specific performance-influencing 
factor (PIF) effects on human cognitive behavior.  Those estimates and the experience of their 
proponents may provide relevant background context for the implications and use of numerical 
values that are derived from the available human experience data.  Thus, they are certainly 
useful to inform the evaluations that are documented in this report.  However, I think that the 
authors of this report should carefully and explicitly identify estimates that are derived from 
expert judgment or models as such, and not characterize those estimates as "data". 
 
I am particularly sensitive to this issue for two reasons. 
 
• I am a strong advocate for the use of Bayesian methods to provide a systematic and 

structured process that accounts for all relevant sources of information to develop the 
current state of knowledge about a particular parameter estimate and the uncertainty in that 
estimate.  That process often uses expert judgment as a foundation for the first level of 
information, when no other experience is available.  The process then accounts for how that 
judgment is affected by experience data that are compiled from a variety of sources that are 
pertinent to the issue that is being evaluated.  The final stage of the process accounts for 
experience data that are directly relevant to the issue, in the specific context of its 
application.  As the amount of "generic" data and directly-applicable experience increase, 
the underlying expert judgment has a progressively less important effect on the estimated 
parameter value, and the uncertainty in that value. 
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• I have often encountered analysts who state emphatically that they must use a particular 
parameter value, because that value is derived from "real data".  For example, in the specific 
discipline of HRA, those assertions have often been made to justify reliance on numerical 
estimates that are tabulated in NUREG/CR-1278 (THERP).  For the most part, those 
estimates are the informed judgments of that study's authors, based on very limited relevant 
experience data when that report was published.  However, because the tabulated 
estimates are characterized as "data", many analysts have been reluctant to challenge their 
derivation or their relevance to a particular HRA application. 

 
I will not belabor this point further in these comments.  However, I think that it is very important 
for the authors to clearly make these distinctions when they discuss and use the various 
sources of information that are cited in this report. 
 
2. General Comment, Justification of IDHEAS Quantification Model 
 
Section 4.4 of NUREG-2198 describes the proposed general IDHEAS model for quantifying the 
cognitive performance contribution (Pc) to a human error probability (HEP).  Section 3.5 of the 
IDHEAS-ECA report adopts that model. 
 
The discussion of "HEP Quantification Model" in Section 4.4.3.1 of NUREG-2198 notes that: 
 

"Based on the extensive study of cognitive literature and operational databases on human 
errors, the NRC staff developed the IDHEAS-G quantification model." 

 
The introduction to Section 4.4.3.2 in NUREG-2198 notes further that: 
 

"The quantification model is based on two assumptions that are derived from cognitive 
experimental literature." 

 
The most important elements of the IDHEAS quantification model are: 
 
• The "base" HEP for a particular action depends primarily on the effects from three 

performance-influencing factors (PIFs) for Scenario Familiarity, Information Availability and 
Reliability, and Task Complexity.  This element of the model is discussed in Section 4.4.3.2 
of NUREG-2198.  It is represented in the specific form of Equation 3.5 in the IDHEAS-ECA 
report and Equation 2.3 in this report. 

 
• The "base" HEP for the action is modified by the combined effects from the other 17 PIFs 

that are described in the IDHEAS guidance.  The effects from those PIFs are characterized 
by numerical weights that are applied according to a linearly additive relationship.  This 
element of the model is represented by the form of Equation 4.7 in NUREG-2198, Equation 
3.4 in the IDHEAS-ECA report, and Equation 2.2 in this report. 

 
Please refer to my September 20, 2019 comments and my September 24, 2020 comments on 
NUREG-2198.  Those comments address questions about the technical basis and justification 
for the proposed quantification model.  Based on the assertions that the model is derived from 
the authors' reviews of the cognitive literature and available human performance data, one 
focus of my review of this report was to understand how the IDHEAS-DATA effort justifies the 
mathematical form of the proposed model.  In particular, the analyses in this report should 
demonstrate why that model formulation and its inherent assumptions are justified for an 
evaluation of the probability of cognitive errors, compared to other possible relationships among 



11/02/2020 Page 3 of 109 JWS 

the PIFs and HEPs.  Without that justification, it is not apparent why the proposed IDHEAS 
model is conceptually better than other relationships among PIFs and HEPs that have been 
proposed in human reliability analysis (HRA) methods that were not adopted in the IDHEAS 
framework.  Thus, this report should not simply accept the IDHEAS model as a given constraint 
for the use and categorization of the data, without also justifying why that model is appropriate. 
 
I will try to address this issue in specific comments.  However, it is noteworthy that Section 1.2 
of this report does not identify technical justification for the IDHEAS quantification model as a 
primary purpose of this effort.  The discussion of "Estimation of Pc" in Section 2.1 simply 
reproduces the IDHEAS quantification model as the basis for this study.  Section 2.5 describes 
general considerations about what needs to be done to adapt the data in this report for use in 
the IDHEAS-ECA application.  However, the report does not contain any section that specifically 
describes how the authors used their reviews of the supporting literature and the compiled data 
to derive the specific form of the quantification model. 
 
Why does this report not explicitly describe how the authors used their reviews of the supporting 
literature and the compiled data to derive the specific form of the IDHEAS quantification model? 
 
In other words, how did the authors conclude that the proposed model, and not another form, is 
the most appropriate method to quantify the cognitive performance contribution (Pc) to the HEP? 
 
3. General Comment, Quantification of Uncertainty 
 
This report does not quantify the uncertainties in the recommended "base" human error 
probabilities (HEPs) or the assessed performance-influencing factor (PIF) weights.  This is a 
fundamental technical deficiency in the IDHEAS-DATA methodology and recommendations.  
This report should not be published in a final form until the available information is used to 
provide quantitative estimates of the current uncertainties, and the data evaluation methods are 
structured to explicitly account for how the compilation of more data affects those uncertainties. 
 
It is not appropriate for "NRC-approved" guidance to imply that a quantitative evaluation of 
uncertainty is not a fundamental element of the human reliability analysis (HRA) process and its 
supporting data.  That implication is contrary to the state-of-practice, applied standards, and 
NRC policy for the performance of risk assessments and the use of PRA for risk-informed 
decision-making.  In short, quantification of uncertainty is not an option that can be ignored by 
an analyst.  It is a fundamental part of every analysis. 
 
It is also not appropriate for "NRC-approved" guidance to imply that analysts should use their 
judgment to "back-fit" an uncertainty distribution to the overall HRA results.  The uncertainty 
distribution for each HEP should be derived from a process that consistently combines the 
uncertainties in the "base" HEPs with uncertainties in the PIF weights that modify those HEPs.  
Thus, the overall uncertainty in each HEP should be the result from a systematic evaluation of 
the uncertainties in each element of the analysis, using readily-available tools to combine the 
constituent uncertainty distributions.  The overall uncertainty is not an afterthought that is "back-
fit" according to the notions of each analyst. 
 
JWS Note:  The fourth bullet item in the introduction to Section 2.4 indicates that the data 
generalization process involves "documenting uncertainties in the data source and the mapping 
process".  Item (5) in the introduction to Section 2.4.1 reiterates that element of the process.  
Except for simple parenthetical notations in Column 6 for some entries, that documentation is 
not evident in the tables in Appendix A. 
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Why does the IDHEAS-DATA methodology not develop quantitative estimates for the 
uncertainties in the "base" HEPs and the assessed PIF weights? 
 
Are measures of the uncertainty in each "base" HEP and each PIF weight available from the 
supporting data analyses? 
 
If so, why are those uncertainties not documented in this report? 
 
If measures of the uncertainties are not currently available, will the NRC staff postpone final 
publication of this report until the uncertainties are quantified and documented? 
 
If it is intended to publish this report without supporting estimates of the underlying data 
uncertainties, how is that decision consistent with the state-of-practice, applied standards, and 
NRC policy for the performance of risk assessments and the use of PRA for risk-informed 
decision-making? 
 
4. General Comment, Bayesian Methods 
 
The only mention of Bayesian methods in this report is as an ancillary thought in the last 
sentence of the introduction to Section 2. 
 
It seems that the process of synthesizing and updating the IDHEAS-DATA database should 
involve the use of Bayesian techniques.  For example, the underlying prior uncertainty 
distribution for each human error probability (HEP) and each performance-influencing factor 
(PIF) weight could be based on the experience and judgment of the subject matter experts.  Of 
course, the uncertainties in those estimates may be rather large, but the distributions might 
have some reasonable bounds and shapes.  For example, the experts' knowledge may not 
always be well-represented by a purely non-informative Jeffreys prior distribution. 
 
As more relevant data are compiled, the effects from those data will systematically update the 
prior estimates and will (usually) reduce the associated uncertainties.  This process is used by 
the NRC to develop estimates for equipment reliability data (e.g., as in NUREG/CR-6928), and it 
is accepted and used throughout the risk assessment community.  Thus, the use of Bayesian 
techniques would provide a systematic, well-accepted method for updating the databases as 
more information becomes available, and it would provide consistent, technically-justified 
estimates for the uncertainty in each parameter value. 
 
Will the NRC staff use Bayesian techniques to synthesize and update the IDHEAS-DATA 
estimates for the "base" HEPs and the PIF weights? 
 
If not, what is the reason for the staff's reluctance to use those methods? 
 
5. General Comment, Estimates of Time Needed to Perform an Action 
 
Based on the discussions in Section 2.4.5 and Section 3.1.23, it seems that the intent of Table 
A23-1 (IDTABLE-23) is to provide "NRC-recommended" estimates for the "generic" amount of 
time that is needed to perform a particular action during a "basic" or "straightforward" scenario.  
The discussions in Section 2.4.6 and Section 3.1.24 then indicate that the intent of Table A24-1 
(IDTABLE-24) is to provide "NRC-recommended" estimates for "generic" numerical factors that 
can be applied to alter those "basic" response times for a variety of complicating situations.  I 
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disagree very strongly with the implications of these sections.  I have explained the reasons for 
my concerns in several comments on those sections of the report. 
 
6. Section 1.6, Status of the Report 
 
This section notes that: 
 

"Note that the datapoints in the IDTABLEs have not been independently verified for their 
accuracy and appropriateness.  They are being made available to the public in this 
Research Information Letter only for the purpose of communicating information and 
demonstrating the data basis of IDHEAS-ECA.  It is not recommended that these DRAFT 
IDTABLEs be used by HRA practitioners without first verifying the data validity."  
[emphasis added] 

 
JWS Note:  The first paragraph in the Introduction to Appendix A also contains this information. 
 
I appreciate the authors' acknowledgment that the evaluations in Appendix A have apparently 
not been subjected to an internal review by NRC staff who were not involved in the work, or an 
independent peer review by external experts.  I fully agree that it is necessary to document that 
fact very prominently in the introduction. 
 
Despite this caveat and the prominent DRAFT designation of this report, it is inevitable that 
readers will interpret and use the tabulated numerical values as "NRC-approved" guidance.  
Furthermore, it is neither practical nor appropriate to imply that an analyst who uses the 
IDHEAS-ECA guidance and the numerical values in Appendix B of that report (or an analyst 
who refers to the values in this report for other applications) must take personal responsibility to 
confirm the veracity of those values. 
 
Lack of a critical independent review of the evaluations and numerical values in this report is a 
serious technical deficiency in the database. 
 
JWS Note:  Section 4 of this report does not identify the lack of an independent technical review 
as a limitation for use of the current numerical estimates, and it does not address the need or 
plans for a review. 
 
Will the IDHEAS-DATA evaluations and recommended numerical values be subjected to an 
independent peer review by external experts? 
 
When will that review be conducted? 
 
If the staff does not plan to conduct a timely independent technical review of this effort, how is 
that decision consistent with NRC good practices for research and the use of valid technical 
information to support risk-informed decision-making? 
 
7. Section 2.1, IDHEAS-G Framework 
 
Item (4) in the introduction to this section summarizes Stage 4 of the general IDHEAS analysis 
process.  It notes that: 
 

"IDHEAS-G provides supplementary guidance for uncertainty analysis by consolidating 
existing guidelines." 
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A preceding comment addresses the observation that this report does not provide quantitative 
estimates for the uncertainties in any recommended "base" human error probabilities (HEPs) or 
performance-influencing factor (PIF) weights. 
 
Appendix K in the current version of NUREG-2198 summarizes a new methodology for 
evaluating dependencies among human actions.  It relies heavily on the general IDHEAS 
framework for identifying and analyzing the contributors to cognitive performance. 
 
Should this summary of Stage 4 also mention that IDHEAS-G provides a new methodology for 
evaluating dependencies among human actions? 
 
8. Section 2.1, IDHEAS-G Framework, The Human Error Probability Quantification Model 
 
The second bullet item in this section discusses the basic concept of the human error probability 
(HEP) that is associated with cognitive performance (i.e., Pc).  It notes that: 
 

"If operators' responses are as trained, then the time available to complete the action is 
sufficient."  [emphasis added] 

 
This statement seems to inappropriately bias analysts' perspectives on the evaluation of Pt.  In 
particular, analysts may interpret this guidance to imply that Pt is always negligible if the 
operators' training is adequate for the particular scenario.  That is certainly not the case, and it 
does not appropriately characterize Pt as accounting for uncertainties in the time that is 
available and the time that is needed to complete an action, within the context of the operators' 
training, experience, etc.  (The bullet item that discusses Pt provides that general concept.)  This 
sentence is not necessary to explain the intent of Pc, or what it evaluates. 
 
Why does the discussion of Pc contain this sentence? 
 
Can it be simply removed from the report (i.e., rather than modified or elaborated further), 
without altering an analyst's understanding of the basic concept of Pc? 
 
9. Section 2.1, IDHEAS-G Framework, Estimation of Pc 
 
A preceding comment on Justification of IDHEAS Quantification Model notes that Section 4.4 of 
NUREG-2198 describes the proposed general IDHEAS model for quantifying the cognitive 
performance contribution (Pc) to a human error probability (HEP).  That section of NUREG-2198 
asserts that the model is "based on the extensive study of cognitive literature and operational 
databases on human errors".  However, NUREG-2198 does not provide any further explanation 
or justification for the specific mathematical form of the model.  Section 2.1 of this report simply 
reproduces that model and notes that it provides the framework for IDHEAS-DATA.  In 
particular, it does not explain how the literature reviews or the data in this report justify the 
proposed mathematical form of that model. 
 
This seems to be a circuitous process that does not justify the basic premise and assumptions 
for the proposed model in either report. 
 
Why does this section not describe, in detail, how the analyses in this report were used to justify 
the analytical form of the general IDHEAS model for quantifying Pc (i.e., as presented in Section 
4.4 of NUREG-2198, and adopted by Equations 2.2, 2.3, and 2.4 of this report)? 
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10. Section 2.1, IDHEAS-G Framework, Estimation of Pc 
 
Reference [1] for this report is: 
 

Xing, J., Y.J. Chang, and J. DeJesus, The General Methodology of an Integrated Human 
Event Analysis System (IDHEAS-G) — Draft Report, 2019, NUREG-2198 (ADAMS 
Accession No. ML19235A161), U.S. Nuclear Regulatory Commission 

 
The current version of NUREG-2198 (ADAMS accession number ML20238B988) was issued to 
support the September 23, 2020 meeting of the ACRS Subcommittee on Reliability and 
Probabilistic Risk Assessment. 
 
One important difference between the 2019 draft version of NUREG-2198 and the current 
version of that report is that the formulations of Equation 4.6 and Equation 4.7 changed.  Those 
changes have a fundamental effect on the way that the performance-influencing factor (PIF) 
weights are calculated and are applied for quantification of the human error probability (HEP). 
 
For reference, Equation 4.6 in the 2019 version of NUREG-2198 was: 
 

 
 
Equation 4.6 in the current version of NUREG-2198 is: 
 

 
 
Equation 4.7 in the 2019 version of NUREG-2198 was: 
 

 
 
Equation 4.7 in the current version of NUREG-2198 is: 
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The format of Equation 2.2 in this report is identical to Equation 4.7 in the current version of 
NUREG-2198.  The format of Equation 2.4 is identical to Equation 4.6 in the current version of 
NUREG-2198.  This implies that the numerical PIF weights that are tabulated in this report are 
derived according to the current formulation of the general quantification model (i.e., not 
according to the model in Section 4.4.3.2 of Reference [1]). 
 
To avoid the possibility that readers may become very confused and misinterpret or misuse the 
guidance or the numerical values in this report, I think that it is very important for Section 2.1 to 
explicitly document the fact that the formulas which were used to derive and apply the PIF 
weights are not the formulas from Reference [1].  
 
Are the PIF weights that are listed in the tables in this report actually derived according to the 
current formulation of Equation 4.6 in NUREG-2198? 
 
If so, why does this report not explicitly document those differences from the quantification 
model that is described in Reference [1]? 
 
If the current version of Equation 4.6 was not used consistently to derive the numerical values in 
this report (or if a hybrid of the 2019 and current formulations was used), why does this report 
use a methodology where the quantitative relationship between the PIF weights and HEPs is 
different from the general quantification model that is described in the current version of Section 
4.4.3.2 in NUREG-2198? 
 
11. Section 2.2, Construct of IDHEAS-DATA, General Comment 
 
This section provides a good summary of the conceptual construct of how different sources of 
data can be generalized to the IDHEAS framework of tasks, cognitive failure modes (CFMs), 
and performance-influencing factors (PIFs). 
 
12. Section 2.3, Identification and Review of Data Sources, PIF Interaction 
 
A preceding comment on Justification of IDHEAS Quantification Model addresses the 
observation that this report does not explain the technical basis for the proposed general 
IDHEAS model for quantifying the cognitive performance contribution (Pc) to a human error 
probability (HEP), as derived from the authors' reviews of the cognitive literature and human 
performance data.  This section notes that: 
 

"Xing et al. [11] reviewed a limited set of cognitive literature in which human error rates were 
measured, as two or more PIFs varied independently and jointly.  They observed that the 
combined effect of PIFs fits better to the addition than the multiplication of the individual 
PIF effects.  In fact, the broad cognitive literature indicates that the combined effect is not 
simply the addition or multiplication of individual PIF effects.  Instead, the interaction 
between PIFs may not fit to a single rule and can vary greatly for different combinations 
of PIFs."  [emphasis added] 

 
Reference [11] is a 2015 conference paper.  I do not have a copy of that paper. 
 
This brief summary seems to endorse the proposed linear combination of performance-
influencing factor (PIF) weights that is used in Equation 4.7 of NUREG-2198.  A preceding 
comment notes that the form of Equation 4.6 and Equation 4.7 changed between the 2019 draft 
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version of NUREG-2198 and the current version.  It is not apparent if, or how, the way that the 
PIF weights were calculated and applied previously may have affected the authors' conclusions 
in 2015.  It is also noted that the conclusion was based on "a limited set of cognitive literature". 
 
This excerpt also seems to indicate that the linear addition may not provide a universally 
appropriate measure of the composite effects during scenarios that involve multiple PIFs.  It is 
not apparent whether the 2015 study or the more comprehensive IDHEAS-DATA analyses 
investigated other possible formulations of the PIF effects. 
 
How do the more extensive literature reviews and data in this report validate the fundamental 
IDHEAS model assumption that linear addition of the weights provides the most appropriate 
method to evaluate the composite effects from multiple PIFs? 
 
13. Section 2.4.1, Generalizing Human Error Data to IDHEAS-DATA Base HEP Tables, 

Structure of the Base HEP TABLEs, General Comment 
 
This section provides a very good summary example of how the analysts mapped the 
information from References [8] and [9] into IDTABLE-3 for Task Complexity. 
 
14. Section 2.4.1, Generalizing Human Error Data to IDHEAS-DATA Base HEP Tables; 

Appendix A1 through Appendix A3 
 
Item (3) in Section 1.2 notes that one purpose of this report is to: 
 

"document the foundation of the base HEPs and PIF weights in IDHEAS-ECA" 
 
Section 1.3 notes that: 
 

"This report provides the data foundation for IDHEAS-ECA for those who use IDHEAS-ECA 
and query the data basis." 

 
Section 4.2 notes that: 
 

"The NRC staff integrated the human error data in IDHEAS-DATA to infer the base HEPs 
and PIF weights for IDHEAS-ECA[2].  This integration advances HRA method development 
in that the calculated HEPs have traceable and updateable data sources." 

 
Section 4.2 in the IDHEAS-ECA report notes that: 
 

"IDHEAS-G generalized human error data from various sources into IDHEAS-DATA, which 
consists of three sets of human error data tables: HEP tables, PIF weight tables, and PIF 
interaction tables….In developing IDHEAS-ECA, the NRC staff integrated the available data 
as of July 2019 in the Human Error Tables to develop the base HEPs and PIF weights for 
every CFM and PIF attribute in IDHEAS-ECA….Appendix B of this report presents the 
integrated base HEPs and PIF weights.  There will be a separate NRC Research 
Information Letter (RIL) report documenting the basis of deriving every base HEP or PIF 
weight, and that report will include the source references from which the human error data 
are integrated." 

 
Item 1) in Section 4.3 of the IDHEAS-ECA report notes that: 
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"The base HEPs and PIF weights in this report are the first version of integrating the data 
generalized using the IDHEAS-DATA.  Because of the limited amount of data available, the 
NRC staff used interpolation, judgment, and benchmarking to develop the full set of base 
HEPs and PIF weights." 

 
Please refer to my October 11, 2020 comments on the IDHEAS-ECA report.  Based on the 
information in that report, I concluded that the derivation of the "base" human error probabilities 
(HEPs) that are recommended in Table B-1 through Table B-3 in Appendix B of that report 
would be explained in the IDHEAS-DATA report.  That conclusion was reinforced by a quick 
check of the excerpts that are cited in this comment, before I read this report. 
 
The titles of Appendix A1 through Appendix A3 and the data table headings indicate that the 
tables in each appendix provide estimates for the "base" HEPs that correspond to each 
performance-influencing factor (PIF) attribute for each relevant cognitive failure mode (CFM).  
For example, the title of Appendix A1 is "PIF Attributes and Base HEPs for Scenario 
Familiarity".  The heading for Table A1-2 is "IDHEAS-DATA IDTABLE-1 – Base HEPs for PIF 
Scenario Familiarity". 
 
The tables in Appendix A1 through Appendix A3 do not provide numerical estimates for the 
"base" HEPs that apply for each attribute of the respective PIFs.  They document only the 
various HEPs that were derived from the authors' reviews of the available operating experience, 
simulator testing data, cognitive performance studies, expert estimates, etc.  In particular, 
Appendix A1 though Appendix A3 do not quantify the respective "base" HEPs that are 
synthesized from those estimates, and they do not provide any traceable justification for the 
recommended HEPs in Table B-1 through Table B-3 in Appendix B of the IDHEAS-ECA report. 
 
JWS Note:  Section 2.5 describes general considerations about what needs to be done to adapt 
the data in this report for use in the IDHEAS-ECA application.  Section 3.2 does not document 
how the information in Appendix A1 through Appendix A3 was actually used to derive any 
"base" HEP in Table B-1 through Table B-3 in Appendix B of the IDHEAS-ECA report. 
 
JWS Note:  This comment might be more appropriate for the IDHEAS-ECA report.  For 
example, the authors of the IDHEAS-ECA report may have selected and adapted specific 
estimates from this report to populate the tables in Appendix B of the IDHEAS-ECA report.  
However, since Appendix A1 through Appendix A3 in this report purportedly document the 
"base" HEPs and how they were derived, analysts (including me) would expect to find that 
information in this report.  It is certainly not documented in the IDHEAS-ECA report.  In any 
case, regardless of where that process is documented, there must be a clear basis and 
traceable documentation for analysts to understand how the estimates in this IDHEAS-DATA 
report were used to derive each of the specific numerical values that are recommended in the 
IDHEAS-ECA report. 
 
Why do the tables in Appendix A1 through Appendix A3 of this report not document the "base" 
HEPs that correspond to each PIF attribute for each relevant CFM? 
 
How were the "base" HEPs that are recommended in Table B-1 through Table B-3 in Appendix 
B of the IDHEAS-ECA report derived from the information that is summarized in Appendix A1 
through Appendix A3 of this report? 
 
Why is that process not documented in this report or the IDHEAS-ECA report? 
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15. Section 2.4.2, IDHEAS-DATA PIF Weight IDTABLE-4 through IDTABLE-20; Appendix 
A4 through Appendix A20 

 
The introduction to Section 2.4.2 notes that: 
 

"IDTABLE-4 through IDTABLE-IDTABLE-20 document human error rates for the 17 PIFs 
other than the three base PIFs….Such error rates can be used to infer the weight of the PIF 
attribute."  [emphasis added] 

 
The titles of Appendix A4 through Appendix A20 and the data table headings indicate that the 
tables in each appendix provide estimates for the performance-influencing factor (PIF) weights 
that correspond to each PIF attribute for each relevant cognitive failure mode (CFM).  For 
example, the title of Appendix A4 is "PIF Attributes and Weights for Workplace Accessibility and 
Habitability".  The heading for Table A4-2 is "IDHEAS-DATA IDTABLE-4 – PIF Weights for 
Workplace Accessibility and Habitability". 
 
The tables in Appendix A4 through Appendix A20 do not actually provide numerical estimates 
for the PIF weights.  As implied by the introduction to Section 2.4.2, the tables document only 
the human error rates (or human error probabilities, HEPs) for a variety of attributes for each 
PIF.  Those HEPs are obviously needed to quantify the respective PIF weights, according to 
Equation 4.6 in the current version of NUREG-2198, Equation 3.6 in the IDHEAS-ECA report, 
and Equation 2.4 in this report.  However, since Appendix A4 through Appendix A20 do not 
quantify or document the respective PIF weights, they do not provide any traceable justification 
for the recommended PIF weights in Table B-4 through Table B-15 in Appendix B of the 
IDHEAS-ECA report. 
 
JWS Note:  Some entries in the tables in Appendix A4 through Appendix A20 include 
information that can be used to quantify the PIF weights.  However, that information is often not 
readily apparent from the cryptic summaries.  As an example of the data generalization process, 
Table 2-4 in Section 2.4.2 summarizes one set of entries in Table A17-2 for the Multitasking, 
Interruptions, and Distractions attribute MT2 for Action Execution (E).  Those entries include a 
"Baseline" HEP (which is listed in Table A17-2 as the "No interrup." condition).  That "Baseline" 
HEP can be used to calculate weights of 2, 5, and 7 for the three listed interruption durations.  
(Table A17-2 does not contain precisely the same information as Table 2-4.  Table A17-2 lists 
an HEP of 0.15 for the 22-second delay, which would correspond to a weight of 7.5.  It also lists 
a 32-second delay with an HEP of 0.17, which would correspond to a weight of 8.5.)  However, 
it is not evident that all of the tabulated entries in Appendix A4 through Appendix A20 contain 
similar, readily identifiable, "baseline" HEPs.  Furthermore, none of the tables document the PIF 
weights that are derived from the respective data entries, so that analysts can understand how 
the information was used.  For example, neither Table 2-4 nor Table A17-2 documents the 
weights that are derived from the example entries for attribute MT2.  I calculated the weights in 
this comment, based on my understanding of how the reported values may be used. 
 
JWS Note:  Section 2.5 describes general considerations about what needs to be done to adapt 
the data in this report for use in the IDHEAS-ECA application.  Section 3.2 does not document 
how the information in Appendix A4 through Appendix A20 was actually used to derive any PIF 
weight in Table B-4 through Table B-15 in Appendix B of the IDHEAS-ECA report. 
 
JWS Note:  This comment might be more appropriate for the IDHEAS-ECA report.  For 
example, the authors of the IDHEAS-ECA report may have selected and adapted specific 
estimates from this report to populate the tables in Appendix B of the IDHEAS-ECA report.  
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However, since Appendix A4 through Appendix A20 in this report purportedly document the PIF 
weights and how they were derived, analysts (including me) would expect to find that 
information in this report.  It is certainly not documented in the IDHEAS-ECA report.  In any 
case, regardless of where that process is documented, there must be a clear basis and 
traceable documentation for analysts to understand how the estimates in this IDHEAS-DATA 
report were used to derive each of the specific numerical values that are recommended in the 
IDHEAS-ECA report. 
 
Why do the tables in Appendix A4 through Appendix A20 of this report not document the 
weights that correspond to each PIF attribute for each relevant CFM? 
 
How were the PIF weights that are recommended in Table B-4 through Table B-15 in Appendix 
B of the IDHEAS-ECA report derived from the information that is summarized in Appendix A4 
through Appendix A20 of this report? 
 
Why is that process not documented in this report or the IDHEAS-ECA report? 
 
16. Section 2.4.3, IDTABLE-21 for the Lowest HEPs 
 
This is very useful information to support the estimated minimum human error probability (HEP) 
that applies for each cognitive failure mode (CFM). 
 
This section notes that: 
 

"In the IDHEAS-G HEP quantification model, the lowest HEPs are used as the values for the 
base HEPs when none of the three base PIF attributes is present."  [emphasis added] 

 
The discussion in this section uses the term "is present" to characterize the status of the 
relevant performance-influencing factor (PIF) attributes for the minimum HEP conditions. 
 
I think that it is important to distinguish between the notion that a particular PIF attribute is "not 
present" and the notion that a relevant PIF has no evident adverse effect on the specific 
measured performance.  For example, as an integral part of the qualitative scenario evaluation 
process, the IDHEAS methodology indicates that analysts should identify which of the 20 PIFs 
may have an effect on the analyzed human failure event (HFE) in the context of that specific 
scenario.  The analysts must justify that selection and document the reasons for their 
conclusions.  For example, in the IDHEAS-ECA application, that process is documented in 
Section A.4 of Worksheet A.  The analysts then evaluate how the retained PIFs affect the HEP.  
Thus, from this perspective of the IDHEAS analysis process, the excluded PIFs are "not 
present" in the context of the evaluated scenario.  The retained PIFs are "present" in that 
scenario, and the analysts must determine the degree to which they may adversely affect 
personnel performance. 
 
During their evaluations, the analysts may conclude that a particular PIF has "no impact" on a 
specific CFM.  In other words, the PIF attributes are judged to be either "optimal" for the desired 
personnel performance, or they at least have no discernable adverse effects on that 
macrocognitive function.  Thus, the minimum HEP applies for a situation when the analysts 
conclude that all of the relevant PIFs are either optimal for the CFM, or none of the PIFs have 
an adverse effect.  In other words, the PIFs are "present" in the specific scenario context, but 
they do not have any evident adverse effects on that particular CFM contribution to the HFE. 
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JWS Note:  This comment also applies to the "Introduction to Lowest HEPs of the CFMs" in 
Section 3.1.21, where it is noted that the minimum HEP applies when "all the base PIF 
attributes are absent" and "none of the known PIF attributes were present or there was no 
prevalent known PIF attribute present". 
 
Should this discussion indicate that the minimum HEP applies when none of the PIFs have an 
adverse effect on human performance (or all PIFs are "optimal"), rather than emphasizing the 
notion that a PIF attribute is "not present"? 
 
17. Section 2.4.3, IDTABLE-21 for the Lowest HEPs 
 
This section contains an example of how the analysts mapped the information from References 
[4] and [5] into IDTABLE-21 for estimation of the minimum human error probability (HEP) for 
Action Execution.  The summary of "Analyze the Data Source" notes that: 
 

"The cognitive activities involved were executing sequential steps….Performance errors 
were defined as not performing steps of a task or incorrectly performing a task."  
[emphasis added] 

 
The summary of "Evaluate Uncertainties in the Data and Mapping" notes that: 
 

"The definition of the errors was for task steps rather than a whole task; thus, the reported 
error rates could be higher than that for whole tasks if some tasks had errors in multiple 
steps."  [emphasis added] 

 
I am confused by this statement about the uncertainty. 
 
Based on the emphasis on "steps", it seems that each human error probability (HEP) that is 
shown in Table 2-5 is calculated by dividing the number of errors by the total number of task 
steps.  For example, the first entry involves 1 error in a total of 1,470 individual steps.  The 
discussion of uncertainty indicates that a "task" may involve multiple "steps".  If a PRA model 
evaluates each step individually, then the total HEP for the "task" would be the sum of the HEPs 
for the individual steps.  I think this might be the intent of the excerpted sentence, but it certainly 
does not say that very clearly.  In fact, some readers might interpret the sentence to imply that 
the "task-level" HEP may be lower than the "step-level" HEP, if the "task" involves multiple 
"steps". 
 
Of course, this depends very strongly on whether the cited HEPs are actually derived at the 
"step-level" or the "task-level". 
 
JWS Note:  To try to understand this statement, I used the following example.  Suppose that 
the evidence is 1 error in 1,470 "steps".  The "step-level" HEP is then 6.8E-04 error per step.  
(The next comment addresses this inconsistency with the first HEP that is listed in Table 2-5.)  
Suppose that a particular "task" involves five steps, and failure of any step will result in failure of 
the task.  It seems that the "task-level" HEP would then be approximately 5 * (6.8E-04) = 
3.4E-03. 
 
Do the HEPs that are listed in Table 2-5 and Table A21-1 apply for individual steps, or do they 
apply for the overall task (i.e., regardless of the number of steps)? 
 
What is the intent of this statement about the uncertainty? 
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In particular, how does it address the relationship between the error rate for specific steps that 
are needed to perform a task and the overall error rate for a task that involves multiple steps? 
 
18. Section 2.4.3, IDTABLE-21 for the Lowest HEPs 
 
When I did the simple calculation that is discussed in the immediately preceding comment, I 
discovered what seems to be an error in the first human error probability (HEP) that is listed in 
Table 2-5.  So I decided to check the other HEPs in that table.  I also confirmed that Table 
A21-1 contains those estimates and several others that are derived from References [4] and [5]. 
 
The following table summarizes the information in these tables and my estimated HEPs that are 
calculated from that information.  The bold values for "HEP in IDHEAS-DATA" appear in Table 
2-5 and Table A21-1.  The non-bold values appear only in Table A21-1. 
 

Errors Demands HEP in IDHEAS-DATA JWS Estimated HEP 
1 1,470 8.00E-04 6.80E-04 
7 8,058 8.90E-04 8.69E-04 
1 1,347 8.78E-04 7.42E-04 
1 15,200 7.78E-05 6.58E-05 
0 2,010 1.13E-04 See Below 
0 2,010 1.13E-04 See Below 
2 2,088 1.04E-03 9.58E-04 
3 3,067 1.03E-03 9.78E-04 
1 948 1.20E-03 1.05E-03 
1 913 1.30E-03 1.10E-03 
1 1,332 8.90E-04 7.51E-04 
1 1,512 7.80E-04 6.61E-04 
1 1,146 1.00E-03 8.73E-04 
3 2,630 1.20E-03 1.14E-03 
4 1,958 2.10E-03 2.04E-03 
7 4,588 1.60E-03 1.53E-03 

 
Two entries in Table A21-1 involve evidence of no errors (i.e., 0 errors in 2,010 demands).  The 
cited HEP of 1.13E-04 seems to be based on an assumed occurrence of approximately 0.23 
error for each activity.  I do not understand the basis for that particular assumption.  For 
example, applications of "classical statistics" often cite surrogate estimates of 0.5 failure or 0.33 
failure when the available evidence is zero (0).  Furthermore, this process of synthesizing 
surrogate data is not consistent with the way that evidence of no failures should be treated (e.g., 
in a Bayesian framework). 
 
JWS Note:  When I found these apparent discrepancies, I checked the HEPs from References 
[4] and [5] in other sections of the report and in the tables in Appendix A.  I have the following 
additional observations. 
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• The HEP estimates from References [4] and [5] in Table A1-2 are (somewhat curiously) 
consistent with the cited numbers of errors and demands. 

 
• Section 3.1.3 and Table A3-2 list different values of the HEP for attribute C32 for the same 

data from References [4] and [5].  The HEP estimates in Section 3.1.3 and some of the HEP 
estimates in Table A3-2 are not consistent with the cited numbers of errors and demands. 

 
• The HEP estimate that is cited in the text for Category A in Section 3.1.10, the HEP estimate 

in the example for HSI8 from Reference [4] in Section 3.1.10, and the HEP estimates from 
References [4] and [5] in Table A10-2 are not consistent with the cited numbers of errors 
and demands. 

 
• The HEP estimates from References [4] and [5] in Table A13-2 are not consistent with the 

cited numbers of errors and demands. 
 
• The HEP estimates from Reference [5] in Table A14-2 are not consistent with the cited 

numbers of errors and demands.  Furthermore, one of those estimates lists the error rate of 
1.13E-04 for evidence of 0 errors in 2,010 demands. 

 
• The HEP estimate from Reference [5] in Table A16-2 is not consistent with the cited 

numbers of errors and demands. 
 
• The HEP estimates from Reference [5] in the example for data source Category A in Section 

3.1.19, and the HEP estimates from References [4] and [5] in Table A19-2 are not 
consistent with the cited numbers of errors and demands. 

 
• The HEP estimates from Reference [5] in Figure A27-1 are not consistent with the cited 

numbers of errors and demands.  Precision in the HEP estimates is not directly relevant to 
the discussion of Figure A27-1 in Table A27-1.  However, the figure is clear evidence that 
these numerical discrepancies are present in the source report. 

 
Why are the HEP values that are listed in Table 2-5 and Table A21-1 different from my 
calculated values? 
 
What specific assumptions were made to synthesize the HEPs for the two entries in Table 
A21-1 that document no errors (i.e., 0 errors in 2,010 demands)? 
 
19. Section 2.4.3, IDTABLE-21 for the Lowest HEPs 
 
The summary of the example in this section notes that: 
 

"The data source was the database of the German licensee event report system that 
collected the reportable events in German nuclear power plant installation work." 

 
The summary of the uncertainty in Table 2-5 and Table A21-1 notes that: 
 

"Some errors made may have been recovered so they did not get into the reporting system." 
 
The summary seems to address only uncertainty in the numerator of the estimated HEP (i.e., 
the number of reported errors).  It does not address uncertainty in the denominator (i.e., the total 
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number of opportunities to make these specific errors).  Experience has shown that estimates 
which are derived from regulatory event reporting requirements often underestimate both 
parameters, due to the ways that individual licensees interpret those requirements and the ways 
that analysts synthesize the error rates. 
 
I do not have copies of the cited references.  Therefore, I cannot determine how the 
denominator for each HEP was estimated, or how well that estimate is correlated to the value 
that is cited for the numerator. 
 
JWS Note:  A classic example of this consideration from my own experience pertained to 
estimates for diesel generator failure rates that were derived from U.S. NRC Licensee Event 
Reports (LERs) in the 1980s.  Due to the reporting requirements, there was relatively good 
confidence that all functional failures were recorded in the LER database.  In other words, the 
data for the numerator were relatively complete.  However, the failure rates were often 
estimated by considering only the number of diesel generator tests that were performed to meet 
the Technical Specifications surveillance requirements (e.g., 12 tests per year for a monthly 
surveillance interval).  When we collected plant-specific operating records for the diesel 
generators, we discovered that they were started as much as three or more times more often 
than would be estimated from only the minimum required testing.  (There were numerous 
reasons for the additional tests, which were often performed to confirm diesel generator 
operability when some redundant equipment was out of service.)  Any failure during a required 
monthly test and any failure during those additional tests would be documented in an LER.  
Thus, the estimated failure rates were often too high by a factor of three or more, simply 
because the denominator was underestimated. 
 
Considering the source of the information for this example, is there uncertainty about how the 
denominator for each HEP was estimated, and whether that estimation is appropriately 
correlated to the source of data for the numerator? 
 
If so, do similar considerations apply for uncertainty in the denominators of other HEPs that are 
cited in Table A21-1? 
 
20. Section 2.4.4, IDTABLE-22 for PIF Interaction 
 
This is very useful information to help analysts understand how the composite effects from 
multiple performance-influencing factors (PIFs) can affect the estimated human error probability 
(HEP).  This information should also be useful to test the validity of assumptions about how the 
PIF attribute weights should be defined and combined to quantify the HEP according to the 
general IDHEAS quantification model.  For example, it seems that comparisons with the 
available data can be used to objectively examine the validity of the linear combination of PIF 
weights that is used in Equation 4.7 in the current version of NUREG-2198, Equation 3.4 in the 
IDHEAS-ECA report, and Equation 2.2 in this report. 
 
How was the information in Table A22-1 used to objectively examine the validity of the proposed 
linear combination of PIF weights that is used in the IDHEAS quantification model? 
 
Was this information used to test possible alternative formulations to define, quantify, and 
combine the PIF weights? 
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21. Section 2.4.4, IDTABLE-22 for PIF Interaction, Editorial Comments 
 
The scalar error rate entries in Table 2-6 are confusing.  The entries in Table A22-1 are easier 
to understand.  For example, from Table A22-1, I more clearly understand that the error rate is 
0.07 for the condition when the luminance is 150 c/cm2 and the acceleration is 2 G.  I also 
understand that the error rate is 0.63 for the condition when the luminance is 0.015 c/cm2 and 
the acceleration is 4 G.  The entry under "Task" in Table 2-6 notes that the "errors are percent 
of misreading dials", but it would be easier to understand the actual error rates as shown in 
Table A22-1. 
 
The summary of the example in this section and Table 2-6 indicate that the information is 
derived from Reference [15].  Table A22-1 indicates that the information is derived from 
Reference [14].  From the list in Section 5, it seems that Reference [15] is the applicable 
citation. 
 
Are all references that are listed in the tables in Appendix A1 through Appendix A27 consistent 
with the reference numbers in Section 5? 
 
22. Section 2.4.5, IDTABLE-23 for Distribution of Time Needed in Completing a Human 

Action 
 
This section notes that: 
 

"HRA analysts use available operational data and their engineering judgment to estimate the 
distribution of time needed.  IDTABLE-23 documents time distributions of professional 
personnel performing important human actions.  The information is used to develop 
guidance and inform HRA analysts about the estimation of the distribution of time 
needed."  [emphasis added] 

 
I am concerned that the estimates in Table A23-1 will be misused.  In particular, I am concerned 
that analysts will refer to those estimates as a catalog of "recommended" uncertainty 
distributions for the time that is needed to perform a variety of "standard" actions that are 
evaluated in a PRA.  My concern is reinforced by the implication from the highlighted phrases in 
this excerpt that the information may be interpreted as "guidance", and by the way that the 
information is presented in Table A23-1 (e.g., for a "basic" SGTR event and a "complex" SGTR 
event). 
 
JWS Note:  The estimates which are currently summarized in Table A23-1 are limited to only an 
inappropriate combination of six actual SGTR events, plus simulator exercises for a few other 
SGTR scenarios.  However, in principle, Table A23-1 will eventually be populated with many 
more "generic" estimates of the times for a variety of actions.  I am concerned about how 
analysts will interpret the intended use of that more complete compilation.  Subsequent 
comments on Appendix A23 address the current information in Table A23-1. 
 
The estimated time that is used for the analysis of a specific human failure event (HFE) should 
be based on the analysts' assessment of the actions that must be performed in the context of 
the evolving event scenario at the power plant that is being analyzed.  There are numerous 
plant-specific and scenario-specific factors which affect the "best estimate" for that time, and the 
range and shape of the associated uncertainty distribution.  It is not appropriate to imply that 
analysts can simply select a nominal estimate from a tabulated catalog without performing an in-
depth assessment that applies for the evaluated scenario context. 
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Of course, observations of times that have been measured for broadly similar responses, and 
the variability in those times, may be useful as a general "sanity check" for estimates of the time 
that is needed to perform a particular action.  Therefore, it is certainly useful to provide an 
objective summary of those times.  However, they should not be used as surrogates for a 
comprehensive assessment of the plant-specific and scenario-specific factors which may affect 
that time in the context of a particular PRA analysis. 
 
Is it intended that the estimates in Table A23-1 should be used directly for the analysis of a 
particular HFE in a plant-specific PRA? 
 
If so, why does this report endorse that notion? 
 
Why do this section and the introduction to Appendix A23 not explicitly warn analysts that the 
estimates in Table A23-1 are provided only for general information, and they should not be used 
directly for the analysis of any actions in a plant-specific PRA? 
 
23. Section 2.4.5, IDTABLE-23 for Distribution of Time Needed in Completing a Human 

Action 
 
The discussion of Column 1 in IDTABLE-23 notes that: 
 

"Personnel performing the actions should also be noted unless by default they are nuclear 
power plant operators or well trained, experienced professionals."  [emphasis added] 

 
I think that it is important for the scenario summary to describe who performed the reported 
actions.  In particular, if the information is available, the summary should describe the 
qualifications and experience of all involved individuals.  For example, a nuclear power plant 
operating crew, an airline crew, a hospital operating room crew, or other groups of 
"professionals" may contain individuals with varying qualifications and experience.  That is 
important information, so that analysts can understand factors that may affect the reported 
times, and how those times might vary among different groups of people, regardless of whether 
the times were measured in a cognitive experiment, a simulator exercise, or an actual event. 
 
Why does the guidance include this caveat? 
 
Why does the guidance not simply indicate that the scenario summary should describe the 
personnel who performed the reported actions, including available information about their 
qualifications and experience? 
 
24. Section 2.4.5, IDTABLE-23 for Distribution of Time Needed in Completing a Human 

Action 
 
The discussion of Column 2 in IDTABLE-23 notes that: 
 

"This column documents the actual time information as it is reported in the data source.  It 
should be annotated if the time spent for the action was inadequate for personnel to 
complete the action."  [emphasis added] 

 
This guidance seems to confuse the notions of the amount of time that is available for personnel 
to perform an action (Tavail), and the amount of time that is needed to perform the action (Treqd).  
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The amount of time that is available depends on the specific scenario and the defined success 
criteria for the action.  For example, Section C.2 in Appendix C of the IDHEAS-ECA report 
summarizes an analysis of personnel actions to trip the reactor coolant pumps (RCPs).  The 
success criteria for that action in that specific analysis require that the RCPs must be tripped 
within 1 minute after loss of all component cooling water (CCW) and all seal injection flow.  
None of the four crews who were tested in a simulator exercise of that scenario successfully 
tripped the pumps within 1 minute.  In fact, their measured times extended well past that 
1-minute criterion.  However, the 1-minute constraint for the PRA analysis has no relevance to 
the times that were actually measured during those exercises.  For example, if the analysis 
success criterion had been 20 minutes, rather than 1 minute, all four crews would have 
"succeeded", despite the fact that the same crew response times would have been measured.  
Thus, the notion of "success" or "failure" within a particular analysis time window is irrelevant to 
objective information about the measured times and the variability in those times. 
 
JWS Note:  After thinking a bit more about this comment, I wondered if the highlighted sentence 
might actually be intended to alert analysts to document occurrences when some personnel 
never completed the action, despite the fact that their response was recorded over an extended 
period of time.  In other words, their measured response time was effectively beyond the time 
constraints of the cognitive experiment, simulator exercise, or actual event scenario.  (In a 
morbid example, the airplane crashed before a pilot pulled back on the yoke.)  For example, in 
the context of the entries in Column 2, if a simulator exercise was terminated at time t = 15 
minutes, and one crew had not performed the needed action by that time, the recorded time for 
that crew should be retained and listed as ">15 minutes".  If that is the actual intent of the 
sentence, I think that it should be clarified, because I did not initially interpret that way, and I still 
do not clearly understand its intent. 
 
What is the intent of the highlighted sentence? 
 
Why does the guidance include this sentence? 
 
25. Section 2.4.5, IDTABLE-23 for Distribution of Time Needed in Completing a Human 

Action 
 
This section and Table 2-7 summarize an example of how the crew response times during four 
simulator exercises of a particular scenario are used to derive an uncertainty distribution for the 
amount of time that is needed to perform the desired action to trip the reactor coolant pumps 
(RCPs).  Table A23-1 does not include this example. 
 
The example in Table 2-7 does not adequately document the entire context of the scenario 
during which these actions were needed.  The actual scenario is described in Section C.2 of 
Appendix C to the IDHEAS-ECA report.  The additional failures during this scenario had a 
significant effect on the amount of time that elapsed before the operators recognized the need 
to trip the RCPs.  The note under "Uncertainty" in Table 2-7 simply indicates that the scenario 
was "unfamiliar" and that "simultaneous loss of CCW and RCP sealwater is rare and was not in 
training".  It is essential that this example and every entry in Table A23-1 must contain a 
complete description of the scenario context, so that analysts understand the physical, 
functional, and cognitive constraints that may affect the reported times. 
 
Furthermore, the cited uncertainty distribution for the amount of time that is needed to trip the 
RCPs is wrong.  It is noted that the distribution accounts for: 
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"The distribution for the time needed from 'Reactor trip' to 'Trip all RCPs'" 
 
In the scenario shown in Table 2-7, the reactor trip occurs at time t = 3 minutes.  The table lists 
the following times when each crew tripped the RCPs, indexed from time t = 0: 
 
• 11.5 minutes, 9.5 minutes, 7.6 minutes, 10.5 minutes 
 
The table indicates that the time needed to perform this action is characterized by a normal 
probability distribution with a mean value of 9.6 minutes and a standard deviation of 1.5 
minutes.  It is also noted that the range of times is 7.6 minutes to 11.5 minutes. 
 
Section 5.3 of NUREG-2198 and Figure 5-2 of that report describe the concepts of the system 
time window (TSW), the delay time until the cue for the desired action occurs (Tdelay), the time that 
is available to perform the desired action (Tavail), and the time that is needed to perform the 
action (Treqd).  The time interval for the action begins when the first relevant cue occurs.  It does 
not always begin at the nominal start of the scenario at time t = 0. 
 
The uncertainty distribution that is cited in Table 2-7 does not correctly account for the time 
when the first cue for this action occurs.  In particular, the time window for this action begins 
when the reactor trip occurs at time t = 3 minutes.  After that time, the crews spent 8.5 minutes, 
6.5 minutes, 4.6 minutes, and 7.5 minutes before they tripped the RCPs.  Thus, the uncertainty 
distribution for the amount of time that is needed to trip the RCPs during this particular scenario 
should be derived from those times. 
 
Why does this example not document the entire context of the simulator scenario, so that 
analysts can understand why the crews needed so much time before they tripped the RCPs? 
 
Why is the uncertainty distribution in Table 2-7 for the amount of time that is needed to trip the 
RCPs based on times that are indexed to time t = 0, rather than the cue for the action which 
occurs at time t = 3 minutes? 
 
Why does Table A23-1 not include the example that is summarized in Table 2-7 (after it is 
appropriately corrected)? 
 
26. Section 2.4.6, IDTABLE-24 for Modification to Time Needed 
 
I disagree very strongly with the entire premise for this table and its implications. 
 
In effect, the guidance in this section and the entries in Table A24-1 imply that analysts should 
somehow adjust their nominal estimates for the amount of time that is needed to perform an 
action, based on assessments of specific performance-influencing factor (PIF) attributes for 
each of the cognitive failure modes (CFMs).  This notion is contrary to the basic IDHEAS 
guidance for evaluating the cognitive contribution (Pc) to a human error probability (HEP) and 
the contribution (Pt) from uncertainties in the amount of time that is available (Tavail) and the 
amount of time that is needed (Treqd) to perform the action. 
 
JWS Note:  I certainly hope that Table A23-1 is not intended to provide "generic" estimates for 
Treqd, and that Table A24-1 is not intended to somehow provide numerical factors to adjust those 
estimates.  However, without a better understanding of the intended use of these tables, I am 
very concerned that is their eventual intended use. 
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For brevity in these comments, I will not repeat all of the guidance in NUREG-2198 for these 
evaluations.  However, Section 5 of NUREG-2198 clearly states: 
 

"Pt accounts for human errors caused by insufficient time available to perform the action at a 
normal work pace.  When there is not enough time to perform an action, personnel either do 
not complete the action or they rush the action; either one increases the likelihood of errors.  
Pt does not account for human errors caused by time pressure, which means that personnel 
have adequate time, but they are under time pressure so they may try to complete the 
action as fast as possible.  Time pressure is treated as a PIF and contributes to Pc.  
IDHEAS-G treats Pt and Pc independently." 

 
In the broader sense of the guidance, the evaluation of Treqd should account for the scenario 
context and how the amount of time that is needed to perform the desired action is affected by 
the composite effects from all factors that influence personnel performance, including person-to-
person or crew-to-crew variability.  The evaluation of Pc accounts for how the scenario-specific 
PIFs affect the macrocognitive functions that are needed to make the appropriate decisions and 
take the desired action.  The guidance in this section and the specific PIF-related modification 
factors that are implied by the entries in Table A24-1 are contrary to that conceptual framework, 
and they are not consistent with the IDHEAS guidance. 
 
JWS Note:  This comment also applies to the discussion in Section 3.1.24 about how specific 
PIFs may affect Treqd. 
 
Why does this report contain Table A24-1 (IDTABLE-24)? 
 
What is the intended use of the information in that table? 
 
How are these implied relationships between specific PIF attributes and estimates for Treqd 
consistent with the IDHEAS methods and guidance? 
 
27. Section 2.4.6, IDTABLE-24 for Modification to Time Needed 
 
JWS Note:  This comment is related to the immediately preceding comment and my comments 
on Section 2.4.5.  I separated it from the preceding comments because it addresses how the 
data that are currently recorded in Table A24-1 (IDTABLE-24) might be retained and used. 
 
Table A24-1 records ranges of the times that were needed to perform specific actions.  If the 
notion of "modification" factors for a specific cognitive failure mode (CFM) and performance-
influencing factor (PIF) attribute are removed, it seems that the evidence in Table A24-1 is 
functionally the same as that summarized in Table A23-1.  In other words, each entry in Table 
A24-1 represents the results from observations of human performance during a particular 
scenario.  Those scenarios might be tailored to measure performance under some reasonably 
controlled constraints, as would apply during focused testing of cognitive behavior.  However, 
those constraints are not conceptually different from simulator exercises of operating crew 
performance during a specific event scenario.  As noted in a preceding comment, the summary 
for each scenario should describe the entire context of the scenario, the tasks and desired 
responses that were measured (with more specificity and detail than the simple summaries in 
Table A24-1), the qualifications and experience of the participants, etc.  From that perspective, it 
seems that the reported ranges of completion times in Table A24-1 are analogous to the times 
that are recorded in Table A23-1.  Analysts may use that information to enhance their 
confidence in their scenario-specific estimates for Treqd and the uncertainty in those estimates.  
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However, the tabulated experience should not be interpreted or used as a catalog of 
recommended "standard" times that apply for specific actions and specific PIF attributes. 
 
JWS Note:  I know that the current construct of Table A24-1 is intended to show how the task 
completion time was affected by variations in one reasonably controlled PIF.  However, if the 
data are presented differently, they can conform to the scenario concept that is discussed in this 
comment.  Consider the example that is summarized in Section 2.4.5.  In that example, the time 
to trip the reactor coolant pumps (RCPs) and the variations in that time depend on the specific 
context of that scenario, with its composite effects on all PIFs.  If a different scenario had not 
involved the failures that contributed to degraded displays, distractions, competing concerns, 
etc., different crew response times would have been measured.  From that perspective, tests 
which attempt to vary one controlled parameter are analogous to different scenarios that are 
functionally similar, but which involve different contexts that are determined by the particular 
parameter that is varied, and how it is varied. 
 
Why is the information in Table A24-1 (without the links to specific CFMs and PIF attributes) not 
included in Table A23-1? 
 
In other words, why does this report not contain an expanded set of appropriately documented 
information in Table A23-1, and simply delete Table A24-1? 
 
28. Section 2.4.6, IDTABLE-24 for Modification to Time Needed, Editorial Comments 
 
I sincerely hope that this entire section and Table A24-1 (IDTABLE-24) are deleted from the 
report.  If they are retained, the discussion of IDTABLE-24 indicates that it documents "human 
error rates".  It does not.  It documents ranges of times that were needed to perform an action. 
 
The first entry in Table 2-8 lists a response time mean and standard deviation of "35(12)s" when 
the Lo distraction factor applies.  The corresponding entry in Table A24-1 for this reference lists 
"N/A" for that response time. 
 
29. Section 2.4.7, IDTABLE-25 for Dependency of Human Actions, Editorial Comment 
 
The information in Table A25-1 is very useful to support analysts' understanding of how human 
dependence occurs during actual events. 
 
This section contains an example of how the analysts mapped the information from Reference 
[19] into IDTABLE-25 to illustrate an occurrence of resource-sharing dependency.  Table A25-1 
contains this example, but the narrative is somewhat different from that in Table 2-9.  A 
combination of both narratives is needed to better understand the event.  Table 2-9 cites 
Reference [19], and Table A25-1 cites Reference [316].  They are apparently the same 
reference. 
 
30. Section 2.4.8, IDTABLE-26 for Recovery of Human Actions 
 
The general notion of "recovery" is rather vague, and it is interpreted differently by various 
analysts and methodologies.  I think that it is very important for this section to clearly define 
what "recovery of human actions" means in the context of this report and the information in 
Table A26-1. 
 
The "Guidance for Crediting Recovery Effect in Pc" in Section 3.5.1 of the IDHEAS-ECA report 
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explains the distinction between a "recovery action" and "recovery of an HFE".  In the context of 
the IDHEAS-ECA methodology, the analysis of a "recovery action" requires the definition and 
evaluation of a new human failure event (HFE).  The "recovery of an HFE" is an integral part of 
the analysis of an HFE, and it affects the human error probability (HEP) for that HFE (i.e., 
through recovery factor Re in Equation 4.7 in NUREG-2198, Equation 3.4 in the IDHEAS-ECA 
report, and Equation 2.2 in this report). 
 
In this taxonomy, the example in Table 2-10 seems to illustrate a "recovery action", because the 
misaligned valves and disconnected power supplies were discovered by a separate person 
using a different procedure a day after the initial error was made.  Discovery of pre-existing 
errors during the performance of periodic tests or post-maintenance operability tests is another 
example of a "recovery action".  Table A26-1 seems to contain examples of both types of 
recovery.  For example, the second entry in Table A26-1 seems to address "recovery of an 
HFE". 
 
JWS Note:  This comment also applies to the discussion of "recovery" in Section 3.1.26 and the 
examples that are summarized in that section.  It seems that the first bullet item in that section is 
an example of a "recovery action".  It seems that the second and third bullet items may be 
examples of "recovery of an HFE", but my interpretation of those examples might not be correct. 
 
Should this section clarify the distinction between a "recovery action" and "recovery of an HFE"? 
 
Should Table A26-1 document which type of "recovery" is illustrated by each entry? 
 
31. Section 2.4.8, IDTABLE-26 for Recovery of Human Actions 
 
The second paragraph in the Notes column in Table 2-10 concludes that: 
 

"This reference provides a data point of error recovery in maintenance surveillance tests as 
0.7 (= 12/17)." 

 
This is not an appropriate conclusion and general inference from the available evidence.  
According to the summary in this table, it is apparently true that 12 of the 17 errors were 
discovered during the performance of periodic tests or maintenance surveillance tests.  
However, that evidence does not justify a general conclusion that these types of tests are 70% 
effective for discovering pre-existing errors, or that a numerical factor of 0.3 might apply for 
failure of that type of test-related "recovery action". 
 
The actual tests that were performed at the plants where the errors were made might have been 
100% effective for discovering those 12 particular errors.  The other five errors were evidently 
discovered by other means.  Perhaps the plant testing procedures did not functionally confirm 
valve alignments or other parameters that would disclose those particular errors, or perhaps the 
errors were discovered before a test was conducted.  Thus, without very detailed information 
about each error and the plant-specific testing procedures, there is no way to know why the 12 
errors were discovered by testing and why the other five were not. 
 
In a plant-specific PRA, the analysts must examine each periodic test and each type of post-
maintenance test to determine whether performance of the test would discover the specific error 
that is being evaluated.  If a test does not functionally confirm that the error may exist (e.g., by 
physically verifying valve alignments, measuring flows, levels, pressures, etc.), then that test 
cannot be credited for possible recovery of the error.  If the test can discover the presence of 
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the error, then the analysts evaluate the effectiveness of that particular test to alert personnel 
that the error was made.  For example, a flow test might be 100% effective for discovery that a 
particular valve is closed.  However, a requirement to visually confirm a valve lineup may not be 
100% effective, because personnel may not physically examine each valve. 
 
JWS Note:  This comment also applies to the example in the first bullet item in Section 3.1.26.  
That example cites the same data from the same reference.  It concludes that "This reference 
provides a datapoint of error recovery rate in maintenance surveillance tests as 0.53 (9/17)".  
That estimate is obviously not consistent with the example in Table 2-10.  However, it is equally 
inappropriate. 
 
JWS Note:  Of course, this comment also applies to the first entry in Table A26-1. 
 
Why does this assessment imply that the evidence can be used to infer a general conclusion 
about the effectiveness of testing to discover pre-existing errors? 
 
32. Section 2.4.9, IDTABLE-27 for Main Drivers to Human Failure Events 
 
This is very useful information to help analysts understand how specific performance-influencing 
factors (PIFs) can affect human cognitive behavior.  This information should also be useful to 
test the validity of assumptions about how the PIF attributes should be used to quantify a human 
error probability (HEP) according to the general IDHEAS quantification model.  For example, the 
proposed model is based on the assumption that the "base" HEP for a particular action depends 
primarily on the effects from three PIFs for Scenario Familiarity, Information Availability and 
Reliability, and Task Complexity.  This element of the model is discussed in Section 4.4.3.2 of 
NUREG-2198.  It is represented in the specific form of Equation 3.5 in the IDHEAS-ECA report 
and Equation 2.3 in this report. 
 
JWS Note:  This comment also applies to Section 3.1.27. 
 
How was the information in Table A27-1 used to objectively examine the validity of the proposed 
primary influence of the PIFs for Scenario Familiarity, Information Availability and Reliability, and 
Task Complexity in the IDHEAS quantification model? 
 
Was this information used to test possible alternative formulations to define, quantify, and 
combine the PIF effects? 
 
33. Section 2.4.9, IDTABLE-27 for Main Drivers to Human Failure Events 
 
I understand the example that is summarized in this section and Table 2-11.  However, when I 
read the paragraph immediately preceding Table 2-11 and the third bullet item in the table, I 
was confused by the discussion of a "water leak" and "water leaking" as a complicating factor.  
Most people interpret a "leak" as water draining out of a tank or a pipe through a physical break 
in the boundary or perhaps through a valve that is not fully closed.  In this scenario, I think that 
actual level in the two intact steam generators was decreasing due to normal steam relief 
through the atmospheric relief valves or the steam generator safety valves.  (The scenario does 
not specify the exact steam release path.)  Actual level in the ruptured steam generator was 
apparently decreasing more slowly, was steady, or was increasing, due to the in-flow of reactor 
coolant.  The normal steam release resulted in decreasing level in the intact steam generators, 
but engineers and operators do not typically characterize that phenomenon as a "water leak". 
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JWS Note:  In principle, the wide-range level instrument malfunctions might have been caused 
by a leak from their reference legs.  I briefly re-read Section 2.3.2 of Reference [23].  It does not 
mention a specific cause for the level instrument malfunctions, and those instruments initially 
responded correctly.  Furthermore, Reference [23] does not mention the term "leak".  Therefore, 
it seems that the "water leak" in this summary is actually the normal steam release. 
 
The summary seems to imply that the "water leak" was an important complicating factor in this 
scenario.  In fact, the malfunctioning level instruments, combined with the in-flow of reactor 
coolant into one steam generator, were the complicating factor.  If the operators had understood 
that actual level was decreasing because steam was flowing out and no water was flowing in, 
they should have recognized the need to initiate bleed and feed cooling. 
 
I think that the summary should be clarified so that analysts can better understand the actual 
scenario context from an operational perspective.  In particular, the summary should clarify the 
fact that actual level in the intact steam generators was decreasing due to the steam release 
with no feedwater makeup, rather than characterizing that condition as a "water leak". 
 
The summary of this scenario in Table A27-1 is slightly different from the summary in Table 
2-11.  Among other small differences, the summary in Table A27-1 does not mention the "water 
leak".  To avoid possible confusion, Table 2-11 and Table A27-1 should contain the same 
summary information. 
 
Is my understanding of the "water leak" in this scenario correct? 
 
Why is the summary of this scenario in Table A27-1 slightly different from that in Table 2-11? 
 
34. Section 2.5.2, The Process of Integrating Human Error Data 
 
The first bullet item under consideration 2) in this section notes that: 
 

"A datapoint has the error rate of a task that requires Understanding and Decisionmaking.  
The reported error rate is thus divided by two for each CFM unless the data source has 
information suggesting otherwise." 

 
For example, suppose that the listed human error probability (HEP) is 3.0E-03, and there is no 
compelling information to indicate that the cognitive failure mode (CFM) for Understanding or 
Decisionmaking has a more important influence on the action.  In that case, an HEP of 1.5E-03 
would be assigned to the Understanding CFM, and an HEP of 1.5E-03 would be assigned to the 
Decisionmaking CFM. 
 
Is that correct? 
 
35. Section 2.5.2, The Process of Integrating Human Error Data 
 
The second bullet item under consideration 2) in this section notes that: 
 

"A datapoint has the error rate for the presence and absence of a base PIF attribute while 
the task was performed with time constraints.  Therefore, the error rate is the probabilistic 
sum of Pt and Pc.  Pt can be estimated as the error rate for the absence of the PIF attribute 
subtracted by the lowest HEP for the CFM, then Pc for the presence of the PIF attribute is 
the reported error rate subtracted by the estimated.  Otherwise, if the data source 
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suggests that the time availability is different for the presence vs. absence of the PIF 
attribute, then Pt needs to be adjusted accordingly."  [emphasis added] 

 
I do not understand this guidance. 
 
The IDHEAS-ECA application uses the general IDHEAS quantification model.  According to that 
model, the "base" human error probability (HEP) for a particular cognitive failure mode (CFM) 
depends primarily on the effects from the three "base" performance-influencing factors (PIFs) 
for Scenario Familiarity, Information Availability and Reliability, and Task Complexity (i.e., 
according to Equation 2.3 in this report).  The "base" HEP is then modified according to a linear 
sum of the weights for the other 17 PIFs (i.e., according to Equation 2.2 in this report). 
 
For example, suppose that the data entry lists two HEPs. 
 
Let 
 
HEPPIFP =  HEP when the "base" PIF attribute is present  (e.g., 5.0E-03) 
 
HEPPIFA =  HEP when the "base" PIF attribute is absent  (e.g., 1.0E-03) 
 
HEPmin =  Minimum HEP for the relevant CFM  (e.g., 1.0E-04) 
 
This guidance seems to indicate that the data are partitioned as follows. 
 
Pt =  HEPPIFA - HEPmin 
 
Pc =  HEPPIFP - ??? 
 
I do not know why the evidence is relevant to an estimate for Pt.  For example, although the 
value for HEPPIFA may not exhibit an evident influence from any of the three "base" PIFs, it may 
be affected by one or more of the other 17 PIFs.  Thus, I do not understand why the first 
calculation is relevant for an estimate of Pt, rather than an estimate for the cognitive HEP (i.e., 
Pc) that results from the combined effects from the other 17 PIFs. 
 
The guidance does not indicate what is done to estimate Pc when the "base" PIF is present.  
However, based on the last sentence, it seems that the missing term in the second calculation 
might be Pt.  If that is the case, then it seems that this guidance would apply the following HEPs. 
 
Pt =  HEPPIFA - HEPmin =  9.0E-04 
 
Pc =  HEPPIFP - Pt =  4.1E-03 
 
My interpretation of the guidance or my assumption that the missing term is Pt may not be 
correct.  In particular, it seems that the effects from the "base" PIF attribute should be 
determined by the difference between HEPPIFP and HEPPIFA.  If that is the case, then Pc from my 
example calculation should be 4.0E-03. 
 
Is my interpretation of this guidance correct? 
 
Why is the evidence for HEPPIFA relevant to an estimate for Pt, rather than an estimate for the 
composite effects on Pc from the other 17 PIFs? 
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What is the missing term in the calculation of Pc? 
 
If that term is Pt, is my example numerical calculation consistent with the guidance? 
 
If the guidance intends that the missing term is Pt, why is Pc not equal to HEPPIFP - HEPPIFA? 
 
36. Section 2.5.2, The Process of Integrating Human Error Data 
 
The third bullet item under consideration 2) in this section notes that: 
 

"If the multi-component error rates cannot be detached, they can be used for the range of 
the base HEPs or PIF weights.  For example, if a datapoint has an error rate measured at 
the presence of two PIF attributes and the data source does not have information about the 
contribution of each individual attribute, then the PIF weight calculated from the error rate 
corresponds to the combined weight of the two attributes, thus the weights of the two 
attributes should be less or at most equal to the calculated weight." 

 
I think that I understand this guidance. 
 
The IDHEAS-ECA application uses the general IDHEAS quantification model.  According to that 
model, the "base" human error probability (HEP) for a particular cognitive failure mode (CFM) 
depends primarily on the effects from the three "base" performance-influencing factors (PIFs) 
for Scenario Familiarity, Information Availability and Reliability, and Task Complexity (i.e., 
according to Equation 2.3 in this report).  The "base" HEP is then modified according to a linear 
sum of the weights for the other 17 PIFs (i.e., according to Equation 2.2 in this report). 
 
For example, suppose that the data entry lists two HEPs. 
 
Let 
 
HEPw1w2 =  HEP when PIF weights w1 and w2 apply  (e.g., 5.0E-03) 
 
HEPBase =  "Base" HEP  (e.g., 1.0E-03) 
 
If the composite effects factor C and recovery factor Re are both 1.0, Equation 2.2 indicates that: 
 
HEPw1w2 / HEPBase =  1 + (w1 - 1) + (w2 - 1) 
 
 =  w1 + w2 - 1 
 
Thus, 
 
(5.0E-03) / (1.0E-03) =  w1 + w2 - 1 
 
or 
 
w1 + w2 =  6 
 
Is that correct? 
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37. Section 2.5.3, Approaches of Integrating Human Error Data for IDHEAS-ECA 
 
The paragraph under approach 1) in this section notes that: 
 

"If there was no high-practicality NPP operational data, the mean of the datapoints were 
used as the initial estimation."  [emphasis added] 

 
The paragraph under approach 2) in this section notes that: 
 

"When there were only a few datapoints or a variety of CFMs and PIFs involved in the 
datapoints, the range of the combined base HEPs or PIF attribute weights was calculated 
and the middle of the range was assigned the base HEP or PIF weight."  [emphasis added] 

 
Fundamental PRA guidance emphasizes that the mean value of the underlying uncertainty 
distribution must always be used for "point estimate" calculations (e.g., for initial quantification of 
the event tree and fault tree models).  Use of median values is appropriate only if the 
uncertainties in the underlying data are characterized by a normal probability distribution, for 
which the median value and the mean value are identical.  For example, if the uncertainty in the 
data is characterized by lognormal probability distribution, use of the median value will provide 
an estimate that is inappropriately lower than the mean value. 
 
The first excerpt explicitly indicates that the analysts used the mean of the available data when 
they applied approach 1).  The second excerpt seems to indicate that the analysts used the 
median of the available data when they applied approach 2). 
 
Why did the analysts select the median value of the available data to represent the base HEP or 
PIF weight when they applied approach 2), rather than the mean value? 
 
38. Section 2.5.3, Approaches of Integrating Human Error Data for IDHEAS-ECA 
 
The paragraph under approach 4) in this section notes that: 
 

"We also used reported rates of human events and estimated HEPs from the NRC 2018 
FLEX HRA expert elicitation as benchmarks to check and adjust some base HEPs and 
PIF weights within their uncertainty ranges."  [emphasis added] 

 
The discussion of approach 1) ranks the various IDHEAS-DATA information sources according 
to their relevance and applicability.  "Expert judgment" is ranked fourth among the five general 
categories.  However, this excerpt seems to indicate that the analysts may have used the 
results from one particular focused expert elicitation to adjust estimates for some "base" human 
error probabilities (HEPs) and performance-influencing factor (PIF) weights that were derived 
from more relevant sources of data.  It is not apparent why that process was used, or why it is 
technically justified for an objective aggregation of the available data. 
 
Why did the analysts use the results from one specific focused expert elicitation to adjust some 
estimates for "base" HEPs and PIF weights? 
 
How is that process consistent with the ranking of the various sources of information? 
 
How is that process consistent with an objective aggregation of the available data? 
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Which specific "base" HEPs and PIF weights in the tables in Appendix B of the IDHEAS-ECA 
report were adjusted, based on that expert elicitation? 
 
39. Section 3.1, Overview of the Data Sources and Summary of the Generalized Data in 

IDHEAS-DATA, General Comments 
 
This section is a good summary of the scope and types of information that are included in each 
data table, with examples that illustrate the analysts' assessments of selected data sources.  
Most subsections contain a summary of the range of estimated human error probabilities 
(HEPs) or performance-influencing factor (PIF) weights that were derived for each cognitive 
failure mode (CFM).  That information is especially useful for analysts to understand the 
uncertainties in the respective estimates.  The "Observations from the Generalized Data" at the 
end of some subsections are also very useful for an understanding of the analysts' perspectives 
on the estimates. 
 
Several subsequent comments compare the lists of specific PIF attributes that are defined in 
this report with the corresponding PIF attributes in NUREG-2198 and the IDHEAS-ECA report.  
The correlations between this report and the IDHEAS-ECA report are particularly important, 
because Section 1.2 indicates that one of the primary purposes of this report is to "document 
the foundation of the base HEPs and PIF weights in IDHEAS-ECA". 
 
Several subsections and tables in Appendix A use PIF attribute designations that are different 
from the designations that are used in the IDHEAS-ECA report.  Some of the differences are 
evident in my comments on specific PIFs.  However, for brevity in these comments, I did not 
explicitly identify every difference.  To avoid unnecessary confusion, I think that consistent 
nomenclature should be used in both reports. 
 
40. Section 3.1.1, IDTABLE-1 for Scenario Familiarity; Section 3.1.2, IDHEAS-DATA 

IDTABLE-2 for Information Completeness and Reliability; Section 3.1.3, IDHEAS-
DATA IDTABLE-3 for Task Complexity 

 
The first bullet item under "Observations from the Generalized Data" in Section 3.1.1 notes that: 
 

"The error rates in these sets of datapoints can vary from 1E-4 to 0.33.  That is up to three 
orders of magnitude.  It is an evidence that the PIF Scenario Familiarity is a base PIF such 
that it alone can drive the HEPs from the lowest to a very high value." 

 
The first bullet item under "Observations from the Generalized Data" in Section 3.1.2 notes that: 
 

"The human error rates in the datapoints from the same data source varied from the range 
of E-3 to close to 1.  This variation is evidence that the PIF, Information Completeness and 
Reliability, is a base PIF.  That PIF alone can drive the HEPs from very low to very high 
values." 

 
The first bullet item under "Observations from the Generalized Data" in Section 3.1.3 notes that: 
 

"Task Complexity can vary human error rates from close to 0 to 1.  Moreover, some 
continuously varying attributes alone can result in error rates from close to 0 to 1.  This 
variation is evidence that the PIF Task Complexity is a base PIF and that it alone can drive 
the HEPs from very low to a very high values." 
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I do not understand why these observations justify the fundamental assumption in the proposed 
IDHEAS quantification model that the "base" human error probability (HEP) for each cognitive 
failure mode (CFM) depends primarily on the effects from the three "base" performance-
influencing factors (PIFs) for Scenario Familiarity, Information Availability and Reliability, and 
Task Complexity. 
 
I certainly did not study each entry in every table in Appendix A in detail.  However, I skimmed 
the tables to gain some understanding of the ranges of the listed HEPs (error rates) for each 
PIF.  The following table summarizes my very quick observations from several tables.  The 
numerical values are rounded to one significant figure from the lowest and highest values that 
are recorded in each table. 
 

Table PIF Lowest HEP Highest HEP 
IDTABLE-5 Workplace Visibility 3E-05 0.6 

IDTABLE-10 Human-System Interface 8E-04 0.9 

IDTABLE-13 Procedures, Guidance, and Instructions 2E-05 1.0 

IDTABLE-14 Training and Experience 1E-05 0.8 

IDTABLE-16 Work Processes 8E-05 0.7 

IDTABLE-19 Time Pressure and Stress 2E-04 0.7 

IDTABLE-20 Physical Demands 1E-05 0.2 
 
Some of these HEPs are also listed in the examples that are discussed in the respective 
summary subsections in Section 3.1.  Furthermore, it seems apparent that some of the attribute 
weights for other PIFs may be rather large, which indicates that those PIFs can have a relatively 
significant effect on human cognitive performance. 
 
Based on these examples, it is not apparent why the range of HEPs that is associated with the 
three specific PIFs for Scenario Familiarity, Information Availability and Reliability, and Task 
Complexity justify the assertion that those PIFs are the primary determinants for human 
cognitive performance and why the proposed IDHEAS quantification model correlates the 
"base" HEPs with only those particular PIFs. 
 
JWS Note:  Broad comparisons of the lowest and highest HEPs that are listed in the tables 
which are cited above do not provide an accurate depiction of the effects from a particular PIF 
on overall human performance.  Specific attributes of a PIF affect the range of HEPs for each 
CFM.  For example, one particular PIF attribute might increase the HEP for CFM X from 3E-05 
to 3E-04, while another attribute might increase the HEP for CFM Y from 0.5 to 0.6.  Therefore, I 
might be accused of inappropriately "cherry-picking" these values without examining the context 
of each HEP.  However, the analysts' broad conclusions about the importance of the three 
"base" PIFs seem to be derived from the same types of global HEP variations and seem to 
suffer from the same lack of scrutiny.  Therefore, I think that this comment is relevant with 
respect to the excerpted assertions.  The next comment provides more perspective on this issue 
from my examination of the data in Table A1-2 (IDTABLE-1). 
 
Did I correctly interpret and extract the range of listed HEPs from each table? 
 
If so, why does the range of HEPs for each PIF justify the assertion that Scenario Familiarity, 
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Information Availability and Reliability, and Task Complexity are the "base" PIFs for the 
proposed IDHEAS quantification model? 
 
What other specific information did the analysts use to justify the conceptual and mathematical 
form of the proposed IDHEAS quantification model? 
 
Based on the overall information in the data tables, did the analysts explore other possible 
formulations of the quantification model? 
 
41. Section 3.1.1, IDTABLE-1 for Scenario Familiarity 
 
JWS Note:  This is a continuation of the immediately preceding comment.  It discusses my 
examination of the data in Table A1-2 (IDTABLE-1) for the Scenario Familiarity performance-
influencing factor (PIF) and what I learned from that examination.  I did not examine Table A2-2 
or Table A3-2 at the same level of detail.  However, it seems that similar observations would 
apply to the data for those PIFs. 
 
The following tables summarize the data in Table A1-2 for the Detection (D), Understanding (U), 
Decisionmaking (DM), and Action Execution (E) cognitive failure modes (CFMs).  Table A1-2 
does not contain any data for the Interteam Coordination (T) CFM. 
 

Detection (D) 
Reference Attribute HEP Weight 

[27] 
  
  
  
  
  

SF0 9.00E-03   
SF1.1 1.40E-02 1.56 
SF1.1 1.30E-02 1.44 
SF1.1 1.06E-01 11.78 
SF2.1 1.06E-01 11.78 
SF2.1 6.70E-02 7.44 

[6] 
  

SF0 2.00E-04   
SF2 4.00E-03 20.00 

[118] 
  

SF0 1.00E-04   
SF1.2 4.10E-04 4.10 

[28] SF0 1.80E-02   
[111] 

  
SF3.2 1.00E-01   
SF3.2 1.00E-01   

[123] SF4 2.00E-01   
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Understanding (U) 
Reference Attribute HEP Weight 

[118] 
  

SF0 1.00E-04   
SF1.2 4.10E-04 4.10 

[26] 
  
  

SF0 7.60E-03   
SF2.1 8.80E-03 1.16 
SF3.1 1.20E-01 15.79 

[88] 
  

SF0 3.80E-03   
SF2.3 6.00E-02 15.79 

[6] 
  

SF0 1.60E-03   
SF4 2.50E-01 156.25 

[6] 
  

SF0 3.50E-04   
SF4 8.20E-03 23.43 

 
 

Decisionmaking (DM) 
Reference Attribute HEP Weight 

[88] 
  

SF0 3.80E-03   
SF2.3 6.00E-02 15.79 

[26] 
  

SF0 5.10E-03   
SF3.1 1.10E-02 2.16 

[4] 
  
  

SF0 1.13E-03   
SF3.1 2.33E-02 20.62 
SF3.1 1.36E-01 120.35 

[122] SF3.3 5.00E-01   
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Action Execution (E) 
Reference Attribute HEP Weight 

[28] 
  

SF0 4.00E-02   
SF2.2 1.77E-01 4.43 

[4] 
  
  
  
  

SF0 6.80E-04   
SF3.1 2.10E-02 30.88 
SF1.1 2.80E-02 41.18 
SF3.1 2.80E-02 41.18 
SF3.2 1.43E-01 210.29 

[4] 
  

SF0 7.42E-04   
SF3.2 7.77E-02 104.72 

[5] 
  
  

SF0 9.78E-04   
SF3.2 2.10E-02 21.47 
SF3.3 3.33E-01 340.49 

[5] 
  

SF0 9.58E-04   
SF3.1 1.42E-02 14.82 

[121] 
  

SF0 9.00E-04   
SF3.2 7.64E-02 84.89 

[6] 
  

SF0 2.30E-03   
SF4 1.32E-02 5.74 

 
My first observation is that these HEP estimates do span the range that is cited in the first bullet 
item under "Observations from the Generalized Data" in Section 3.1.1.  In particular, the HEP 
from Reference [118] for attribute SF0 for Detection and Understanding is 1.0E0-4.  The HEP 
from Reference [5] for attribute SF3.3 for Action Execution is 0.33.  In fact, a slightly higher HEP 
of 0.5 is estimated from Reference [122] for attribute SF3.3 for Decisionmaking. 
 
My most important observation from these data is that it is essential to examine each reference 
separately.  In particular, the absolute HEPs that are reported from each reference are relevant 
only within the context of that specific study.  This is apparent from the variations in the 
"baseline" HEPs that apply for "no impact" attribute SF0.  For example, the Detection HEPs for 
SF0 vary from 1E-04 (Reference [118]) to 1.8E-02 (Reference [28]).  The Action Execution 
HEPs for SF0 vary from 6.8E-04 (Reference [4]) to 4E-02 (Reference [28]).  Thus, it is apparent 
that each study measures human performance for very specific tasks that apply in the context of 
that study, and the respective HEPs cannot be simply aggregated to provide a "generic" 
estimate of the "baseline" HEP for each CFM.  Furthermore, the data cannot be easily used to 
understand how the HEP for a particular CFM varies as a function of the respective PIF 
attributes. 
 
JWS Note:  Table A1-2 does not report HEP values for attribute SF0 from References [111], 
[122], and [123].  Therefore, it is not possible to determine the "baseline" HEPs which may apply 
for the specific activities that are examined in those studies. 
 
My tables list the weights for each PIF attribute that are derived from the reported data, 
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calculated according to Equation 4.6 in the current version of NUREG-2198.  For example, in 
the Detection table, the weight of 1.56 for attribute SF1.1 from Reference [27] was calculated by 
1.4E-02 / 9E-03 = 1.56.  Most references indicate that the effects from the PIF attribute weights 
are in the range of approximately 1.5 to 20.  There are a few notable exceptions.  For example, 
Reference [6] reports an effect of approximately 156 for attribute SF4 for Understanding.  
Reference [4] reports an effect of approximately 120 for attribute SF3.1 for Decsionmaking.  
References [4] and [5] report effects of approximately 105, 210, and 340 for attributes SF3.2 
and SF3.3 for Action Execution.  Thus, my third observation is that it is evident that extreme 
states of specific PIF attributes can have a very significant effect on the HEPs for a particular 
CFM. 
 
My fourth observation is that a PIF attribute has different effects on the HEP for a particular 
CFM, depending on the reference study.  For example, consider the Action Execution results, 
for which the most data are available.  The effects from attribute SF3.1 vary from approximately 
15 (Reference [5]) to approximately 41 (Reference [4]).  The effects from attribute SF3.2 vary 
from approximately 21 (Reference [5]) to approximately 210 (Reference [4]).  This behavior 
might indicate that there is rather large uncertainty in the PIF attribute weights.  However, it also 
seems to raise questions about the way that the attribute weights are defined and applied in the 
general quantification model (i.e., according to Equation 4.6 and Equation 4.7 in the current 
version of NUREG-2198). 
 
In summary, based on these observations, it seems evident that the data in Table A1-2 should 
not be used to draw broad conclusions about the overall significance of Scenario Familiarity as 
a uniquely important "base" PIF, without more careful justification for that assertion.  I think that 
similar dissections of the available data for all 20 PIFs should be performed to objectively 
examine the basis for the proposed quantification model. 
 
42. Section 3.1.2, IDHEAS-DATA IDTABLE-2 for Information Completeness and Reliability, 

Editorial Comments 
 
The general IDHEAS guidance in NUREG-2198, the guidance in the IDHEAS-ECA report, and 
Appendix A2 of this report refer to this performance-influencing factor (PIF) as "Information 
Availability and Reliability".  This section should use consistent nomenclature. 
 
JWS Note:  The term "Information Completeness and Reliability" is also used for this PIF in 
Section 3.1.9 and Section 3.1.22 (and in the Table of Contents). 
 
The second paragraph under "Introduction to the PIF Information Completeness and Reliability" 
notes that: 
 

"(An example was the pressurizer pressure operated relief valve indications at Three-Mile 
Island, which showed that the valves were closed, while one of those was not closed.)"  
[emphasis added] 

 
These valves are typically called "power-operated relief valves" or "pilot-operated relief valves".  
NUREG-KM-0001 indicates that they are apparently called "pilot-operated relief valves" at TMI. 
 
43. Section 3.1.2, IDHEAS-DATA IDTABLE-2 for Information Completeness and Reliability, 

Introduction to the PIF Information Completeness and Reliability 
 
This section notes that: 
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"This PIF is defined as the availability and reliability of key information in personnel's 
performing the macrocognitive functions of Understanding and Decisionmaking, thus the 
PIF affects the CFMs Failure of Understanding and Failure of Decisionmaking.  The effect of 
information quality on other CFMs, Failure of Detection, Action Execution, and Interteam 
Coordination are modeled by other PIFs such as Task Complexity or HSI."  [emphasis 
added] 

 
This assertion is not consistent with the mapping of specific attributes of the performance-
influencing factor (PIF) for Information Availability and Reliability into relevant cognitive failure 
modes (CFMs) in Table B-14 of Appendix B to NUREG-2198.  In particular, three of the 
attributes listed in that table are linked to Detection (D), three are linked to Action Execution (E), 
and ten are linked to Interteam Coordination (T). 
 
JWS Note:  Table B-7 in Appendix B of NUREG-2198 shows links between specific attributes 
for Human-System Interface (HSI) and the CFMs for Detection (D) and Action Execution (E).  
Table B-17 shows links between specific attributes for Task Complexity and the CFMs for 
Detection (D), Understanding (U), Decisionmaking (DM), and Action Execution (E). 
 
JWS Note:  Table B-2 in the IDHEAS-ECA report similarly indicates that the PIF for Information 
Availability and Reliability affects only the CFMs for Understanding and Decisionmaking.  
Please refer to my October 11, 2020 comments on that table in the IDHEAS-ECA report. 
 
What is the basis for the assertion that the PIF for Information Availability and Reliability affects 
only the CFMs for Understanding and Decisionmaking? 
 
44. Section 3.1.3, IDHEAS-DATA IDTABLE-3 for Task Complexity 
 
The "Introduction to the PIF Task Complexity" indicates that the attributes for Detection are 
designated C1 - C7.  Table A3-1 in Appendix A of this report defines attributes C0 - C7 for 
Detection.  Table A3-2 contains data entries for attributes C0 - C7.  Thus, it is apparent that the 
intended range of attributes for Detection is C0 - C7. 
 
Table B-3 in Appendix B of the IDHEAS-ECA report lists only attributes C0 - C6 for Detection.  
The descriptions of attributes C0 - C6 in that table match the summaries of those attributes in 
Table A3-1 in this report.  Thus, it is evident that Table B-3 in Appendix B of the IDHEAS-ECA 
report does not account for the effects from attribute C7. 
 
The range of attributes in the "Introduction to the PIF Task Complexity" should be C0 - C7. 
 
Why does Table B-3 in Appendix B of the IDHEAS-ECA report not include attribute C-7 for 
Detection? 
 
45. Section 3.1.4, IDHEAS-DATA IDTABLE-4 for Workplace Accessibility and Habitability 
 
The "Introduction to the PIF Workplace Accessibility and Habitability" lists the following 
attributes: 
 

• WAH1 - Accessibility (travel paths, security barriers, and sustained habituation of 
worksite) is limited, e.g., traffic or weather impeding vehicle movement 

• WAH2 - The surface of systems, structures, or objects cannot be reached or touched 
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• WAH3 - Habitability is reduced.  Personnel cannot stay long at the worksite or 
experience degraded conditions for work 

• WAH4 - The worksite is flooded or underwater. 
 
Table A4-1 in Appendix A summarizes the attribute descriptions.  In Table A4-1, the designation 
and description for attribute WAH1 are the same as those listed in Section 3.1.4.  However, the 
designations and descriptions of attributes WAH2, WAH3, and WAH4 are not the same as those 
in Section 3.1.4.  (WAH2 in Section 3.1.4 is WAH4 in Table A4-1.  WAH3 in Section 3.1.4 is 
WAH2 in Table A4-1.  WAH4 in Section 3.1.4 is WAH3 in Table A4-1.) 
 
The entries in Table A4-2 for attribute WAH2 seem to be consistent with the description of that 
attribute in Table A4-1.  Table A4-2 contains only one entry for attribute WAH3.  That entry 
seems to be consistent with the description of WAH3 in Table A4-1.  Table A4-2 does not 
contain any entries for attribute WAH4. 
 
JWS Note:  This is probably a simple editorial oversight in Section 3.1.4.  However, because 
the data entries in Table A4-2 are indexed to specific attribute designators, it is important that 
analysts understand and use those designators consistently. 
 
What are the correct designations for these attributes? 
 
46. Section 3.1.4, IDHEAS-DATA IDTABLE-4 for Workplace Accessibility and Habitability, 

Summary of Human Error Data for Workplace Accessibility and Habitability 
 
This section notes that: 
 

"No human error data on task performance were generalized for this PIF.  This is because 
1) the data sources relevant to the PIF attributes did not measure human error rates in 
behavioral task performance, 2) The reported effects on behavioral task performance were 
largely inconsistent due to the relatively small subject samples in the studies, and 3) the 
studies about workplace accessibility such as going into floods were case-specific; 
therefore, the results could not be generalized to other cases without explicitly knowing the 
detailed environmental structures.  As such, the generalized datapoints for this PIF only 
document the qualitative effects on human performance without human error data.  These 
datapoints cannot be used to derive PIF attribute weights.  Nevertheless, they can be used 
as reference information for inferencing or experts' judging the PIF weights."  [emphasis 
added] 

 
I am somewhat confused by this summary. 
 
It seems that Table A4-2 contains estimated error rates for a few activities.  For example, the 
entries for attribute WAH1 from Reference [37] seem to cite specific accident rates. 
 
It also seems that other entries in Table A4-2 may support quantitative evaluations of the 
performance-influencing factor (PIF) attribute weights.  For example, the entries from 
References [148] and [150] (if they are independent) seem to support a weight of 1.75 for 
attribute WAH1 for Action Execution during "adverse weather" and "precipitation". 
 
Several entries in Table A4-2 for attribute WAH2 indicate that the measured performance 
metrics "continuously decrease", "continuously increase", or do not exhibit significant changes 
as the respective conditions are varied.  The sources for those entries are discussed briefly in 
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the "Summary of the Data Sources".  The PIF attribute weights measure a relative effect on 
human performance, rather than an absolute human error probability (HEP).  Therefore, the 
reference studies may contain quantitative information that could be used to derive weights for 
attribute WAH2, despite the fact that they do not report any absolute error rates. 
 
Do some of the cited references for attribute WAH2 contain quantitative measures of human 
performance metrics (e.g., such as the percentage decrease as a function of the varied 
parameter)? 
 
How did the analysts account for quantitative information from Table A4-2 when they derived 
the weights for each attribute? 
 
47. Section 3.1.6, IDHEAS-DATA IDTABLE-6 for Workplace Noise, Summary of Human 

Error Data for Workplace Noise 
 
The summaries conclude that the presence of noise has a generally detrimental effect on each 
macrocognitive function.  It is noted that error rates increase by about 10% to 50% in the 
presence of noise, compared to the baseline error rates (i.e., the attribute weights range from 
about 1.1 to 1.5). 
 
The example tabulation of data from source Category E and the summaries for Decisionmaking 
(DM), Action Execution (E), and Interteam Coordination (T) cite results from Reference [50].  
Those results seem to indicate that the presence of noise improves human cognitive 
performance.  In particular, all of the listed effect sizes from that study are negative numbers.  
The discussion about the Category E data indicates that the standardized effect size measures 
the difference between the mean error rate in the presence of noise and the mean error rate of 
the control group.  Thus, a negative effect size indicates that the mean error rate with noise is 
lower than the mean error rate without noise.  Footnote 'a' to the example tabulation of results 
from Reference [50] seems to confirm that behavior.  Thus, the information from Reference [50] 
seems to contradict the general conclusion that noise is detrimental to human cognitive 
performance. 
 
This section does not contain any "Observations from the Generalized Data", as do the 
summaries for other performance-influencing factors (PIFs).  Therefore, I do not know how the 
analysts treated the apparently anomalous conclusions from Reference [50] when they derived 
the respective PIF attribute weights.  It is noteworthy that almost half of the entries in Table A6-2 
are from Reference [50], and they exhibit this apparent performance improvement for each 
macrocognitive function. 
 
JWS Note:  This comment also applies to the summary of source Category E in Section 3.1.8, 
where it is noted that the results from Reference [56] "indicate that vibration acts to degrade 
goal-related activities…".  All entries from Reference [56] in Table A8-2 cite negative effect size 
values.  The summary for Detection (D) at the end of Section 3.1.8 also cites negative values 
from Reference [56] as evidence of reduced visual perception. 
 
JWS Note:  This comment also applies to the summary of source Category E in Section 3.1.19.  
The example from Reference [81] lists negative effect size values for Perception (D) and 
Cognition (U & DM) accuracy.  It contains a positive value for Motor (E) accuracy.  The 
tabulated example notes that: "Effect-size is a standardized mean difference between the 
experimental and control conditions".  The discussion in the text notes that: "The results suggest 
that time pressure impairs Understanding and Decisionmaking accuracy more than it does 
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Detection,...".  The effect size values show reverse influences (i.e., opposite signs) on response 
time. 
 
JWS Note:  This comment also applies to the entries in Table A24-1 from Reference [54].  
Those entries cite positive and negative values for the effect size. 
 
JWS Note:  After reading several examples, I am reasonably confident that a negative effect 
size value in this report means that performance is worse under the applied conditions, 
compared to nominal performance.  In other words, despite what I have read elsewhere, I think 
that the effect size in this report is calculated by: [(mean error rate of control group) minus 
(mean error rate under applied conditions)], divided by (standard deviation).  However, the 
discussions about what the effect size measures, and especially footnote 'a' in the example in 
Section 3.1.6, certainly introduce confusion.  I also noted that References [50], [54], [56], [81], 
[172], and [173] share a common author.  So perhaps they define the effect size differently from 
other references.  And I could be wrong. 
 
Did I correctly interpret the results from Reference [50]? 
 
In particular, do the cited negative effect size values from Reference [50] imply that human 
performance improved in the presence of noise? 
 
If that is not the appropriate interpretation of the results from Reference [50], how should 
readers interpret those results, and what does footnote 'a' to the example tabulation mean? 
 
How did the analysts use the results from Reference [50] when they derived the weights for 
each PIF attribute? 
 
In summary, does a negative effect size value mean that performance is better or worse under 
the applied conditions? 
 
48. Section 3.1.7, IDHEAS-DATA IDTABLE-7 for Workplace Temperature, Editorial 

Comments 
 
The general IDHEAS guidance in NUREG-2198, the guidance in the IDHEAS-ECA report, and 
Appendix A7 of this report refer to this performance-influencing factor (PIF) as "Cold / Heat / 
Humidity".  This section should use consistent nomenclature. 
 
The "Introduction to the PIF Workplace Temperature" lists the attributes as TMP1, TMP2, and 
TMP3.  Table A7-1 in Appendix A7 lists the attributes as TEP1, TEP2, and TEP3.  Table A7-2 in 
Appendix A7 contains a mixture of TEP1, TMP1, TEP2, and TMP2.  Table A7-2 does not 
contain any entries for TEP3 or TMP3.  The text in Section 3.1.7 and the tables in Appendix A7 
should use consistent nomenclature. 
 
An error rate of 0.23 is listed for task T2 at 25 °C in the example tabulation of the data from 
Reference [51].  The error rate listed in Table A7-2 for that condition is 0.22. 
 
The example of Category D data cites Reference [52].  Table A7-2 lists Reference [175] as the 
source of those estimates.  From the list in Section 5, it seems that Reference [52] is the 
applicable citation.  However, I do not know if Reference [175] may reproduce the results from 
Reference [52], since both references apparently apply to human performance at offshore oil 
and gas facilities. 
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Are all references that are listed in the tables in Appendix A1 through Appendix A27 consistent 
with the reference numbers in Section 5? 
 
49. Section 3.1.7, IDHEAS-DATA IDTABLE-7 for Workplace Temperature, Summary of 

Human Error Data for Workplace Temperature 
 
The summaries conclude that slightly elevated and slightly reduced temperatures have 
generally modest detrimental effects on most macrocognitive functions.  (Some studies 
apparently measured small improvements in some elements of Understanding at slightly 
elevated temperatures.)  For example, the attribute weights for those conditions range from less 
than 1.1 to about 2.  However, the summaries conclude that temperatures above approximately 
90 °F and very cold temperatures have a much more significant detrimental effect on human 
cognitive performance. 
 
A wide range of environmental conditions may apply for personnel actions that are evaluated 
during a variety of PRA event scenarios.  The assessments of some performance-influencing 
factors (PIFs) include multiple subdivisions of specific attributes to account for a range of the 
measured effects.  For example, the attribute definitions for Scenario Familiarity in Table A1-1 
and Information Availability and Reliability in Table A2-1 show those types of distinctions.  The 
numerous Task Complexity attributes for each cognitive failure mode in Table A3-1 also 
correspond to varying degrees of each effect.  Based on the summarized information, it seems 
that a further subdivision of the attributes for this PIF is needed to appropriately account for 
these conditions (e.g., into at least two subcategories for each attribute). 
 
Why are attributes TMP1 and TMP2 (or TEP1 and TEP2) not subdivided to account for the 
relative severity of high and low temperatures, with corresponding distinctions in the estimated 
attribute weights? 
 
50. Section 3.1.8, IDHEAS-DATA IDTABLE-8 for Resistance to Personnel Movement, 

Editorial Comment 
 
The general IDHEAS guidance in NUREG-2198 and Appendix A8 of this report refer to this 
performance-influencing factor (PIF) as "Resistance to Physical Movement".  This section 
should use consistent nomenclature. 
 
51. Section 3.1.8, IDHEAS-DATA IDTABLE-8 for Resistance to Personnel Movement, 

Introduction to the PIF Resistance to Personnel Movement 
 
This section notes that: 
 

"Resistance to Personnel Movement has four attributes as follows:"  [emphasis added] 
 
The bullet items in this section discuss four examples of situations that impose resistance to 
physical movement.  However, this section and Table A8-1 in Appendix A8 define only three 
attributes for this performance-influencing factor (PIF).  It seems that attribute PR1 combines 
the effects from the externally-imposed forces that are noted in the first bullet item, and the 
effects from other situations that are discussed in the second bullet item.  The causes for 
postural instability that are discussed in the second item may occur in plant locations and during 
scenarios when the external forces are not present (e.g., when it is necessary to balance on wet 
grating, use ladders or scaffolding, make precarious contortions, etc. to perform an action). 
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Table B-5 in Appendix B of the current version of NUREG-2198 lists five attributes for this PIF.  
The first four attributes in that table correspond to the four bullet items that are discussed in this 
section.  The fifth attribute in Table B-5 seems to be intended for some very specific situations 
that may not apply for the general taxonomy, or which may be subsumed in the first attribute. 
 
The IDHEAS-ECA report includes this PIF in the evaluation of Environmental PIFs, as 
represented by the six attributes ENV8 through ENV13 in Table B-4 of Appendix B to that 
report. 
 
Why does this report define only three attributes for this PIF, rather than four? 
 
In particular, why are the effects from externally-imposed forces and other causes for postural 
instability combined in attribute PR1? 
 
How are the six attributes that are listed in Table B-4 of Appendix B to the IDHEAS-ECA report 
related to the three attributes that are defined and evaluated in this report? 
 
52. Section 3.1.8, IDHEAS-DATA IDTABLE-8 for Resistance to Personnel Movement, 

Summary of the Data Sources 
 
The summary of Category D in this section notes that: 
 

"Two sources of expert judgment data were generalized for this PIF.  The expert judgment 
of HRA for nuclear facility operation [37] estimated the HEPs for vehicle accidents under 
different weather and traffic conditions."  [emphasis added] 

 
Table A8-2 in Appendix A8 does not contain any entries that are attributed to Reference [37].  A 
quick search of Appendix A indicates that Reference [37] is cited in Tables A3-2, A4-2, A5-2, 
and A20-2. 
 
If Reference [37] contains estimates that are relevant to this performance-influencing factor 
(PIF), why does Table A8-2 not contain that information? 
 
53. Section 3.1.8, IDHEAS-DATA IDTABLE-8 for Resistance to Personnel Movement, 

Summary of the Data Sources 
 
A preceding comment addresses the definitions of the attributes for this performance-influencing 
factor (PIF). 
 
The summary of Category E in this section discusses an example of the generalization of 
information from Reference [57].  The example indicates that the information is relevant to 
attribute PR4.  That attribute is not part of the taxonomy that is defined in this section or in Table 
A8-1 in Appendix A8.  Table A8-2 does not contain the estimates that are cited in the example. 
 
A quick search of Appendix A indicates that the specific information that is cited in this example 
is recorded in Table A4-2 for Workplace Accessibility and Habitability attribute WAH1 for Action 
Execution (E).  No other table in Appendix A cites information from Reference [57]. 
 
What is attribute PR4 for this PIF? 
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How are the attributes for Workplace Accessibility and Habitability related to the attributes for 
Resistance to Physical Movement? 
 
If Reference [57] contains estimates that are relevant to this PIF, why does Table A8-2 not 
contain that information? 
 
54. Section 3.1.9, IDHEAS-DATA IDTABLE-9 for System and Instrument & Control 

Transparency to Personnel 
 
The discussions in this section are good.  I understand why limited empirical data are available 
to directly estimate human error probabilities (HEPs) or weights for the performance-influencing 
factor (PIF) attributes.  I am somewhat surprised that no other nuclear power plant simulator 
testing experience is available to support this evaluation, in addition to the cited Halden report. 
 
This section emphasizes digital instrumentation and control systems, displays, and the effects 
from automation.  How those systems function during an evolving scenario and how personnel 
rely on their operation are certainly important elements of this PIF.  However, I think that the 
introduction, and perhaps some of the summary information, should also emphasize other 
features of system performance that are represented by this PIF, so that analysts have a more 
complete perspective of its scope and intended use. 
 
For example, specific instrumentation may be designed to fail low, fail high, or fail as-is when it 
is deenergized.  However, personnel may not be fully aware of those failure modes, and they 
may misinterpret the actual plant status during scenarios that involve partial or total losses of 
power.  Similarly, several types of valves typically fail open or fail closed when their motive force 
is removed (e.g., valves that are solenoid-operated, air-operated, hydraulically-operated, etc.).  
Those failures can place systems in unexpected alignments, block flows, or divert flows in ways 
that are not anticipated by the operators and their guidance.  In response to unanticipated 
combinations of input signals, some integrated protection and control systems may produce 
signals to start equipment, trip equipment, or realign valves in unexpected ways.  For example, 
unnecessary equipment protection signals may override expected control signals. 
 
This PIF is intended to account for the functional effects from these types of scenario-specific 
system responses and how they affect personnel understanding of the actual plant status, in 
addition to the elements that are emphasized in this discussion. 
 
JWS Note:  Experience has shown that partial failures of AC power, DC power, instrument air, 
and other support systems often place systems in more confusing alignments, compared to 
complete failures of those support systems.  Partial power failures may also present more 
confusing information to the operators, especially if some instrumentation fails as-is.  That is 
why personnel typically cope better with a station blackout, compared to other more complex 
scenarios. 
 
Should the introduction to this section also emphasize these elements of this PIF? 
 
How does the SACADA database compile information for this PIF? 
 
55. Section 3.1.10, IDHEAS-DATA IDTABLE-10 for Human-System Interface, Summary of 

the Data Sources 
 
The summary of source Category A notes that: 
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"For example, the task 'Operating a control element on a panel' had the error rate 1.6E-3 
(7/3588) for selecting the incorrect control elements, and the contributing PIF was 'Wrong 
control element within reach and similar in design.' This is generalized to IDHEAS-DATA 
IDTABLE-10 for the CFM Failure of Action Execution with PIF attribute HSI8 'Similarity in 
control elements'….The following shows the datapoint generalized from this example."  
[emphasis added] 

 
JWS Note:  A preceding comment addresses inconsistencies between the cited error rates and 
the numbers of errors and demands that are reported from References [4] and [5]. 
 
I have several observations about this example. 
 
• The tabulated example in this section does not illustrate how the data that are discussed in 

the text are generalized for attribute HSI8.  The tabulated example uses a different data 
point from Reference [4]. 

 
• The text in Section 3.1.10 indicates that the cited data apply for the Action Execution (E) 

cognitive failure mode (CFM).  The tabulated example in Section 3.1.10 lists Detection (D) 
as the relevant CFM.  The entries for these data items in Table A10-2 (i.e., the item in the 
text and the item in the tabulated example) do not list a relevant CFM.  Furthermore, none of 
the data entries in Table A10-2 for attribute HSI8 from References [4] and [5] list a relevant 
CFM. 

 
• The tabulated example in Section 3.1.10 cites Reference [4] as the data source.  The entry 

for this data item in Table A10-2 cites Reference [5]. 
 
• The text in Section 3.1.10 lists evidence of 7 errors in 3588 demands for "Operating a 

control element on a panel".  The entry for this data item from Reference [5] in Table A10-2 
lists evidence of 7 errors in 4588 demands. 

 
Why is the discussion of the example in this section not internally consistent, and why is it not 
consistent with the entries in Table A10-2? 
 
Why do the data entries in Table A10-2 for attribute HSI8 from References [4] and [5] not list a 
relevant CFM? 
 
What is the correct evidence for the data item that is cited in the text in Section 3.1.10? 
 
56. Section 3.1.10, IDHEAS-DATA IDTABLE-10 for Human-System Interface, Summary of 

the Data Sources 
 
The summary of source Category B notes that: 
 

"No operational data from other domains were generalized given that there were already 
many datapoints from NPP human performance databases." 

 
The data that are summarized in this report should support quantification of human error 
probabilities (HEPs), performance-influencing factor (PIF) attribute weights, and the 
uncertainties in those estimates.  Thus, it is important to compile as much relevant information 
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as possible from many different sources.  The breadth and depth of that information is 
particularly important to support quantitative evaluations of the uncertainties in the weights for 
each of the 14 attributes for this PIF. 
 
Table A10-2 contains the following number of data entries for each attribute: 
 
• 3 for HSI1, 1 for HSI2, 3 for HSI3, 2 for HSI4, 6 for HSI5, 1 for HSI6, 1 for HSI7, 10 for HSI8, 

1 for HSI9, 1 for HSI10, 0 for HSI11, 3 for HSI12, 1 for HSI13, 0 for HSI14 
 
JWS Note:  This comment also applies to the summaries of source Category C, Category D, 
and Category E, where it is similarly noted that only a relatively small sample of the available 
data from each category were selected, due to the large amount of data that are already 
recorded in Table A10-2.  (Only one estimate from source Category D was used, and no data 
were selected from source Category E.) 
 
JWS Note:  This comment also applies to any other PIFs where the analysts actively decided to 
truncate the data selections because they concluded that sufficient data are already available. 
 
What is the basis for the analysts' conclusion that the information that is currently summarized in 
Table A10-2 is adequate to support appropriate quantitative evaluations of the mean value and 
the uncertainty in the weight for every PIF attribute? 
 
Why is the information from other domains and other data sources not relevant for these 
evaluations, especially for quantification of the uncertainties? 
 
57. Section 3.1.10, IDHEAS-DATA IDTABLE-10 for Human-System Interface, Summary of 

Generalized Human Error Data for HSI, Observations from the Data Sources 
Reviewed, General Comment 

 
The summaries for Understanding (U), Decisionmaking (DM), and Interteam Coordination (T) 
note that no relevant data were identified for these cognitive failure modes (CFMs).  As 
discussed in the final paragraph, that experience is also consistent with Table B-7 in Appendix B 
of the current version of NUREG-2198, which indicates that the Human-System Interface 
performance-influencing factor (PIF) is most relevant to the CFMs for Detection (D) and Action 
Execution (E). 
 
JWS Note:  The entry in Table A10-2 for attribute HSI3 from Reference [198] indicates that the 
data point applies to the CFM for Understanding (U). 
 
58. Section 3.1.11, IDHEAS-DATA IDTABLE-11 for Portable Equipment, Tools, and Parts, 

Editorial Comment 
 
The general IDHEAS guidance in NUREG-2198 refers to this performance-influencing factor 
(PIF) as "Tools and Parts Availability and Usability".  The guidance in the IDHEAS-ECA report 
and Appendix A11 of this report refer to this PIF as "Equipment and Tools".  This section should 
use nomenclature that is consistent with Appendix A11 and the IDHEAS-ECA report. 
 
59. Section 3.1.11, IDHEAS-DATA IDTABLE-11 for Portable Equipment, Tools, and Parts, 

Introduction to the PIF Portable Equipment, Tools, and Parts 
 
The second paragraph in this section contains a long discussion about FLEX equipment, how 
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that equipment might be used, and how it might be included in a particular plant's administrative 
programs.  The paragraph concludes with: 
 

"Many nuclear power plants have considered using FLEX equipment during non-FLEX-
designed accident scenarios and are taking credit for the additional equipment and 
mitigation strategies in their probabilistic risk assessments (PRAs).  Consequently, many 
NPPs may begin to include FLEX in the Maintenance Rule and Systematic Approach to 
Training (SAT).  Thus, HRA analysts may evaluate FLEX equipment in the same way as 
evaluating HSIs."  [emphasis added] 

 
I do not think that it is appropriate for this report to explicitly discuss the FLEX equipment or to 
speculate about how that equipment might be used or controlled administratively at a particular 
plant.  I disagree very strongly with the excerpted text, and especially the highlighted sentence. 
 
This discussion provides "NRC-approved" guidance for assumptions that analysts might make 
and guidance for how those analysts should perform a human reliability analysis (HRA).  That 
guidance is not appropriate for the intent of this report.  In particular, this report should contain 
an objective evaluation of the data that are available to support quantification of the effects from 
the 20 performance-influencing factors (PIFs) that are defined in the IDHEAS methodology.  
The plant-specific event scenarios during which particular combinations of PIF attributes apply, 
the human failure events (HFEs) that are defined during those scenarios, and the specific tools 
and equipment (FLEX or otherwise) that personnel must use to accomplish the needed actions 
are elements of the HRA, not this data summary. 
 
Why does this section contain this focused discussion about FLEX equipment? 
 
Why does this section contain guidance for how to perform an HRA? 
 
Can the entire discussion about FLEX equipment be simply removed from this section (i.e., 
rather than modified or elaborated further), without altering an analyst's basic understanding of 
the scope of this PIF and how the supporting data are organized? 
 
60. Section 3.1.11, IDHEAS-DATA IDTABLE-11 for Portable Equipment, Tools, and Parts, 

Introduction to the PIF Portable Equipment, Tools, and Parts 
 
This section and Table A11-1 in Appendix A11 define four attributes for this performance-
influencing factor (PIF). 
 
Table B-8 in Appendix B of the current version of NUREG-2198 and Table B-7 in Appendix B of 
the IDHEAS-ECA report list six attributes for this PIF.  Both reports use essentially the same 
attribute descriptions. 
 
Based on the summaries in this section and the more detailed information in Table A11-1, it 
seems that the four attributes in this report are related to the six IDHEAS-ECA attributes as 
follows: 
 
• Attribute ETP1 in this report corresponds to IDHEAS-ECA attribute TP1. 
 
• Attribute ETP2 in this report seems to include IDHEAS-ECA attributes TP3 and TP6. 
 
• Attribute ETP3 in this report corresponds to IDHEAS-ECA attribute TP4. 
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• Attribute ETP4 in this report seems to include IDHEAS-ECA attributes TP2 and TP5. 
 
It is not apparent why attribute ETP2 combines the effects from IDHEAS-ECA attribute TP3 for 
equipment operability when it is needed and attribute TP6 for configuration control of all needed 
equipment, tools, and parts.  It is also not apparent why attribute ETP4 combines the effects 
from IDHEAS-ECA attribute TP2 for clarity of equipment failure modes and operational limits 
and attribute TP5 for personnel familiarity with the equipment and experience with its use. 
 
Did I correctly interpret the relationships between the attributes in this report and the attributes 
that are used in the IDHEAS-ECA guidance? 
 
Why does this report define only four attributes for this PIF, rather than six? 
 
How are the data for attribute ETP2 in this report partitioned between IDHEAS-ECA attributes 
TP3 and TP6? 
 
How are the data for attribute ETP4 in this report partitioned between IDHEAS-ECA attributes 
TP2 and TP5? 
 
61. Section 3.1.11, IDHEAS-DATA IDTABLE-11 for Portable Equipment, Tools, and Parts, 

Summary of the Data Sources 
 
The summary of source Category A notes that: 
 

"No NPP operational data on human failures with ETPs were identified.  There have been 
operational experience notifications on FLEX equipment that did not work properly due to 
human errors." 

 
The reference to notifications about FLEX equipment is appropriate for this section. 
 
Operating experience from the use of fire trucks, hoses, portable extinguishers, and other fire 
fighting equipment is relevant to this performance-influencing factor (PIF).  The operating 
experience may not contain estimates of human error probabilities (HEPs), but it may contain 
other relevant information for specific PIF attributes.  Training records may also contain relevant 
information about the use of fire fighting equipment. 
 
Analyses of the risk from internal fires often quantify credit for the use of portable fire 
suppression equipment to stem the growth of a fire.  Some "pre-FLEX" PRAs have also 
evaluated the use of fire trucks and hoses as alternative sources of water for makeup to tanks, 
core cooling, or containment heat removal.  Therefore, expert judgment estimates of HEPs for 
the use of that equipment may be available. 
 
Did the analysts search for operating experience or other data sources that pertain to the use of 
fire fighting equipment at nuclear power plants and other industrial facilities? 
 
62. Section 3.1.11, IDHEAS-DATA IDTABLE-11 for Portable Equipment, Tools, and Parts, 

Summary of the Data Sources 
 
The summary of source Category D notes that: 
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"Even in the non-FLEX designed scenario, personnel are still challenged with scenario 
unfamiliarity and rare use of the equipment.  The estimated HEPs for the tasks of 
transporting, connecting, and operating the FLEX equipment were much higher than those 
for operating the routine stationary equipment."  [emphasis added] 

 
I am a bit confused about the intended use of these estimates. 
 
The reference study estimated human error probabilities (HEPs) for the use of FLEX equipment 
during a "FLEX scenario" that involved extensive seismic damage and during a "non-FLEX 
scenario" that involved a different cause for a station blackout.  The HEPs for both the "FLEX 
scenario" and the "non-FLEX scenario" pertain to the use of the same equipment, including its 
transportation and connection, but in different scenario contexts with different composite 
performance-influencing factors (PIFs). 
 
The text seems to imply that the "non-FLEX" error rates may apply for the use of "routine 
stationary equipment" and that the higher "FLEX" error rates can be used to estimate the weight 
for attribute ETP4.  That is not an appropriate interpretation and use of these estimates. 
 
If that interpretation of the text is not correct, then it seems that the reference study should also 
contain expert estimates of HEPs for the use of "routine stationary equipment".  The experts 
estimated the "non-FLEX" and "FLEX" HEPs for very specific scenarios.  It does not seem 
appropriate to compare those estimates with "generic" estimates of HEPs for the use of "routine 
stationary equipment" that are derived from other sources, which do not consistently account for 
input from the same experts. 
 
Why does the summary text imply that the "non-FLEX" HEPs apply for operating "routine 
stationary equipment"? 
 
If that is not the intended interpretation of the text, what information is available from the 
reference study that pertains to consistent expert estimates of HEPs for the operation of "routine 
stationary equipment"? 
 
How are the estimates in this example used to evaluate the weight for attribute ETP4? 
 
63. Section 3.1.12, IDHEAS-DATA IDTABLE-12 for Staffing, Introduction to the PIF 

Staffing 
 
This section and Table A12-1 in Appendix A12 define four attributes for this performance-
influencing factor (PIF). 
 
Table B-9 in Appendix B of the current version of NUREG-2198 lists five attributes for this PIF.  
Table B-8 in Appendix B of the IDHEAS-ECA report lists six attributes for this PIF.  Attribute 
STA2 in the IDHEAS-ECA report does not seem to correspond to any of the attributes in 
NUREG-2198.  Otherwise, both reports use essentially the same descriptions for the other five 
attributes. 
 
Based on the summaries in this section and the more detailed information in Table A12-1, it 
seems that the four attributes in this report are related to the six IDHEAS-ECA attributes as 
follows: 
 
• Attribute STA1 in this report corresponds to IDHEAS-ECA attribute STA1. 



11/02/2020 Page 47 of 109 JWS 

 
• Attribute STA2 in this report seems to include IDHEAS-ECA attributes STA3 and STA4. 
 
• Attribute STA3 in this report corresponds to IDHEAS-ECA attribute STA5. 
 
• Attribute STA4 in this report corresponds to IDHEAS-ECA attribute STA6. 
 
The attributes in this report do not seem to include IDHEAS-ECA attribute STA2 for the 
availability of personnel to perform cross-checking.  It is not apparent why attribute STA2 in this 
report combines the effects from IDHEAS-ECA attribute STA3 for specification of staff roles and 
responsibilities and attribute STA4 for assignment of personnel with the appropriate skill sets. 
 
Did I correctly interpret the relationships between the attributes in this report and the attributes 
that are used in the IDHEAS-ECA guidance? 
 
Why does this report define only four attributes for this PIF, rather than six? 
 
How do the attributes in this report account for IDHEAS-ECA attribute STA2? 
 
How are the data for attribute STA2 in this report partitioned between IDHEAS-ECA attributes 
STA3 and STA4? 
 
64. Section 3.1.13, IDHEAS-DATA IDTABLE-13 for Procedure, Guidance, and Instruction, 

Introduction to the PIF Procedure, Guidance, and Instruction, Editorial Comment 
 
This section notes that Reference [70] contains information about computer-based procedures 
in nuclear power plant control rooms.  I do not have a copy of that reference.  However, 
Reference [70] in Section 5 does not seem relevant to this topic. 
 
65. Section 3.1.13, IDHEAS-DATA IDTABLE-13 for Procedure, Guidance, and Instruction, 

Summary of Generalized Human Error Data for Procedure, Guidance, and Instruction,  
Editorial Comment 

 
This section notes that: 
 

"About half of the datapoints generalized in IDHEAS-DATA IDTABLE-13 have unspecific 
CFMs, the other half have the data about PGI attributes on Failure of Execution.  Thus, the 
data generalized so far do not have information specific to Failure of Detection, 
Understanding, or Decisionmaking."  [emphasis added] 

 
Table A13-2 contains 23 separate entries.  About one-fourth of the entries (6) show "Unsp" as 
the relevant cognitive failure mode (CFM).  One entry lists Detection (D) as the relevant CFM, 
and two entries indicate that they apply for Detection and Action Execution (D/E). 
 
66. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Editorial 

Comment 
 
The general IDHEAS guidance in NUREG-2198, the guidance in the IDHEAS-ECA report, and 
Appendix A14 of this report refer to this performance-influencing factor (PIF) as only "Training".  
This section should use consistent nomenclature. 
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If necessary, the introduction can discuss the notion that "training" broadly includes formal 
classroom instruction, simulator exercises, emergency response drills, on-the-job training, and 
the experience that personnel gain during the performance of their normal duties. 
 
67. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Introduction 

to the PIF Training and Experience 
 
This section and Table A14-1 in Appendix A14 define seven major attributes for this 
performance-influencing factor (PIF).  Attribute TE2 is subdivided further into three more 
detailed elements, which pertain to training for skill-, rule-, and knowledge-based performance. 
 
Table B-11 in Appendix B of the current version of NUREG-2198 lists 14 attributes for this PIF.  
Table B-10 in Appendix B of the IDHEAS-ECA report lists 13 attributes for this PIF.  Please refer 
to my October 11, 2020 comments on the IDHEAS-ECA report for questions about how the 13 
IDHEAS-ECA attributes are correlated to the 14 attributes in NUREG-2198. 
 
Preceding comments have compared the specific attributes for other PIFs in this report with the 
attributes that are used in the IDHEAS-ECA guidance.  In the interest of some brevity in these 
comments, I will not make that attribute-by-attribute comparison for this PIF.  However, it is 
apparent that the detailed elements of attribute TE2 in this report do not correspond to any of 
the IDHEAS-ECA attributes.  Thus, evaluations of the seven major attributes in this report must 
be correlated to the 13 attributes that are used in the IDHEAS-ECA guidance. 
 
Why does this report define only seven attributes for this PIF, rather than 13? 
 
How are the attributes in this report correlated to the attributes in the IDHEAS-ECA guidance? 
 
In particular, how are the data for composite attributes in this report partitioned among the 
respective IDHEAS-ECA attributes? 
 
68. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Summary of 

the Data Sources 
 
The summary of source Category A notes that: 
 

"The assumption in the data sources of Category A is that NPPs have SAT for operator 
training." 

 
I do not think that this assumption is needed, or appropriate, for this study. 
 
The "Introduction to the PIF Training and Experience" notes that: 
 

"Yet, not all NPP job aspects are under SAT." 
 
For the purposes of this report, I do not understand why it is necessary to assume that all plants 
have adopted the Systematic Approach to Training (SAT) for every activity for which relevant 
experience may be available.  This report should document an objective compilation of data 
from as many relevant sources as possible, without applying pre-existing biases about the 
quality or effectiveness of any particular plant-specific training program.  For example, a plant 
may have nominally adopted SAT, but it may not have been implemented effectively for certain 
types of activities.  In principle, the experience data from that plant would then show higher error 
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rates for those activities, due to the inadequate training.  Those data are directly relevant for the 
evaluation of this performance-influencing factor (PIF). 
 
JWS Note:  This summary cites an example of data from References [4] and [5].  Those 
references are from operating experience at German nuclear power plants, which may not have 
adopted SAT in the same way that it is currently applied in the U.S.  However, the data are 
certainly relevant for this PIF. 
 
JWS Note:  This comment also applies to the speculation about the adequacy of SAT in the last 
sentence in the "Summary of Generalized Human Error Data". 
 
Why is it necessary to assume that all plants have SAT for every activity for which relevant data 
may be available? 
 
How did that assumption affect the analysts' selection or evaluation of specific data points? 
 
69. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Summary of 

the Data Sources 
 
The summary of source Category B describes an example from Reference [73].  The example 
tabulation in this section indicates that the data apply to attribute TE2.2.  The entry for this item 
in Table A14-2 indicates that the data apply to attribute TE2.3.  Table A14-1 indicates that 
attribute TE2.2 applies for rule-based activities, and attribute TE2.3 applies for knowledge-
based activities. 
 
JWS Note:  The entry in Table A14-2 does not explain what "OLD" means.  That information is 
important for analysts to understand the distinctions among the data. 
 
What is the relevant attribute (or attributes) for this item? 
 
70. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Summary of 

the Data Sources 
 
The summary of source Category C describes an example from Reference [74].  The example 
tabulation in this section indicates that the data apply to attribute TE1.  The entry for this item in 
Table A14-2 indicates that the data apply to attributes TE1 and TE2.1.  Table A14-1 indicates 
that attribute TE1 applies for the frequency of training, and attribute TE2.1 applies for skill-based 
activities. 
 
What is the relevant attribute (or attributes) for this item? 
 
71. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Summary of 

the Data Sources 
 
The summary of source Category C describes an example from Reference [74].  I do not have a 
copy of that reference.  The summary notes that: 
 

"…15 graduate students with five-year nuclear engineering backgrounds were trained on 14 
tasks in three nuclear power plant emergency operation scenarios.  They were tested 
immediately before and after training as well as six months later."  [emphasis added] 
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This implies that all reported data apply for the group of 15 students.  The summary also notes 
that: 
 

"The error rates increased twice after six months.  The result indicates that the retention of 
trained skills and knowledge dramatically decrease after six months of not using them."  
[emphasis added] 

 
I understand that the data for condition 1B measure the performance before training, and the 
data for condition 1A measure the performance immediately after training.  I do not understand 
what condition 2B means.  The information under "PIF measure" simply notes that: 
 

"2B - 6 months later before training" 
"2A - 6 months later after training" 

 
I think that I understand what "6 months later after training" means.  I initially had absolutely no 
idea what "6 months later before training" means.  That is why I worked through the following 
comparisons.  I am still not completely sure what that cryptic phrase is intended to convey. 
 
I have the following observations from the data. 
 
• The error rates under 2A are different from the error rates under 2B.  Therefore, it seems 

apparent that conditions 2A and 2B apply to different effects from training. 
 
• The data under 2A indicate that the SGTR error rate decreased by a factor of 3.5, 

compared to the error rate under 1A (i.e., 0.04 for 2A, vs. 0.14 for 1A).  These data seem to 
refute the assertion that higher error rates were observed six months after training. 

 
• The data under 2A indicate that the SLB error rate increased by a factor of 1.6, compared to 

the error rate under 1A (i.e., 0.16 for 2A, vs. 0.1 for 1A). 
 
Because I do not understand what condition 2B means, I do not know which data are relevant 
for comparison. 
 
• The data under 2B indicate that the SGTR error rate is a factor of 2 higher than the error 

rate under 1A (i.e., 0.28 for 2B, vs. 0.14 for 1A). 
 
• The data under 2B indicate that the SGTR error rate is about 38% lower than the error rate 

under 1B (i.e., 0.28 for 2B, vs. 0.45 for 1B). 
 
• The data under 2B indicate that the SLB error rate is a factor of 3.5 higher than the error 

rate under 1A (i.e., 0.35 for 2B, vs. 0.1 for 1A). 
 
• The data under 2B indicate that the SLB error rate is about 20% lower than the error rate 

under 1B (i.e., 0.35 for 2B, vs. 0.44 for 1B). 
 
After working through this comment, I think that the data may actually apply for two groups of 
students.  One group received training and the other did not.  Condition 1B reports performance 
of all students, before anyone received training.  Condition 2A reports performance of the group 
who received training, as measured 6 months after that training.  In other words, to measure the 
effects from the six-month interval, the data under 2A should be compared to the data under 1A.  
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Comparison of the data under 2A with the data under 1B provides a measure of how the 
residual effects from training may improve performance, even after six months. 
 
I think that condition 2B may report performance of the group who never received training, as 
measured at the same 6-month time.  If that is the case, then the data under 2B should be 
compared to the data under 1B.  Those data show that the measured performance may have 
improved (without further explanation), but performance of the untrained group remained 
relatively constant.  However, the summary does not clearly describe how the study was 
conducted, and the confusing "6 months later before training" does not provide that perspective. 
 
If, in fact, the data under 2A should be compared to the data under 1A, it is not apparent why 
the SGTR data support the assertions that higher error rates were observed six months after 
training, and that performance of the trained skills "dramatically decrease".  Furthermore, the 
60% increase in the SLB error rate is not particularly "dramatic", and that variation may be well 
within the uncertainty bounds for the experiment. 
 
Is my interpretation of the study correct? 
 
What do condition 2A and condition 2B actually mean (especially condition 2B)? 
 
Should the data under condition 2A be compared with the data under condition 1A? 
 
If so, how do the SGTR data support the conclusions that are cited in the text? 
 
What are the relevant data for comparison with the data under condition 2B? 
 
72. Section 3.1.14, IDHEAS-DATA IDTABLE-14 for Training and Experience, Summary of 

Generalized Human Error Data, Editorial Comment 
 
This section notes that: 
 

"In summary, the data sources identified for this PIF were limited, and a big portion of the 
data sources had inseparable PIF attributes or the data were collected for full scenarios; 
therefore, the CFMs were unspecific in the study."  [emphasis added] 

 
Table A14-2 contains 23 separate entries.  About one-fifth of the entries (5) list two or more 
relevant attributes.  Only two entries show "Unsp" as the relevant cognitive failure mode (CFM). 
 
73. Section 3.1.15, IDHEAS-DATA IDTABLE-15 for Team and Organization Factors, 

Introduction to the PIF Team and Organization Factors 
 
This section and Table A15-1 in Appendix A15 define five major attributes for this performance-
influencing factor (PIF).  Attribute TOF5 is subdivided further into four more detailed elements, 
which pertain to specific safety culture practices. 
 
Table B-12 in Appendix B of the current version of NUREG-2198 lists 12 attributes for this PIF.  
Table B-11 in Appendix B of the IDHEAS-ECA report lists five attributes for this PIF.  Please 
refer to my October 11, 2020 comments on the IDHEAS-ECA report for questions about how 
the five IDHEAS-ECA attributes are correlated to the 12 attributes in NUREG-2198. 
 
Based on the summaries in this section and the more detailed information in Table A15-1, it 
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seems that the five attributes in this report are related to the five IDHEAS-ECA attributes as 
follows: 
 
• Attribute TOF1 in this report corresponds to IDHEAS-ECA attribute TF1. 
 
• Attribute TOF2 in this report corresponds to IDHEAS-ECA attribute TF2. 
 
• Attribute TOF3 in this report corresponds to IDHEAS-ECA attribute TF4. 
 
• Attribute TOF4 in this report corresponds to IDHEAS-ECA attribute TF5. 
 
The attributes in this report do not seem to include IDHEAS-ECA attribute TF3 for information 
management, unless attribute TOF3 is intended to also include that attribute. 
 
Attribute TOF5 in this report does not seem to correspond to any of the attributes in the 
IDHEAS-ECA guidance.  This is a potentially positive feature in this report.  In principle, the 
databases in IDHEAS-DATA may contain more PIFs, more attributes, and more detailed 
information than that used in a particular application of the IDHEAS general methodology.  Of 
course, the guidance for each application must justify the selection of specific PIFs and 
attributes that are relevant for its particular purposes. 
 
Did I correctly interpret the relationships between the attributes in this report and the attributes 
that are used in the IDHEAS-ECA guidance? 
 
Is attribute TOF3 in this report intended to include IDHEAS-ECA attribute TF3? 
 
If so, how are the data for attribute TOF3 in this report partitioned between IDHEAS-ECA 
attributes TF3 and TF4? 
 
74. Section 3.1.15, IDHEAS-DATA IDTABLE-15 for Team and Organization Factors, 

Summary of the Data Sources 
 
This section notes that: 
 

"Because team and organization structures vary greatly for different work domains and 
types of organizations, the data sources identified for IDTABLE-15 were primarily from 
nuclear power plant operation or simulation." 

 
It seems that teamwork and organizational factors are important in many other domains such as 
commercial air traffic control, aerospace, military, complex industrial facilities, and some medical 
procedures.  It is not apparent why operating experience and other sources of data for those 
domains are not relevant to the evaluation of this performance-influencing factor (PIF). 
 
The data that are summarized in this report should support quantification of human error 
probabilities (HEPs), PIF attribute weights, and the uncertainties in those estimates.  Thus, it is 
important to compile as much relevant information as possible from many different sources.  
The breadth and depth of that information is particularly important to support quantitative 
evaluations of the uncertainties in the weights for each of the five major attributes and four sub-
attributes for this PIF. 
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Table A15-2 contains the following number of data entries for each attribute: 
 
• 6 for TOF1, 5 for TOF2, 0 for TOF3, 0 for TOF4, 2 for TOF5 
 
JWS Note:  This section notes that "several non-nuclear studies" were selected for the data in 
Table A15-2.  The "Summary of Generalized Human Error Data" also acknowledges that the 
current information in Table A15-2 is not sufficient to support quantitative evaluations of the PIF 
attribute weights.  My comment is intended to address the possibility that a biased focus on the 
nuclear industry may inappropriately exclude relevant experience and data. 
 
Why are the operating experience and other sources of data from commercial air traffic control, 
aerospace, military, and complex industrial facilities not relevant to the evaluation of this PIF? 
 
75. Section 3.1.16, IDHEAS-DATA IDTABLE-16 for Work Process, Introduction to the PIF 

Work Process 
 
This section and Table A16-1 in Appendix A16 define four attributes for this performance-
influencing factor (PIF). 
 
Table B-13 in Appendix B of the current version of NUREG-2198 lists four attributes for this PIF.  
The attribute descriptions in this report are essentially the same as those in NUREG-2198. 
 
Editorial Comment:  The summary description of attribute WP2 in this section uses the term 
"poor attainability".  This implies that it may be difficult to achieve the desired task goal, 
individual's roles, or responsibilities.  The description in Table A16-1 uses the more appropriate 
term "poor attending", which is similar to the term "poor attention" that is used in NUREG-2198. 
 
Table B-12 in Appendix B of the IDHEAS-ECA report lists seven attributes for this PIF.  Please 
refer to my October 11, 2020 comments on the IDHEAS-ECA report for questions about how 
the seven IDHEAS-ECA attributes are correlated to the four attributes in NUREG-2198. 
 
Based on the summaries in this section and the more detailed information in Table A16-1, it 
seems that the four attributes in this report are related to the seven IDHEAS-ECA attributes as 
follows: 
 
• Attribute WP1 in this report seems to include IDHEAS-ECA attributes WP1 and WP2. 
 
• Attribute WP4 in this report corresponds to IDHEAS-ECA attribute WP3. 
 
The attributes in this report do not seem to include IDHEAS-ECA attributes WP4, WP5, WP6, 
and WP7, which pertain to specific safety culture practices. 
 
Attributes WP2 and WP3 in this report do not seem to correspond to any of the attributes in the 
IDHEAS-ECA guidance.  This is a potentially positive feature in this report.  In principle, the 
databases in IDHEAS-DATA may contain more PIFs, more attributes, and more detailed 
information than that used in a particular application of the IDHEAS general methodology.  Of 
course, the guidance for each application must justify the selection of specific PIFs and 
attributes that are relevant for its particular purposes. 
 
Did I correctly interpret the relationships between the attributes in this report and the attributes 
that are used in the IDHEAS-ECA guidance? 
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If so, how are the data for attribute WP1 in this report partitioned between IDHEAS-ECA 
attributes WP1 and WP2? 
 
How do the attributes in this report account for the effects that are evaluated by IDHEAS-ECA 
attributes WP4, WP5, WP6, and WP7? 
 
76. Section 3.1.16, IDHEAS-DATA IDTABLE-16 for Work Process, Summary of the Data 

Sources 
 
The discussion in this section about the need to carefully study each data source notes that: 
 

"For example, some studies reported that providing overviews of reactor process information 
on a large screen display did not improve operator task performance compared with the 
situation of no overview display.  However, several uncontrolled factors in the study could 
have contributed to the result.  The study did not report to what extent that the operators 
needed the information displayed, to what extent they used the overview display, and how 
they integrated the overview information with that from their own workstation." 

 
When I read this example, I was confused about why it is relevant to the generalization of data 
for the Work Processes performance-influencing factor (PIF).  It seems more relevant to the PIF 
for Human-System Interface.  Many analysts may not fully understand the general concept of 
the effects that are measured by the Work Processes PIF.  Therefore, I think that illustrative 
examples should reinforce that notion, even if they are presented only to demonstrate difficulties 
in the data generalization process for this PIF.  
 
How is this particular example relevant to the Work Processes PIF? 
 
Is another example available to better illustrate the basic concept of this PIF, and why it is 
difficult to extract measures of that effect from the reported information? 
 
77. Section 3.1.17, IDHEAS-DATA IDTABLE-17 for Multitasking, Interruption, and 

Distraction, Introduction to the PIF Multitasking, Interruption, and Distraction 
 
This section notes that: 
 

"Experienced professionals are trained to manage the cognitive demands of distractive 
activities.  For example, NPP control room operators can manage not being distracted by 
many irrelevant conversations and alarms so that they can focus on the primary tasks, while 
they attend to non-primary tasks in their spare time or after completing a primary task."  
[emphasis added] 

 
The discussion in this section is very good.  However, the highlighted phrase seems to assert 
that all control room operators are perfectly capable of managing any type of distraction during 
any conceivable scenario.  That ability is clearly not supported by actual operating experience.  I 
am concerned that this statement may inappropriately bias analysts, who may then discount the 
effects from distraction when they interpret or use the data for this performance-influencing 
factor (PIF). 
 
To avoid possible biases, should the highlighted phrase be something like "need to manage", or 
perhaps "should manage"? 
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78. Section 3.1.17, IDHEAS-DATA IDTABLE-17 for Multitasking, Interruption, and 

Distraction, Summary of Generalized Human Error Data 
 
The discussion of Distraction in this section notes that: 
 

"No datapoint is exclusively for the effect of distraction on failure of Understanding (U) or 
Decisionmaking (D).  It is possible that the effects of distraction on these two macrocognitive 
functions are negligible."  [emphasis added] 

 
Table B-16 in the current version of NUREG-2198 indicates that distraction has a potentially 
important effect on the macrocognitive functions of Detection (D), Understanding (U), and Action 
Execution (E).  Therefore, it is perhaps not surprising that the available studies do not measure 
a strong effect on Decisionmaking (DM). 
 
The "Summary of the Data Sources" mentions that "thousands of research papers" contain 
information that is relevant to this performance-influencing factor (PIF).  Table A17-2 contains 
only 10 entries for distraction attribute MT1.  One entry is associated with Detection and 
Understanding (D/U), and another is associated with Decisionmaking (DM).  Without 
substantially more evidence, it is premature and inappropriate to speculate about how 
significantly distraction may affect Understanding. 
 
Why does this section contain the speculation that distraction may have a negligible effect on 
Understanding? 
 
79. Section 3.1.17, IDHEAS-DATA IDTABLE-17 for Multitasking, Interruption, and 

Distraction, Summary of Generalized Human Error Data 
 
The last paragraph in this section notes that: 
 

"More importantly, the literature showed that licensed professionals have various strategies 
for managing multitasking, interruption, and distraction to mitigate the impact.  It is desired to 
develop guidance for HRA analysts to evaluate the attributes with the consideration of 
licensed operators' mitigating strategies." 

 
I do not think that it is appropriate for this report to imply that special guidance is needed to 
evaluate the effects from this performance-influencing factor (PIF) in the context of a human 
reliability analysis (HRA) that is performed specifically for a nuclear power plant PRA.  I also do 
not think that it is appropriate to imply that licensed nuclear power plant operators are 
necessarily better at coping with the effects from distractions, interruptions, and multitasking 
than any other trained professionals. 
 
The summary of the available data concludes that attributes of this PIF, especially multitasking, 
can have a very important effect on human performance.  The "Summary of the Data Sources" 
specifically notes that the analysts preferentially selected sources that measured the effects on 
"…tasks in safety-critical jobs such as driving, flying airplanes, attending to medical patients, 
operating chemical process systems, etc.".  Furthermore, experience from actual events has 
shown that nuclear power plant operators and supervisors have been affected adversely, and in 
important ways, by distractions, interruptions, and multitasking. 
 
Why does this section contain this concluding remark? 
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80. Section 3.1.18, IDHEAS-DATA IDTABLE-18 for Mental Fatigue, Summary of the 

Generalized Human Error Data 
 
This section notes that: 
 

"The effects of the attributes on the CFMs vary continuously with the levels of the 
attributes….Thus, the attributes should be implemented as continuous or multi-scale 
variables in HRA methods." 

 
Section 1.2 indicates that the primary purposes of this report are to compile relevant 
information, generalize that information into the IDHEAS-DATA framework, and provide 
numerical estimates of human error probabilities (HEPs) and performance-influencing factor 
(PIF) attribute weights that support applications of the IDHEAS methodology.  The assessments 
of some PIFs include multiple subdivisions of specific attributes to account for a range of the 
measured effects.  For example, the attribute definitions for Scenario Familiarity in Table A1-1 
and Information Availability and Reliability in Table A2-1 show those types of distinctions.  The 
numerous Task Complexity attributes for each cognitive failure mode in Table A3-1 and 
Multitasking attributes MT3 through MT10 in Table A17-1 also correspond to varying degrees of 
each effect. 
 
Table A18-1 in Appendix A18 indicates that only attribute MF3 is subdivided into two more 
detailed elements, which account for sleep restriction and sleep deprivation. 
 
Based on the summarized information, it seems that a further subdivision of the attributes for 
this PIF (e.g., into at least two or three discrete subcategories for each attribute) is needed to 
appropriately account for these varying effects and to provide useful information to support the 
human reliability analyses. 
 
Why are attributes MF1, MF2, and MF4 not subdivided to account for the relative severity of 
each effect, with corresponding distinctions in the estimated attribute weights? 
 
81. Section 3.1.18, IDHEAS-DATA IDTABLE-18 for Mental Fatigue, Summary of the 

Generalized Human Error Data 
 
This section summarizes an example of the information from Reference [79].  It notes that: 
 

"Error rates for detecting matched faces began to decrease after 15~20mins, while the error 
rates for detecting mismatched faces remained about the same.  With the reduced 
vigilance, participants allocated their attention resources on the more likely targets."  
[emphasis added] 

 
These observations do not seem to be consistent with the entry in Table A18-2 from Reference 
[79].  The note in Column 5 of Table A18-2 indicates that each of the four blocks of data for that 
entry corresponds to approximately 5 minutes duration.  The data seem to show that the error 
rate for the "Match" task actually decreased steadily as the study progressed (i.e., from 0.32 
during the first 5 minute block to 0.25 during the 15-20 minute block, with about 2% decrease in 
each successive 5 minute interval).  The data seem to show that the error rate for the 
"Mismatch" task increased measurably (i.e., from 0.34 during the first 5 minute block to 0.46 
during the 15-20 minute block).  The most noticeable increases in the "Mismatch" error rate 
were between the first and second blocks (6%) and between the third and fourth blocks (5%). 
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How do the data from Reference [79] in Table A18-2 support the highlighted observations in this 
section? 
 
82. Section 3.1.18, IDHEAS-DATA IDTABLE-18 for Mental Fatigue, Summary of the 

Generalized Human Error Data 
 
The last sentence in this section notes that: 
 

"This is particularly important for modeling operator reliability in and immediately after 
severe accidents."  [emphasis added] 

 
I am somewhat confused by the intent of the highlighted phrase.  In the nuclear risk assessment 
community, the term "severe accident" is usually associated with the onset of core damage (or, 
perhaps, damage to stored fuel). 
 
Transitions from periods of relatively low cognitive activity (e.g., normal shift operations) to a 
need for high activity are certainly relevant when any initiating event occurs.  Varying degrees of 
cognitive activity may also be needed as an event scenario evolves.  Transitions among periods 
of high activity and low activity may be particularly relevant for some slowly evolving scenarios 
that occur during plant shutdown modes. 
 
To avoid confusion, can this concluding sentence be simply removed from the report (i.e., rather 
than modified or elaborated further), without altering an analyst's understanding of the intent of 
the last paragraph? 
 
If it is retained, should it rather emphasize something like "immediately after a sudden event 
occurs and during the subsequent evolving scenario"? 
 
83. Section 3.1.19, IDHEAS-DATA IDTABLE-19 for Time Pressure and Stress, Introduction 

to the PIF Time Pressure and Stress 
 
This section notes that: 
 

"Examples of stress are concern for families in emergency conditions, fear of potential 
consequences of the event, and worrying about personal safety.  Such concerns are 
prevalent during scenarios that involve extreme hazards such as seismic events, floods, 
high winds, etc." 

 
I think that these examples inappropriately bias analysts to focus primarily on events that 
involve extensive damage from severe external hazards when they evaluate the stress 
attributes for this performance-influencing factor (PIF).  Those scenarios can certainly cause 
considerable stress.  However, experience has shown that many other types of scenarios can 
also induce stress.  Examples include large fires, breaks in high energy piping, complex inter-
related system failures, confusing combinations of AC or DC power failures, extensive losses of 
Main Control Room displays and indications, etc. 
 
Why does this discussion not include other examples for a more balanced perspective of 
situations that may cause stress? 
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84. Section 3.1.19, IDHEAS-DATA IDTABLE-19 for Time Pressure and Stress, Summary of 
Generalized Human Error Data for Time Pressure and Stress 

 
The first sentence in the summary of "Failure of Decisionmaking (DM)" repeats the results for 
"Failure of Understanding (U)". 
 
What are the correct results for the effects on Decisionmaking? 
 
85. Section 3.1.20, IDHEAS-DATA IDTABLE-20 for Physical Demands, Introduction to the 

PIF Physical Demands 
 
The description of attribute PD4 notes that it involves: 
 

"Unusual loading or unloading materials (e.g., unevenly balanced loads, reaching high parts, 
dry cask loading)"  [emphasis added] 

 
This is the only Physical Demands attribute description that lists a specific activity.  I do not 
understand why "dry cask loading" merits special attention in the context of these descriptions.  
Furthermore, this item may also introduce confusion about the scope and intent of attribute 
PD5, which pertains to activities that involve the use of cranes and hoists.  It seems that 
attribute PD4 is intended primarily to evaluate manipulations of unstable or precarious items. 
 
JWS Note:  This comment also applies to the description of attribute PD4 in Table A20-1 in 
Appendix A20. 
 
Why does the description of attribute PD4 explicitly mention the activity to load a dry fuel 
storage cask? 
 
86. Section 3.1.20, IDHEAS-DATA IDTABLE-20 for Physical Demands, Summary of the 

Data Sources 
 
This section notes that: 
 

"Regulatory standards and safety work practices minimize the impact of physical demands 
of human actions.  The NRC has developed specific regulations for the handling of heavy 
loads within the nuclear industry."  [emphasis added] 

 
This discussion inappropriately biases analysts' perspectives about the potential effects from 
this performance-influencing factor (PIF).  The existence of regulatory standards and other 
administrative safety work practices is not relevant to an objective evaluation of how scenario-
specific needs for physical exertion may influence personnel performance. 
 
For example, consider three operator actions. 
 
• Action A involves starting a pump and opening three valves from the Main Control Room. 
 
• Action B involves starting the same pump at its switchgear and locally opening the same 

valves in the plant.  In this case, the valves are relatively small, are operated very frequently, 
and can be moved easily with their handwheels. 

 
• Action C involves starting the same pump at its switchgear and locally opening the same 
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valves in the plant.  However, in this case, all three valves are large, are operated rarely, 
and plant personnel know that their handwheels are always very difficult to move. 

 
It seems apparent that this PIF should have an adverse effect the human error probability (HEP) 
for Action C, compared to Action A and Action B, despite the fact that the plant nominally 
complies with all regulatory standards and administrative practices.  In other words, those 
standards do not alter the fact that it is difficult to operate the valves manually, and they do not 
"minimize" the effect from this PIF on Action C, compared to Action A and Action B. 
 
Why does this section include this discussion? 
 
87. Section 3.1.21, IDHEAS-DATA IDTABLE-21 for Lowest HEPs of the Cognitive Failure 

Modes, Summary of the Data Sources, Reference [88], General Comment 
 
The discussion of source Category D notes that Reference [88] provides estimates of error rates 
for general aviation pilots.  That is also evident from the title of Reference [88] in Section 5.  
Experience has shown that error rates for general aviation pilots are typically much higher than 
error rates for commercial and military pilots.  A quick search of the tables in Appendix A 
indicates that Table A1-2 and Table A21-1 contain entries from Reference [88].  Table 3-10 in 
Section 3.2.4 also lists an error rate from Reference [88].  The notes for each of those entries 
should explicitly identify the fact that the error rates apply for general aviation pilots, to avoid 
possible confusion with other information that pertains to commercial and military pilots. 
 
88. Section 3.1.22, IDHEAS-DATA IDTABLE-22 for PIF Interaction, Introduction to PIF 

Interaction 
 
The first bullet item in this section notes that: 
 

"For the majority of the data reviewed, there was little interaction between the PIFs such that 
the combined PIF weight can be predicted with the addition of the individual PIF weights; 
When the individual PIF weights are large, the combined weights tend to be less than the 
addition of the individual weights." 

 
The second bullet item notes that: 
 

"The multiplication of individual PIF weights tends to over-estimate the combined effects 
measured in the studies" 

 
This section also notes that: 
 

"The NRC staff performed a pilot study with a small sample of the reviewed data (in 
Appendix D of [1]).  The study calculated individual and combined PIF weights of the error 
rates in the sample data and fitted the weights to the addition rule and multiplication rule.  
The result confirmed the above observations 1) and 2).  Thus, the staff developed the 
IDHEAS-G [1] quantification model based on the observations." 

 
Reference [1] for this report is the 2019 draft version of NUREG-2198. 
 
This section asserts that the available data from Table A22-1 support the fundamental 
assumption in the general IDHEAS quantification model that the effects from the 17 "non-base" 
performance-influencing factors (PIFs) can be evaluated according to a linear sum of the PIF 
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attribute weights (i.e., according to Equation 4.7 in the current version of NUREG-2198, 
Equation 3.4 in the IDHEAS-ECA report, and Equation 2.2 in this report). 
 
Please refer to my September 24, 2020 comments on the current version of NUREG-2198 for 
questions about how the examples in Section 6.2.3 and Appendix D of that report justify use of 
the assumed linear addition of individual PIF weights.  I do not think that those examples 
provide compelling evidence to support the linear addition of weights or evidence to refute the 
multiplication of weights.  In fact, I think that the examples reinforce the need to examine other 
possible ways to account for the composite effects from multiple PIFs, either through different 
analytical relationships or through a different formulation of the basic IDHEAS quantification 
model. 
 
JWS Note:  The formulations of Equation 4.6 and Equation 4.7 changed between the 2019 draft 
version of NUREG-2198 and the current version of that report.  As noted in my September 24, 
2020 comments, it seems that the format of Equation 4.6 may have a significant effect on 
conclusions about how well addition, multiplication, or any other assumed combination rule 
approximates the observed composite PIF effects. 
 
Do the examples in Section 6.2.3 and Appendix D of the current version of NUREG-2198 
document the extent to which the NRC staff has examined this issue? 
 
If not, what other analyses have been performed to justify linear addition of the PIF weights and 
their application according to Equation 4.7 in the current version of NUREG-2198? 
 
Where are those analyses documented? 
 
89. Section 3.1.22, IDHEAS-DATA IDTABLE-22 for PIF Interaction, Introduction to PIF 

Interaction 
 
This section briefly discusses the results from seven studies (i.e., References [89] through [95]) 
as further justification that the linear addition of performance-influencing factor (PIF) attribute 
weights provides a better assessment of the composite PIF effects than does multiplication of 
the weights. 
 
I do not have copies of these references.  Therefore, I do not know how they defined the PIFs or 
how they measured the quantitative effects from the composite PIFs.  In particular, to justify the 
assumed relationships in the proposed IDHEAS quantification model, it seems that each study 
should measure the individual PIF effects (i.e., weights) according to the conceptual form of 
Equation 4.6 in the current version of NUREG-2198.  It also seems that the additive hypothesis 
in each study should be conceptually consistent with the form of Equation 4.7 in the current 
version of NUREG-2198.  Otherwise, it is not apparent how, or why, the cited studies are 
particularly relevant to the specific form of the currently proposed model. 
 
To better understand the purpose of this comment, consider the following example. 
 
According to Equation 4.7 in NUREG-2198, the cumulative effect from the PIFs is not actually a 
simple linear sum of their weights.  It is the sum of their incremental (or percentage) effects on 
the baseline human error probability (HEP).  For example, suppose that three PIFs have 
weights of wA = 1.35, wB = 2.5, and wC = 6.0, as calculated according to Equation 4.6.  This 
means that PIF A increased the baseline HEP by a factor of 1.35, which is an increase of 35%.  
Similarly, PIF B increased the baseline HEP by a factor of 2.5 (an increase of 150%), and PIF C 
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increased the baseline HEP by a factor of 6.0 (an increase of 500%).  According to Equation 
4.7, the composite effect from these PIFs is: 
 
1 + (wA - 1) + (wB - 1) + (wC - 1)  =  1 + (1.35 - 1) + (2.5 - 1) + (6.0 - 1)  =  7.85 
 
Thus, according to the IDHEAS model, the composite effects from these PIFs will increase the 
baseline HEP by a factor of 7.85 (or an increase of 685%).  Therefore, to support the proposed 
model, the cited studies should quantify the multiplicative and additive effects from the PIFs in a 
conceptually similar manner. 
 
Do the cited studies quantify the composite PIF effects on human performance? 
 
Do the cited studies evaluate the notion of an individual PIF effect (weight) according to the form 
of Equation 4.6 in the current version of NUREG-2198? 
 
Are the cited study conclusions about the validity of an additive effect (i.e., rather than a 
multiplicative effect, or any other analytical form) consistent with the conceptual form of 
Equation 4.7 in the current version of NUREG-2198? 
 
In particular, how does quantitative information from the cited studies justify the specific 
formulations of Equation 4.6 and Equation 4.7 in the current version of NUREG-2198? 
 
90. Section 3.1.22, IDHEAS-DATA IDTABLE-22 for PIF Interaction, Introduction to PIF 

Interaction, General Comment 
 
My comments on this section of the report should not be interpreted as implicit endorsement of 
multiplication, addition, or any other specific mathematical formulation to quantify the composite 
effects from multiple performance-influencing factors (PIFs).  They are intended only to probe 
the technical bases for the authors' assertion that the specific form of the model that is currently 
proposed in NUREG-2198 is derived from, and justified by, extensive reviews of the cognitive 
literature and the quantitative information that is presented in this report. 
 
91. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Assess 

the Time Needed 
 
This section notes that: 
 

"In many cases, plant-specific empirical data may not be available.  When the data of similar 
plants are available, the analyst may use the data to support the TN assessment." 

 
I disagree very strongly with these assertions. 
 
A realistic human reliability analysis (HRA) must be based on an evaluation of human 
performance in the context of plant-specific event scenarios.  That is one of the most 
fundamental principles of the IDHEAS methodology. 
 
I could write pages of comments about why these implications are completely inappropriate for 
"NRC-approved" guidance for a modern HRA.  A preceding comment on Section 2.4.5 also 
addresses my concerns about this issue.  In the interest of some brevity, I will make only the 
following observations. 
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• Plant-specific estimates for the amount of time that is needed to perform a desired action in 
the context of an unambiguous evolving event scenario, including the uncertainty in that 
time, should always be available.  Ideally, times and their variability might be measured by 
performing numerous simulator runs of every scenario with several different operating 
crews.  For actions that must be performed locally in the plant, physical walk-throughs also 
provide useful timing information.  However, it is often impractical to obtain the needed 
simulator time, commitments of several valuable plant operating crews, and full access to all 
relevant plant locations to compile extensive empirical measurements of the times for a 
large number of scenarios.  Thus, in practice, times are often estimated by plant operators, 
training personnel, and perhaps maintenance personnel during elicitations of their plant-
specific knowledge and experience, accounting for their understanding of the imposed 
scenario conditions.  Of course, a plant-specific HRA should never be performed without 
active involvement of the plant staff.  However, the HRA team should always contain 
members with some practical plant operations experience.  The HRA team should also be 
familiar with the plant, its procedures, training, etc.  In extremely rare occasions when it is 
not feasible to obtain estimates of the needed times from plant personnel, the 
knowledgeable members of the HRA team should make those estimates, based on their 
understanding of the specific event scenario context.  Of course, these are not "plant-
specific empirical data" in the sense of a laboratory experiment.  However, they are informed 
estimates of the needed time, and the uncertainty in that time, based on a careful evaluation 
of the plant-specific and scenario-specific context for the modeled actions. 

 
• It is certainly very useful to have reference experience from personnel performance during 

broadly similar events at other facilities as general information about the amount of time that 
was spent to perform specific actions and the variations in that time.  However, the contexts 
of those "generic" scenarios will never be the same from plant-to-plant, and they will never 
be the same as the scenario that is being evaluated for the plant-specific HRA.  Myriad 
differences can have very important effects on the amount of time that was spent to perform 
what may superficially seem to be similar actions.  Unless very detailed information is 
available about all plant-specific conditions that were present when each action was 
performed, it is not possible to know how those conditions may have affected the reported 
response times (including such important factors as training, procedures, personnel 
experience, possible distractions and competing concerns, etc.).  Without that information, 
the notion that "generic data" can be used to estimate the time that is needed to perform a 
plant-specific and scenario-specific action is not consistent with the basic principles of the 
IDHEAS methodology.  Furthermore, it inappropriately implies that the HRA team need not 
engage with plant personnel or use their own operations knowledge to derive these 
necessary estimates. 

 
Why does this report assert that plant-specific estimates of the amount of time that is needed to 
perform an action, including the uncertainty in that time, may not be available? 
 
Why does this report imply that "generic" estimates of the time that is needed to perform an 
action may be appropriate for a plant-specific analysis of human performance in the context of a 
specific evolving event scenario?  
 
92. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Assess 

the Time Needed, Acuteness Disturbance on Symptom 
 
Editorial and Partially Technical Comment:  I initially had absolutely no idea what "Acuteness 
Disturbance on Symptom" means or why this phrase is relevant to the steam generator tube 
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rupture (SGTR) example that is summarized in this section.  After reading the text a few times 
and thinking about it in the context of this comment, I think that it is basically intended to mean 
that there is a longer time delay until the first salient cue occurs during an SGTR event that 
involves a small leak, compared to an event that involves a large leak.  In other words, the 
"acuteness" of the "disturbance" affects the time delay before the first salient cue occurs to 
prompt personnel response.  As discussed further below, that scenario-specific thermal-
hydraulic effect should not be confused with estimates of the time that is needed for personnel 
to perform the desired action after the cue occurs. 
 
This section summarizes an example of the derivation of "generic data" for the time that is 
needed to isolate a ruptured steam generator.  Preceding comments address why I believe that 
it is not appropriate to develop and publish these types of estimates in "NRC-approved" 
guidance. 
 
The information in Table 3-1 is very useful.  I think that the report should retain Table 3-1 and 
simply delete Table 3-2 without further modification, explanation, or correction.  This comment is 
explicitly not intended to endorse the notion that this report should contain Table 3-2. 
 
That being said, this comment focuses on technical deficiencies in the estimates that are 
provided in Table 3-2.  If the authors decide to retain these types of "generic" estimates, they 
should be technically consistent with the general IDHEAS methodology and guidance, and 
consistent with fundamental PRA practices for the evaluation of uncertainty. 
 
A very important observation is that the estimates in Table 3-2 do not measure variability of the 
time that is needed for personnel to perform the desired action in the context of an 
unambiguous plant-specific event scenario.  They measure the composite variability in crew 
response times that results from numerous plant-specific factors that have been discussed in 
preceding comments.  Thus, the estimates in Table 3-2 are not directly relevant for an 
evaluation of the human error probability (HEP) contribution from time uncertainty (i.e., Pt) in an 
application of the IDHEAS methodology, and they are inappropriately misleading. 
 
Furthermore, the estimated times and the assigned normal probability distributions for those 
times are not correct. 
 
Section 5.3 of NUREG-2198 and Figure 5-2 of that report describe the concepts of the system 
time window (TSW), the delay time until the cue for the desired action occurs (Tdelay), the time that 
is available to perform the desired action (Tavail), and the time that is needed to perform the 
action (Treqd).  The time interval for the action begins when the first relevant cue occurs.  It does 
not always begin at the nominal start of the scenario at time t = 0. 
 
For each event that is summarized in Table 3-1, the available time window for the action to 
isolate the steam generator (i.e., Tavail) begins when the first relevant cue occurs.  That is also 
the starting point for measurement of the time that elapsed before the steam generator was 
isolated (i.e., the time that was needed to perform the action).  Footnote a in Table 3-2 
acknowledges that the isolation times are referenced to the time when the tube rupture started.  
However, despite that acknowledgement, these estimates are not consistent with the basic 
definition of this time interval (i.e., TN or Treqd) according to the IDHEAS methodology.  Thus, the 
estimates in Table 3-2 are not appropriate for an example that illustrates how these times 
should be derived. 
 
The following tables reproduce the time information from Table 3-1 and my assessments of the 
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available data.  In my assessments, I indexed the cue time to the upper end of the time interval 
that is reported in Table 3-1.  For example, I used time t = 28 minutes for the 125-gpm event, 
and I used time t = 5 minutes for the 330-gpm event.  The cue time estimates for Table 3-2 are 
evidently somewhat different.  However, those small differences do not affect the basic technical 
purpose of this comment. 
 

Data from Table 3-1 
Flow Rate Cue Time Isolation Time Time Needed 

112 32 40 8 
125 28 58 30 

  
330 5 18 13 
336 18.5 27 8.5 
500 1 11 10 
637 5 18 13 
700 5 22 17 
760 1 15 14 

 
 

Uncertainty in Cue Time 

Flow Rate Mean Cue 
Time Cue Time Probability 

< 150 gpm 30.00 28 0.500 
32 0.500 

> 300 gpm 5.92 1 0.333 
5 0.500 

18.5 0.167 
 
 

Uncertainty in Time Needed to Isolate Steam Generator 

Flow Rate Mean Time 
Needed Time Needed Probability 

< 150 gpm 19.00 8 0.500 
30 0.500 

> 300 gpm 12.58 8.5 0.167 
10 0.167 
13 0.333 
14 0.167 
17 0.167 

 



11/02/2020 Page 65 of 109 JWS 

 
Uncertainty in Time Needed to Isolate Steam Generator 

Flow Rate Mean Time 
Needed Time Needed Probability 

All Events 14.19  8 0.125 
8.5 0.125 
10 0.125 
13 0.250 
14 0.125 
17 0.125 
30 0.125 

 
The data show significant differences in the cue times as a function of the leakage rate.  That is 
expected, because the cue times are determined by the plant-specific thermal-hydraulic 
response and the instrumentation that is used to detect the SGTR event.  The IDHEAS 
methodology describes how analysts should account for those scenario-specific elements when 
they estimate Tdelay. 
 
When the crew response times are appropriately indexed to the time when the cue occurred, it 
is not apparent that the observed times for leakage rates less than 150 gpm are significantly 
different from the times for leakage rates above 300 gpm.  The 30-minute time for the 125-gpm 
event is considerably longer than the 17-minute time for the 700-gpm event.  However, the 
8-minute time for the 112-gpm event is less than the 8.5-minute time for the 336-gpm event.  
Therefore, it does not seem appropriate to differentiate the crew response times according to 
discrete ranges of leakage rates, as is done in this example. 
 
The last table above shows my estimates from the composite response time evidence from all 
eight events. 
 
The available evidence does not support the assumed normal probability distributions.  Because 
the times are indexed differently, it is not worthwhile to compare specific percentile estimates 
from the two distributions that are listed in Table 3-2 with the distributions that are tabulated 
above.  My discrete probability distributions accurately account for the range and the shape of 
the variability in the available evidence. 
 
Why does this report contain Table 3-2? 
 
How do the authors of this report intend that analysts should use the estimates in Table 3-2? 
 
Why does Table 3-2 provide estimates for the time that is needed to isolate the steam generator 
that are not correctly referenced to the time when the first compelling cue for that action 
occurred? 
 
Why does Table 3-2 indicate that normal probability distributions can be used to represent the 
variability in the observed times? 
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93. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Assess 
the Time Needed, Simulated Events vs. Actual Events 

 
The comparisons in Table 3-3 are interesting, but they suffer from many of the same problems 
that are discussed in preceding comments.  It seems that the primary intent of this section is to 
provide evidence that the scenario progression and timing estimates derived from simulator 
exercises are generally consistent with personnel responses during actual events.  If that is the 
intent of this section and the estimates in Table 3-3, the authors should make that very clear.  In 
particular, the information in Table 3-3 should be presented only in the context of providing 
confidence for the use of simulators.  It should not be interpreted as additional recommended 
"generic" estimates for the amount of time that is needed to isolate a steam generator for an 
analysis of a particular plant-specific tube rupture scenario (even if some analysts might broadly 
characterize that scenario as "straightforward"). 
 
Of course, many studies have examined the relevance of high-fidelity simulator exercises to 
support predictions of human performance during "real world" events.  The IDHEAS guidance 
recommends that analysts should use plant-specific simulator exercises as an important source 
of information about event progression, timing, and several performance-influencing factors 
(PIFs) that affect their evaluations. 
 
Similarly to the preceding comment on Table 3-2, it is evident that the authors of Table 3-3 used 
an interpretation of the time that is needed to perform an action which is different from that used 
in the IDHEAS methodology.  In particular, Footnote a in Table 3-3 acknowledges that the 
isolation times derived from the simulator exercises are referenced inappropriately to the time 
when the tube rupture started, rather than the time when the operators received the first cue.  
Therefore, the times that are listed in Table 3-3 suffer from that fundamental flaw. 
 
In practice, if all simulator scenarios that are summarized in Table 3-3 actually involved leakage 
rates in excess of 300 gpm, variations in the cue delay time (i.e., Tdelay) might be somewhat less 
important for relevance of the estimates for the time that is needed to perform the action (i.e., 
Treqd).  However, the discussion in this section clearly indicates that the authors made important 
assumptions about the flow rates and other characteristics of the scenarios in some of the 
simulator exercises.  As noted in the immediately preceding comment, the time estimates that 
are reported in the IDHEAS-DATA records should be derived consistently with the IDHEAS 
methodology and guidance, indexed to the time at which the first salient cue occurs. 
 
JWS Note:  From the discussion in this section, I do not know if References [96] and [98] report 
the estimated times in Table 3-3 from the Korean simulator exercises, or if the authors of this 
report derived the times from more detailed information in those references.  It seems that the 
response times from the HRA benchmark studies were extracted by the authors of this report.  I 
do not have copies of the cited Korean references, and I did not re-examine the benchmark 
studies for this comment.  Therefore, the term "authors" in this comment pertains to whoever 
estimated the times that are reported in Table 3-3. 
 
What is the fundamental intent of this section? 
 
How do the authors of this report intend that analysts should use the estimates in Table 3-3? 
 
Why does Table 3-3 provide estimates for the time that is needed to isolate the steam generator 
that are not correctly referenced to the time when the first compelling cue for that action 
occurred? 
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Are the uncertainty estimates in Table 3-3 consistent with the actual variability (i.e., range and 
shape) in the observed response times from each set of simulator exercises? 
 
94. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Assess 

the Time Needed, Basic vs. Complicated Scenarios 
 
It seems that the primary intent of this section is to provide evidence that the time needed to 
perform an action may be longer during a "complicated" scenario, compared to a "basic" 
scenario.  The comparison in Table 3-4 is somewhat interesting.  However, the operator 
response times depend very strongly on the detailed evolution of each scenario, the plant-
specific procedures, etc.  Therefore, I do not think that it is appropriate to characterize this 
comparison in general terms of a "simple" event and a "complicated" event.  In particular, 
analysts may misinterpret this comparison to infer that there is not much difference in the crew 
response times, or they may misuse the reported times to infer a nominal multiplication factor 
for "complicated" vs. "basic" scenarios.  That is inappropriate use of these examples. 
 
Of course, Footnote a in Table 3-4 also confirms that the listed times apparently suffer from the 
same flaw that is noted in preceding comments (i.e., they are indexed to the time when the tube 
rupture started, rather than the time when the operators received the first cue). 
 
Furthermore, I disagree very strongly with the implications of this section.  In particular, I 
disagree very strongly with the authors' endorsement of a process that selectively omits data 
that may be relevant to an estimate of personnel performance during a specific event scenario, 
including evidence of the uncertainty in that performance.  I do not think that "NRC-approved" 
guidance should endorse this type of data manipulation.  The purpose of this report is to 
objectively compile and report available information from relevant sources.  Analysts who use 
this information in specific applications of the IDHEAS methodology may choose to select 
elements that are most relevant to their particular needs.  Of course, those analysts must also 
provide a rationale for their decisions.  However, the authors of this report should not 
inappropriately suppress available information, based on their perceived expectations for any 
particular application. 
 
For example, this section notes that: 
 

"In the complicated SGTR event of the US HRA Benchmark Study, four data points are 
available: 11.2, 33.0, 24.5, and 94.5 minutes.  The last data point (94.5 minutes) is 
considered as an outlier.  It is considered to be caused by cognitive failures that should not 
be included in IDHEAS-ECA's TN assessment.  The analysis shown in Table 3-4 has 
excluded the outlier data point."  [emphasis added] 

 
I did not re-examine the US HRA Benchmark Study for this comment.  However, the "outlier" 
time in that study seems to be valid evidence of the large variability in personnel performance 
which may apply during that particular "complicated" event scenario.  Therefore, it is not 
appropriate to simply delete that time because it is considerably different from the other three 
crew response times that are reported for the same scenario, or because the authors of this 
report believe that the observed time may not be relevant for the specific purposes of the 
IDHEAS-ECA application.  If a decision to omit that particular time in the IDHEAS-ECA 
application is warranted, it should be justified in the IDHEAS-ECA report, not in this objective 
compilation of information that may be used in many other applications of the IDHEAS 
methodology, or in other analysis methods. 
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Based on the three retained estimates, the mean amount of time that is needed to isolate the 
steam generator (i.e., TN or Treqd) is 22.9 minutes.  If the fourth estimate is included, the mean 
time increases to 40.8 minutes.  However, more importantly, the range and shape of the 
uncertainty distribution for Treqd is used directly to evaluate the human error probability (HEP) 
contribution from time uncertainty (i.e., Pt).  That uncertainty distribution is obviously much 
different with and without the fourth estimate. 
 
The data suppression process that is endorsed in this section is contrary to an objective 
compilation of the available information from the reference simulator exercises.  It is also 
contrary to the fundamental principles of the IDHEAS methodology for the performance of 
integrated human reliability analyses that explicitly account for the context of all elements of the 
evolving event scenario, including an unbiased evaluation of the uncertainties in those analyses. 
 
What is the intent of this section? 
 
How do the authors of this report intend that analysts should use the estimates in Table 3-4? 
 
Why do the authors believe that the "outlier" time from the benchmark study is not relevant to an 
objective evaluation of the uncertainty in the crew response time for those specific scenario 
conditions? 
 
95. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Assess 

the Time Needed, Verify the Outlier Data, General Comment 
 
I agree fully with the discussion in this section and the illustrative example in Table 3-5.  The 
admonition to fully examine and understand the context of each data source is very important. 
 
96. Section 3.1.23, IDHEAS-DATA IDTABLE-23 for Distribution of Time Needed, Summary 

Comment 
 
It seems that the primary intent of this section is to provide recommended "generic" estimates 
for the time that is needed to perform a particular action during a "straightforward" or "basic" 
scenario.  Looking forward to Section 3.1.24, it seems that the authors then intend to provide 
"generic" numerical factors that can be applied to alter those "basic" response times for a 
variety of complicating situations.  I disagree very strongly with the implications of these 
sections.  I have explained the reasons for my concerns in several preceding comments, so I 
will not repeat them here. 
 
I think that it is very useful to compile information about observed personnel response times 
during a variety of actual events and during simulator exercises.  For example, Table 3-1 and 
parts of the other tables provide that type of information.  Analysts can then refer to those 
observations for a general "sanity check" when they evaluate the times for a particular plant-
specific event scenario.  However, I do not think that it is appropriate to provide "generic" 
estimates of the times and their uncertainties.  Those "generic" recommendations subtly imply 
that analysts need not perform the necessary scenario-specific examinations and justify the 
reasons for the estimated times. 
 
To better support analysts' understanding of the reported times, this report should provide much 
more detailed information about the context of each scenario that was evolving when the 
desired action was needed and the times were measured.  Analysts would then be able to 
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better understand how those scenarios compare with the specific scenarios that they are 
evaluating, and better understand the possible relevance of the reported times to their particular 
analysis.  Thus, I think that this report should place more emphasis on comprehensive and 
objective descriptions of the scenarios and the actual times that were measured, and much less 
emphasis on processing the evidence to derive "NRC-approved generic estimates" for 
"straightforward", "basic", or any other broad classification of scenarios. 
 
Of course, the reported times should also be consistent with the definitions of TSW, Tdelay, and 
Treqd in NUREG-2198. 
 
97. Section 3.1.24, IDHEAS-DATA IDTABLE-24 for Modification of Time Needed, General 

Comments 
 
Preceding comments on Section 2.4.6 explain why I disagree very strongly with the publication 
of "NRC-approved" "generic" numerical factors that can be applied to alter "generic" estimates 
for the amount of time that is needed to perform a particular "basic" or "straightforward" action. 
 
The last sentence in this section notes that: 
 

"Based on the data generalized in IDTABLE-23, IDTABLE-24, and other documents, the 
NRC staff intends to develop guidance on estimating uncertainty distributions of time 
needed to assist the use of IDHEAS in HRA applications." 

 
I sincerely hope that this entire section and Table A24-1 (IDTABLE-24) are simply deleted from 
this report.  However, if the authors decide to retain this approach, the discussions and 
examples in this section are clear and easy to understand.  Therefore, I do not have any 
additional specific comments on this section of the report. 
 
As noted in a comment on Section 2.4.6, I am concerned about the implication that the states of 
specific performance-influencing factor (PIF) attributes can be used to modify scenario-specific 
time estimates for "basic" actions.  That notion seems to inappropriately confuse the general 
IDHEAS guidance for quantification of the human error probability (HEP) contributions from 
cognitive effects (i.e., Pc) and time uncertainties (i.e., Pt). 
 
98. Section 3.1.25, IDHEAS-DATA IDTABLE-25 for Dependency of Human Actions, 

IDHEAS-DATA Dependency Examples 
 
This section notes that: 
 

"Resource sharing dependency occurs when two tasks share the same resources (e.g., 
containment spray and reactor coolant system (RCS) cooling share the same water source, 
or there is limited manpower to perform multiple tasks)." 

 
When I read this, I was initially confused by the example of the shared water source.  The PRA 
logic models should account explicitly for that type of physical and functional dependence.  For 
example, if the water source fails or is blocked, both core cooling and containment spray are 
disabled.  I think that the intent of this example is to illustrate how that shared water supply 
might affect human cognitive performance.  For example, personnel may need to decide 
whether to use all of the water for core cooling or reserve some water for containment spray.  I 
think that this example should be clarified, to avoid possible analyst confusion about the 
differences between physical or functional dependence and the notion of how shared resources 
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affect dependence between related human tasks.  Or perhaps a different example might be 
better. 
 
Should the example of a shared water source be clarified to better illustrate how resource 
sharing affects human dependence? 
 
99. Section 3.1.25, IDHEAS-DATA IDTABLE-25 for Dependency of Human Actions, 

Consequential Dependency, Example 1 
 
This event is also discussed in Section K.5 of Appendix K to the current version of 
NUREG-2198, where it is also presented as an example of consequential dependence.  
However, the specific dependence that is identified in this section of the IDHEAS-DATA report is 
different from the dependence that is identified in Appendix K of NUREG-2198.  It seems that 
both discussions of this event should use it consistently as an example of the same 
consequential dependence. 
 
Please refer to my September 24, 2020 comments on NUREG-2198 for additional comments on 
this example in Appendix K of that report.  Those comments are not directly relevant to this 
report, because they address the specific dependence that is identified in that discussion.  
However, they might become relevant to this report, depending on how the authors address the 
inconsistency that is noted in this comment. 
 
Why does the discussion of this event in this section of the IDHEAS-DATA report identify a 
different consequential dependence, compared to the discussion of the same event in Section 
K.5 of Appendix K to the current version of NUREG-2198? 
 
100. Section 3.1.25, IDHEAS-DATA IDTABLE-25 for Dependency of Human Actions, 

Consequential Dependency, Example 1 
 
JWS Note:  This comment is related to the immediately preceding comment.  However, it 
addresses the specific dependence that is identified in this report. 
 
It is noted that this event is an example of: 
 

"Failure to control RCS inventory, that resulted in a liquid-solid pressurizer, consequently 
affecting the performance of terminating safety injection."  [emphasis added] 

 
I think that this example inappropriately characterizes a "failure to control RCS inventory" as the 
source of consequential dependency.  I am not familiar with the Millstone Emergency Operating 
Procedures (EOPs) or the specific criteria for safety injection (SI) termination in their version of 
ES-1.1.  In my experience, the procedures typically instruct the operators to restore normal 
charging, letdown, and pressurizer level control only after they have confirmed that the plant is 
stable and after they have reset the SI signal.  (That experience is consistent with their actions, 
as noted in this event summary, to restore normal letdown after they reset the SI.)  Thus, I 
personally would not characterize the overfilling of the pressurizer as the consequence from an 
initial human error for "failure to control RCS inventory", because the operators are not 
instructed to "control RCS inventory" while the SI signal remains active. 
 
From the available summary, it seems that the shift manager's misunderstanding of the actual 
plant status (i.e., the wrong conclusion that a steam generator safety valve was stuck open) was 
the error that triggered further confusion, unnecessary actions, and delays.  If that error had not 
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occurred, it seems very likely that the operators would have entered ES-1.1 sooner, confirmed 
that the SI could be terminated, stopped injection, and restored normal letdown before the 
pressurizer was overfilled. 
 
Thus, it seems more accurate to conclude that the shift manager's misunderstanding of the 
actual plant status was the relevant error that affected the subsequent crew response and 
caused unnecessary delays for entering ES-1.1, with the consequence that the pressurizer was 
overfilled and the pressurizer relief valves were challenged to cycle repeatedly. 
 
JWS Note:  Of course, this comment also applies to the identified dependence for this entry in 
Table A25-1 in Appendix A25. 
 
Why does this example conclude that the initial error was "failure to control RCS inventory"? 
 
Why does this example not identify the shift manager's misunderstanding of the actual plant 
status as the relevant initial error? 
 
101. Section 3.1.25, IDHEAS-DATA IDTABLE-25 for Dependency of Human Actions, 

Resource-Sharing Dependency, Example, Editorial Comment 
 
This event is also discussed in Section K.5 of Appendix K to the current version of 
NUREG-2198, where it is also presented as an example of resource-sharing dependence.  The 
summary of this event in NUREG-2198 more clearly describes how it occurred and why letdown 
flow was lost. 
 
102. Section 3.1.26, IDHEAS-DATA IDTABLE-26 for Recovery of Human Actions 
 
A preceding comment on Section 2.4.8 discusses the distinction between a "recovery action" 
and "recovery of an HFE".  In the context of that taxonomy, it seems that the first bullet item in 
this section is an example of a "recovery action".  A preceding comment on Table 2-10 in 
Section 2.4.8 discusses the interpretation and use of the error recovery rate that is cited in the 
first bullet item. 
 
It seems that the second and third bullet items in this section may be examples of "recovery of 
an HFE".  Those items list several error recovery rates that are derived from Reference [106] 
and Reference [107]. 
 
This section notes that: 
 

"Thus, it is possible that recovery actions can be modeled the same way as important 
human actions in HRA, with specific attention to the dependency between the recovery 
action and the failure of the important human action."  [emphasis added] 

 
It also notes that: 
 

"In summary, modeling recovery actions is still an underdeveloped area in HRA….As more 
datapoints are populated in IDTABLE-26, the information will provide the basis for 
modeling recovery actions in HRA."  [emphasis added] 

 
Table A26-1 in Appendix A26 (IDTABLE-26) contains only three entries, which correspond to 
the bullet items in this section. 
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In practice, the types of considerations that apply for "recovery of an HFE" must be evaluated as 
an integral part of the analysis of the human failure event (HFE).  The recovery applies during 
the same scenario context as that HFE.  Discovery and correction of the error are typically 
accomplished by the same group of personnel, or perhaps by the individual who made the initial 
error.  Thus, in practice, it is not appropriate to apply "generic" numerical values to reduce the 
HFE human error probability (HEP) without carefully accounting for the scenario-specific 
performance-influencing factors (PIFs) that may affect both the initial error and the conditional 
probability that it is recovered before an undesired situation occurs.  In that sense, the 
evaluation of "recovery of an HFE" is functionally analogous to a dependency analysis.  
Therefore, I do not understand how the "generic" numerical values which are cited in these 
examples are intended to be used for that evaluation. 
 
What is the intended use of the numerical values that are cited in the second and third bullet 
items in this section? 
 
How do those recommended values account for scenario-specific PIFs that may affect both the 
initial error and the conditional probability that it is recovered before an undesired situation 
occurs? 
 
103. Section 3.2.2, Detaching Multi-Component Human Error Data 
 
This section notes that: 
 

"The critical step in the process is detaching multi-component datapoints.  The following 
rules are derived from initial estimates of base HEPs of task complexity and PIF attribute 
weights.  They are used for detaching:" 

 
The first "rule" is: 
 

"1) If SelfV=NO or TeamV=NO, the detached error rate is the original error rate divided by 
a factor of 5; If both are NO, the detached error rate is the original error rate divided by 
a factor of 10."  [emphasis added] 

 
I understand that this "rule" is applied as follows: 
 
• If the analyst judges that the reported error rate benefits from both self-checking and team-

checking (i.e., SelfV - YES and TeamV - YES), the numerical value is not altered. 
 
• If the analyst judges that the reported error rate benefits from either self-checking or team-

checking, but not both, the numerical value is divided by 5.  This apparently accounts for an 
expectation of the additional reduction that would be observed if both types of checking had 
occurred. 

 
• If the analyst judges that the reported error rate does not benefit from any type of checking, 

the numerical value is divided by 10.  This apparently accounts for an expectation of the 
overall reduction that would be observed if both types of checking had occurred. 

 
• If the analyst cannot determine whether the reported error rate benefits from a particular 

type of checking (i.e., SelfV - Unknown or TeamV - Unknown), it is assumed that the 
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checking was present, and the numerical value is not altered.  This assumption is not 
documented in the "rule".  However, it seems evident from the observation that this "rule" 
was not applied to reduce some of the error rates with Unknown checking (i.e., entries 5 and 
6 in Table 3-8).  This assumption might result in some unadjusted error rates that are 
numerically conservative. 

 
According to the third bullet above, the "rule" implies that the combined benefit from self-
checking and team-checking has the overall effect of reducing the unchecked error rate by a 
factor of 10.  According to the second bullet, the "rule" implies that the incremental benefit from 
the second type of checking reduces the partially-checked error rate by a factor of 5.  These 
numerical factors do not seem self-consistent.  In particular, if a reduction factor of 10 applies 
for the overall benefit from self- and team-checking, it seems that the assigned factor of 5 
optimistically accounts for the incremental benefit from the second checking.  For example, 
suppose that the overall factor of 10 is justified, and each type of checking is completely 
independent and equally effective.  In that situation, it seems that the incremental benefit from 
the second checking would be to reduce the partially-checked error rate by about a factor of 3.  
In other words, each type of checking would independently reduce the error rate by a factor of 
3.16, with a composite reduction by a factor of (3.16)2 = 10.  Of course, in practice, the two 
types of error checking might not be completely independent or equally effective, which would 
further reduce the measured incremental benefit from the second checking. 
 
This section does not document the rationale for this "rule" or the technical basis for the applied 
numerical reduction factors. 
 
JWS Note:  Table 3-8 indicates that this "rule" was used to reduce four of the 12 error rates 
from Table 3-6 by a factor of 5 (i.e., entries 3, 7, 8, and 9 in Table 3-8). 
 
Is my understanding of this "rule" correct? 
 
Why does this "rule" not document how the effects from unknown error checking are treated? 
 
What is the technical basis for the applied numerical reduction factors? 
 
How are these applied factors conceptually and numerically consistent with each other? 
 
In particular, if the overall benefit from self- and team-checking reduces the unchecked error 
rate by a factor of 10, what is the basis for the assigned factor of 5 for the incremental benefit 
from the second type of checking? 
 
104. Section 3.2.2, Detaching Multi-Component Human Error Data 
 
JWS Note:  This is a continuation of the immediately preceding comment.  I separated it to 
address the second "rule" and to keep the comments relatively simple. 
 
The second "rule" is: 
 

"2) If Recovery = YES, the detached error rate is the original error rate multiplied by a 
factor range of 2 to 10."  [emphasis added] 

 
JWS Note:  A preceding comment on Section 2.4.8 discusses the distinction between a 
"recovery action" and "recovery of an HFE".  It is not apparent how the general treatment of 
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"recovery" in this section relates to the context of that taxonomy. 
 
I understand that this "rule" is applied as follows: 
 
• If the analyst judges that the reported error rate does not benefit from "recovery" (i.e., Rec - 

No), the numerical value is not altered. 
 
• If the analyst judges that the reported error rate benefits from "recovery", the numerical 

value is multiplied by 2 and 10, to produce a range of adjusted error rates.  This apparently 
accounts for expectations that "recovery" is effective at reducing the "base" error rate by a 
factor of about 2 to 10, and that the human reliability analysis should evaluate the effects 
from "recovery" separately. 

 
• If the analyst cannot determine whether the reported error rate benefits from "recovery" (i.e., 

Rec - Unknown), it is assumed that no recovery was present, and the numerical value is not 
altered.  This assumption is not documented in the "rule".  However, it is evident from the 
observation that this "rule" was not applied to increase any of the error rates with Unknown 
recovery (i.e., entries 1, 2, 4, 5, 6, 8, 9, and 10 in Table 3-8).  This assumption might result 
in some unadjusted error rates that are numerically optimistic. 

 
This section does not document the rationale for this "rule" or the technical basis for the applied 
numerical multiplication factors. 
 
JWS Note:  Table 3-8 indicates that this "rule" was used to increase one of the 12 error rates 
from Table 3-6 by a factor of 2 (i.e., entry 11 in Table 3-8). 
 
Is my understanding of this "rule" correct? 
 
Why does this "rule" not document how the effects from unknown recovery are treated? 
 
Why is it assumed that the reported error rate does not benefit from "recovery", if that 
information cannot be determined from the available reference? 
 
What is the technical basis for the applied numerical factors? 
 
105. Section 3.2.2, Detaching Multi-Component Human Error Data 
 
JWS Note:  This is a continuation of the immediately preceding comments.  I separated it to 
address the third "rule" and to keep the comments relatively simple. 
 
The third "rule" is: 
 

"3) If there are other PIFs, the detached error rate is the original error rate divided by 
multiplication of a factor range of (5 to 10 for complexity) and the sum of the 
weights of other PIF attributes.  The weights of the PIF attributes are from the initiation 
estimation of the single-component data in IDHEAS-DATA."  [emphasis added] 

 
I understand that this "rule" is applied as follows: 
 
• If the analyst judges that the scenario conditions for the reported error rate are not 
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"complex" and there are no adverse effects from any other performance-influencing factors 
(PIFs), the numerical value is not altered. 

 
• If the analyst judges that the scenario conditions for the reported error rate are "complex", 

the numerical value is divided by 5 and 10, to produce a range of adjusted error rates.  This 
apparently accounts for an expectation of the reduction to the error rate that would be 
observed for a similar action during "straightforward" scenario conditions. 

 
• If the analyst judges that there are adverse effects from some PIFs, the numerical value is 

divided by the sum of the attribute weights for those PIFs.  This apparently accounts for an 
expectation of the reduction to the error rate that would be observed if all PIFs are "optimal". 

 
• If the analyst judges that the scenario conditions for the reported error rate are "complex" 

and there are adverse effects from some other PIFs, the numerical value is divided by [(the 
sum of the PIF attribute weights) multiplied by 5 and 10], to produce a range of adjusted 
error rates. 

 
The conceptual basis for this "rule" is derived from the formulation of the proposed IDHEAS 
quantification model, according to Equation 4.6 and Equation 4.7 in the current version of 
NUREG-2198 (i.e., Equation 2.4 and Equation 2.2 in this report).  
 
According to Equation 4.7 in NUREG-2198 and Equation 2.2 in this report, the cumulative 
numerical effect from the PIFs is not actually a simple linear sum of their weights.  It is the sum 
of their incremental (or percentage) effects on the baseline HEP.  For example, suppose that 
three PIFs have weights of wA = 1.5, wB = 2.5, and wC = 6.0, as calculated according to 
Equation 4.6.  This means that PIF A increased the baseline HEP by a factor of 1.5, which is an 
increase of 50%.  Similarly, PIF B increased the baseline HEP by a factor of 2.5 (an increase of 
150%), and PIF C increased the baseline HEP by a factor of 6.0 (an increase of 500%).  
According to Equation 4.7, the composite effect from these PIFs is: 
 
1 + (wA - 1) + (wB - 1) + (wC - 1)  =  1 + (1.5 - 1) + (2.5 - 1) + (6.0 - 1)  =  8.0 
 
Thus, according to the IDHEAS model, the composite effects from these PIFs will increase the 
baseline HEP by a factor of 8.0 (or an increase of 700%).  Therefore, the numerical factor that is 
applied to account for how the reported error rate might be reduced when all three of these PIFs 
are "optimal" should be 8.0, and not (1.5 + 2.5 + 6.0 =) 10. 
 
JWS Note:  Table 3-8 indicates that this "rule" was used to reduce seven of the 12 error rates 
from Table 3-6 by factors of 5 to 100 (i.e., entries 1, 2, 6, 8, 10, 11, and 12 in Table 3-8). 
 
Is my understanding of this "rule" correct? 
 
What is the technical basis for the applied numerical factors for a "complex" scenario? 
 
Are the applied PIF attribute weights derived from the tables in Appendix A of this report? 
 
If not, how are they quantified? 
 
Are the numerical reduction factors for the PIF attribute weights estimated according to 
Equation 4.7 in the current version of NUREG-2198 and Equation 2.2 in this report? 
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106. Section 3.2.2, Detaching Multi-Component Human Error Data, Table 3-8: Detached 
Human Error Rates for the Lowest HEP of Failure of Detection 

 
A preceding comment addresses the first "rule" for adjusting the reported error rates.  According 
to that "rule", if the analyst judges that a reported error rate does not benefit from a particular 
type of error checking, the error rate should by divided by 5 when only one type of checking was 
present, or it should be divided by 10 when neither type of checking was present. 
 
Entry 5 and entry 6 in Table 3-8 indicate that the analyst could not determine whether the 
reported error rates benefit from team checking (i.e., TeamV - Unknown applies).  Those error 
rates were not adjusted to account for the effects from checking.  This implies that the analyst 
conservatively assumed that checking is present when the Unknown condition applies. 
 
Entry 9 in Table 3-8 similarly indicates that the analyst could not determine whether the reported 
error rate benefits from team checking (i.e., TeamV - Unknown applies).  The reported error rate 
was divided by 5.  The note for this entry indicates that it was "Divided by 5 for no team 
verification".  This is not consistent with the treatment of the Unknown checking condition for 
entry 5 and entry 6. 
 
Entry 12 in Table 3-8 indicates that the analyst concluded that the reported error rate benefits 
from self-checking and it does not benefit from team-checking (i.e., SelfV - Yes and TeamV - No 
applies).  The note for this entry indicates that it was "Divided by (5 to 10) for mixed complexity 
and divided by (5 to 10) for dual task".  It is not evident why the error rate was not also reduced 
by an additional factor of 5 to account for the lack of team-checking. 
 
Why was the error rate for entry 9 in Table 3-8 reduced to account for Unknown team-checking? 
 
Why was the error rate for entry 12 in Table 3-8 not reduced to account for the lack of team-
checking? 
 
107. Section 3.2.2, Detaching Multi-Component Human Error Data, Table 3-8: Detached 

Human Error Rates for the Lowest HEP of Failure of Detection 
 
A preceding comment addresses the second "rule" for adjusting the reported error rates.  
According to that "rule", if the analyst judges that a reported error rate benefits from "recovery", 
the error rate should by multiplied by 2 and 10 to produce a range of adjusted error rates. 
 
Entry 11 and entry 12 in Table 3-8 indicate that the reported reference error rates benefit from 
"recovery" (i.e., R - Yes applies). 
 
The reported error rate for entry 11 was multiplied by only a factor of 2 to account for "recovery".  
The reported error rate was not also multiplied by a factor of 10 to further increase the range of 
the adjusted error rate. 
 
The reported error rate for entry 12 was not increased to account for "recovery". 
 
Why was the error rate for entry 11 in Table 3-8 not also multiplied by a factor of 10 to further 
increase the range of the adjusted error rate? 
 
Why was the error rate for entry 12 in Table 3-8 not increased to account for the effects from 
"recovery"? 
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108. Section 3.2.2, Detaching Multi-Component Human Error Data, Table 3-8: Detached 

Human Error Rates for the Lowest HEP of Failure of Detection 
 
A preceding comment addresses the third "rule" for adjusting the reported error rates.  
According to that "rule", if the analyst judges that there are adverse effects from some 
performance-influencing factors (PIFs), the error rate should be divided by the sum of the 
attribute weights for those PIFs. 
 
Entry 1 in Table 3-8 indicates that the reported error rate was divided by 5 and 10.  The note for 
this entry indicates that "A factor of 5 to 10 represents the combined effect of possible other 
PIFs".  Entry 1 in Table 3-6 simply notes that "Other PIFs may exist", without identifying any 
specific PIFs. 
 
The adjusted error rates in Table 3-8 are used to derive an estimate for the lowest human error 
probability (HEP) that applies for the Detection macrocognitive function.  The summaries of the 
estimated PIF weights for Detection (D) in Section 3.1.4 through Section 3.1.20 list weights that 
range from slightly more than 1.0 to approximately 10 for individual PIFs.  The lower-bound 
estimates for almost all of the individual PIF weights are less than 1.3, and the highest lower-
bound estimate is approximately 2.0.  Thus, even if the weights from several PIFs are added, it 
seems that the applied lower-bound reduction factor of 5 is not consistent with those estimates, 
and it produces a numerically optimistic estimate for the upper-bound adjusted error rate. 
 
For example, suppose that three PIFs have attribute weights of wA = 1.1, wB = 1.2, and wC = 
1.25, as calculated according to Equation 4.6 in the current version of NUREG-2198 and 
Equation 2.4 in this report.  According to Equation 4.7 in NUREG-2198 and Equation 2.2 in this 
report, the combined numerical effect from these PIFs would adjust the "base" HEP as follows: 
 
1 + (wA - 1) + (wB - 1) + (wC - 1)  =  1 + (1.1 - 1) + (1.2 - 1) + (1.25 - 1)  =  1.55 
 
Thus, the numerical factor that should be applied to account for how the reported error rate 
might be reduced when all three PIFs are "optimal" is 1.55, and not (1.1 + 1.2 + 1.25 =) 3.55. 
 
The summaries for Detection (D) in Section 3.1.4 through Section 3.1.20 list upper-bound 
weights that vary from about 1.5 to 10 for individual PIFs, with a few estimates that are higher 
than 5.  Therefore, the applied upper-bound reduction factor of 10 seems to be a reasonable 
estimate to account for possible effects from some individual PIFs or the combined effects from 
multiple PIFs. 
 
JWS Note:  This comment also applies to the error rate in entry 2, which is similarly divided by 
factors of 5 and 10.  It also applies to the error rate in entry 12.  The note in entry 12 indicates 
that one set of applied numerical factors of 5 and 10 accounts for "mixed complexity", and one 
set of applied numerical factors of 5 and 10 accounts for "dual task".  Entry 12 in Table 3-6 lists 
mental fatigue and time pressure as possible other PIFs which may apply for that error rate. 
 
What is the technical basis for the applied lower-bound numerical factor of 5 to account for the 
effects from an unknown combination of one or more PIFs? 
 
In particular, to account for the fact that perhaps only one adverse PIF applies or a few limited 
effects apply, why do the estimates in Table 3-8 not use a lower-bound numerical factor that is 
less than 1.5? 
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109. Section 3.2.2, Detaching Multi-Component Human Error Data, Table 3-8: Detached 

Human Error Rates for the Lowest HEP of Failure of Detection 
 
A preceding comment addresses the third "rule" for adjusting the reported error rates.  
According to that "rule", if the analyst judges that there are adverse effects from some 
performance-influencing factors (PIFs), the error rate should be divided by the sum of the 
attribute weights for those PIFs. 
 
Entry 8 in Table 3-8 indicates that the reported error rate was divided by (5 + 2).  The note for 
this entry indicates that it was "Divided by (5+2) for lack of self verification and possible HSI 
attributes".  A preceding comment on the first "rule" discusses the numerical factor of 5, which 
was applied to account for the lack of team-checking (i.e., TeamV - No).  Thus, it is evident that 
the numerical factor of 2 is intended to account for the effects from the PIF for Human-System 
Interface (HSI). 
 
The adjusted error rates in Table 3-8 are used to derive an estimate for the lowest human error 
probability (HEP) that applies for the Detection macrocognitive function.  The "Summary of 
Generalized Human Error Data for HSI" for Detection (D) in Section 3.1.10 notes that: 
 

"The datapoints have the error rates for Failure of Detection ranging from 1.2 ~ 6 times 
nominal with the presence of the HSI attributes." 

 
Thus, the applied factor of 2 may produce a somewhat optimistic estimate for the adjusted error 
rate.  However, that numerical difference is not the primary focus of this comment. 
 
More importantly, I do not think that the numerical reduction factor is applied correctly.  The 
numerical factors are added, rather than multiplied.  Thus, it seems evident that the intent of this 
calculation is to apply the third "rule" to adjust the reported error rate, accounting for the 
combined effects from the two PIF weights that pertain to lack of team-checking and the HSI. 
 
As discussed in preceding comments, according to Equation 4.7 in NUREG-2198 and Equation 
2.2 in this report, the combined numerical effect from these PIFs would adjust the "base" HEP 
as follows: 
 
1 + (wA - 1) + (wB - 1)  =  1 + (5 - 1) + (2 - 1)  =  6 
 
Thus, a numerical factor of 6 should be applied to account for the combined effects from these 
PIFs, rather than (5 + 2 =) 7. 
 
Furthermore, to account for the uncertainty in the effects from the HSI, it seems that the listed 
range of that PIF attribute weight should be used to produce a range of adjusted error rates.  
Thus, rather than (5 + 2), it seems that the reported error rate should be divided by factors of 
[1 + (5 - 1) + (1.2 - 1)  = 5.2]  and [1 + (5 - 1) + (6 - 1)  = 10]. 
 
Considering this comment, why was the error rate for entry 8 in Table 3-8 divided by (5 + 2)? 
 
Why does the adjusted error rate for entry 8 in Table 3-8 not account for the range of the PIF 
attribute weights for the HSI? 
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110. Section 3.2.2, Detaching Multi-Component Human Error Data, Table 3-8: Detached 
Human Error Rates for the Lowest HEP of Failure of Detection 

 
A preceding comment addresses the third "rule" for adjusting the reported error rates.  
According to that "rule", if the analyst judges that the scenario conditions for the reported error 
rate are "complex", the error rate should be divided by 5 and 10 to produce a range of adjusted 
error rates. 
 
Entry 10, entry 11, and entry 12 in Table 3-8 indicate that the reported error rates were divided 
by 5 and 10 to account for the effects from "mixed complexity".  A preceding comment on the 
third "rule" addresses the technical basis for those numerical values. 
 
Entry 6 in Table 3-8 indicates that the reported error rate was divided by 5.  The note for this 
entry indicates that it was "Divided by 5 for weak complexity".  Entry 6 in Table 3-6 simply notes 
that "Maybe weak complexity" applies, without further elaboration. 
 
Without additional information, it seems that "weak complexity" should affect the reported error 
rate less than "mixed complexity".  In other words, "weak complexity" scenario conditions may 
be more similar to "straightforward" scenario conditions.  If that is the case, it seems that a 
numerical reduction factor that is less than 5 should apply for this entry. 
 
What are the characteristics of "weak complexity"? 
 
In particular, how is "weak complexity" different from "mixed complexity"? 
 
What is the technical basis for the numerical reduction factor of 5 that is applied for entry 6 in 
Table 3-8? 
 
Why does the adjusted error rate for entry 6 in Table 3-8 not account for a range of the effects 
from "weak complexity"? 
 
111. Section 3.2.3, Estimating the Lowest HEP, General Comments 
 
Figure 3-1 is a very good display of the variability in the adjusted error rates from Table 3-8. 
 
This section notes that: 
 

"The mean and range of the error rates are calculated for Category A, B, C datapoints 
separately and for the datapoints in all the three categories.  The mean is calculated as the 
average of the midpoints of the error rate ranges and the single error rate values.  The 
lower bound is calculated as the average of all the lower ends of the error rate ranges, 
and the upper bound is calculated as the average of all the upper ends of the error rate 
ranges."  [emphasis added] 

 
The summarized results are: 
 

Category A datapoints: [1.8, 3.6, 5.3]E-4 for lower bound, mean, and upper bound 
Category B datapoints: [1.06, 2.8, 2.1]E-4 
Category C datapoints: [0.9, 1.7, 3.6]E-4 
Category A, B, C datapoints: [1.4, 1.8, 4.4 ]E-4 
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This is not an appropriate method to quantify the mean values and the uncertainties in these 
estimates.  In particular, the mean values are based on an assumed uniform probability 
distribution of the error rates between the lower and upper bounds in each set of "detached 
multi-component" estimates.  It is not apparent why that assumption is valid, based on the way 
that the error rate adjustments are performed.  The summarized results for the lower-bound and 
upper-bound error rates are also obviously wrong. 
 
• Category A consists of three sets of estimates with values of (2.1E-04 and 4E-04), (3.4E-04 

and 7E-04), and (9E-05 and 4.8E-04).  It seems evident that the lower bound of the 
Category A estimates is 9E-05, not 1.8E-04.  Similarly, the upper bound of Category A is 
7E-04, not 5.3E-04. 

 
• One of the three single-point estimates in Category B has a value of 1E-04.  That value is 

the lower bound of Category B, not 1.06E-04.  Another single-point estimate in Category B 
has a value of 7E-04.  That value is the upper bound of Category B, not 2.1E-04. 

 
• The summarized lower and upper bounds for Category C are consistent with the range of 

the estimates in that category. 
 
Thus, it seems evident that the combined estimates from Category A, Category B, and Category 
C have a lower bound of 9E-05 and an upper bound of 7E-04. 
 
To better understand the uncertainties in these estimates and the effects from the applied error 
rate adjustments, I performed simple evaluations of the entries in Table 3-6 and Table 3-8.  The 
following tables summarize my treatment of the "raw data" for those evaluations. 
 
For Table 3-6, I assigned an equal weight (i.e., equal probability) that each of the 12 entries is 
valid evidence for this analysis.  Thus, each entry is assigned an equal probability of (1 / 12 =) 
0.083.  I also aggregated entries that report the same error rate.  Therefore, three of the entries 
shown below have total probabilities of (2 / 12 =) 0.167. 
 

JWS Evaluation of Table 3-6 

Error Rate Probability Cumulative 
Probability 

1.00E-04 0.167 0.167 

5.00E-04 0.083 0.250 

5.30E-04 0.083 0.333 

9.00E-04 0.083 0.417 

1.00E-03 0.167 0.583 

2.10E-03 0.083 0.667 

3.40E-03 0.083 0.750 

5.00E-03 0.167 0.917 

9.00E-03 0.083 1.000 
 
I did a similar evaluation for Table 3-8.  For that evaluation, I retained the original probability that 
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each of the 12 entries in Table 3-6 is valid evidence.  (In practice, my confidence in the 
relevance of each source in Table 3-6 should not be affected by the adjustments that are 
performed in Table 3-8.)  Five entries in Table 3-8 derive estimates for the lower and upper 
bounds from the "detached multi-component" sources.  For those entries, I treated each 
adjusted error rate as a discrete data point, and I assigned equal weights that each is a valid 
estimate for this analysis.  For example, the first entry in Table 3-8 lists adjusted error rates of 
2.1E-04 and 4E-04.  I treated those values as discrete estimates, and I assigned an equal 
weight that each is valid.  Since that data source from Table 3-6 was assigned a (1 / 12 =) 0.083 
probability that it is valid evidence, I assigned a probability of [0.5 * (1 / 12) =] 0.042 to each 
estimate that was derived from that source.  I also aggregated entries that have the same error 
rate.  Thus, two of the entries shown below have total probabilities of (3 / 12 =) 0.250, one entry 
has a total probability of (1 / 12 + 0.5 / 12 =) 0.125, and one entry has a total probability of 
(0.5 / 12 + 0.5 / 12 =) 0.083. 
 

JWS Evaluation of Table 3-8 

Error Rate Probability Cumulative 
Probability 

9.00E-05 0.083 0.083 

1.00E-04 0.250 0.333 

1.06E-04 0.042 0.375 

2.00E-04 0.250 0.625 

2.10E-04 0.042 0.667 

2.12E-04 0.042 0.708 

3.40E-04 0.042 0.750 

3.60E-04 0.042 0.792 

4.00E-04 0.042 0.833 

4.80E-04 0.042 0.875 

7.00E-04 0.125 1.000 
 
The following table shows the uncertainty distributions from my evaluations.  I did not try to 
extrapolate the distributions below the lowest listed error rates.  Therefore, the listed 5th 
percentile values are simply the lowest error rate in each table. 
 

JWS 
Evaluation 

Error Rate 
5th 

Percentile Median Mean 95th 
Percentile 95th / 5th 

Table 3-6 1.00E-04 9.50E-04 2.39E-03 6.60E-03 66.0 

Table 3-8 9.00E-05 1.53E-04 2.58E-04 6.12E-04 6.8 
 
The median value and mean value from my evaluation of the estimates in Table 3-8 are not very 
different from the nominal mean value of 1.8E-04 that is cited in this section of the report for the 
combined Category A, B, and C estimates.  That is not particularly surprising, considering the 
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very small overall range of the estimates in Table 3-8 (e.g., a factor of only 6.8 between the 5th 
percentile and 95th percentile of my distribution).  However, the 90% confidence range of my 
distribution from Table 3-8 is considerably larger than the lower-bound to upper-bound range of 
1.4E-04 to 4.4E-04 that is cited in this section of the report for the combined Category A, B, and 
C estimates. 
 
The summary from my evaluations also clearly shows the effects from the numerical 
adjustments that are made in Table 3-8.  Those adjustments reduce the mean error rate by 
almost a factor of 10.  However, more importantly, they substantially reduce the range of the 
estimates, due to the very large numerical reductions in the highest error rates from Table 3-6.  
In effect, the results in Table 3-8 imply that the numerical adjustment process very significantly 
reduces the overall uncertainty in these estimates.  That large reduction in the overall 
uncertainty is somewhat troubling, considering the fact that several of the applied numerical 
adjustments are inherently uncertain.  Several of my comments on Section 3.2.2 address 
reasons why the applied numerical factors may not appropriately account for the full uncertainty 
in the adjusted error rates. 
 
The analysts have clearly described how they derived the final estimates that are cited in this 
section of the report.  I do not fully agree with those evaluations.  However, there certainly may 
be differences of opinion about how to interpret the estimates and how to process the 
information that is shown in Table 3-8 and Figure 3-1.  Therefore, I have simply provided these 
examples to show how I approached the problem. 
 
JWS Note:  In my example evaluation, I gave equal weight to each entry in Table 3-6.  In other 
words, I assigned equal subjective probabilities that each source contains equally relevant 
evidence for this analysis.  Many other alternative approaches are possible.  For example, one 
could assign different weights to the entries in Table 3-6 to account for the analysts' relative 
degrees of confidence in the Category A, B, C, and D sources.  That would alter the 
probabilities in Table 3-6 and the corresponding probabilities for each source in Table 3-8.  I 
also assigned equal weights to the upper and lower bounds of the "detached multi-component" 
estimates.  In principle, one could similarly assign different weights (i.e., degrees of confidence) 
that each numerical adjustment factor is appropriate.  In some cases, it might also be possible 
to assign a probability distribution for the applied numerical factors (e.g., for the ranges of PIF 
attribute weights that are derived from the summaries in Section 3.1.4 through Section 3.1.20).  
In practice, that approach would produce more probability-weighted estimates from some 
sources.  For example, four probability-weighted estimates might be derived from the 
adjustments to entry 12 in Table 3-8, rather than only the upper and lower bounds, or each 
adjusted estimate might be represented by a probability distribution.  Of course, if no changes 
are made to the absolute values of the numerical adjustment factors, these alternative 
approaches for evaluating the uncertainties would not necessarily change the minimum and 
maximum error rates in the probability distribution from Table 3-8.  However, they would affect 
the shape of that probability distribution and the corresponding values for the 5th percentile, 
median, mean, and 95th percentile. 
 
112. Section 3.2.4, Reasonableness Checking and Calibration of the Estimated HEP 
 
This section notes that: 
 

"Among these datapoints, the first row has the error rate of 2E-5 for air traffic control 
operational error per operation.  This number was obtained including recovery.  Using a 
recovery factor of 5 to 10, the detached error rate would be 2E-4 to 4E-4, and it is larger 
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than the estimated lowest HEP of 1E-4."  [emphasis added] 
 
Multiplication by numerical factors of 5 and 10 would increase the reported error rate from 2E-05 
to 1E-04 and 2E-04. 
 
However, the summary of the second "rule" in Section 3.2.2 indicates that numerical factors of 2 
and 10 should be used to account for the effects from "recovery".  Those factors would increase 
the reported error rate from 2E-05 to 4E-05 and 2E-04. 
 
This section does not similarly discuss how the treatment of "recovery" would alter the error rate 
that is reported from Reference [118] in Table 3-10.  The note for that entry also indicates that 
"recovery is high".  Thus, an explicit comparison for the first entry in Table 3-10, and not the 
second entry, seems to be an inappropriately biased selection and documentation of the 
"reasonableness checking and calibration" process.  In particular, if the recommended 
numerical factors of 2 and 10 are applied for the second entry, they would increase that 
reported error rate from 2E-04 to 4E-04 and 2E-03. 
 
This section notes that: 
 

"The rest of the Unspecific datapoints all have the error rates larger than the estimated 
lowest HEP of 1E-4.  Overall, the reasonableness check verified the estimated lowest HEP 
of 1E-4 for Failure of Detection." 

 
JWS Note:  The first entry in Table 3-10 measures an error rate "per operation".  The second 
entry measures an error rate "per shift".  A shift typically involves many operations.  Therefore, it 
is not apparent why the error rate that is reported in the second entry in Table 3-10 is relevant to 
an estimate for the lowest human error probability (HEP) that applies for a Detection task.  
However, the analysts evidently decided that the second entry is relevant to this comparison, 
because they included it in the table.  Therefore, it is fair game for this comment. 
 
Why are the numerical adjustment factors that are used to account for "recovery" in this section 
different from the numerical values that are recommended in the second "rule" in Section 3.2.2? 
 
Why does this section not specifically discuss how the adjustments for "recovery" would affect 
the entry from Reference [118] in Table 3-10? 
 
113. Section 3.2.4, Reasonableness Checking and Calibration of the Estimated HEP 
 
The discussion of the last entry in Table 3-10 notes that: 
 

"A rough estimation is that the NTSB reported human error accident rate equals the pilot 
error rate multiplied by the ATC error rate, without considering the dependency between 
air traffic controller and pilot actions.  There are two ways to estimate pilot errors.  The first 
one is to equally split the errors between air traffic control and pilots then the pilot error rate 
would be 1E-3.  The second way is using the detached air traffic controller operational 
error rate of 2E-4 to 4E-4 then the pilot error rate would be 1.3E-2 to 2.7E-2."  [emphasis 
added] 

 
This seems to be a very arbitrary and convoluted interpretation of the estimated error rate from 
Reference [119] and its contributors.  In particular, it is certainly not apparent why the reported 
error rate is the numerical product of a pilot error rate, multiplied by an air traffic controller (ATC) 
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error rate.  Furthermore, it is not apparent why a "detached air traffic controller operational error 
rate" of 2E-4 to 4E-4 is relevant to this comparison. 
 
JWS Note:  From the immediately preceding paragraph in this section, it is evident that the 
cited "detached air traffic controller operational error rate" is the adjusted error rate from the first 
entry in Table 3-10.  The immediately preceding comment addresses that adjusted error rate. 
 
A subsequent comment on Table A21-1 in Appendix A21 addresses the basis for the error rate 
from Reference [119] that is cited in that table.  A note in Table A21-1 and Table 3-10 indicates 
that the error rate from Reference [119] is based on an estimated 125 million total flights.  Thus, 
the last entry in Table 3-10 measures the error rate "per flight".  From takeoff to landing, a flight 
involves many, many ATC and pilot operations.  It is certainly not apparent how, or why, the 
ATC error rate "per operation" that is cited in the first entry in Table 3-10 is relevant to the error 
rate "per flight" that is cited in the last entry. 
 
What is the technical basis for the assertion that the error rate that is reported in the last entry in 
Table 3-10 is the numerical product of a pilot error rate and an ATC error rate? 
 
What is the technical basis for the assertion that the adjusted ATC error rate "per operation" 
from the first entry in Table 3-10 is relevant to the context for the error rate "per flight" that is 
reported in the last entry in Table 3-10? 
 
114. Section 3.2.4, Reasonableness Checking and Calibration of the Estimated HEP 
 
The last paragraph in this section notes that: 
 

"Using a similar process as described in this section, the lowest HEPs for other CFMs were 
estimated as 1E-3 for Failure of Understanding, 1E-3 for Failure of Decisionmaking, 1E-4 for 
Failure of Execution, and 1E-3 for Failure of Interteam Coordination.  These were the lowest 
HEPs used for IDHEAS-ECA [2]." 

 
The other analyses are not documented in the IDHEAS-ECA report, nor should they be 
documented in that report. 
 
These "NRC-recommended" lowest human error probability (HEP) estimates may be used in 
many applications of the IDHEAS methodology, or in other analysis methods.  Therefore, it is 
essential that the derivation of each HEP should be documented in this report, in a similar 
manner and level of detail to the derivation of the HEP for Detection. 
 
Why are the lowest HEP derivations for the other macrocognitive functions not documented in 
this report? 
 
115. Appendix A. IDHEAS-DATA Tables, General Comment 
 
Without the detailed supporting information for these evaluations, it is obviously not possible, or 
appropriate, to comment on any specific assessments or numerical estimates.  Therefore, I 
reviewed these tables only to the extent that was needed to understand how they support 
overall conclusions and recommendations in this report.  I certainly did not study each entry in 
every table in detail. 
 
I intentionally did not comment on any elements of these evaluations that involve conclusions 
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which are based on analyst judgment.  Although I might disagree with some specific 
conclusions, my judgment is neither more relevant nor necessarily better justified technically 
than the analysts'.  Therefore, my comments address situations that involve analyst judgment 
only when I could not understand the rationale for a particular decision, or when the judgment 
does not seem to be consistent with the general IDHEAS guidance. 
 
116. Appendix A3, Table A3-1, Attribute Identifiers and Descriptions for PIF Task 

Complexity 
 
The description of attribute C38 notes that it involves: 
 

"Action execution requires close coordination of multiple personnel at different locations – 
Transport fuel assemblies with fuel machines" 

 
This is the only Task Complexity attribute description that lists a specific activity.  I do not 
understand why the action to "transport fuel assemblies with fuel machines" merits special 
attention in the context of these descriptions. 
 
Why does the description of attribute C38 explicitly mention the activity to transport fuel 
assemblies? 
 
Is it intended that attribute C38 should apply only for that specific activity? 
 
If so, which other attribute for Action Execution accounts for other activities that require close 
coordination of multiple personnel at different locations? 
 
117. Appendix A5, Table A5-2, IDHEAS-DATA IDTABLE-5 - PIF Weights for Workplace 

Visibility 
 
The entry for attribute VIS3 for Action Execution (E) from Reference [162] seems to indicate that 
a lower error rate applies for "Low Visibility" (5 errors), compared to "High Visibility" (12 errors). 
 
Is that correct? 
 
118. Appendix A6, Table A6-2, IDHEAS-DATA IDTABLE-6 - PIF Weights for Workplace 

Noise 
 
The "Summary of Human Error Data for Workplace Noise" in Section 3.1.6 of the main report 
concludes that the presence of noise has a generally detrimental effect on each macrocognitive 
function.  It is noted that error rates increase by about 10% to 50% in the presence of noise, 
compared to the baseline error rates (i.e., the attribute weights range from about 1.1 to 1.5). 
 
I do not fully understand how several entries in this table support that conclusion. 
 
• A preceding comment on Section 3.1.6 addresses the apparent performance improvement 

that is measured by the negative standardized effect size values from Reference [50]. 
 
• The entry for "verbal serial recall" from Reference [49] seems to indicate that performance 

improved in the presence of attributes NOS1 and NOS2.  (Attribute NOS3 had a detrimental 
effect.) 
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• The entries for "five choice control task" and "arithmetic - calculate the answer" from 
Reference [164] indicate that performance improved in the presence of noise.  The note in 
Column 6 for each entry indicates that "low frequency noise improves vigilance". 

 
• The entry for "read a number 5-choice control task" from References [165] and [166] seems 

to indicate that performance improved slightly in the presence of attributes NOS1 and 
NOS2. 

 
Did I correctly interpret these data entries? 
 
If not, what is the correct interpretation? 
 
How did the analysts account for these effects when they derived the weights for each attribute? 
 
119. Appendix A7, Table A7-2, IDHEAS-DATA IDTABLE-7 - PIF Weights for Cold / Heat / 

Humidity, General Comment 
 
Preceding comments on Section 3.1.6 and Table A6-2 address questions about whether the 
negative standardized effect size values from Reference [50] account for how the effects from 
noise may improve cognitive performance. 
 
Most of the entries in Table A7-2 from Reference [172] and Reference [173] list negative effect 
size values, but a few list positive values.  Thus, it is apparent that those studies measured both 
improvements and declines in specific cognitive performance measures as the temperature was 
varied.  Therefore, it is important that the summary of the data in this table should clearly 
describe how analysts should interpret a negative value and a positive value for the effect size. 
 
JWS Note:  This comment also applies to Table A8-2, which contains only negative values from 
Reference [56].  It also applies to Table A19-2, which contains both positive and negative values 
from Reference [81]. 
 
120. Appendix A8, Table A8-2, IDHEAS-DATA IDTABLE-8 - PIF Weights for Resistance 

to Physical Movement 
 
The entry for attribute PR2 for Detection (D) and Action Execution (E) from References [58], 
[182], and [183] notes that: 
 

"10% to 15% reduction in error rates of information processing tasks"  [emphasis added] 
 
If the error rates were reduced, it seems that human performance improved under the applied 
vibration conditions. 
 
Is that correct? 
 
121. Appendix A9, Table A9-2, IDHEAS-DATA IDTABLE-9 - PIF Weights for System and 

I&C Transparency to Personnel 
 
An error rate of "1" is listed in the entry for attribute SIC2 (Inf2.6) for Decisionmaking (DM) from 
Reference [189].  It is noted that the reference study examined 25 pilots in four simulated flight 
events.  The immediately preceding entry from Reference [189] for Understanding (U) lists an 
error rate of 0.55. 
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Does the "1" mean that the observed error rate was 1.0 (i.e., all pilots made an error when the 
decision aid was wrong)? 
 
If so, it would be more clear to report the error rate as 1.0. 
 
If the "1" does not mean that the observe3d error rate was 1.0, what does it mean? 
 
122. Appendix A9, Table A9-2, IDHEAS-DATA IDTABLE-9 - PIF Weights for System and 

I&C Transparency to Personnel 
 
It is not apparent why the last entry in this table and Figure A9-1 are relevant to this 
performance-influencing factor (PIF). 
 
Why is the last entry in Table A9-2 relevant to this PIF? 
 
123. Appendix A10, Table A10-2, IDHEAS-DATA IDTABLE-10 - PIF Weights for Human-

System Interfaces 
 
It seems that the data entries for attribute HSI3 from Reference [199] may report success rates, 
rather than error rates.  For example, the value "with HUD" is 0.36, and the value "without HUD" 
is 0.27.  The value "with HITS" is 0.45, and the value "without HITS" is 0.22.  It seems that each 
of these displays should enhance pilot performance. 
 
Since these data entries are characterized as "error rates", it is important to either report the 
observed error rates or to clearly document the fact that the reported data are success rates. 
 
Are the entries for attribute HSI3 from Reference [199] error rates or success rates? 
 
124. Appendix A11, Table A11-2, IDHEAS-DATA IDTABLE-11 - PIF Weights for 

Equipment and Tools, Editorial Comments 
 
The entry for attribute ETP1 from Reference [63] indicates that Action Execution (E) is the only 
relevant cognitive failure mode (CFM).  The example for source Category C in Section 3.1.11 of 
the main report and the note in Column 6 of this table indicate that the data are also relevant to 
the CFM for Detection (D). 
 
Two entries in this table are indexed to attributes EAP1 and EAP2.  They should be indexed to 
the appropriate attributes for this performance-influencing factor (PIF). 
 
125. Appendix A13, PIF Attributes and Weights for Procedures, Guidelines, and 

Instructions, Editorial Comment 
 
This is a very minor comment.  The general IDHEAS guidance in NUREG-2198, the guidance in 
the IDHEAS-ECA report, and Section 3.1.13 in the main body of this report refer to this 
performance-influencing factor (PIF) as "Procedures, Guidance, and Instructions".  This 
appendix should use consistent nomenclature. 
 
I made this comment only because some readers might subtly distinguish between "guidelines", 
which are typically pre-planned and written, and "guidance", which might be less formal and 
primarily oral.  Of course, "guidance" can also encompass "guidelines".  I think that "guidance" 
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more appropriately pertains to this PIF over the full range of scenarios that are evaluated in a 
PRA. 
 
126. Appendix A13, Table A13-2, IDHEAS-DATA IDTABLE-13 - PIF Weights for 

Procedures, Guidelines, and Instructions 
 
The first entry from Reference [138] pertains to an unspecified attribute (Unsp) for the Action 
Execution (E) cognitive failure mode (CFM).  That entry reports error rates for combinations of 
"good" and "poor" procedures, and "good" and "poor" workload.  The listed error rates for "poor" 
workload are lower than those for "good" workload.  It is very curious that the error rate which 
applies for "poor" procedures and "poor" workload (i.e., 1.58E-05) is much lower than the error 
rate which applies for "poor" procedures and "good" workload (i.e., 3.53E-03).  Furthermore, the 
very low error rate for "poor" workload is essentially unaffected by the quality of the procedures. 
 
What do "good" workload and "poor" workload mean in the context of this entry? 
 
Are the listed "poor" workload error rates correct? 
 
127. Appendix A13, Table A13-2, IDHEAS-DATA IDTABLE-13 - PIF Weights for 

Procedures, Guidelines, and Instructions 
 
The entries from Reference [226] apply to attributes PGI2, PGI3, and PGI4 for unspecified 
(Unsp) cognitive failure modes (CFMs).  They refer respectively to Figure A13-2, Figure A13-3, 
and Figure A13-4.  Each figure contains a set of regression analysis equations which apply for 
four levels of operator experience.  The figure captions simply indicate that each figure pertains 
to "Operator performance statistics".  From the entries in Column 5 of Table A13-2, it seems 
that Figure A13-2 applies for "intermedium" procedures, Figure A13-3 applies for "detailed" 
procedures, and Figure A13-4 applies for "problematic" procedures.  The entries in Column 3 
and Column 4 of the table seem to indicate that parameter 'y' is a measure of experts' 
assessments of the difficulty in using each type of procedure.  The entries in Column 3 also 
indicate that parameter 'x' is "% of the level descriptions". 
 
I do not understand how to interpret these figures, or how they apply to the respective 
performance-influencing factor (PIF) attributes.  In particular, I do not understand the meaning of 
parameter 'x' and what it actually measures. 
 
What is the meaning of parameter 'x' in Figure A13-2, Figure A13-3, and Figure A13-4? 
 
In particular, what is a specific example of how that parameter is used to determine numerical 
values that are relevant for the evaluation of each PIF attribute? 
 
128. Appendix A14, Table A14-2, IDHEAS-DATA IDTABLE-14 - PIF Weights for Training 
 
The entry for attributes TE1, TE2, and TE3 for Action Execution (E) from Reference [232] refers 
to Figure A14-1.  Figure A14-1 indicates that the reported data are "System control failures (in 
percentages)".  The entry in Column 5 of Table A14-2 indicates that the data for T0 apply 
immediately after training. 
 
The data in Figure A14-1 for the "Practiced" fault type seem to indicate that the measured error 
rates are lower at 2 weeks after training (i.e., at T2w), compared to immediately after training.  
That is rather curious.  The error rates at 6 weeks (i.e., at T6w) are higher than those at 2 weeks 
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(as perhaps expected), but they are still lower than those immediately after training. 
 
The data for the "Novel" fault type show much different behavior.  Those data seem to indicate 
that the measured error rates are lower at 2 weeks after training, compared to immediately after 
training, as with the "Practiced" fault type.  However, the error rates at 6 weeks (i.e., at T6w) are 
significantly higher than those immediately after training.  That is very curious. 
 
Is this a correct interpretation of the data in Figure A14-1? 
 
Do the error rates at T0 measure performance immediately after training or before training? 
 
129. Appendix A14, Table A14-2, IDHEAS-DATA IDTABLE-14 - PIF Weights for Training 
 
The entry for attributes TE1, TE2, and TE3 for Understanding (U) from Reference [232] refers to 
Figure A14-2.  Figure A14-2 indicates that the reported data are "Diagnostic errors (%)".  The 
entry in Column 5 of Table A14-2 indicates that the data for T0 apply immediately after training. 
 
The data in Figure A14-2 for the "Practiced" fault type seem to indicate that the measured error 
rates are higher at 2 weeks after training (i.e., at T2w), compared to immediately after training.  
That is perhaps expected.  The error rates at 6 weeks (i.e., at T6w) are lower than those at 
2 weeks, but they are still somewhat higher than those immediately after training.  The error rate 
decrease from 2 weeks to 6 weeks is rather curious. 
 
The data for the "Novel" fault type for two training methods (D&P and EST) show behavior that 
is generally similar to that for the "Practiced" fault type.  The error rates increase from T0 to T2w.  
The error rates then curiously decrease from T2w to T6w.  For these training methods, the error 
rates at 6 weeks are essentially the same as those immediately after training.  The data for the 
third training method (EST/SA) show much different behavior.  The error rate at 2 weeks after 
training (i.e., at T2w) is slightly lower than that immediately after training.  The error rate at 
6 weeks (i.e., at T6w) is significantly lower than that immediately after training.  The continuous 
decrease in the error rate for the EST/SA training method is very curious. 
 
JWS Note:  The behaviors in Figure A14-2 might be more intuitive if the reported data actually 
measure success rates, rather than error rates (except for the "Novel" fault type behavior for the 
EST/SA training method). 
 
Is this a correct interpretation of the data in Figure A14-2? 
 
Do the error rates at T0 measure performance immediately after training or before training? 
 
Do the data in Figure A14-2 measure error rates or success rates? 
 
130. Appendix A14, Table A14-2, IDHEAS-DATA IDTABLE-14 - PIF Weights for Training 
 
The entry for attributes TE5 and TE6 for Decisionmaking (DM) and Interteam Coordination (T) 
from Reference [233] notes that: 
 

"This study used SPAR-H to evaluate HEPs of action and diagnosis in the Fukushima 
Daiichi accident management model (HEP evaluated with SPAR-H)."  [emphasis added] 

 
It is not appropriate for the IDHEAS-DATA records to cite the results from an application of a 
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specific human reliability analysis (HRA) methodology as relevant information for the evaluation 
of any performance-influencing factor (PIF) and its attributes.  Numerical values that are derived 
from any HRA method are not consistent with the types of source information that are described 
in this report, they are not consistent with the fundamental intent of the IDHEAS-DATA process, 
and they should not be included in any of the tables in Appendix A. 
 
Data source Category D for this report includes estimates of human error probabilities (HEPs) 
and PIF effects that are derived from expert judgment.  Those estimates are relevant for the 
evaluations in this report, with appropriate consideration of their limitations and uncertainties.  In 
particular, those expert estimates do not represent the results from a particular HRA.  They are 
HRA input information that should be valid, regardless of the specific analysis methodology or 
quantification models which might use them. 
 
Why does Table A14-2 include numerical estimates that are derived from an application of the 
SPAR-H methodology? 
 
Do any other tables in Appendix A contain numerical values that are derived from specific 
applications of an HRA methodology? 
 
131. Appendix A14, Table A14-2, IDHEAS-DATA IDTABLE-14 - PIF Weights for Training 
 
The entry for attribute TE5 for an unspecified (Unsp) cognitive failure mode (CFM) from 
Reference [99] seems to indicate that the error rate for "Unexperienced" operators was 
significantly lower than the error rate for "Experienced" operators (i.e., 0.002 vs. 0.008). 
 
Is that correct? 
 
132. Appendix A15, Table A15-2, IDHEAS-DATA IDTABLE-15 - PIF Weights for Team 

and Organization 
 
The entries for attribute TOF1 from Reference [237] and Reference [238] do not seem to 
support any significant effects from the measured teamwork parameters on success or failure of 
the respective scenario responses.  The entry from Reference [237] may indicate that better 
situation awareness and team consensus were somewhat more beneficial to success.  Figure 
A15-1 may indicate that more communication and better crew cohesion were somewhat more 
beneficial to success. 
 
Is that a correct interpretation of these entries? 
 
133. Appendix A16, Table A16-2, IDHEAS-DATA IDTABLE-16 - PIF Weights for Work 

Processes 
 
The entry for attribute WP3 for an unspecified (Unsp) cognitive failure mode (CFM) from 
Reference [77] seems to measure the effects from using an IPad. 
 
I do not understand why this entry is relevant to the Work Processes performance-influencing 
factor (PIF).  It seems more relevant to the PIF for Human-System Interface. 
 
Attribute WP3 accounts for "Poor infrastructure or practice of overviewing operation information 
or status of event progression".  In the context of the Work Processes PIF, I think that "poor 
infrastructure" refers to the organization of personnel responsibilities, not the tools that 
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personnel use to obtain information about the plant status. 
 
Why is this entry relevant to the Work Processes PIF? 
 
134. Appendix A16, Table A16-2, IDHEAS-DATA IDTABLE-16 - PIF Weights for Work 

Processes 
 
I am confused about how the data in the first entry for attributes WP2 and WP3 for an 
unspecified (Unsp) cognitive failure mode (CFM) from Reference [246] are interpreted and used 
to evaluate this performance-influencing factor (PIF). 
 
The notes in Column 5 of the table indicate that the data for attribute WP3 account for "with or 
without decision-support tools (Displaying important plant information)".  I do not understand 
why the effects from the "decision-support tools" are relevant to attribute WP3.  They seem 
more relevant to the PIF for Human-System Interface, or perhaps Procedures, Guidance, and 
Instructions. 
 
Attribute WP3 accounts for "Poor infrastructure or practice of overviewing operation information 
or status of event progression".  In the context of the Work Processes PIF, I think that "poor 
infrastructure" refers to the organization of personnel responsibilities, not the tools that 
personnel use to aid their decision-making process. 
 
The notes in Column 5 of the table indicate that the data for attribute WP2 account for "with or 
without STA".  The data in this entry seem to contain relevant information for attribute WP1 or 
attribute WP3, rather than attribute WP2.  In particular, the entries for both the "No Tool" and 
"Tool" conditions measure crew performance with and without a shift technical advisor (STA). 
 
JWS Note:  This comment also applies to the second entry for attributes WP2 and WP3 for an 
unspecified (Unsp) CFM from Reference [246].  It also applies to the entry for attributes WP2 
and WP3 for an unspecified (Unsp) CFM from Reference [247]. 
 
Why are the measured effects from the "decision-support tools" relevant to Work Processes 
attribute WP3? 
 
Why are the measured effects from the STA relevant to attribute WP2, rather than WP1 or 
WP3? 
 
135. Appendix A16, Table A16-2, IDHEAS-DATA IDTABLE-16 - PIF Weights for Work 

Processes 
 
Table A16-2 contains three entries for attributes WP2 and WP3 for an unspecified (Unsp) 
cognitive failure mode (CFM) from Reference [246] and Reference [247].  In those entries, the 
data for the "No Tool" condition seem to indicate that more errors occurred in crews that 
contained a Shift Technical Advisor (STA), compared to crews that did not contain an STA.  For 
example, in the first entry from Reference [246], an average of 4.9 errors occurred with the STA, 
and 3.2 errors occurred without the STA. 
 
The data for the "Tool" condition seem to indicate that when "decision-support tools" were 
available, fewer errors occurred for crews that contained an STA, compared to crews that did 
not contain an STA.  For example, in the first entry from Reference [246], an average of 5.6 
errors occurred without the STA, and 4.2 errors occurred with the STA. 
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These data seem to imply that the presence of an STA may have a detrimental effect on crew 
performance in some scenarios. 
 
Are these observations about the effects from the STA correct (especially for the "No Tool" 
condition)? 
 
136. Appendix A17, Table A17-2, IDHEAS-DATA IDTABLE-17 - PIF Weights for 

Multitasking, Interruptions, and Distractions, Editorial Comment 
 
The entries for attributes MT6 and MT8 do not list the references. 
 
137. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue, General Comment 
 
After I wrote several of the subsequent comments on specific entries in this table, it became 
apparent that the definitions of attributes MF3.1 and MF3.2 may have changed at some time 
during the data generalization process.  According to Table A18-1, attribute MF3.1 accounts for 
"sleep restriction", which means that a person sleeps for some amount of time every day, but 
the duration is less than some normative value.  Attribute MF3.2 accounts for "sleep 
deprivation", which means that a person remains awake continuously for an extended period of 
time (typically longer than 24 hours).  The analysts should carefully re-examine all entries that 
are associated with attributes MF3.1 and MF3.2 to confirm that the links are correct.  (It might 
be expedient to simply reverse the definitions in Table A18-1, provided that does not cause 
other analytical or documentation problems.  However, the analysts should still confirm that all 
entries are consistent.)  Despite the repetition, I retained my detailed comments to summarize 
my perspective on each entry. 
 
138. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
I do not understand the column headings in the entry for attribute MF2 for Understanding (U) 
from Reference [239].  One column in the data summary is labeled "Outage".  The other column 
is labeled "Afternoon".  The "Afternoon" label does not seem correct. 
 
It is also interesting that the afternoon shift error correlation coefficient in the "Outage" column is 
a factor of 10 lower than the morning shift value and a factor of 60 lower than the night shift 
value.  The afternoon shift error correlation coefficient in the "Afternoon" column is a factor of 
about 3 higher than the morning shift value and a factor of about 2 higher than the night shift 
value. 
 
JWS Note:  This comment also applies to the column headings in the entry for attribute MF2 for 
Detection (D) from Reference [239].  However, the relative behavior of the afternoon shift in that 
entry seems more consistent (i.e., worse than the morning shift and better than the night shift in 
both columns). 
 
What are the correct column labels for this entry? 
 
Are the listed afternoon shift error correlation coefficients correct? 
 
If so, did Reference [239] contain any insights about why the relative behavior of the afternoon 
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shift was so different for the "Outage" condition, compared to whatever condition applies for the 
"Afternoon" column? 
 
139. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
I do not understand the applicability of the data in the entry for attribute MF2 for Understanding 
(U), Decisionmaking (DM), and Action Execution (E) from Reference [144].  My confusion is 
exacerbated by the spatial offsets between the labels and the numerical values in each dataset. 
 
Based on the notes in Column 5 of the table, I initially thought that the first row in each dataset 
may correspond to the error rate for the fault-free condition (i.e., F-free).  For example, the fault-
free error rate for system control errors during the day is 4.01%, and the fault-free error rate at 
night is 4.17%.  The other error rates in each dataset then correspond to the listed types of 
faults.  For example, the system control error rate for a practiced fault condition (i.e., PracF) 
during the day is 2.18%, and the error rate for that condition at night is also 2.18%. 
 
However, that explanation is apparently wrong, because it is not consistent with the dataset for 
prospective memory failures.  In particular, the table lists five numerical values for that cognitive 
function.  Four of them evidently apply for the F-free, PracF, NovF, and CtrlPanF fault 
conditions.  I have absolutely no idea what condition applies for the fifth value. 
 
What is the correct interpretation of these data values? 
 
Why are the data entries not labeled more clearly, to avoid this source of confusion? 
 
140. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
The entries for attribute MF3.1 and attribute MF3.2 for an unspecified (Unsp) cognitive failure 
mode (CFM) from Reference [273] do not seem consistent with the definitions of these 
attributes in Table A18-1.  According to Table A18-1, attribute MF3.1 evaluates the effects from 
sleep restriction, and attribute MF3.2 evaluates the effects from sleep deprivation. 
 
The notes in Column 5 of Table A18-2 indicate that the first entry from Reference [273] 
measured the effects from sleep deprivation.  However, that entry is associated with attribute 
MF3.1.  The notes in Column 5 indicate that the second entry from Reference [273] measured 
the effects from "mild" and "severe" sleep restriction.  However, that entry is associated with 
attribute MF3.2. 
 
What are the correct attributes for the entries from Reference [273]? 
 
141. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
JWS Note:  This comment is a continuation of the immediately preceding comment.  However, 
it addresses a more technically substantive issue. 
 
I do not fully understand the equations that are cited in the entries from Reference [273]. 
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First Entry 
 
This entry notes that: 
 

"PR = −0.05 translates to a 5% decrement in performance relative to control performance for 
each hour of continuous wakefulness"  [emphasis added] 

 
The equation for Circadian day Accuracy is: 
 

"PR  =  -0.004 x Hours + 1" 
 
Suppose that a person is awake continuously for 48 hours.  According to this equation, it seems 
that the calculated performance ratio for Circadian day Accuracy would be: 
 
PR  =  -0.004 * 48 + 1  =  0.808 
 
This seems to imply that a person would be approximately 80% effective at performing these 
cognitive tasks after being awake for 48 hours, compared to a person who has normal sleep.  In 
other words, sleep deprivation for 48 hours would reduce cognitive performance by about 20%. 
 
However, that might not be the correct way to use these equations.  For example, according to 
this equation, sleep deprivation for 7 days (168 hours) would reduce cognitive performance for 
Circadian day Accuracy by about 67% (-0.004*168 + 1 = 0.328).  In other words, a person who 
had been awake for an entire week would be about 33% effective at performing these cognitive 
tasks, compared to a person who has normal sleep.  That does not seem reasonable.  In fact, 
the equation seems to indicate that cognitive performance would not decline to zero until a 
person is deprived of sleep for almost 10-1/2 days (250 hours). 
 
Second Entry 
 
This entry notes that: 
 

"PR = −0.05 translates to a 5% decrement in performance relative to control performance for 
each consecutive day"  [emphasis added] 

 
The notes in Column 5 indicate that the second entry measured the effects from "mild" and 
"severe" sleep restriction.  "Mild" sleep restriction apparently means that a person has 4 to 6 
hours of sleep per day.  "Severe" restriction means that a person has less than 4 hours of sleep 
per day. 
 
The equation for Mild SR Accuracy is: 
 
 "PR  =  -0.008 x Hours +1 
 
The equation for Severe SR Accuracy is: 
 
 "PR  =  -0.067 x Hours +1 
 
I have absolutely no idea how to interpret and use these equations in practice.  In particular, I do 
not know how to calculate the Hours that are used in each equation. 
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The number of Hours in these equations obviously cannot correspond to the average number of 
hours of sleep per day, because more sleep would produce a larger decline in performance.  
Therefore, it seems that the Hours must account for some measured departures from a 
normative amount of sleep, perhaps accumulated over a number of consecutive days. 
 
For example, suppose that a person has 5 hours of sleep per day for 8 consecutive days.  I do 
not know how the performance ratio for Mild SR Accuracy is calculated for that condition.  
Similarly, suppose that a person has 3 hours of sleep per day for 10 consecutive days.  I do not 
know how the performance ratio for Severe SR Accuracy is calculated for that condition.  
Furthermore, I do not know how the performance ratio would change if a person has an average 
of 3.5 hours of sleep per day, vs. 4.5 hours of sleep. 
 
Have I interpreted the general intent of the equations in both entries correctly? 
 
How are the Hours calculated for the equations in the second entry? 
 
What are some specific examples of how these equations are applied in practice (especially the 
equations in the second entry)? 
 
142. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
The first entry for attribute MF3.2 from Reference [274] does not seem consistent with the 
definition of attribute MF3.2 in Table A18-1.  According to Table A18-1, attribute MF3.2 
evaluates the effects from sleep deprivation. 
 
The notes in Column 5 of Table A18-2 indicate that this entry measured the effects from "short 
to long term sleep deprivation".  The entry refers the reader to Figure A18-1.  The equations in 
Figure A18-1 evaluate the performance decrement that is attributed to various average numbers 
of hours of sleep.  Thus, despite the note in Column 5, this entry seems to measure the effects 
from sleep restriction (i.e., attribute MF3.1), rather than sleep deprivation. 
 
What is the correct attribute for the first entry from Reference [274]? 
 
143. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
JWS Note:  This comment is a continuation of the immediately preceding comment.  However, 
it addresses a more technically substantive issue. 
 
The note in Column 3 for the first entry for attribute MF3.2 from Reference [274] notes that: 
 

"Y is performnce ratio and X is # of average horus of sleep (Figure A18-1)" [sic]  [emphasis 
added] 

 
Figure A18-1 indicates that variable 'y' measures "performance decrement". 
 
Based on the equations in the entries from Reference [273] and the equations in Figure A18-1, 
it seems that the numerical measure for a "performance ratio" in Reference [273] is different 
from the numerical measure of a "performance decrement" in Reference [274]. 
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Is that correct? 
 
If so, why does the note in Column 3 characterize variable 'y' as a "performance ratio"? 
 
144. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
The entry for attribute MF3.2 and attribute MF3.1 from Reference [274] may not be consistent 
with the definitions of these attributes in Table A18-1.  According to Table A18-1, attribute 
MF3.1 evaluates the effects from sleep restriction, and attribute MF3.2 evaluates the effects 
from sleep deprivation. 
 
The notes in Column 5 of Table A18-2 indicate that this entry measured the effects from "short 
to long term sleep deprivation".  Three of the descriptive conditions for the dataset mention 
"sleep deprivation".  However, it seems that some of the data may pertain to limited durations of 
daily sleep (i.e., sleep restriction attribute MF3.1).  I do not know whether any of the data pertain 
to extended periods without sleep (i.e., sleep deprivation attribute MF3.2). 
 
What are the average amounts of sleep per day that apply for each level of "sleep deprivation" 
in this entry? 
 
145. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
It seems that the entry for attribute MF3.1 for Understanding (U) and Action Execution (E) from 
Reference [275] contains information that is very broadly relevant to attribute MF3.1 for sleep 
restriction and attribute MF3.2 for sleep deprivation. 
 
For example, Figure A18-2 indicates that being awake continuously for 18.5 hours has 
approximately the same effect on driving as a blood alcohol content (BAC) of 0.05%.  Being 
awake continuously for 25.1 hours has approximately the same effect on a tracking task as a 
BAC of 0.10%.   
 
Is that a correct interpretation of the information in Figure A18-2? 
 
If so, why is this entry relevant to only attribute MF3.1? 
 
146. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 

Fatigue 
 
The entries for attribute MF3.1 from Reference [276], Reference [277], and Reference [278] are 
clearly not consistent with the definition of attribute MF3.1 in Table A18-1.  According to Table 
A18-1, attribute MF3.1 evaluates the effects from sleep restriction.  It is evident that these 
entries measured the effects from long periods without sleep (i.e., sleep deprivation attribute 
MF3.2). 
 
Why are these entries associated with attribute MF3.1? 
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147. Appendix A18, Table A18-2, IDHEAS-DATA IDTABLE-18 - PIF Weights for Mental 
Fatigue 

 
It seems that the entry for attribute MF-4 for Action Execution (E) from Reference [279] is also 
relevant to the performance-influencing factor (PIF) for Multitasking, Interruptions, and 
Distractions.  In particular, it seems that the data for "Non-sterile" vs. "Sterile" conditions 
measure the effects from distractions or engagements with other activities. 
 
Is that correct? 
 
If so, why does Table A17-2 not include this information from Reference [279]? 
 
148. Appendix A19, Table A19-1, Attribute Identifiers and Descriptions for PIF Time 

Pressure and Stress, Editorial Comment 
 
The first attribute listed in this table is labeled MF0.  It should be TPS0. 
 
149. Appendix A19, Table A19-1, Attribute Identifiers and Descriptions for PIF Time 

Pressure and Stress 
 
The description of attribute TPS3 notes that it accounts for the effects from: 
 

"Cumulative physical stress (e.g., long hours exposure to ambient noise, disturbed dark 
and light rhythms, air pollution, disruption of normal work-sleep cycles, illness)"  [emphasis 
added] 

 
According to the general IDHEAS methodology, the 20 performance-influencing factors (PIFs) 
are intended to be orthogonal, and they are intended to be evaluated as mutually exclusive 
effects on human performance.  Of course, in practice, it is very difficult to demonstrate 
complete independence among some specific PIF attributes.  However, it seems that the 
highlighted example conditions are included in the attributes for other PIFs, such as Mental 
Fatigue and Workplace Noise. 
 
To avoid possible confusion about the overlap of these PIF attributes, can these examples be 
removed from this description, without changing an analyst's understanding of the scope of 
attribute TPS3? 
 
150. Appendix A19, Table A19-2, IDHEAS-DATA IDTABLE-19 - PIF Weights for Time 

Pressure and Stress, Editorial Comment 
 
The notes in Column 4 for the entry for attribute TPS1 for Detection (D), Understanding (U), 
Decisionmaking (DM), and Action Execution (E) from Reference [81] note that: 
 

"Controlled lab setting and real-world settings in which temporal constraints impose stress 
and workload on operators, as anyone who is pressed to meet proposal deadlines can 
attest."  [emphasis added] 

 
The highlighted phrase is superfluous.  It is not mentioned in the example discussion of this data 
source in Section 3.1.19. 
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151. Appendix A19, Table A19-2, IDHEAS-DATA IDTABLE-19 - PIF Weights for Time 
Pressure and Stress 

 
The entries for attribute TPS1 from Reference [281] refer to Figure A19-1 and Figure A19-3.  
Those figures contain information that also seems relevant to several other performance-
influencing factors (PIFs).  For example, they show effects from Distraction / Interruption, Lack 
of Expertise, Environment, Equipment and Parts, Document and Procedure, and Organization. 
 
Why do other tables in Appendix A not include this information from Reference [281]? 
 
152. Appendix A19, Table A19-2, IDHEAS-DATA IDTABLE-19 - PIF Weights for Time 

Pressure and Stress 
 
The entry for attribute TPS2 for Detection (D) from Reference [290] seems to measure the 
effects from distraction (i.e., Multitasking, Interruptions, and Distractions attribute MT1), rather 
than emotional stress due to anxiety or some other cause.  In particular, it seems to measure 
the effects from viewing different types of irrelevant pictures while performing a target detection 
task.  However, the brief summary of this entry may not fully describe the applied conditions. 
 
How is this entry relevant to attribute TPS2? 
 
153. Appendix A19, Table A19-2, IDHEAS-DATA IDTABLE-19 - PIF Weights for Time 

Pressure and Stress 
 
The notes in Column 4 for the entries for attribute TPS2 and attribute TPS3 from Reference 
[295] indicate that the data measure "% miss" and "% incorrect".  However, it seems that the 
data may actually measure success rates.  For example, in the first entry and the second entry, 
the numerical values for the "High Fatigue / High Anxiety" condition are lower than the values 
for the "Low Fatigue / Low Anxiety" condition.  It does not seem likely that the error rates would 
improve over that range of conditions.  The third entry and the fourth entry show mixed results. 
 
Do the entries for attribute TPS2 and attribute TPS3 from Reference [295] measure error rates 
or success rates? 
 
154. Appendix A19, Table A19-2, IDHEAS-DATA IDTABLE-19 - PIF Weights for Time 

Pressure and Stress 
 
The entry for attribute TPS2 and attribute TPS3 for Action Execution (E) from Reference [292] 
indicates that the error rate for the "High Fatigue / High Anxiety" condition is lower than the error 
rates for the "High Fatigue / Low Anxiety" condition and the "Low Fatigue / High Anxiety" 
condition.  Although the differences are not very large, that behavior is somewhat surprising.  As 
expected, the error rate for the "High Fatigue / High Anxiety" condition is higher than the error 
rate for the "Low Fatigue / Low Anxiety" condition. 
 
Is the error rate for the "High Fatigue / High Anxiety" condition correct? 
 
155. Appendix A20, Table A20-1, Attribute Identifiers and Descriptions for PIF Physical 

Demands 
 
The description of attribute PD1 includes the following note: 
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"Note: Heavy loads is defined in NUREG-0612: 'Any load, carried in a given area after a 
plant becomes operational, that weighs more than the combined weight of a single spent 
fuel assembly and its associated handling tool for the specific plant in question'." 

 
I doubt very much that anybody will try to personally lift anything that is remotely near the weight 
of a spent fuel assembly as part of the actions that are needed to mitigate any PRA event 
scenario.  Of course, personnel might use cranes, hoists, forklifts, trucks, etc. to move heavy 
equipment during some scenarios.  In fact, attribute PD5 applies specifically for those types of 
activities.  Attribute PD1 measures the effects on personal physical exertion, not whether 
personnel need to use special equipment to lift a "heavy load". 
 
This note seems completely irrelevant to the description of attribute PD1.  Furthermore, it may 
inappropriately confuse analysts about the intended scope and use of this attribute. 
 
JWS Note:  The note is also irrelevant to the description of attribute PD5, because personnel 
may need to use a crane or hoist to move something which does not match the regulatory 
definition of a "heavy load". 
 
Why does the description of attribute PD1 contain this note? 
 
156. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 

Demands 
 
The first entry for attribute PD1 for Action Execution (E) from Reference [296] refers to Figure 
A20-1.  That figure shows a frequency distribution for the weights of loads that are lifted and 
carried by soldiers in the U.S. and the U.K.  It is not apparent why that information is relevant to 
the evaluation of attribute PD1, or any other attribute for this performance-influencing factor 
(PIF). 
 
How are the data in Figure A20-1 relevant to the evaluation of this PIF? 
 
157. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 

Demands 
 
The entry for attribute PD3 for Action Execution (E) from Reference [298] refers to Figure A20-2.  
That figure is a list of "coordination mechanisms" that influence a nominal joint action to lift and 
carry a sofa.  These "mechanisms" are conceptually very similar to the notions of cognitive 
failure modes (CFMs) and performance-influencing factors (PIFs) in the context of the general 
IDHEAS methodology.  The list is functionally similar to the identification of critical tasks, 
applicable CFMs, and relevant PIFs for an analysis of the needed action.  It is not apparent why 
the information in this figure is relevant to the evaluation of attribute PD3, or any other attribute 
for this PIF. 
 
How is the list of "coordination mechanisms" in Figure A20-2 relevant to the evaluation of this 
PIF? 
 
158. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 

Demands 
 
The entry for attribute PD4 for Action Execution (E) from Reference [83] lists types of human 
failure events (HFEs) that were apparently identified in the reference study.  A preceding 
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comment on the description of attribute PD4 in Section 3.1.20 of the main report and in Table 
A20-1 addresses the explicit focus on "dry cask loading" in that description.  Based on the very 
brief HFE summaries, it seems that these actions are relevant to attribute PD5 for activities that 
involve the use of cranes and hoists, rather than attribute PD4, which seems to pertain primarily 
to manipulations of unstable or precarious items. 
 
JWS Note:  I have not studied Reference [83].  The notes in Column 6 of Table A20-2 indicate 
that it does not contain any quantitative information.  However, more detailed qualitative 
information in that report may be relevant to the evaluation of weights for specific attributes. 
 
JWS Note:  This comment also applies to the entry for attribute PD4 for Action Execution (E) 
from Reference [84].  The comment about the link to attribute PD4 also applies to the entry for 
attributes PD4 and PD5 from Reference [84]. 
 
Why is the information in Reference [83] relevant to attribute PD4, rather than attribute PD5? 
 
159. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 

Demands 
 
The entry for attribute PD5 from Reference [82] refers to Figure A20-3.  That figure shows 
distributions of causes for errors in using cranes and errors in using forklifts.  Information about 
the use of cranes is relevant to the evaluation of attribute PD5. 
 
Preceding comments address the scope and definition of attribute PD4.  That attribute seems to 
pertain primarily to manipulations of unstable or precarious items.  The first entry in Table A20-2 
from Reference [37] is linked to attribute PD4.  The notes in Column 4 for that entry indicate that 
the estimated error rates apply specifically for use of a forklift. 
 
It seems that the information about errors in using forklifts from Reference [82] and the 
estimated error rates for using forklifts from Reference [37] should apply to the same attribute.  I 
do not know whether that attribute should be PD4 or PD5.  That allocation seems to depend on 
whether the analysts consider forklift loads to be inherently unstable or precarious. 
 
Should the forklift information from Reference [82] be linked to attribute PD4 or attribute PD5? 
 
Should the estimated forklift error rates from Reference [37] be linked to attribute PD4 or 
attribute PD5? 
 
160. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 

Demands 
 
The entry for attribute PD5 from Reference [82] refers to Figure A20-3.  That figure contains 
information that also seems relevant to several other performance-influencing factors (PIFs).  
For example, it shows effects from Inattention to Detail, Work Organization and Planning, 
Procedures, Administrative Control, Management Problems, Training, Experience, 
Communications, and Weather. 
 
Why do other tables in Appendix A not include this information from Reference [82]? 
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161. Appendix A20, Table A20-2, IDHEAS-DATA IDTABLE-20 - PIF Weights for Physical 
Demands 

 
The note in Column 3 for the entry for attribute PD5 for Action Execution (E) from Reference 
[299] notes that: 
 

"The number of incidents associated with operator failure is an astonishing 90 to 95% 
(Figure A20-4)"  [emphasis added] 

 
I am not astonished by that contribution. 
 
This report should provide an objective summary of the information that is obtained from each 
reference, it should describe how that information is generalized for each relevant performance-
influencing factor (PIF) attribute, and it should describe how the data are used to evaluate 
human error probabilities (HEPs) and PIF attribute weights. 
 
Why does this entry contain the analysts' opinion that the human error contribution is 
"astonishing"? 
 
162. Appendix A21, Table A21-1, IDHEAS-DATA IDTABLE-21 – Lowest HEP 
 
The error rates in the entries for Understanding (U) and Action Execution (E) from Reference 
[301] are not consistent with the cited numbers of errors and demands.  Those entries refer to 
Figure A21-1. 
 
The "Probabilities of human errors" in Figure A21-1 are consistent with the listed numbers of 
errors and opportunities, with one exception.  That exception is the "Diagnosis error" entry, 
which is reproduced in the Table A21-1 entry for Understanding (U). 
 
JWS Note:  The "95% confidence limits" for each entry in Figure A21-1 are apparently derived 
from a normal probability distribution.  The confidence limits for the "Diagnosis error" entry are 
consistent with the listed mean value of 1.43E-02.  Therefore, I do not know if that value was 
calculated incorrectly, or if the cited numbers of errors and opportunities are wrong. 
 
Figure A21-1 lists an error rate of 3.9E-03 for "E1 (operation omission)".  That error rate is 
consistent with the evidence of 5 errors in 1,281 opportunities.  The analysts evidently rounded 
up that error rate when it was entered into Table A21-1 for Action Execution (E). 
 
Why is the incorrect error rate listed in the Table A21-1 entry for Understanding (U) from 
Reference [301]? 
 
Why was the error rate from Figure A21-1 rounded up in the Table A21-1 entry for Action 
Execution (E) from Reference [301]? 
 
163. Appendix A21, Table A21-1, IDHEAS-DATA IDTABLE-21 – Lowest HEP 
 
The notes in Column 3 for the entry for Understanding (U) and Decisionmaking (DM) from 
Reference [30] contain the following phrase: 
 

"(Percentage of early buffet, i.e., a low stool or hassoc)" 
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This phrase really confused me when I read this entry.  I had no idea if this might be specialized 
jargon from Reference [30], or if it is an inadvertent editorial oversight.  So, being really 
confused, I looked up the definition of "buffet".  One definition of a "buffet", in the context of 
furniture, is "a low stool or hassock".  (I learned something today.) 
 
In the context of flying an airplane, "buffeting" refers to the effects from turbulence.  That seems 
directly relevant to this entry. 
 
Why does this entry contain the definition of a furniture buffet? 
 
164. Appendix A21, Table A21-1, IDHEAS-DATA IDTABLE-21 – Lowest HEP 
 
The notes in Column 3 for the entry for an unspecified (Unsp) cognitive failure mode (CFM) from 
Reference [119] note that the error rate applies for: 
 

"Pilot error rate x ATC error rate = NTSB reported human error accident rate" 
 
The entry cites a total of 686 errors in approximately 125 million flights.  It refers to Table A21-2 
for the supporting data. 
 
Table A21-2 is labeled "Pilot error event classification".  However, only the 179 events that 
classified as "HFEs attributed to pilots, ATC and GTC" and perhaps the 27 events where there 
is "Insufficient information to determine" seem relevant to the entry in Table A21-1. 
 
Table A21-2 indicates that 71 events are classified as "HFEs attributes to ground service (e.g., 
snowplowing and deicing)" and 136 events are classified as "Passenger or flight attendant injury 
not attributed to pilots' fault".  It seems that those events are clearly not relevant to pilot or air 
traffic control (ATC) errors. 
 
Table A21-2 indicates that 3 events are classified as "The situation is beyond the control of the 
human-in-operation".  This seems to indicate that it was not possible for the pilots to prevent an 
undesired consequence, regardless of what they did.  I am not sure what the 270 events that 
are classified as "Human-in-operation successfully avoided an undesired consequence" mean 
in practice.  However, that entry seems to account for successful pilot intervention. 
 
Why does the label for Table A21-2 indicate that it reports the classification of pilot errors? 
 
What does the "Human-in-operation successfully avoided an undesired consequence" event 
classification mean in practice? 
 
Considering the event classifications in Table A21-2, why does the entry in Table A21-1 from 
Reference [119] list a total of 686 errors from pilots and air traffic controllers? 
 
165. Appendix A22, Table A22-1, IDHEAS-DATA IDTABLE-22 – PIF Interaction 
 
Editorial Comments:  The first two entries in Table A22-1 list Reference [14] as the data 
source.  According to the list of references in Section 5, it seems that Reference [15] is the 
actual source for these entries.  The first entry seems to be an excerpt of the more detailed data 
in the second entry from the same reference.  If that is the case, they should not be listed as 
separate entries. 
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To check how the generalized data may support the proposed IDHEAS quantification model, I 
performed the following calculation for the first entry in Table A22-1.  I selected this entry 
because it is the first one in the table, it is a simple example, and it is not one of the three 
examples in Appendix D of the current version of NUREG-2198. 
 
The following table reorganizes the data from the first entry in Table A22-1. 
 

PIF 1 
PIF2 

Low High 
Low 0.07 0.15 
High 0.20 0.45 

 
According to the notes in Table A22-1, each numerical value is the measured human error 
probability (HEP) for the respective combination of the two performance-influencing factors 
(PIFs).  Thus, for this example, the baseline HEP is 0.07. 
 
According to Equation 4.6 in the current version of NUREG-2198, the PIF weights are: 
 
w1 =  0.20 / 0.07  =  2.86 
 
w2 =  0.15 / 0.07  =  2.14 
 
The data show that the measured composite effect from both PIFs is: 
 
wC =  0.45 / 0.07  =  6.43 
 
If the PIF weights are simply multiplied, the predicted composite effect would be: 
 
wM =  w1 * w2  =  2.86 * 2.14  =  6.12 
 
If the PIF weights are simply added, the predicted composite effect would be: 
 
wA =  w1 + w2  =  2.86 + 2.14  =  5.00 
 
If the PIF weights are combined according to Equation 4.7 in the current version of 
NUREG-2198, the predicted composite effect would be: 
 
w2198 =  1 + (w1 - 1) + (w2 - 1)  =  1 + (2.86 - 1) + (2.14 - 1)  =  4.00 
 
Thus, in this particular example, it seems that simple multiplication of the PIF weights would 
provide the best predicted estimate, which would be approximately 95% of the measured HEP 
(i.e., wM / wC = 0.95).  Simple addition of the weights would provide a predicted estimate that is 
approximately 78% of the measured HEP.  Use of the IDHEAS model would provide a predicted 
estimate that is approximately 62% of the measured HEP. 
 
How does this entry justify use of the assumed linear addition of individual PIF weights, 
compared to multiplication of the weights? 
 
How does this entry justify the form of Equation 4.7 in the current version of NUREG-2198? 
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166. Appendix A22, Table A22-1, IDHEAS-DATA IDTABLE-22 – PIF Interaction 
 
JWS Note:  When I discovered that the first and second entries in Table A22-1 actually 
summarize the same data, I decided to repeat the calculation in the immediately preceding 
comment for the highest measured human error probabilities (HEPs) in the second entry. 
 
The following table reorganizes the data from the second entry in Table A22-1, using the 
highest HEP values for each performance-influencing factor (PIF) effect. 
 

PIF 1 
PIF2 

Low High 
Low 0.07 0.15 
High 0.50 0.63 

 
According to the notes in Table A22-1, each numerical value is the measured HEP for the 
respective combination of the two PIFs.  Thus, for this example, the baseline HEP is 0.07.  The 
data also show that this baseline HEP applies for the highest luminance condition, and it does 
not vary with the applied acceleration for that condition. 
 
According to Equation 4.6 in the current version of NUREG-2198, the PIF weights are: 
 
w1 =  0.50 / 0.07  =  7.14 
 
w2 =  0.15 / 0.07  =  2.14 
 
The data show that the measured composite effect from both PIFs is: 
 
wC =  0.63 / 0.07  =  9.00 
 
If the PIF weights are simply multiplied, the predicted composite effect would be: 
 
wM =  w1 * w2  =  7.14 * 2.14  =  15.28 
 
If the PIF weights are simply added, the predicted composite effect would be: 
 
wA =  w1 + w2  =  7.14 + 2.14  =  9.28 
 
If the PIF weights are combined according to Equation 4.7 in the current version of 
NUREG-2198, the predicted composite effect would be: 
 
w2198 =  1 + (w1 - 1) + (w2 - 1)  =  1 + (7.14 - 1) + (2.14 - 1)  =  8.28 
 
Thus, in this particular example, it seems that simple addition of the PIF weights would provide 
the best predicted estimate, which would be approximately 3% higher than the measured HEP 
(i.e., wA / wC = 1.03).  Use of the IDHEAS model would provide a predicted estimate that is 
approximately 8% lower than the measured HEP (i.e., w2198 / wC = 0.92).  Simple multiplication 
of the weights would provide a predicted estimate that is approximately 70% higher than the 
measured HEP (i.e., wM / wC = 1.70). 
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Taken together, these two comments seem to clearly demonstrate why it is not appropriate to 
draw general conclusions about the technical merits of a proposed model, based on a small 
sample of simple comparisons. 
 
Have the analysts encountered and examined this type of behavior over relative ranges of the 
respective PIF weights (e.g., when the weights are numerically similar, and when they are 
significantly different)? 
 
167. Appendix A23, Table A23-1, IDHEAS-DATA IDTABLE-23 – Distribution of Time 

Needed, General Comment 
 
Preceding comments on Section 2.4.5 and Section 3.1.23 of the main report explain why I 
disagree very strongly with the publication of "NRC-approved" estimates for "generic" times that 
are needed to perform a particular action during "straightforward", "basic", "complex", or any 
other broad classification of scenarios. 
 
As also noted in those comments, if the authors decide to retain these "generic" 
recommendations, the times should be estimated consistently with the definitions of TSW, Tdelay, 
and Treqd in NUREG-2198.  In particular, the estimates for Treqd should be indexed to the time 
when the first salient cue occurs, not the time when the initiating event occurs.  The 
recommended uncertainties should accurately represent the actual range and shape of the 
variability in the measured data, rather than an assumed probability distribution form. 
 
168. Appendix A24, Table A24-1, IDHEAS-DATA IDTABLE-24 – Modification to Time 

Needed to Complete a Human Action, General Comment 
 
Preceding comments on Section 2.4.6 and Section 3.1.24 of the main report explain why I 
disagree very strongly with the publication of "NRC-approved" "generic" numerical factors that 
can be applied to alter "generic" estimates for the amount of time that is needed to perform a 
particular "basic" or "straightforward" action. 
 
A comment on Section 2.4.6 discusses how the information in Table A24-1 might be 
reorganized and combined with similarly reorganized information in Table A23-1 to avoid the 
implication that Table A24-1 supports the derivation and application of specific numerical 
adjustment factors. 
 
169. Appendix A27, Table A27-1, IDHEAS-DATA IDTABLE-27 – Empirical Evidence on 

Main Drivers of Human Failure Events 
 
The summary of the entry from Reference [23] indicates that the performance-influencing 
factors (PIFs) which are most relevant to the crews' failures to initiate bleed and feed cooling are 
Scenario Familiarity (SF) and Information Availability and Reliability (INF). 
 
This scenario was obviously designed to be extremely complex.  I agree that SF and INF are 
important contributors to the crews' failures.  However, I think that at least one other PIF is also 
important.  For example, the available condensate pump was failed in a very specific way that 
prevented it from delivering adequate flow, despite the fact that it was running.  The steam 
generator level instrumentation initially responded correctly.  However, it was then failed in a 
very specific way that prevented the operators from detecting the continuously decreasing levels 
in the intact steam generators.  Therefore, based on these extremely unusual failure modes, I 
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think that the PIF for System and I&C Transparency (SIC) was a very important contributor to 
the crews' continued attempts to restore condensate flow and their failure to identify the need to 
initiate bleed and feed cooling. 
 
Why does this entry not list SIC as an important PIF? 
 
170. Appendix A27, Table A27-1, IDHEAS-DATA IDTABLE-27 – Empirical Evidence on 

Main Drivers of Human Failure Events 
 
JWS Note:  Section M.1 of Appendix M to the current version of NUREG-2198 contains an 
excellent summary of the H.B. Robinson fire event.  For this comment, I also re-checked 
information from Reference [317] in this report and my personal notes from studying the event. 
 
The summary in this table does not mention the opening of charging flow control valve 
CVC-310A or failure of the automatic transfer of the charging pumps' suction from the volume 
control tank (VCT) to the refueling water storage tank (RWST).  The charging valve opened fully 
due to loss of air pressure after the instrument air containment isolation valve was closed by a 
containment isolation signal.  The charging pumps' suction did not transfer due a latent problem 
in the control circuit.  These failures are important elements of the event scenario.  The fully 
open charging flow control valve apparently resulted in reduced injection flow to the reactor 
coolant pump (RCP) seals.  The suction transfer failure eventually resulted in cavitation of the 
charging pumps.  If those failures had not occurred, seal injection flow would have remained 
available (at least for several hours until the RWST was drained) and there would have been no 
threat to the RCP seals, despite the fact that component cooling water (CCW) valve FCV-626 
was closed.  Fortunately, the crew restored CCW flow to the thermal barrier heat exchangers 
about 5 minutes before all seal injection flow was lost. 
 
The summary of this event indicates that the performance-influencing factors (PIFs) which are 
most relevant to the crew's failure to identify the loss of RCP seal cooling are Information 
Availability and Reliability (INF), Scenario Familiarity (SF), and Human-System Interface (HSI). 
 
I understand the analysts' rationale for these identified contributors.  However, according to my 
recollection of the event, I think that the most important contributor was that the operators and 
supervisors were engaged almost entirely in activities that were focused on the fire and the loss 
of power.  Thus, I think that the PIF for Multitasking, Interruption, and Distraction (MT) was 
perhaps the most important contributor to the crew's failure to identify the loss of CCW flow, 
reduced seal injection flow, and degraded RCP seal cooling. 
 
One might also conclude that the PIF for System and I&C Transparency (SIC) was important, 
because the CCW valve failed in an unexpected position (closed), the open charging flow 
control valve apparently resulted in reduced seal injection flow, and the latent controller failure 
prevented the expected automatic transfer of the charging pumps' suction to the RWST.  The 
PIF for Training (TE) might also be important, because the crew evidently did not know that the 
CCW valve was designed to fail closed.  A PIF for Staffing (STA), Teamwork and Organizational 
Factors (TOF), or Work Processes (WP) might also be important, because the shift supervisors 
and the Shift Technical Advisor became focused on one problem and did not maintain an 
adequate awareness of the overall plant status. 
 
Why does this event summary not mention the opening of charging flow control valve 
CVC-310A and failure of the automatic transfer of the charging pumps' suction to the RWST? 
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Why does this entry not at least list MT as an important PIF? 
 
Should any of the other PIFs that are mentioned in this comment also be listed as relevant 
contributors? 
 
171. Appendix A27, Table A27-1, IDHEAS-DATA IDTABLE-27 – Empirical Evidence on 

Main Drivers of Human Failure Events 
 
The discussion of the entry from Reference [5] indicates that the data in Figure A27-1 confirm 
that Scenario Familiarity attribute SF3 is an important contributor to human errors.  It notes that: 
 

"The analysis shows that most of the high error rates are associated with rarely performed 
tasks.  The snapshot table below, from the report, is a sample of error rates for carrying out 
a sequence of tasks.  It shows that the error rates became larger as the number of times 
(the denominator mi in the table) that the tasks were performed got smaller regardless of the 
presence or absence of other PIFs ('relevant PSFs' in Figure A27-1)." 

 
I do not agree fully with this rationale. 
 
I do not have a copy of Reference [5].  It seems apparent that the authors of that report were 
focused primarily on human errors and their causes.  I do not know how they determined the 
number of opportunities for each particular error. 
 
Suppose that the universe of operating experience data were organized according to activities 
as the primary focus, rather than errors.  For example, suppose that a study examined five 
different types of activities and reported the following numbers of failures to correctly remember 
a task step (i.e., the specific error that is reported in Figure A27-1). 
 
• Activity A was performed 10,000 times with no errors. 
 
• Activity B was performed 1,000 times with no errors. 
 
• Activity C was performed 100 times with no errors. 
 
• Activity D was performed 10 times with no errors. 
 
• Activity E was performed once without an error. 
 
The experience and familiarity with each activity clearly decreases from Activity A to Activity E.  
However, no errors were observed during any of these activities.  Thus, this snapshot of 
operating experience would not provide compelling evidence that the performance-influencing 
factor (PIF) for Scenario Familiarity (SF) necessarily has a very significant effect on human 
performance. 
 
Another way to think about this comment is to suppose that the universe of operating 
experience contained 20 activities, each of which had been performed only three times.  
Suppose that one error occurred during one of those activities (e.g., the 1/3 data point in Figure 
A27-1), and no errors occurred during the other 19 activities.  That experience would similarly 
not provide compelling evidence that SF necessarily has a very significant effect on human 
performance. 
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In other words, the conclusion that is discussed in Table A27-1 may be influenced by the error-
oriented focus of Reference [5] and the scope of the data that were collected to measure the 
error opportunities. 
 
That being said, the evidence in Figure A27-1 may indeed support the assertion that SF is an 
important PIF.  However, without a better understanding of how the authors of Reference [5] 
determined the number of opportunities for each of their error categories, I think that it may be 
premature to make that inference, based only on this sample of reported error rates. 
 
As a final comment on this entry, from the discussion in Section 3.1.27 (and the discussions of 
Reference [4] and Reference [5] throughout this report), it seems evident that the information in 
Reference [5] was derived from reviews of maintenance-related errors.  Therefore, it seems that 
this information may be particularly relevant as a measure of the importance of the PIF for 
Training (TE), which also accounts for on-the-job experience.  Furthermore, the notion of a 
"scenario", as that term is used in the IDHEAS methodology and guidance, may not fit very well 
with most maintenance-related activities. 
 
Is the information in Reference [5] derived primarily from reviews of maintenance-related errors? 
 
Why does this entry not list TE as an important PIF? 
 
172. A Final Thought about the IDHEAS Quantification Model 
 
Several preceding comments address how the analysts' reviews of the available cognitive 
literature and the data that are summarized in this report were used to justify the proposed 
IDHEAS quantification model.  It is not appropriate for me to propose an alternative model 
without much more careful examination of the entirety of the supporting information.  The 
authors of the IDHEAS methodology and this report have much more knowledge and 
experience in that regard. 
 
However, that being said, I cannot resist one final thought about a conceptual framework that 
has evolved while I studied this report and wrote these comments. 
 
The IDHEAS methodology is centered in the five macrocognitive functions of Detection (D), 
Understanding (U), Decisionmaking (DM), Action Execution (E), and Interteam Coordination (T).  
For simplicity, I will adopt the simplified construct of those macrocognitive functions that is used 
in the IDHEAS-ECA application and this report.  In particular, each macrocognitive function is 
represented by one high-level cognitive failure mode (CFM). 
 
In principle, the human error probability (HEP) for each CFM can be affected by all 20 
performance-influencing factors (PIFs) that are defined in the general IDHEAS methodology.  In 
practice, Appendix B in NUREG-2198 acknowledges that some PIFs may not have a very 
important effect on specific CFMs.  However, for the moment, I will assume that all 20 PIFs can 
affect every CFM.  Thus, in principle, there are 100 possible relationships among the PIFs and 
CFMs (i.e., 20 PIFs for each of the five CFMs).  Each relationship determines how a specific PIF 
affects the range of HEPs for the respective CFM.  For example, as the PIF for Scenario 
Familiarity varies from its "optimal" to its "worst possible" attribute state, the HEP for Detection 
will vary from its "baseline" minimum value to the "maximum possible" value that applies for that 
PIF.  Similarly, as the PIF for Procedures varies from its "optimal" to its "worst possible" attribute 
state, the HEP for Action Execution will vary from its "baseline" minimum value to the "maximum 
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possible" value for that PIF.  (In practice, the "maximum possible" HEP value may often be 1.0, 
but it could conceivably be lower, depending on the supporting evidence.) 
 
I think of these 100 CFM-PIF-HEP relationships as being conceptually similar to the fragility 
curves that are developed to quantify the probability that a particular structure or component 
may fail at an applied seismic acceleration.  In each CFM-PIF-HEP relationship, the shape of 
the mean curve is determined by how the HEP is affected by the various applied attributes of 
the relevant PIF.  That relationship is derived from the analysts' assessments of the available 
data.  The uncertainty about the mean curve is determined by the variations in the measured 
effects at each level of the PIF attributes and the analysts' uncertainty about those effects.  As 
more data are compiled, the shapes of the mean curves will change, as will the uncertainties in 
those curves.  (For example, Bayesian techniques could be used to update the uncertainty 
distribution for the HEP at each discrete PIF attribute level.) 
 
When a particular human failure event (HFE) is evaluated in a PRA, the analysts identify the 
critical tasks for that action and the CFMs that apply for each task.  They also determine the PIF 
attributes that are associated with the specific scenario context during which the action is 
needed.  The HEP for each CFM is then the sum of the contributions from all relevant PIFs, 
extracted from the applicable CFM-PIF-HEP curves, including their associated uncertainties. 
 
Of course, this conceptual construct would require a fundamental change to the IDHEAS 
quantification model.  It would also mean that the analyses in this IDHEAS-DATA report would 
need to focus on how the data are used to derive each of the (in principle) 100 CFM-PIF-HEP 
curves.  (No new data tables are needed, since the current tables include all 100 combinations.  
However, it would probably be necessary to organize and report the HEPs and PIF attribute 
effects in a different way.)  Specific applications that use the data differently from the general 
IDHEAS model would also need to adapt the 100 curves for their particular needs. 
 
 


