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Comments and Questions on 
Research Information Letter Report 

Draft - Utilization of Expert Judgment to Support 
Human Reliability Analysis of Flexible Coping Strategies (FLEX), Volume 1 

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 ML20245E458). 
 
• Some 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). 

 
• Some comments 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). 

 
• Some comments refer to the "IDHEAS-DATA report".  That report is: RIL-2021-XX, "Draft - 

Integrated Human Event Analysis System for Human Reliability Data (IDHEAS-DATA)", 
September 2020 (ADAMS accession number ML20238B982). 

 
 
1. General Comment 
 
I read the draft Preface to the combined Volume 1 and Volume 2 of this report (ADAMS 
accession number ML20245E457).  The Preface provides useful context and background 
information for a general understanding of how these two efforts are related, and how they 
differ.  I will comment separately on Volume 2 of the report. 
 
2. General Comment 
 
This draft report summarizes an expert elicitation that was conducted in 2018.  Therefore, it is 
evident that any comments on this report cannot alter that effort or the experts' individual 
contributions.  However, some of these comments may be useful for characterizing the results 
from that elicitation, or for developing improved guidance to structure similar future exercises. 
 
Some comments address the method that was used to aggregate the experts' estimates and to 
derive the uncertainty distributions for the recommended human error probabilities (HEPs).  I 
think that it is very important to address those comments before the final report is issued. 
 
3. Executive Summary, General Comment 
 
This is a very good high-level summary of this study and its results.  I especially like the 
discussion of the insights that were gained from the expert elicitations, without emphasizing 
specific numerical values of the estimated human error probabilities (HEPs). 
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4. Section 2.1, Basis for Using Expert Judgment 
 
This section seems to imply that one can use expert judgment or one can use empirical data as 
a basis for estimating human error probabilities (HEPs).  That discussion is useful to distinguish 
between the notions of expert judgment and data.  However, the most effective estimation 
technique is not necessarily an "either / or" decision.  In particular, this report does not mention 
the use of Bayesian methods to develop the HEP estimates. 
 
The expert elicitations that are described in this report can be used very effectively to derive the 
underlying prior distribution for each HEP and each performance-influencing factor (PIF) weight.  
Of course, the uncertainties in those estimates may be rather large.  However, in practice, the 
uncertainty distributions will typically have some reasonable bounds and shapes, as determined 
by the experts' experience and consensus judgment.  Thus, the experts' knowledge provides a 
much better starting point for each HEP estimate than a purely non-informative Jeffreys prior 
distribution.  That is why we conduct structured expert elicitations. 
 
As relevant empirical data are compiled, the Bayesian process will systematically account for 
the effects from those data to 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, as more experience and relevant data become available, the use of 
Bayesian techniques would provide a systematic, well-accepted method for updating the 
estimates for the HEPs and PIF weights, and it would provide consistent, technically-justified 
estimates for the uncertainty in each parameter value.  The use of Bayesian methods would 
also demonstrate that analysts need not make absolute decisions regarding the use of expert 
judgment or empirical data, because both types of evidence are relevant and are treated 
consistently. 
 
Why does this section not discuss the use of Bayesian methods to combine expert judgment 
and empirical data? 
 
5. Section 2.3.1, Problem Statement; Section 2.3.2, Expected Results of the Study and 

How the Results are to be Used 
 
Section 2.3.1 notes that: 
 

"IDHEAS-G has a quantification framework with a basic set of cognitive failure modes and a 
PIF model, yet the failure modes and PIFs are not specific to FLEX actions."  [emphasis 
added] 

 
Section 2.3.1 also notes that: 
 

"Therefore, the NRC wants to use elicit expert judgment on (1) a set of benchmarking HEPs 
for key FLEX actions in representative scenarios, (2) a set of PIFs that are specific for 
FLEX actions, and (3) the quantitative effects of the PIFs on HEPs."  [emphasis added] 

 
The second bullet item in Section 2.3.2 notes that one of the expected results from the study is: 
 

"a set of PIFs specific for FLEX actions across various scenarios and the guidance on 
how to assess the PIFs"  [emphasis added] 
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The explanatory paragraph for that bullet item in Section 2.3.2 also notes that: 
 

"The project team will then integrate the experts' inputs into a FLEX-specific set of PIF 
attributes and define the PIF normal and poor states based on the significance of the 
attributes."  [emphasis added] 

 
The general IDHEAS methodology in the current version of NUREG-2198 describes a cognitive 
framework of macrocognitive functions, processors, cognitive mechanisms, and performance-
influencing factors (PIFs).  In that framework, failures of the processors for each macrocognitive 
function are represented by "middle-level" cognitive failure modes (CFMs), which are delineated 
further by detailed CFMs.  The IDHEAS-ECA application simplifies the general framework by 
representing each macrocognitive function by a single high-level CFM. 
 
In principle, the cognitive performance that is needed to accomplish a desired action involves all 
of the macrocognitive functions.  In practice, the IDHEAS methodology acknowledges that all 
five high-level CFMs may not be equally relevant for a particular task.  Therefore, as part of the 
human reliability analysis (HRA) process, analysts typically identify which specific CFMs they 
conclude are most important for the context of their analysis, and they justify the rationale for 
their decisions. 
 
The general IDHEAS methodology describes 20 PIFs.  In principle, all 20 PIFs are relevant to 
each macrocognitive function.  The methodology also identifies several attributes for each PIF, 
which delineate how that PIF may affect human performance.  The specific PIF attributes that 
apply for a particular desired action are determined by the context of the evolving scenario 
during which that action is needed.  Again, in practice, analysts examine the scenario context, 
identify which of the 20 PIFs and specific attributes they conclude are most relevant to their 
analysis, and justify the rationale for their decisions. 
 
This comment is intended to emphasize the fact that there is no pre-defined subset of CFMs 
and PIFs that are universally "specific for FLEX actions".  The applicable CFMs depend on the 
specific tasks that are being modeled.  The relevant PIFs and their attributes are determined by 
the context of the specific scenario during which those tasks are evaluated.  Thus, this report 
should not imply that analysts can simply adopt the results from this expert elicitation as general 
conclusions about the scope of CFMs and PIFs that are generically important for all modeled 
"FLEX actions", regardless of the plant-specific and scenario-specific context of the particular 
actions, and the analysts' understanding of that context.  In other words, other relevant CFMs 
and PIFs may apply during specific scenarios.  Analysts should not disregard those 
considerations, simply because they do not align with the specific CFMs and PIFs that were 
evaluated by the experts for the two scenarios in this study. 
 
Why do these sections imply that the results from this expert elicitation can be used to identify a 
universally applicable "set of PIFs that are specific for FLEX actions", without regard to the 
scenario-specific context of those actions? 
 
In other words, why is it implied that all "FLEX actions" are inherently similar, and they can be 
treated as such from the perspective of identifying relevant scenario-specific CFMs and PIFs? 
 
Why does Section 2.3.2 not explicitly caution analysts that they must examine the scenario-
specific context for each "FLEX action" to determine which CFMs and PIF attributes apply 
during that scenario? 
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6. Section 2.4, Expert Elicitation Process, General Comment 
 
This section contains a very good discussion of the major steps in the expert elicitation process 
and documentation of how those steps were implemented in this study. 
 
7. Section 2.4, Step 1. Define the Expert Elicitation, Identify and Define Technical Issues, 

Editorial Comments 
 
Table 2-2 lists the 12 performance-influencing factors (PIFs) that were examined by the experts.  
The spacing and indents for specific PIFs are very confusing.  I had to read the list a few times 
before I clearly understood the 12 actual PIFs. 
 
JWS Note:  The PIFs that are listed in Table 2-2 are defined and grouped consistently with the 
15 PIFs that are used in the IDHEAS-ECA application. 
 
I do not necessarily agree with the assumption that three PIFs were considered to be "nominal" 
for each of the evaluated scenarios.  I do not know whether, or how, that assumption may have 
imposed constraints on the experts' evaluations.  However, the assumption is documented, and 
the experts were apparently aware of it. 
 
Why are the 12 PIFs in Table 2-2 not distinguished more clearly (e.g., by numbers or bullets), so 
a reader can identify and understand them easily? 
 
8. Section 2.4, Step 4. Assemble and Disseminate Datasets 
 
This section notes that the first criterion for the data that are provided to the experts is: 
 

"Representativeness - The dataset should include the most important (e.g., high risk 
significance) and most recent data."  [emphasis added] 

 
I do not understand why the notion of "high risk significance" is relevant to an objective selection 
of information that is provided to the experts.  It seems that this criterion may inappropriately 
exclude relevant information or data, based on an analyst's a priori judgment about how 
important that information might be in the context of a particular anticipated PRA application.  
Furthermore, the data may not have been used appropriately in a previous risk assessment, or 
the information may have very different relevance to the specific problem that is being evaluated 
by the experts.  Thus, the experts should have access to an objective set of relevant technical 
information, without regard to how that information may have been used in previous risk 
assessments or how it may have affected the results from those assessments. 
 
JWS Note:  I did not study the "White Paper Guidance" (Reference [7]) for these comments.  
However, I confirmed that this phrase is used in the same context in that reference.  That 
observation simply means that this comment also applies to that report. 
 
Why is the "high risk significance" criterion relevant to an objective selection of information that 
is provided to the experts? 
 
What are some specific examples of information or data that were not provided to the experts in 
this study, because that information was judged to not have "high risk significance"? 
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9. Section 2.4, Step 8. Integrate Expert Judgments, TI Integration 
 
This section notes that the integration process used the following practices: 
 

• "All the experts' inputs were equally weighted, and none of the inputs were treated as an 
outlier." 

 
• "Since the HEP estimation was made only to the center and the bounds of the 

distribution, the TIs did not attempt to fit the estimation to any probability distribution." 
 

• "The TIs used both arithmetic mean and geometric mean to aggregate the experts' HEP 
estimates.  The arithmetic means are reported as the final results." 

 
This is not an appropriate method to integrate the results from the experts' evaluations.  In 
particular, it demonstrates an inappropriate emphasis on only the "point estimate" values from 
each expert, without a systematic evaluation of how the experts' uncertainties are combined and 
represented in the overall results. 
 
A fundamental principle of the expert elicitation process is that the results must represent the 
consensus from the expert panel, including a consistent quantitative measure of the experts' 
uncertainty.  Without a traceable process that demonstrates how the individual experts' 
uncertainties were combined to form their consensus recommendation, the results from the 
elicitation are not technically justified, and they are of little use for risk-informed decision-
making. 
 
It is not appropriate for an "NRC-approved" report to imply that a systematic quantitative 
evaluation of uncertainty is not a fundamental element of the expert elicitation process.  That 
implication is contrary to the guidance for performing a structured expert elicitation, the state-of-
practice, and NRC policy for the use of PRA for risk-informed decision-making.  In short, 
quantification of uncertainty is not an option that can be ignored.  It is a fundamental part of 
every analysis. 
 
It is also not appropriate for an "NRC-approved" report to imply that analysts may "back-fit" an 
uncertainty distribution around a nominal "point estimate" for the human error probability (HEP).  
The uncertainty distribution for each evaluated HEP should be derived from a consistent 
integration of the uncertainties from the individual experts and the panel's endorsement of the 
composite results.  The experts' consensus uncertainty is not an afterthought that is simply 
"back-fit" around a nominal "point estimate" value. 
 
JWS Note:  I will not characterize the "arithmetic mean", the "geometric mean", or any other 
numerical value that is derived from the described integration process as a mean value.  The 
only relevant mean value estimate from the expert elicitation is the mean value that is derived 
from the final consensus uncertainty distribution that systematically accounts for each expert's 
input and the panel's final endorsement. 
 
To derive the initial composite uncertainty distribution, it is always necessary to develop a 
mathematical relationship that represents each expert's uncertainty.  That relationship may be 
as simple as a discrete probability distribution, or it may have a smooth mathematical form.  In 
all cases, the Technical Integrators (TIs) must consult with each expert to confirm that the range 
and shape of the applied uncertainty distribution is consistent with the individual's intent.  Each 
expert's input should then be weighted equally, and the weighted uncertainty distributions 
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should be combined probabilistically to derive an initial composite distribution.  The experts are 
then given the opportunity to examine and modify the composite distribution as necessary to 
confirm that it appropriately accounts for their consensus judgment.  The recommended mean 
value and other representative percentiles are then derived from that consensus distribution.  Of 
course, the entire distribution, regardless of its final form, is used to quantify the respective HEP 
and its uncertainty in a PRA model. 
 
In this particular elicitation, the experts were requested to provide a lower bound (1st 
percentile), upper bound (99th percentile), and central value (50th percentile) for each estimated 
HEP.  During the elicitation process, the TIs should have asked each expert to also provide 
information about how their estimates were distributed over the assessed range.  For example, 
an expert's uncertainty might have been represented by a uniform probability distribution, a 
discrete probability distribution, or an analytical form that best fit the three parameters.  
However, that essential element of the elicitation process was evidently not done.  That 
deficiency and the related lack of a systematic integration of the experts' uncertainties is a 
fundamental flaw in this elicitation and its results. 
 
Why did this expert elicitation not develop a quantitative representation of each expert's 
uncertainty and consistently combine those uncertainties to derive technically justified 
consensus results? 
 
10. Section 2.4, Step 9. Document the Process and Results; Appendix B, Annotation of 

Example References used in the Data Packages; References 
 
The second bullet item in the summary of Step 9 in Section 2.4 discusses documentation of the 
datasets that were provided to the experts.  It notes that: 
 

"The full data packages used in the expert elicitation are documented in the NRC's 
Agencywide Documents Access and Management System (ADAMS)." 

 
The introduction to Appendix B notes that: 
 

"The full packages are lengthy and documented separately in the NRC's ADAMS." 
 
Neither Appendix B nor the References section of the main report provides the ADAMS 
accession numbers for the data packages. 
 
What is the ADAMS accession number for each data package? 
 
11. Section 2.4, Step 10. Conduct Participatory Peer Review 
 
This section notes that: 
 

"The final project report should include the reviewers' assessment." 
 
The material in Section 4 provides a summary of the project team's insights and lessons 
learned.  However, the report does not contain a distinct discussion of the peer review or the 
reviewers' assessment of the expert elicitation and its results. 
 
Why does this report not document the peer reviewers' inputs, assessments, and conclusions? 
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If the discussions in Section 4 contain specific recommendations from the peer review, why are 
they not identified as such? 
 
12. Section 3.1.1, Scenario Definition, Scenario 1, Editorial Comment 
 
The introductory summary of Scenario 1 notes that: 
 

"In the first part (Scenario 1.1), a plant is in SBO, one DG is down, and there is a good 
chance that the second DG may go down too."  [emphasis added] 

 
In the first part of Scenario 1, one diesel generator (DG) is out of service while the plant is 
operating at power.  The plant loses all offsite power.  The remaining DG starts, loads, and is 
operating.  Personnel are concerned that it may fail.  The plant does not experience a station 
blackout (SBO) until the second DG fails.  Entry into the SBO condition defines the transition to 
the second part of Scenario 1.  This summary should not indicate that the plant is "in SBO" 
during the first part of the scenario, while the DG is operating. 
 
13. Section 3.1.1, Scenario Definition, General Comment 
 
The descriptions of the Scenario Context in Table 3-1 and Table 3-2 include the project team's 
assessments of "nominal", "low impact", "moderate impact", or "high impact" attributes that 
apply for each performance-influencing factor (PIF) during the respective scenario.  Although I 
might disagree with some specific assessments, 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 intent of this 
expert elicitation or the general IDHEAS guidance. 
 
14. Section 3.1.1, Table 3-1. Definition and Context of Scenario 1 (Non-FLEX-Designed 

Scenario) 
 
The summary of the Initiating Event notes that: 
 

"This would be consistent with having an emergency diesel generator (EDG) in a 
maintenance outage (out of service condition - EDG taken apart in many pieces) and then 
losing offsite power because of grid oscillations, severe weather or storms, sabotage, an 
accident in the switchyard (e.g., a vehicle backs into a transformer), or other event."  
[emphasis added] 

 
The summary of the Operational Narrative notes that the decision to use the FLEX pump during 
the first part of this scenario may be influenced by: 
 

"Blockage of intake by seaweed / jellyfish ingestion, silt, physical damage to screens, frazile 
ice, unusually low tide or low river water level, dam break downstream dropping water level 
quickly, or barge collision, etc." 

 
The summary of Assumptions for HEP Estimation notes that: 
 

"It is a sunny day, with no adverse weather factors, and no debris." 
 
The summary of the Environmental Factors performance-influencing factor (PIF) notes that the 
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following conditions apply: 
 

• "water - possible loss of downstream dam or high water may bring debris into contact 
with plant (intake screens can be clogged with debris - seaweed, jellyfish, water grass) 
or cause physical damage to screens" 

 
• "wind - moderately strong winds that would focus debris on the intake structure" 

 
These environmental conditions clearly seem to apply for either a severe external flooding event 
or a severe storm.  They are certainly not consistent with an event scenario that involves a loss 
of all offsite power during a "sunny day". 
 
The description of Scenario 1 should not imply that severe weather or storm conditions may be 
present during this scenario.  Several of the actions that are evaluated during this scenario 
involve activities that are performed outdoors.  The experts' assessments of those actions may 
be influenced by their considerations of the effects from those storm conditions. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  Their notes 
for Scenario 1 do not mention considerations of severe weather or flooding effects.  Therefore, it 
seems that the experts either ignored these items in the scenario description, or the Technical 
Integrators (TIs) clarified the fact that they do not apply during this scenario.  Thus, it seems 
possible that the experts' estimates may not have been influenced by these elements of the 
scenario context that is documented in this table. 
 
JWS Note:  The tables in Section 3.1.3 contain several Justification bullet items for tasks that 
are evaluated during Scenario 1.1 which explicitly mention "water on site" and "moderately 
strong winds".  Therefore, it is evident that the estimated HEPs from at least one expert account 
for these effects. 
 
Why does the Initiating Event summary imply that this scenario may involve severe weather or 
storms? 
 
Why does the description of the Environmental Factors PIF indicate that this scenario involves 
either a severe external flooding event or a severe storm? 
 
Did the experts receive these descriptions of the Initiating Event and the Environmental 
Factors? 
 
How do the experts' estimated HEPs for the activities that are performed outdoors during 
Scenario 1 apply for similar activities which are needed during scenarios that do not involve 
severe weather or high winds? 
 
15. Section 3.1.1, Table 3-1. Definition and Context of Scenario 1 (Non-FLEX-Designed 

Scenario) 
 
The summary of the Operational Narrative notes that: 
 

"In the first part of the scenario (Scenario 1.1), one EDG is out of service and the second 
EDG is running but may go down at any time.  The Technical Support Center (TSC) 
decides to use the portable FLEX DG to power the bus associated with the out-of-service 
EDG and use the portable FLEX pump to provide RCS injection."  [emphasis added] 
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The summary of Personnel notes that: 
 

"Decisionmakers are in the TSC emergency response organization." 
 
The summary of the Teamwork and Organizational Factors performance-influencing factor (PIF) 
notes that the following conditions apply: 
 

"Command and Control (C&C) is low impact 
- Three to four things are going on at once. 
- CR staff handles emergency operating procedures (EOPs); FLEX Support Guidelines 

(FSGs) are not EOPs, so the CR does not tell the field what to do. 
- It is unclear when the TSC gets involved, who gives orders, and who reports to 

whom."  [emphasis added] 
 
I do not understand why the TSC would be activated during a scenario that involves a loss of 
offsite power and successful operation of the available emergency diesel generator (EDG).  
Furthermore, even if the plant-specific guidance indicates that the TSC should be activated 
under these conditions, it does not seem likely that the TSC would be manned and operational 
during the first part of this scenario, while personnel are concerned about possible failure of the 
operating EDG and they are considering preemptive use of the FLEX equipment. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  One expert's 
notes from Scenario 1 mention the fact that the decision to use the FLEX diesel generator is 
made by the TSC.  The same expert's notes also mention TSC coordination for the decision to 
declare an extended loss of AC power (ELAP) event.  Therefore, it is evident that the experts 
evaluated this scenario from the perspective that the TSC is fully operational before the EDG 
fails.  In particular, their assessments of decisions made during the first part of the scenario 
apparently account for consultation and coordination between the Main Control Room 
supervisors and personnel in the TSC. 
 
JWS Note:  Two Justification bullet items for Task 1.1 in Table 3-3 for Action 1 in Scenario 1.1 
also mention involvement of the TSC. 
 
Why do the Operational Narrative and Personnel summary indicate that the TSC is activated 
and operational during the first part of this scenario? 
 
How does the apparent active involvement of the TSC affect the interpretation and use of the 
experts' estimated human error probabilities (HEPs) for the decisions to use the FLEX diesel 
generator and the FLEX pump before the operating EDG fails, and the decision to declare an 
ELAP condition after the EDG fails? 
 
In particular, how do the experts' estimated HEPs for the two decisions during Scenario 1.1 
apply for similar decisions which may be needed during scenarios when the TSC is not 
activated? 
 
16. Section 3.1.1, Table 3-1. Definition and Context of Scenario 1 (Non-FLEX-Designed 

Scenario) 
 
My understanding of the performance-influencing factor (PIF) summaries is that the experts' 
assessments of Scenario 1 account for the combined effects from the following PIFs that are not 
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"nominal": 
 
• Environmental Factors – I am not sure if this PIF is completely nominal, due to the listed 

"cold", "water", and "wind" effects 
 
• Procedures, Guidelines, and Instructions – Low impact 
 
• Training and Experience – Moderate impact 
 
• Teamwork and Organizational Factors – Low impact 
 
• Scenario Familiarity – Moderate impact 
 
• Task Complexity – Low to Moderate impact 
 
• Multitasking, Interruption, Distraction – Low impact 
 
• Physical Demands – Low impact 
 
Is that correct? 
 
17. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
The summary of the Initiating Event notes that: 
 

"An external hazard caused flooding in a single-unit nuclear power plant and led to damage" 
 
The summary of the Initiating Conditions simply notes that this scenario involves: 
 

• "SBO and LOOP" 
 

• "some plant systems, equipment, structures damaged" 
 
The Operational Narrative does not describe why power is not available from the emergency 
diesel generators (EDGs).  One action that is evaluated during this scenario involves the 
decision to declare an extended loss of AC power (ELAP) event.  That decision requires a 
conclusion that an offsite power supply or an EDG cannot be restored within a nominal time 
period (e.g., 1 hour for this elicitation).  In practice, expectations about timely restoration of 
power depend strongly on the cause for loss of power from the EDGs.  For example, suppose 
that the EDGs failed to start, or they started and then tripped.  In that situation, personnel will be 
engaged very actively with efforts to correct the problem, and there may be substantial 
reluctance to declare the ELAP.  If the EDGs were not damaged directly by the flood, but their 
cooling water supply was disabled, the ELAP decision might be somewhat easier, but it would 
similarly depend on the expected effort that is needed to restore the cooling water.  On the other 
hand, if the EDGs sustained extensive mechanical or electrical damage as a direct 
consequence of the flood, it seems that the ELAP decision would be rather clear.  Thus, it 
seems that the experts' evaluation of the ELAP decision may also be influenced by these 
considerations. 
 



11/08/2020 Page 11 of 33 JWS 

JWS Note:  In practice, premature declaration that an ELAP condition applies will start a 
sequence of actions that may limit the operators' options to recover from the initial power failure.  
Therefore, while it might seem advantageous to declare the ELAP condition as soon as possible 
in the context of a particular PRA model, in practice, there may be a rather strong incentive to 
wait as long as possible. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  Table D-19 
pertains to the ELAP declaration during Scenario 2.  The notes from two experts specifically 
mention the consideration of whether power can be restored from an EDG.  The notes from 
another expert do not explicitly mention the EDGs, but they address the need for "figuring out 
what is working".  Thus, it seems apparent that at least some of the experts accounted for this 
consideration when they estimated the human error probability (HEP) or their uncertainty. 
 
JWS Note:  This comment also applies to the Definition of the action to declare an ELAP during 
Scenario 2 in Table 3-4 for Action 4: Declare ELAP in Scenario 1.2 and Scenario 2, where it is 
noted that "A FLEX-designed external hazard caused LOOP and SBO".  The Discussion at the 
end of that table clearly illustrates the importance of this information to frame the context of the 
decision and the associated HEP that applies during a particular scenario. 
 
Why does the summary of this scenario not describe why power is not available from the 
EDGs? 
 
Did the Technical Integrators (TIs) provide additional information about the cause for EDG 
failure that is not documented in this summary? 
 
How does the lack of information about the cause for loss of EDG power affect the interpretation 
and use of the experts' estimated HEP during scenarios when the cause is known? 
 
18. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
The summary of the System and Environment under Assumptions for HEP Estimation notes 
that: 
 

"There are adverse environmental factors (water and debris in working areas, cold, 
moderately strong wind, and dark)."  [emphasis added] 

 
The summary of the Environmental Factors performance-influencing factor (PIF) addresses 
visibility, water level, and cold temperature.  It does not mention strong winds. 
 
JWS Note:  As noted in a preceding comment on Table 3-1, the Environmental Factors for 
Scenario 1 curiously indicate that "moderately strong winds" are present during that scenario. 
 
Several of the actions that are evaluated during this scenario involve activities that are 
performed outdoors.  The experts' assessments of those actions may be influenced by their 
considerations of the effects from continuing high winds and storm conditions, in addition to the 
flooding inundation. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  One expert's 
notes on three actions during Scenario 2 explicitly mention the wind and a hurricane.  Another 
expert's notes for a different action also explicitly mention "crazy wind".  A third expert's notes 
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do not specifically mention wind, but they indicate that the "weather may remain adverse".  
Thus, it seems apparent that at least some of the experts accounted for continuing severe storm 
conditions and high winds when they estimated the human error probabilities (HEPs) for 
multiple actions, or their uncertainties for those HEPs. 
 
Why does the description of the Environmental Factors PIF not mention high winds and 
continuing storm conditions? 
 
19. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
The summary of Personnel under Assumptions for HEP Estimation notes that: 
 

"Decisionmakers are in the TSC emergency response organization." 
 
No other items in the scenario summary, the Operational Narrative, or the performance-
influencing factor (PIF) descriptions mention the status of the Technical Support Center (TSC).  
It is certainly very likely that the TSC would be activated during a scenario that involves loss of 
all AC power. 
 
One of the key actions that is evaluated during this scenario involves the decision to declare an 
extended loss of AC power (ELAP) event.  According to the Operational Narrative, that decision 
must be made within 1 hour after the loss of all AC power.  This scenario evidently involves 
extensive site flooding and continuing severe storm conditions.  Therefore, it does not seem 
likely that the TSC would be manned and operational during the first hour of this scenario, when 
personnel must make the decision to declare the ELAP. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  Table D-19 
pertains to the ELAP declaration during Scenario 2.  One expert's notes specifically mention 
that "you do not have the TSC / ERO".  Thus, it is evident that the expert's estimated human 
error probability (HEP) for the ELAP declaration accounts only for decisions by the supervisors 
and crew in the Main Control Room.  None of the other experts' notes mention the TSC for any 
actions that are evaluated during Scenario 2.  Therefore, it is not possible to clearly determine 
whether the other experts considered consultation with personnel in the TSC when they 
estimated their HEPs for the ELAP declaration. 
 
Why does the Personnel summary imply that the TSC is activated and operational during the 
first hour of this scenario? 
 
Did the Technical Integrators (TIs) provide additional information about the time when the TSC 
is activated that is not documented in this summary? 
 
20. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
The summary of the Teamwork and Organizational Factors performance-influencing factor (PIF) 
notes that one difficulty during this scenario is: 
 

• "interdependence with other stakeholders (e.g., evacuation of the surrounding 
populations and working with firefighters)"  [emphasis added] 
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It is not apparent why these particular considerations are relevant to the scenario context for the 
actions that are evaluated during this elicitation, at the time when those actions are needed.  It 
is very likely that a shift supervisor will be engaged in discussions with the corporate emergency 
response organization, the NRC, local and regional emergency responders, and municipal or 
state officials who are responsible for implementing emergency planning guidelines.  Those 
activities are certainly relevant to the scenario context (e.g., as part of the roles and 
responsibilities for specific personnel). 
 
In particular, it is not apparent why this summary specifically highlights "evacuation of the 
surrounding populations".  I thought that the primary functional intent of the FLEX equipment 
and actions is to prevent core damage and to ensure that containment functions are maintained.  
Of course, the FLEX equipment may also be useful for mitigating the event progression after 
core damage occurs.  However, in the context of the scenario that is evaluated in this elicitation, 
it seems apparent that deployment and connection of the FLEX generators and portable pumps 
is intended to prevent core damage.  Thus, depending on the plant-specific emergency plan, it 
seems that considerations of the need to evacuate members of the local populace may be 
premature at the time when the modeled actions are needed (i.e., starting at about 1 hour after 
the flood occurs). 
 
Furthermore, it is not apparent why coordination with outside firefighters is needed for this 
flooding scenario, unless the analysis accounts for those external resources to help mitigate the 
effects from the site-wide flooding damage.  The scenario summary does not identify any 
consequential fires that must be extinguished.  Thus, it seems that offsite firefighters might only 
be needed to assist with pumping out flooded plant locations, or perhaps to help with the 
deployment and connection of the FLEX portable pumps.  Of course, if that is the case, the 
scenario summary should identify those firefighters, describe the particular actions that they 
perform, and indicate when they arrive onsite. 
 
The tables in Appendix D summarize the experts' rationale for their assessments.  Their notes 
for Scenario 2 do not mention considerations of these types of interactions with external 
stakeholders.  Therefore, it seems that the experts either ignored these items in the scenario 
description, or the Technical Integrators (TIs) clarified the fact that they do not apply during this 
scenario.  Thus, it seems likely that the experts' estimates were not influenced by these 
elements of the scenario context that is documented in this table. 
 
Why does this item explicitly emphasize "evacuation of the surrounding populations" and 
coordination of "firefighters"? 
 
How are these specific requirements related to the scenario context for the evaluated actions, at 
the time when those actions are needed? 
 
21. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
The summary of the Teamwork and Organizational Factors performance-influencing factor (PIF) 
indicates that the attribute for Command and Control (C&C) has Low impact during this 
scenario.  However, the discussion of that PIF attribute notes that: 
 

- "Close coordination of activities is needed - activities are interdependent such that the 
action of one person cannot be achieved until the action of another is achieved and/or 
the action of one person can complicate or block the action of another. 
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- Coordination between site personnel and decisionmakers is inadequate to adapt or 
modify planned actions based on site situation. 

- Personnel are unable to verify the plan because of inadequate communication (of the 
goals, negative impacts, deviations) with decisionmakers. 

- Supervision in monitoring actions and questioning current mission is inadequate." 
 
It is not apparent why these multiple adverse conditions justify the assigned Low impact. 
 
Is the listed Low impact for this PIF attribute consistent with the project team's intent? 
 
22. Section 3.1.1, Table 3-2. Definition and Context of Scenario 2 (FLEX-Designed 

Scenario) 
 
My understanding of the performance-influencing factor (PIF) summaries is that the experts' 
assessments of Scenario 2 account for the combined effects from the following PIFs that are not 
"nominal": 
 
• Information Availability and Reliability – Low impact 
 
• Environmental Factors – Moderate impact 
 
• Parts and Tools – Low impact 
 
• Procedures, Guidelines, and Instructions – Low impact 
 
• Training and Experience – Moderate impact 
 
• Teamwork and Organizational Factors – Low impact 
 
• Scenario Familiarity – High impact 
 
• Multitasking, Interruption, Distraction – Low impact 
 
• Task Complexity – Moderate impact 
 
• Physical Demands – Low impact 
 
Is that correct? 
 
23. Section 3.1.2, Overview of the Process of HEP Estimation, HEP Estimation, Editorial 

Comment 
 
This section notes that: 
 

"IDHEAS-G quantifies the HEP of a human action in two parts: (1) human errors attributed 
to cognition failure (i.e., failures of detection, diagnosis, decisionmaking, action execution, 
and C&C), and (2) errors attributed to inadequate time."  [emphasis added] 

 
This introduction should use the IDHEAS macrocognitive function names (i.e., detection, 
understanding, decisionmaking, action execution, and interteam coordination). 
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24. Section 3.1.2, Overview of the Process of HEP Estimation, Integration of the Experts' 

Judgment 
 
The last bullet item in this section notes that the integration process included: 
 

"calculation of the average mean of the estimated HEPs, with all the experts' judgments 
aggregated equally"  [emphasis added] 

 
The experts were requested to provide a lower bound (1st percentile), upper bound 
(99th percentile), and central value (50th percentile) for each estimated human error probability 
(HEP).  The results that are summarized in Section 3.1.3 and Appendix D are also 
characterized by a "1st percentile", "50th percentile", and "99th percentile" of the experts' 
aggregated estimates. 
 
Is it intended that analysts should interpret the "50th percentile" value for each estimated HEP 
as the mean value of the aggregated uncertainty distribution? 
 
If so, what is the technical basis for the assertion that those estimates are mean values, rather 
than median values? 
 
25. Section 3.1.3, Estimated HEPs and Justifications, Editorial Comment 
 
The table numbers in this section do not make sense.  They should be corrected. 
 
26. Section 3.1.3, Estimated HEPs and Justifications, General Comment 
 
The introduction to this section notes that: 
 

"Two experts used the SPAR-H method to justify their estimates." 
 
JWS Note:  Section 4.3 also mentions this fact, and it is discussed in Item 4) in Section 4.4. 
 
Thus, it seems that the human error probability (HEP) estimates from at least two of the six 
experts were influenced rather strongly by references to the guidance and numerical values in 
SPAR-H.  One expert's reliance on SPAR-H is evident from the Justifications in several of the 
tables in this section and the tables in Appendix D.  I could not easily identify the other expert. 
 
This is rather unfortunate, because the composite HEPs from the expert panel may be used in 
applications of the IDHEAS methodology.  Early research efforts that were conducted as a 
prelude to the decision to develop the IDHEAS methodology concluded that SPAR-H and its 
reliance on NUREG/CR-1278 (THERP) are not appropriate methods for evaluating cognitive 
performance in a modern human reliability analysis (HRA).  However, in an unbiased elicitation, 
experts are encouraged to use all sources of information which they feel appropriately represent 
the current state of knowledge of the broad technical community.  Therefore, despite this 
unfortunate influence, it is appropriate to retain the experts' inputs and to weight them equally 
with those from the other experts. 
 
I did not try to identify the second expert who relied on SPAR-H, and I did not try to examine 
how their estimates may have affected the overall elicitation results. 
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27. Section 3.1.3, Estimated HEPs and Justifications; Appendix D, The Estimated HEPs 
 
The tables in this section summarize the results from the expert elicitations and provide the 
recommended human error probabilities (HEPs) for each of the actions that were examined in 
this study.  Each HEP is characterized by a "1st percentile", "50th percentile", and 
"99th percentile" of the experts' aggregated estimates. 
 
These numbers are essentially meaningless.  Furthermore, they are technically misleading.  
They should not be published in this report. 
 
A preceding comment on Step 8 of the elicitation process that is discussed in Section 2.4 
addresses quantification of each expert's uncertainties and aggregation of those uncertainty 
distributions to develop the expert panel's consensus recommendations.  The introduction to 
Appendix D summarizes how the experts' estimates were aggregated, and it discusses the 
analysts' rationale for using the "arithmetic combination" method. 
 
Each table in Appendix D lists an "arithmetic mean" and a "geometric mean" for the 
1st percentile, 50th percentile, and 99th percentile of what is apparently intended to be the 
composite uncertainty distribution that represents the experts' consensus.  The "arithmetic 
mean" values are reproduced in the tables in Section 3.1.3. 
 
The "arithmetic mean" and "geometric mean" that are listed under the 50th percentile of each 
set of estimates in Appendix D apparently presume that each expert's estimate in that column 
is, in fact, a mean value.  The listed 50th percentile values represent the central focus of each 
expert's estimates.  However, they are not necessarily the mean values of the underlying 
uncertainty distributions.  The tables show that the uncertainty bounds are very often not 
symmetric around the listed 50th percentile value.  Therefore, without substantially more 
information about each expert's understanding and intended use of their 50th percentile 
estimates, these "arithmetic mean" and "geometric mean" numbers should not be interpreted or 
reported as mean values or median values for the consensus HEPs. 
 
Of course, it is possible that each expert may have actually intended that the listed 50th 
percentile value is, indeed, their "best estimate", and it should be interpreted as a mean value.  
In that case, the reported "arithmetic mean" value would appropriately represent the mean value 
from a probabilistically-weighted aggregation of the individual uncertainty distributions with an 
equal weight assigned to each expert.  (The "geometric mean" value certainly does not.)  
However, in practice, without substantial interactions, testing, and validation of the estimation 
process, experience has shown that experts typically focus on median estimates (i.e., with 50% 
probability that the value may be higher and 50% probability that the value may be lower than 
the central estimate), rather than an actual mean value.  Furthermore, in this particular exercise, 
the "50th percentile" designation for those estimates strongly reinforces that median 
interpretation. 
 
Moreover, unless every distribution is perfectly symmetric (which they are not), the "arithmetic 
mean" value that is listed for the 50th percentile estimate is not the median value of the 
probabilistically-weighted aggregation of the individual uncertainty distributions.  Only the true 
mean values can be treated that way. 
 
The "arithmetic mean" and "geometric mean" that are listed under the 1st percentile and the 
99th percentile of the composite distribution from each set of estimates in Appendix D are 
completely meaningless.  Those numbers have no fundamental mathematical relationship to the 
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respective parameters of the actual composite uncertainty distribution. 
 
JWS Note:  I did not study the "White Paper Guidance" (Reference [7]) for these comments.  
Therefore, I do not know if these techniques are explicitly recommended in that report.  If they 
are, this comment also applies to that report. 
 
JWS Note:  This comment also applies to the summary of results in Table 4-1 and the 
discussion of the aggregation method in Item 3) in Section 4.4. 
 
What is the technical basis for this process? 
 
In particular, what specific guidance or reference was used to infer that these types of 
calculations provide technically justifiable representations of the composite uncertainty 
distribution, its mean (or median) value, 1st percentile, and 99th percentile? 
 
How will these inappropriate estimates be corrected before this report is published in final form? 
 
28. Section 3.1.3, Estimated HEPs and Justifications, IDHEAS-DATA Report, General 

Comment 
 
This report is cited as Reference [3] in the IDHEAS-DATA report.  Results from this report are 
discussed in an example in Section 3.1.11 of that report, and they are included in Table A11-2.  
The results from this report should not be cited in the IDHEAS-DATA report until they are 
corrected. 
 
29. Section 3.1.3, Estimated HEPs and Justifications, General Comment 
 
The summaries of the Justifications in each table are very useful for analysts to understand the 
experts' interpretations of the scenarios and actions, and the operational, functional, and 
administrative process considerations that influenced their estimates. 
 
30. Section 3.1.3, Table 3-3. Action 1 in Scenario 1.1: Use of a Portable Generator, 

Editorial Comment 
 
The Definition of this action notes that: 
 

"This action assumes that the other EDG is running and that the plant would set up the 
FLEX DG to lower core damage frequency (CDF)."  [emphasis added] 

 
This scenario is not a PRA model. 
 
In the first part of Scenario 1, one emergency diesel generator (EDG) is out of service while the 
plant is operating at power.  The plant loses all offsite power.  The remaining EDG starts, loads, 
and is operating.  Personnel are concerned that it may fail.  They may decide to deploy and 
connect the FLEX generator as a preemptive measure to maintain at least one source of AC 
power for some specific loads. 
 
The personnel do not want to "lower core damage frequency (CDF)".  They want the CDF to be 
precisely zero.  The personnel want to avoid a station blackout. 
 
JWS Note:  One of the Justification bullet items in this table also mentions lowering core 
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damage frequency.  However, that item is apparently extracted from the experts' discussions.  
Therefore, it should not be altered. 
 
31. Section 3.1.3, Table 3-3. Action 1 in Scenario 1.1: Use of a Portable Generator, 

Editorial Comment 
 
The Specifications for this action note that: 
 

"FLEX generator - 480-megavolt generator, about a queen-sized bed wide and 6-feet tall, 
sits on trailer, hauled by truck"  [emphasis added] 

 
That is one very impressive generator!  It must also have a big output transformer to reduce the 
voltage to something that is compatible with equipment in the plant.  I suspect that it is really a 
480-volt generator. 
 
32. Section 3.1.3, Table 3-4. Action 2: Use of Portable Pump in Scenario 1.1 
 
The Specifications for this action note that: 
 

"SBO and everything else is nominal."  [emphasis added] 
 

"Personnel manually control valves during SBO."  [emphasis added] 
 

"Training: The operators are trained to maintain RCIC for as long as possible, then switch to 
the FLEX pump because they understand that the other injection options are not available 
because of the SBO or other conditions."  [emphasis added] 

 
In the first part of Scenario 1, one emergency diesel generator (EDG) is out of service while the 
plant is operating at power.  The plant loses all offsite power.  The remaining EDG starts, loads, 
and is operating.  Personnel are concerned that it may fail.  The plant does not experience a 
station blackout (SBO) until the second EDG fails.  Entry into the SBO condition defines the 
transition to the second part of Scenario 1.  This summary should not indicate that SBO 
conditions apply during the first part of the scenario, while the EDG is operating. 
 
Furthermore, "everything else" is certainly not "nominal".  All of the non-safety-related AC power 
supplies in the plant are de-energized, and only one of the two safety-related AC power supplies 
is energized. 
 
JWS Note:  One Justification bullet item for Task 2.2 mentions "failures of the EDGs".  This 
seems to indicate that the estimates from at least one expert are based on the assumption that 
an SBO condition applies during the first part of this scenario. 
 
Why does this summary indicate that an SBO condition applies during the first part of this 
scenario? 
 
Why does this summary indicate that "everything else is nominal"? 
 
Are all of the experts' estimates for Action 2 based on the assumption that an SBO condition 
applies during the first part of this scenario? 
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33. Section 3.1.3, Table 3-4. Action 2: Use of Portable Pump in Scenario 1.1 
 
The Specifications for this action note that: 
 

"The intake structure is lost but still has power." 
 
Based on the description of Scenario 1 in Table 3-1, I do not understand how the intake 
structure is functionally disabled during the first part of this scenario. 
 
Furthermore, the Definition of this action indicates that the FLEX pump is used to supply 
makeup to one steam generator (PWR) or the reactor vessel (BWR).  Subsequent bullet items 
in the Specification reinforce that functional intent (e.g., discussions of pressure, RCIC status, 
etc.).  The intake structure is not the source of the normal water supplies for those functions.  
Thus, it is not apparent why the status of the intake structure is relevant to this scenario, or the 
specific actions to provide makeup from the FLEX pump. 
 
JWS Note:  One Justification bullet item for Task 2.1 clearly indicates that the estimates from at 
least one expert are based on the assumption that the intake is functionally disabled and that no 
service water is available during the first part of this scenario. 
 
How do the conditions that are described in the summary of Scenario 1 result in loss of the 
intake structure during the first part of this scenario? 
 
Why is the status of the intake structure relevant to the specific actions to use the FLEX pump 
for steam generator makeup or reactor vessel makeup during the first part of this scenario? 
 
Are all of the experts' estimates for Action 2 based on the assumption that the intake structure is 
functionally disabled during the first part of this scenario? 
 
34. Section 3.1.3, Table 3-4. Action 2: Use of Portable Pump in Scenario 2 
 
The Specifications for this action note that: 
 

"Inventory safety functions are working.  The RCS inventory runs out of water."  [emphasis 
added] 

 
The Definition of this action indicates that the FLEX pump is used to supply makeup to one 
steam generator (PWR) or the reactor vessel (BWR).  For the PWR, the steam generator 
makeup is intended to maintain secondary heat removal with steam release to the atmosphere.  
For the BWR, the reactor vessel makeup is apparently intended to maintain core heat removal 
with steam release to the suppression pool.  Therefore, this summary should not focus 
exclusively on makeup to the reactor coolant system (RCS) for both types of plants. 
 
Furthermore, this scenario apparently assumes that the normal source of BWR makeup from a 
turbine-driven reactor core isolation cooling (RCIC) pump is not available.  The loss of all AC 
power does not necessarily disable the RCIC system.  For example, one of the functional needs 
for the FLEX generator is to maintain DC power for RCIC control.  The description of Scenario 2 
in Table 3-2 does not mention any failures that would disable RCIC.  Therefore, it seems that 
the functional need for makeup from the FLEX pump during Scenario 2 for a BWR is to 
replenish the RCIC suction water supply (e.g., either the condensate storage tank or the 
suppression pool). 
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The same functional considerations apply for a PWR that has a turbine-driven auxiliary 
feedwater (AFW) pump.  Loss of all AC power does not necessarily disable that steam 
generator makeup supply.  For those PWRs, one of the functional needs for the FLEX generator 
is to maintain DC power for the turbine-driven pump control.  The FLEX pump is needed to 
replenish the AFW suction water supply (e.g., the condensate storage tank or AFW storage 
tank).  Of course, if a PWR has only motor-driven AFW pumps, the FLEX pump is needed for 
direct makeup to a steam generator. 
 
Editorial Comment:  Another bullet item in the Specifications notes that "Babcock & Wilcox 
(B&W) plants have an emergency feedwater steam-driven pump, so the timeline is 
comparable".  While that is true, many Westinghouse PWRs also have turbine-driven AFW 
pumps.  If the turbine-driven pump fails, I know that the intent of that bullet item is to highlight 
the fact that much less time is available to establish FLEX makeup for a B&W plant, compared 
to other PWRs with larger steam generators.  However, as written, that item seems to imply that 
only B&W plants have turbine-driven AFW pumps. 
 
Use of the FLEX pump for direct makeup to the RCS is typically much more difficult than use of 
the pump for makeup to the RCIC or AFW suction water supplies.  For example, the locations of 
connections to the RCS makeup lines are often much more difficult to access.  I also think that 
the high-capacity FLEX pumps are typically low pressure pumps.  Therefore, to achieve direct 
makeup, the RCS (or the steam generator) must also be actively depressurized below the FLEX 
pump shutoff head. 
 
JWS Note:  One Justification bullet item for Task 2.3 notes that "RCS needs depressurization".  
Thus, it seems evident that the estimates from at least one expert are based on the assumption 
that pump must be aligned for direct makeup to the RCS. 
 
How do the conditions that are described in the summary of Scenario 2 result in loss of the 
turbine-driven RCIC pump for a BWR and loss of the turbine-driven AFW pump for a PWR? 
 
Why does this summary focus specifically on use of the FLEX pump for direct RCS makeup for 
both a PWR and a BWR? 
 
Are all of the experts' estimates for Action 2 based on the requirements for direct RCS makeup? 
 
35. Section 3.1.3, Table 3-4. Action 2: Use of Portable Pump in Scenario 2, Editorial 

Comments 
 
I was confused by the Discussion at the end of this table.  This table applies for Action 2 during 
Scenario 2.  The discussion seems to primarily address Action 2 during Scenario 1.1. 
 
The first bullet item is also confusing.  I think that it is intended to address only the similar 
human error probabilities (HEPs) for transporting the generator and the pump (i.e., Task 1.2 and 
Task 2.2).  However, as written, it seems to imply that the HEPs for each related task under 
Action 1 and Action 2 are similar (e.g., Task 1.3 and Task 2.3).  While that seems to be 
generally true, I am not sure if that broad task-by-task comparison was the intent of that item. 
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36. Section 3.1.3, Table 3-4. Action 3: Refill CST with Alternative Water Source in 
Scenarios 1 and 2 

 
The Definition of this action notes that: 
 

"In Scenario 1.1, the CST normal fill system is not available because of electrical or breaker 
problems related to the fill pumps or because the normal fill pumps and piping are damaged 
or out of service (under maintenance)." 

 
The last sentence also notes that: 
 

"In either case, core cooling has been established, and for whatever reason, refilling of the 
CST cannot be established via permanently installed equipment, so FLEX is being used to 
perform this task."  [emphasis added] 

 
Scenario 1 and Scenario 2 involve an extended loss of all offsite power.  All of the non-safety-
related AC power supplies in the plant are de-energized.  In Scenario 1.1, one of the two safety-
related AC power supplies remains energized while the available emergency diesel generator 
(EDG) is operating.  A station blackout (SBO) occurs when that EDG fails, and Scenario 1.1 
transitions to Scenario 1.2. 
 
In my experience, BWR and PWR condensate storage tank (CST) makeup water supplies are 
typically not safety-related.  Therefore, it seems likely that CST makeup is not available during 
Scenario 1.1, Scenario 1.2, and Scenario 2, without the need to speculate about any other 
causes for failure of the fill system. 
 
Furthermore, this summary seems to focus exclusively on BWR reactor core isolation cooling 
(RCIC) systems.  The CST, with a non-safety-related makeup system, is similarly the normal 
suction supply for many PWR auxiliary feedwater (AFW) systems.  (Some plants have a 
dedicated AFW storage tank, but those tanks also typically have non-safety-related makeup 
systems.)  Thus, an extended loss of offsite power also requires alternative CST makeup to 
maintain long-term secondary heat removal for a PWR. 
 
Why does the Definition of this action indicate that additional failures or maintenance alignments 
are needed to disable CST makeup during Scenario 1.1? 
 
Why does this summary focus exclusively on CST makeup for BWRs? 
 
37. Section 3.1.3, Table 3-4. Action 3: Refill CST with Alternative Water Source in 

Scenarios 1 and 2 
 
The Specifications for this action note that: 
 

"The source of water is clear water in Scenario 1 and bay water in Scenario 2."  [emphasis 
added] 

 
Why is a different makeup water source available during Scenario 1, compared to Scenario 2? 
 
What is the technical basis for this assertion? 
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38. Section 3.1.3, Table 3-4. Action 3: Refill CST with Alternative Water Source in 
Scenario 2 

 
This table documents an estimated human error probability (HEP) for Task 3.1, "Decide to Use 
Alternative Water Source".  Appendix D does not contain the detailed summary of each expert's 
evaluation of this task (i.e., an action for "Decide to Refill CST in Scenario 2"). 
 
Why is the summary of each expert's evaluation of this task not documented in Appendix D? 
 
39. Section 3.1.3, Table 3-4. Action 4: Declare ELAP in Scenario 1.2 and Scenario 2, 

Editorial Comment 
 
The Definition of this action for Scenario 1.2 notes that: 
 

"SBO (e.g., power grid disturbance) leads to the declaration of ELAP."  [emphasis added] 
 
The parenthetical explanatory reference to "power grid disturbance" is misleading.  Several 
preceding comments address the inappropriate use of "SBO" in these scenario summaries. 
 
In the first part of Scenario 1, one emergency diesel generator (EDG) is out of service while the 
plant is operating at power.  The plant loses all offsite power.  The remaining EDG starts, loads, 
and is operating.  In Scenario 1.1, personnel are concerned that the EDG may fail.  The plant 
does not experience a station blackout (SBO) until the second EDG fails.  Entry into the SBO 
condition defines the transition from Scenario 1.1 to Scenario 1.2.  This summary should not 
imply that the loss of offsite power is the "SBO" event.  The "SBO" cue for this action is the loss 
of all AC power when the operating EDG fails. 
 
40. Section 3.1.3, Table 3-4. Action 5: Deep Load Shed in Scenario 1 
 
The "50th Percentile" human error probability (HEP) listed in this table for the load shedding 
action during Scenario 1 is 0.057. 
 
The "50th Percentile" HEP listed for this action in Table D-20 in Appendix D is 0.07. 
 
From the individual experts' "50th Percentile" HEPs in Table D-20, I calculated an "arithmetic 
mean" of 0.063. 
 
JWS Note:  The "1st Percentile" and "99th Percentile" HEPs listed in Table 3-4 are consistent 
with those in Table D-20. 
 
What is the correct "50th Percentile" HEP value for this action? 
 
41. Section 3.1.3, Estimated HEPs and Justifications; Section 4.1, Insights on Human 

Reliability with FLEX Strategies; Section 4.4, Topics Regarding the Expert Elicitation 
Process 

 
After studying all of the tables in Section 3.1.3, I want to be sure that I correctly understand how 
the experts considered the effects from each performance-influencing factor (PIF) when they 
estimated the human error probabilities (HEPs) for each action.  I also want to be sure that I 
understand how the assessed PIF attribute states were developed. 
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Table 3-1 and Table 3-2 summarize each scenario for the expert elicitation.  As part of that 
information, each table contains a description of the Scenario Context.  That description 
provides information about the applicable attribute states for each PIF (i.e., specific 
combinations of "nominal", "low", "moderate", and "high" impacts).  Preceding comments on 
Table 3-1 and Table 3-2 summarize my understanding of those composite PIF states.  The 
experts then evaluated each action, and they estimated an HEP which applies for that specific 
context (i.e., that particular combination of PIF attribute states).  The summary tables in Section 
3.1.3 seem to clearly confirm that process, since several of the experts' Justifications refer 
specifically to the reference PIF conditions. 
 
The introduction to Section 4.1 notes that: 
 

"While the project team developed the initial outlines of the two scenarios, it was the expert 
panel that developed the details of the scenarios to represent the two ways of using FLEX 
equipment." 

 
The discussion of Item 2) in Section 4.4 notes that: 
 

"At the workshop, the expert panel spent much of the first day in discussing and further 
specifying the scenarios.  The panel did not consider some scenario details until the FLEX 
actions were discussed at the workshop.  The final description and context definition of 
the two scenarios are valuable byproducts of the expert elicitation."  [emphasis added] 

 
I originally understood that the PIF assessments in Table 3-1 and Table 3-2 were developed by 
the project team and presented to the experts to promote a common understanding about the 
context of each scenario.  However, the summary in Section 4.1 and the discussion in Section 
4.4 seem to imply that the experts may have developed those PIF assessments during the 
workshop.  In other words, the PIF attribute states that are described in Table 3-1 and Table 3-2 
may be a product of the elicitation, rather than input information.  If that is the case, Section 
3.1.1 should summarize the process that was used to derive the final PIF attribute states, so 
readers understand how to interpret them.  For example, I have a different perspective on the 
experts' estimates if the expert panel "owns" those PIF states and understands their basis, 
compared to a situation where the context information was simply provided by others. 
 
The summary tables in Section 3.1.3 contain some Justification bullet items which seem to 
indicate that at least one expert interpreted "low impact" to mean very adverse effects.  If that is 
true, then at least one expert may have misinterpreted (i.e., reversed) the intended effects from 
specific PIFs that are characterized by "low impact" and "high impact" attributes.  Since several 
PIFs are assessed as having "low impact", that expert's estimates may be biased toward 
inappropriately conservative HEPs. 
 
Is my understanding of the expert elicitation process correct? 
 
Did the project team provide the assessments of the PIF attribute states in Table 3-1 and Table 
3-2 before the elicitation was conducted, or were those assessments developed by the experts 
during the elicitation? 
 
Why does Section 3.1.1 not clearly describe how, when, and by whom the PIF assessments 
were developed? 
 
Did the experts provide their estimated HEPs for Scenario 1 and Scenario 2, based on the 
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specific PIF context that is described in Table 3-1 and Table 3-2? 
 
Did the project team identify a possibility that one or more experts may have misinterpreted the 
intended effects from "low impact" PIFs when they performed their evaluations? 
 
If one or more experts misinterpreted the intended effects from "low impact" PIFs, how do those 
different interpretations affect general conclusions that may be derived from the elicitation 
results, and recommendations for how the estimated HEPs should be used in PRA 
applications? 
 
42. Section 3.2, Results of Objective 2 and Objective 3: Expert Judgments of FLEX-

Specific PIFs 
 
The introduction to this section notes that: 
 

"Table 3-5 shows the 12 PIFs in IDHEAS-G."  [emphasis added] 
 
It also notes that: 
 

"Objective 2 is to evaluate the generic PIFs in IDHEAS-G, identify the PIF attributes that 
are pertinent to FLEX strategies, and evaluate the impacts of the relevant PIF attributes on 
HEPs."  [emphasis added] 

 
The 12 performance-influencing factors (PIFs) that are listed in Table 3-5 and evaluated in this 
study do not correspond directly to the 20 PIFs that are defined in the IDHEAS general 
methodology or the 15 PIFs that are used in the IDHEAS-ECA application. 
 
The IDHEAS general methodology in NUREG-2198 describes 20 PIFs.  The IDHEAS-ECA 
application simplifies the PIF evaluations by combining some PIFs from the general 
methodology into a set of 15 PIFs.  For reference, the following table shows the two composite 
PIFs that are used in the IDHEAS-ECA application and the corresponding PIFs from the 
IDHEAS general methodology. 
 

IDHEAS-ECA PIFs IDHEAS-G PIFs 
Environmental Workplace Accessibility and Habitability 

Workplace Visibility 
Noise in Workplace 
Cold / Heat / Humidity 
Resistance to Physical Movement 

Mental Fatigue, and Time Pressure and Stress Mental Fatigue 
Time Pressure and Stress 

 
This study simplifies the evaluations further by examining only 12 PIFs.  However, this section 
does not describe which specific PIFs from the IDHEAS general methodology or the 
IDHEAS-ECA application are mapped into those 12 PIFs.  Based on the brief summary 
descriptions in Table 3-5, I think that the PIFs in this study correspond to the PIFs in the 
IDHEAS-ECA application as shown in the following table. 
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PIFs in This Study IDHEAS-ECA PIFs 
Environmental Factors Environmental 

Information Information Availability and Reliability 

Human-System Interface (HSI) Human-System Interface 

Tools/Equipment/Parts Availability and Usability Equipment and Tools 

Procedures Procedures, Guidance, and Instructions 

Training Training 

Teamwork Factors Teamwork and Organizational Factors 

Scenario Familiarity Scenario Familiarity 

Multitasking, Distraction, and Interruption Multitasking, Interruption, and Distraction 

Complexity Task Complexity 

Mental Fatigue Mental Fatigue, Time Pressure and Stress 

Physical Demands Physical Demands 

 Staffing 

Work Processes 

System and I&C Transparency 
 
It is not apparent how, or whether, the PIFs that are evaluated in this study account for the three 
additional listed PIFs from the IDHEAS general methodology and the IDHEAS-ECA application. 
 
The defined conditions for each scenario in this study assume that adequate staffing is always 
available to perform all of the needed actions.  That is apparently why this study does not 
evaluate the effects from the PIF for Staffing.  However, the tables in Section 3.1.3 contain 
Justification discussions that summarize the experts' considerations of how the availability of 
sufficient numbers of appropriately qualified personnel and difficulties with managing the 
available resources can affect successful completion of specific tasks.  Thus, it is not apparent 
why the PIF for Staffing is not evaluated explicitly as part of Objective 2 and Objective 3. 
 
The brief summary of Teamwork Factors in Table 3-5 mentions "work planning".  That is an 
element of Work Processes, as that PIF is described in NUREG-2198.  So perhaps the 
evaluation of Teamwork Factors in this study is intended to also include the effects from Work 
Practices. 
 
The PIF for System and I&C Transparency is often misunderstood.  It accounts for how specific 
combinations of system responses and equipment failure modes that occur during the scenario 
correspond to the operators' knowledge of the plant design and their expectations for the 
scenario evolution (i.e., their mental model of the plant), and whether the effects from unusual 
component failure modes are evident.  Examples of these issues include valves that fail in 
unexpected positions, thermal-hydraulic responses that result in unexpected changes in 
indicated levels or pressures, multiple coincident effects from losses of power or air pressure, 
spurious actuations caused by fire damage, etc.  Thus, despite possible misinterpretation of the 
intent of the "I&C Transparency" in its name, this PIF is functionally very different from the PIF 
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for Information Availability and Reliability and the PIF for the Human-System Interface.  The 
brief summary of Complexity in Table 3-5 seems to address some elements of the PIF for 
System and I&C Transparency.  However, the summary is so general that it is difficult to 
understand the actual scope and intent of that PIF.  Furthermore, it is not appropriate to 
combine the very different concepts of Task Complexity (i.e., complexity of the needed cognitive 
activities) and System and I&C Transparency (i.e., possible ambiguity of the evolving scenario 
conditions) into a single PIF, because those considerations challenge different elements of 
cognitive performance. 
 
JWS Note:  Table 3-5.9 indicates that the PIF for "Complexity" more specifically applies for 
"Task Complexity". 
 
JWS Note:  After I wrote this comment, I realized that Table 2-2 documents how the 12 PIFs in 
this study correspond to the 15 PIFs in the IDHEAS-ECA application.  It also documents how 
the IDHEAS-ECA application combines specific PIFs from the IDHEAS general methodology.  A 
note in that table indicates that "The above covers 17 of the 20 PIFs in IDHEAS-G.  The 
remaining three PIFs, System and Instrument and Control Transparency, Staffing, and Work 
Process, are assumed to be nominal in the scenarios evaluated".  Thus, except for a rationale 
for why possible effects from the three omitted PIFs are not examined further, Table 2-2 
basically contains most of the information that is addressed in this comment.  However, when I 
reached Section 3.2 of the report, I had essentially forgotten about Table 2-2, because it was 
presented in the context of the preparations for the expert elicitations.  I then focused on the 
introductory implication that the 12 PIFs in this study fully account for the PIFs from the IDHEAS 
general methodology.  After some thought, I decided to retain this comment because I think that 
this section of the report should remind the reader about how the scope of these 12 PIFs relates 
to the 15 PIFs in the IDHEAS-ECA application and the 20 PIFs in the IDHEAS general 
methodology.  That is important context for understanding Section 3.3 and how those results 
might be used. 
 
Why does this introduction imply that the 12 PIFs that are evaluated in this report are fully 
consistent with the 20 PIFs that are described in the IDHEAS general methodology? 
 
Why does this section not explain how the 12 PIFs that are evaluated in this study are related to 
the 20 PIFs that are described in the IDHEAS general methodology and the 15 PIFs that are 
used in the IDHEAS-ECA application (including the rationale for why specific PIFs from 
IDHEAS-ECA are omitted or combined)? 
 
43. Section 3.2, Results of Objective 2 and Objective 3: Expert Judgments of FLEX-

Specific PIFs 
 
The last sentence in this section notes that: 
 

"The outcome of Objective 2 is a FLEX-specific PIF model, consisting of 12 PIFs, each 
having four states (nominal, low, moderate, and high impact) characterized by a group of 
attributes."  [emphasis added] 

 
At this point in reading the report, I am very confused about the purpose of this particular part of 
the study and its intended use in PRA applications.  I hope that the material in Section 3.3 will 
help to resolve some of my concerns.  However, this section of the report should provide a clear 
context for Objective 2 and Objective 3.  Therefore, it seems appropriate to first raise some 
high-level concerns about those objectives. 
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I certainly agree that it is useful to develop a simplified scale for measuring the effects from 
each performance-influencing factor (PIF) attribute (i.e., the "nominal", "low", "moderate", and 
"high" impact states).  I also agree that it is useful to ask the experts to summarize how they 
considered each PIF when they estimated the human error probability (HEP) for each action.  
However, it is very important to clearly acknowledge that those assessments pertain only to the 
specific context of each scenario, as it was defined for this elicitation.  It is not appropriate to 
make broad generalizations which imply that the same relative PIF effects may apply for similar 
types of actions in a wide variety of other scenarios.  Furthermore, those generalizations are 
contrary to the fundamental principles of the IDHEAS methodology, which emphasizes the 
essential need for integrated scenario-specific evaluations. 
 
I am very concerned about the apparent conclusion that it is necessary to develop a "FLEX-
specific PIF model".  In particular, I do not understand why the PIF framework that is described 
in the IDHEAS-ECA report cannot be used to evaluate personnel actions to deploy and use 
FLEX equipment during "FLEX-designed scenarios", "non-FLEX-designed scenarios", or any 
other types of scenarios where that equipment might be useful to prevent core damage or offsite 
releases.  Furthermore, as noted in the immediately preceding comment, the 12 selected PIFs 
do not account for potentially important effects from the three PIFs that are simply omitted from 
this "FLEX-specific PIF model".  Despite the assumptions in this particular elicitation, the effects 
from those three PIFs are certainly not "nominal" during many other scenarios. 
 
JWS Note:  I know that the ultimate intent of Objective 3 was not achieved in this study.  In 
particular, the results in Section 3.3 do not recommend specific numerical values (i.e., PIF 
weights) that can be used in the context of the proposed IDHEAS quantification model to either 
increase a "base" HEP or to reduce an HEP which accounted for more adverse PIF effects.  I 
am relieved that the experts apparently resisted that part of the effort to complete Worksheet 3.  
I agree fully with their general observations and recommendations, as summarized in the 
introduction to Section 3.3.  However, that does not alter my concerns about the ultimate intent 
and implications of Objective 2 and Objective 3. 
 
What is the ultimate intent of Objective 2 and Objective 3 in this study? 
 
In particular, what is the intended use of the results from Objective 1 (i.e., the HEP estimates) 
and Objective 3 (i.e., the PIF effects) in PRA applications that examine a variety of event 
scenarios which may involve the use of FLEX equipment? 
 
Why is it necessary to develop a "FLEX-specific PIF model"? 
 
Why is the PIF framework in the IDHEAS-ECA application not appropriate for the evaluation of 
actions to deploy and use FLEX equipment, regardless of the nominal type of scenario? 
 
How does the intended use of the "FLEX-specific PIF model" account for the effects from the 
three omitted PIFs? 
 
44. Section 3.3, Objective 3: Quantification of PIF Effects on HEPs, General Comments 
 
Based on the introduction to this section, I understand that the project team developed the 
descriptions and example characteristics of the attributes for each performance-influencing 
factor (PIF) state in the upper part of each table (i.e., the bullet items for "nominal", "low", 
"moderate", and "high" impacts).  It is not apparent how, or whether, those descriptions were 
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influenced by feedback from the experts.  Although I might disagree with some specific 
assessments (e.g., I might think that a particular condition has "moderate", rather than "low", 
impact), 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 intent of the general IDHEAS guidance. 
 
I understand that the material in the Discussion section of each table compiles and summarizes 
the experts' comments and opinions about each PIF.  I read that material carefully to 
understand the experts' perspectives.  However, I intentionally did not comment or ask any 
questions about specific Discussion items. 
 
45. Section 3.3, Table 3.5-1. Environmental Factors 
 
A note in this table indicates that: 
 

"Assumption for the evaluation: The impact of environmental factors is evaluated for actions 
outside the CRs." 

 
It is apparent that the project team for this study is focused primarily on manual actions that are 
performed outdoors.  However, during scenarios that involve the use of FLEX equipment, 
decisions are made by personnel in the Main Control Room (MCR) and, eventually, the 
Technical Support Center (TSC).  Personnel in those locations also manage the available 
resources and coordinate the overall response strategies.  During an extended station blackout 
(SBO), it is likely that environmental conditions in the MCR and TSC will deteriorate over time, 
with possible effects on personnel cognitive performance.  Some manual actions during these 
scenarios are also performed at locations inside the plant (e.g., DC load shedding, connecting 
FLEX electrical and mechanical equipment, locally monitoring key plant parameters, etc.).  
Therefore, environmental conditions in those locations may also affect personnel performance. 
 
This summary of the Environmental Factors performance-influencing factor (PIF) seems to 
imply that only consideration of the exterior environment is important for the "FLEX-specific PIF 
model".  That focus is not appropriate for an integrated evaluation of the performance of all 
personnel. 
 
Why does this summary imply that only consideration of the exterior environment is important 
for the Environmental Factors PIF? 
 
How does the "FLEX-specific PIF model" evaluate the Environmental Factors attributes that 
affect personnel actions in the MCR, TSC, and various locations inside the plant? 
 
46. Section 3.3, Table 3.5-5. Procedures, Guidelines, and Instructions, Editorial Comment 
 
The following example attribute is listed for the "moderate" impact and the "high" impact: 
 

"unclear logic such that the operators are likely to have trouble identifying a way to advance 
through the procedure" 

 
Is that repetition intentional? 
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47. Section 3.3, Table 3.5-11. Mental Fatigue and Stress 
 
One example attribute listed for the "low" impact is: 
 

"Personnel experience sleep deprivation, exposure to noise, disturbed dark and light 
rhythms, and air pollution."  [emphasis added] 

 
I think that the highlighted examples of noise and air pollution may be unnecessarily confused 
with effects from the Environmental Factors performance-influencing factor (PIF). 
 
Why are noise and air pollution cited as specific examples of attributes for this PIF? 
 
48. Section 3.3, Table 3.5-12. Physical Demands, Editorial Comment 
 
The example attribute listed for the "low" impact is: 
 

"Conditions involve resistance to motor movement (e.g., wearing heavy clothes, lifting 
heavy materials, opening or closing rusted or stuck valves, executing actions in water 
or high wind, extreme cold or heat, or unstable ground)."  [emphasis added] 

 
The example attribute listed for the "moderate" impact is: 
 

"Actions are physically strenuous or involve an unusual or unbalanced load (e.g., lifting 
heavy objects, opening or closing rusted or stuck valves, moving a heavy load in 
water or high wind)."  [emphasis added] 

 
Is this repetition intentional? 
 
49. Section 4.1, Insights on Human Reliability with FLEX Strategies 
 
The introduction to this section notes that: 
 

"Thus, both scenarios have the context in which several PIFs have moderate to high 
impact on HEPs, such as scenario unfamiliarity and inadequate training.  The expert 
panel believed that such context represented the current status of FLEX implementation.  
As a result, the estimated HEPs for FLEX actions are about an order of magnitude higher 
than most HEPs for well trained, proceduralized EOP actions in main control rooms."  
[emphasis added] 

 
I am a bit confused by this observation. 
 
Table 3-1 and Table 3-2 respectively summarize Scenario 1 and Scenario 2 for the expert 
elicitations.  As part of that information, each table contains a description of the Scenario 
Context.  That description provides information about the applicable attribute states for each of 
the 12 performance-influencing factors (PIFs) that were assessed for each scenario (i.e., 
specific combinations of "nominal", "low", "moderate", and "high" impacts).  Preceding 
comments on Table 3-1, Table 3-2, and Section 3.1.3 summarize my understanding of those 
composite PIF states.  The summary tables in Section 3.1.3 seem to clearly confirm that the 
experts' human error probability (HEP) estimates account for those PIF states, since several of 
the experts' Justifications refer specifically to the reference PIF conditions. 
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Table 3-1 does not list any PIFs with "high impact".  It lists two PIFs with "moderate impact".  
The "moderate impact" PIFs are Scenario Familiarity and Training and Experience. 
 
Table 3-2 lists one PIF with "high impact" and three PIFs with "moderate impact".  The "high 
impact" PIF is Scenario Familiarity.  The "moderate impact" PIFs are Training and Experience, 
Environmental Factors, and Task Complexity. 
 
The information in Table 3-1 and Table 3-2, and the summaries of the experts' Justifications in 
Section 3.1.3, do not seem to support the observation that "several PIFs have moderate to high 
impact" on the estimated HEPs.  The PIFs for Scenario Familiarity and Training and Experience 
evidently had a more important effect on the experts' estimates than other PIFs.  However, the 
experts' Justifications also address several other considerations.  Thus, it is not apparent that 
those two specific PIF effects are as dramatic as might be inferred from this summary. 
 
What is the basis for the observation that "several PIFs have moderate to high impact" on the 
estimated HEPs? 
 
Why does this summary imply that the estimated HEPs are determined predominantly by the 
effects from Scenario Familiarity and Training and Experience? 
 
50. Section 4.1, Table 4-1, Summary of the Estimated HEPs, Editorial Comment 
 
The listed value for the "99th percentile" estimate for transportation of the pump during the non-
FLEX scenario is 0.23.  It should be 0.33. 
 
51. Section 4.1, Insights on Human Reliability with FLEX Strategies, Editorial Comment 
 
The next-to-last paragraph in this section notes that: 
 

"While the experts were conservative on the likelihood of success of FLEX strategies,..."  
[emphasis added] 

 
I do not think that the word "conservative" is appropriate in the context of this discussion.  It 
conveys implied judgments about the experts' assessments and interpretation of their estimated 
human error probabilities (HEPs).  I think that the phrase "were pessimistic about the likelihood 
of success" more appropriately describes the experts' overall judgment about the potential 
success of the FLEX strategies in 2018. 
 
52. Section 4.2, Sanity Check on the Estimated HEPs 
 
The second bullet item in this section discusses the contribution from failure to declare an 
extended loss of AC power (ELAP) condition.  It notes that: 
 

"The HEP for declaration of ELAP is 0.31 for Scenario 1 and 0.19 for Scenario 2, 
dominating the HEP of the overall FLEX strategy."  [emphasis added] 

 
Based on the estimates in Table 4-1, I calculated the following fractional contributions from each 
of the major activities during Scenario 1 and Scenario 2. 
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Activity 
Fraction of Total HEP 

Scenario 1 Scenario 2 
Declare ELAP 0.41 0.18 
Transport, Connect, and Operate Generator 0.26 0.39 
Transport, Connect, and Operate Pump 0.25 0.36 
Load Shed 0.08 0.07 

 
It is not appropriate to state that the decision to declare the ELAP condition "dominates" the 
overall human error probability (HEP) to deploy and use the FLEX equipment in Scenario 1 or 
Scenario 2.  In Scenario 1, failure to declare the ELAP condition is the largest single contributor, 
but it accounts for only about 40% of the total HEP.  In Scenario 2, failures to transport, connect, 
and operate the generator and the pump are much more important contributors than failure to 
declare the ELAP condition. 
 
JWS Note:  My fractional contributions are based on a simple sum of the HEPs for each task.  
In particular, for the purpose of this comment, I did not use Boolean arithmetic to calculate the 
total HEP. 
 
Why does this summary indicate that failure to declare the ELAP condition "dominates" the 
overall HEP for implementation of the FLEX strategies in either Scenario 1 or Scenario 2? 
 
53. Section 4.2, Sanity Check on the Estimated HEPs 
 
The second bullet item in this section notes that: 
 

"Because of the high economic cost of ELAP, personnel at the plant may tend to choose 
the other preferred paths such as fixing the diesel generator."  [emphasis added] 

 
This is not an appropriate characterization of the reasons why personnel may be reluctant to 
declare an extended loss of AC power (ELAP) condition.  During an actual event scenario, I 
think that considerations of economic costs would have very little, if any, relevance to that 
decision. 
 
In practice, premature declaration that an ELAP condition applies will start a sequence of 
actions that alter the overall event response strategy and priorities, reassign personnel, and 
disconnect several DC power supplies.  These actions may limit the available options to recover 
from the initial power failure and to use plant equipment that is more familiar to the operators 
and perhaps better suited to cope with the scenario.  Thus, depending on the available 
information about the severity of plant and equipment damage, personnel may be reluctant to 
adopt a new strategy and curtail their attempts to restore the normal sources of AC power. 
 
Why does this discussion indicate that personnel will be reluctant to declare the ELAP condition 
due to considerations of the "high economic cost" that is associated with that decision? 
 
54. Section 4.3, Expert-to-Expert Variability in HEP Judgments, Editorial Comment 
 
This section notes that: 
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"Appendix C documents the experts' individual estimates of the HEPs and annotates the 
specific justification that reflects the variability."  [emphasis added] 

 
The experts' estimates are documented in Appendix D. 
 
55. Section 4.4, Topics Regarding the Expert Elicitation Process, 3) Aggregation of 

Experts' HEP Estimates, General Comment 
 
Item 3) in this section discusses the method that was used to aggregate the individual experts' 
human error probability (HEP) estimates and to derive the results that are summarized in 
Section 3.1.3 and Table 4-1.  A preceding comment on Section 3.1.3 and Appendix D discusses 
why the applied aggregation method is not appropriate and why the composite HEPs should not 
be endorsed in this report. 
 
The last paragraph in this section suggests that the project team apparently contemplated use 
of a beta distribution to fit each expert's estimates.  It notes that: 
 

"PRA models often use a standard probability function (the beta distribution) to approximate 
the probability estimates.  In some cases, the fitting process was straightforward.  In others, 
because of the limited flexibility of the beta distribution, choices had to be made as to which 
portions of the experts' distributions should be emphasized in the fitting process….Overall, it 
is not clear whether the use of the beta distribution has a positive or negative effect when 
representing the range of uncertainty of the technical community." 

 
This section also discusses why the team decided to not use that aggregation method.  While it 
is true that a beta function may often provide a reasonable approximation for many skewed 
probability distributions, the project team's experience confirms that it does not always provide 
the best representation of the actual uncertainty. 
 
When the project team decides to use a better-justified method to aggregate the estimates, they 
should not limit their efforts to the use of a beta function.  They should use a probability 
distribution that best fits the range of the estimated upper and lower bounds, and provides a 
median value that is very close to the "50th percentile" value for each expert's estimate.  In 
some cases, that distribution may not correspond to a simple mathematical function, and the 
team might need to develop it manually. 
 
56. Appendix B, Annotation of Example References used in the Data Packages, General 

Comment 
 
I briefly read the material in this Appendix, but I did not carefully examine the individual data 
items.  I think that most, if not all, of these items are included in the data tables in Appendix A1 
through Appendix A20 of the IDHEAS-DATA report.  Please refer to my November 2, 2020 
comments on that report for observations and questions about specific data entries. 
 
57. Appendix C, Workshop Procedure, General Comments 
 
In general, the material in this appendix provides a very good common understanding, context, 
and expectations for the workshop participants. 
 
One of the sub-bullet items under Item e) of the Elicitation Process notes that the experts should 
provide: 
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"uncertainties as well as assumptions made for the uncertainties" 

 
A preceding comment on Step 8 of the elicitation process in Section 2.4 of the main report 
addresses quantification of each expert's uncertainties and aggregation of those uncertainty 
distributions to develop the expert panel's consensus recommendations.  The guidance 
provided to the experts should emphasize the importance of providing at least general 
information about the shape of their uncertainty distribution over the estimated range of values.  
The guidance for the Technical Integrators (TIs) should also emphasize the importance of 
eliciting that information without imposing undue burden on the experts or implying that 
mathematical precision is needed to characterize each distribution.  For example, in practice, 
simple sketches may adequately provide the necessary information, and they are easy to 
document.  Perhaps the worksheets should also contain a specific entry for comments about the 
shape of the uncertainty distribution or space for a sketch, to remind the experts of this need. 
 
58. Appendix D, The Estimated HEPs, General Comment 
 
I read each table for a general understanding of the estimates from each expert and their 
supporting rationale.  It is neither useful nor appropriate for me to ask questions or comment on 
the experts' assessments. 
 
59. Appendix D, Table D-5, Action 1.3 Connect the Generator in Scenario 2, Editorial 

Comment 
 
The listed "arithmetic mean" for the "1st percentile" estimate in this table is 0.0.  It should be 
0.046. 
 
 


