STETKAR & ASSOCIATES

203 WHISPERING HILLS STREET
Hot SPRINGS, AR USA 71901
TELEPHONE: (501) 627-0500 « E-MAIL: jwstetkar@aol.com

September 24, 2020

Dr. Michael Cheok

Director, Division of Risk Analysis
Office of Nuclear Regulatory Research
Mail Stop T10-A12

U.S. Nuclear Regulatory Commission
11545 Rockville Pike

Rockville, MD 20852

Dear Dr. Cheok:

Comments on Draft NUREG-2198
Attached are my comments on the draft version of NUREG-2198, "The General Methodology of
an Integrated Human Event Analysis System (IDHEAS-G)", that was discussed during the
September 23, 2020 meeting of the ACRS Subcommittee on Reliability and Probabilistic Risk
Assessment. They contain more details and elaboration on specific topics than the summary oral
comments that I made during that meeting.
Most of these comments pertain to new material in this draft of the report. Other items expand
or extend my September 20, 2019 comments on the previous draft. I did not edit the original
versions of those comments. Therefore, they may contain some minor editorial discrepancies,
based on differences in the two reports. However, I have tried to annotate the continuing
comments with dated notes to summarize how they are affected by the revised material in the

current version of NUREG-2198.

I do not request, or expect, formal responses to any of these comments and questions. They are
provided only for your consideration as you finalize this important project.

Please contact me if you have any questions, or if you need any additional information.

Very truly yours,

M@Sﬁ:'

John W. Stetkar

Attachment

RISK ASSESSMENT « RELIABILITY ANALYSIS « DECISION OPTIMIZATION



Comments and Questions on
NUREG-2198
The General Methodology of an Integrated Human Event Analysis System (IDHEAS-G)
Draft, June 2020
John W. Stetkar

JWS Note 09/24/20: These comments are updated to account for the revised draft version of
NUREG-2198, published in June 2020 (ADAMS accession number ML20238B988).

1. Section 2, Cognition Model — Cognitive Basis Structure
The introduction to this section in the revised report notes that:

"However, readers that are not interested in the scientific basis can skip this chapter and
Chapter 3 and go to Chapter 4, which discusses the implementation of the human
performance model in the IDHEAS-G HRA process." [emphasis added]

| disagree strongly with this suggestion. It is very important for analysts to understand the
cognitive basis for the methodology and the modeling framework. Therefore, it is not
appropriate to imply that readers may skip the fundamental information in Chapter 2 and
Chapter 3.

Why does the report contain this suggestion?
2. Table 3-9, Staffing
One of the Attributes for this performance-influencing factor (PIF) is:

"key decisionmaker's knowledge and ability are inadequate to make the decision (e.g., lack
of required qualifications or experience)"

| do not understand why this Attribute is part of the PIF for Staffing. It seems more relevant to
the PIF for Training or the PIF for Teamwork and Organizational Factors, since it addresses the
decision-maker's ability to understand the evolving scenario, manage the overall response
strategy, and allocate resources as needed.

Why is this Attribute included in the PIF for Staffing?
3. Table 3-13, PIF Work Processes

The examples for the performance-influencing factor (PIF) Attribute "Poor work prioritization,
planning, scheduling" use the term "work permits". In general, that term is typically associated
with supervisory permission to perform specific testing, inspection, or maintenance activities
during normal plant operation. It is not typically associated with written or oral instructions to
perform directed tasks during an evolving event scenario. Therefore, analysts may interpret the
guidance for this Attribute to apply only for an evaluation of "pre-initiator" personnel errors. My
confusion about the intended scope and consideration of this Attribute is further exacerbated by
the following listed example.
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"Work permits were not handed in on time and, therefore, delayed other activities"
What is the intent of the term "work permits" in the context of this PIF?

In particular, how are "work permits" related to written or oral instructions to perform directed
tasks during an evolving event scenario?

4. Table 3-14, PIF Information Availability and Reliability, Editorial Comment
The table repeats the last five Attributes.

5. Section 3.3, Details of Performance-Influencing Factor Structure, Concern for
Personnel Safety

| think that the set of performance-influencing factors (PIFs) should include a separate PIF for
Concern for Personnel Safety. None of the PIFs that are listed in Section 3.3 seem to directly
address this influence on human behavior.

In practice, this PIF would most likely apply during scenarios that involve plant damage from
internal hazards (fires, floods, etc.), external events (seismic events, floods, high winds, aircraft
crashes, etc.), impending or actual core damage, large releases of radiation or toxic chemicals,
etc. It accounts for additional stress on supervisors, operators in the Main Control Room, and
local operators, due to concerns about their own personal safety and possible harm or known
injuries to their co-workers. It also accounts for plant personnel concerns about possible harm
or the unknown status of their families and loved ones during extreme external events that affect
the surrounding area.

The effects from this PIF may be manifested by personal fear, cognitive distractions, an
enhanced sense of urgency, additional time delays for cognitive response and action
implementation, supervisory reluctance to send personnel into specific plant locations, operator
reluctance to perform local actions, etc.

This PIF is different from the summarized PIFs for Workplace Accessibility and Habitability;
Environment- and Situation-Related PIFs Other than Workplace Accessibility and Habitability;
and Multitasking, Interruptions, and Distractions. It is also different from the typical assumption
that personnel will not enter or pass through a plant location that has experienced severe
damage. That assumption addresses issues of physical access and known dangers. It does
not account for individual and team-level cognitive performance effects from distraction,
possible fear, conflicting personal priorities, etc. that are captured by this PIF.

Table 3-16 summarizes the PIF for Time Pressure and Stress. The Discussion of that PIF notes
that:

"Other stresses and anxieties, such as concern for families in emergency conditions, fear of
potential consequences of the event, and worrying about personal safety, can also increase
the level of psychological stress and affect performance."

That PIF is listed in the general category of Task-Related Performance-Influencing Factors.
That task-centered focus does not clearly alert analysts to consider the overall cognitive effects
from the considerations that are discussed in this comment. | am concerned that the definition
and overall discussion of that PIF and its listed attributes do not adequately highlight these
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effects, and prospective users of the methodology may inadvertently overlook them during
relevant scenarios. | think that the overall taxonomy should include a separate PIF to explicitly
account for these considerations and alert analysts to think about them.

JWS Note: | am not quite sure how to label this PIF. | used the term "personnel safety", rather
than "personal safety", to indicate that it can affect supervisory decisions and to indicate that it
extends to concerns about co-workers, families, etc. The literature may contain a better term for
this notion.

Why does the methodology not include a separate PIF to account for this type of influence?

JWS Note 09/24/20: The revised Discussion and a new Attribute in Table 3-20 for the PIF for
Physical Demands explicitly mention these considerations. However, the guidance remains
focused at the task level (i.e., under the Task-Related PIFs in Figure 3-2 and Section 3.3.4).
Therefore, | remain concerned that analysts may not evaluate these effects in an integrated
manner that applies to multiple decisions and actions within a scenario. From that perspective,
it seems that a separate PIF would more appropriately apply under the "Environment and
Situation" context. As noted in this comment, if these considerations are retained at the task
level, it also seems that they would apply more appropriately to the guidance for the PIF for
Time Pressure and Stress in Table 3-19. For example, the revised Discussion in Table 3-19
addresses some of the effects that are mentioned in this comment.

Why do these considerations about personnel safety apply to the PIF for Physical Demands in
Table 3-20, rather than the PIF for Time Pressure and Stress in Table 3-19?

How does the guidance alert analysts to account for the fact that these considerations may
affect multiple decisions and actions within a specific scenario?

6. Section 4.2.2, Development of Operational Narrative; Section 4.2.2.2, Additional
Scenarios; Appendix E, Section E.2, Development of the Operational Narrative;
Appendix E, Section E.2.2, Identification of Additional Scenarios

The last paragraph of Section 4.2.2 notes that:

"A PRA model has the baseline scenario including the narrative and event progression
diagram. The objective of an HRA operational narrative is to identify and document
information specific to human performance along with the PRA model." [emphasis added]

This statement is certainly true. However, | think that it does not adequately alert analysts to the
conceptual treatment and importance of the "additional scenarios" that are shown briefly in
Figure 4-4.

| think that most analysts will interpret the term "baseline scenario" to mean the nominal
expected plant response to an initiating event, without additional complications from equipment
failures and personnel errors (e.g., the top sequence in an event tree model). In that conceptual
construct, all other scenarios that are depicted explicitly in the PRA logic model are deviations
from the baseline scenario. For example, a scenario that involves failure of main feedwater is a
deviation from the baseline scenario when main feedwater is available. A typical PRA model
would then contain only one baseline scenario and numerous "additional scenarios".

On the other hand, the term "baseline scenario” might mean a distinct expected plant evolution,
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based on the identified combinations of equipment responses and personnel actions. In that
conceptual construct, the failure of main feedwater characterizes a different baseline scenario
from the scenario when main feedwater is available. A typical PRA model would then contain
numerous baseline scenarios with characteristics that are determined by the combined effects
from plant thermal-hydraulic response, timing, possible mitigation options, and important
influences on human performance.

Section 4.2.2.2 notes only that:

"To perform a risk assessment, the PRA identifies possible event scenarios leading to
undesired consequences. Failure of the system or required important human actions may
generate new scenarios deviating from the baseline scenario. Additional scenarios are
identified by asking 'what if' questions on the failures and consequences of the systems
responses and important human actions. The focus on identifying additional scenarios is to
develop a high-level risk perspective of the system responses and important human actions
that, if failed, would change the scenario progression."

This brief summary of the notion of "additional scenarios" does not adequately describe how
those deviations from the baseline scenario are modeled in the PRA or how analysts should
evaluate human performance in those scenarios. In practice, one important purpose of
identifying additional scenarios is to determine whether characteristics of system responses or
human performance in those scenarios merit distinct and explicit evaluation in the PRA models.

In some cases, the PRA team may decide that the differences should be represented by distinct
scenarios in the PRA event trees and fault trees. In those cases, human performance should
be evaluated in the context of those scenarios according to the same methods and guidelines
that are applied for analyses of the baseline scenario. For example, distinct human failure
events (HFEs) are defined, evaluated, and quantified, accounting for the scenario context.

In other cases, the PRA team may decide that it is not necessary to explicitly account for
differences from the baseline scenario by defining distinct new scenarios in the PRA event trees
and fault trees. In those cases, the identified possible deviations from baseline scenario
conditions introduce a source of uncertainty in the evaluations of the performance-influencing
factors (PIFs) and human error probabilities (HEPs) for the defined baseline scenario HFEs.
For example, an analyst might need to consider additional PIFs or a broader range of PIF
attributes to account for the range of possible deviations within the baseline scenario.

Of course, in practice, both notions of "additional scenarios" apply in a practical analysis. At this
level of the methodology overview, | think that it is important to introduce these concepts, so that
analysts begin to understand them and how they affect a practical analysis. Otherwise, analysts
may have the impression that "detailed" implementation of the IDHEAS methodology applies
only for a small number of baseline scenario HFEs, without an appreciation of why the
identification of "additional scenarios" is important to the overall PRA or how to account for
those deviations from the baseline conditions after they are identified.

JWS Note: Section 4.2.4 notes that important human actions are identified in the baseline
scenario, and new important human actions may be identified in "deviation scenarios".

Section E.2 of Appendix E notes that:

"Altogether, several representative scenarios (including the baseline scenario) may be
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identified, and together, they represent different potential evolutions of the event. A
complete operational narrative is required for the baseline scenario. Because all the
scenarios with the same initiating event share similarities in important human actions and
system responses, a complete operational narrative is not generally needed for each
scenario. The operational narratives for other scenarios should emphasize differences
from the baseline scenario. If a scenario contains dramatic differences in important
human actions or system responses as compared to the baseline scenario, then developing
a complete operational narrative for the new scenario is recommended." [emphasis added]

The discussion in the introduction to Section E.2 provides a somewhat better distinction
between the concepts of a "baseline scenario" and other scenarios that involve deviations from
the baseline conditions. However, despite the warning in the last sentence of this excerpt, | am
concerned that analysts will focus only on the guidance that "a complete operational narrative is
required for the baseline scenario" and "a complete operational narrative is not generally
needed for each scenario". Of course, | do not advocate development of separate detailed
operational narratives for every event sequence that involves a human action. In practice, |
think that an operational narrative is needed whenever the PRA team concludes that it is
necessary to define a new HFE, even if that HFE is only a different variant of the "baseline
scenario" HFE (e.g., it may require a different HEP, due to the "dramatic differences" that are
mentioned in the last sentence).

Of course, in practice, this process is somewhat iterative. For example, analysts may not
recognize the need to define a new HFE as a variant of the "baseline scenario” HFE until they
carefully examine the scenario-specific influences that affect the variant human performance.
The operational narrative of the variant scenario helps the analysts to identify and understand
those differences and the need to define the new HFE.

Section E.2.2 of Appendix E does not provide much help in this regard. The examples very
briefly illustrate a few types of considerations that may identify "additional scenarios". However,
the guidance seems to imply that an operational narrative is needed only for the "baseline
scenario" conditions. The last paragraph in that section acknowledges the practical limitations
for creating numerous detailed scenario narratives. However, it does not help analysts to
understand when and why deviations from the "baseline scenario" may be significant enough to
warrant a detailed narrative (e.g., when a new variant HFE is needed).

| think that both Section 4.2 of the main report and Section E.2 of Appendix E should clarify the
distinctions among "baseline", "deviation", and "additional" scenarios, and clarify the types of
considerations that warrant development of a scenario-specific operational narrative.

What is the conceptual notion of a "baseline scenario" in this construct?

For example, in the context of this comment, would failure of main feedwater result in a
deviation from nominal conditions within the baseline scenario, or would failure of main
feedwater characterize a different baseline scenario?

Why does this section not explicitly note that the process of identifying "additional scenarios"
may result in changes to the PRA models and the need for a detailed evaluation of human
performance in the context of those scenarios?

Should this section introduce the two notions of deviations from the baseline scenario that are
mentioned in this comment (i.e., identification of distinct new scenarios in the PRA models, and
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identification of sources of variability and uncertainty in the evaluation of baseline human
performance)?

JWS Note 09/24/20: Section 4.2, Section 4.2.2, Section E.2, and Section E.2.2 were not
revised in the updated report.

7. Table 4-6, Detection CFMs

Four of the detailed cognitive failure modes (CFMs) for "Fail to perceive, recognize, or classify
information" are:

D3-2 Key alarm not perceived

D3-3 Key alarm incorrectly perceived

D3-5 Cues not perceived

D3-6 Cues misperceived (e.g., information incorrectly perceived; failure to perceive weak
signals; reading errors; incorrectly interpret, organize, or classify information)

I do not understand why it is necessary to distinguish between a "key alarm" and other "cues".
In particular, | do not understand why the CFM structure distinguishes D3-2 from D3-5, and
distinguishes D3-3 from D3-6. For example, it seems that combined CFMs could apply for "key
alarm or other cues". In practice, some scenario-specific cues may involve distinct audible or
visual alarms, while others may require closer inspection of displays, indicators, and trends.
However, the quality and availability of the aggregate set of information that should prompt
personnel response should determine whether the relevant information is perceived at all, or
whether it might be misperceived.

Unless there is a fundamental reason for this distinction between "alarms" and "cues", | am
concerned that analysts may not appreciate why these are separate CFMs, and they may
criticize the detailed list as being too complex and subtle.

JWS Note: This comment may also affect the first line in Table 4-11.

JWS Note: This comment also applies to Table H-2 and Example 3 in Section H.1.3 of
Appendix H.

Why it is necessary for these detailed CFMs to distinguish between a "key alarm" and other
"cues"?

JWS Note 09/24/20: The entries for D3-4, D3-5, and D3-6 in Table 4-6 now indicate that those
CFMs apply for cues "(other than alarms)". Thus, it is evident that the authors explicitly want to
differentiate between distinct audible or visual alarms that may prompt response and other types
of cues.

The entries for D3-4, D3-5, and D3-6 in Table H-2, and the entries for D3-4, D3-5, and D3-6 in
Example 3 in Section H.1.3 of Appendix H were not similarly revised. That is an editorial
oversight.

8. Table 4-8, Decisionmaking CFMs

In the 2019 draft report, one of the detailed cognitive failure modes (CFMs) for "Data are under-
represented" is:
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DM3-3 Misinterpretation or misuse of selected information
That CFM was deleted from Table 4-8 in the updated report. The retained CFMs are:

DM3-1 Critical information not selected or only partially selected (e.g., bias,
undersampling of information)

DM3-2 Selected information not appropriate or not applicable to the situation

JWS Note: DM3-3 was also deleted from Table H-4 in Appendix H. Thus, it is evident that this
was an intentional change.

The CFM DM3-1 accounts for a situation where not enough information is selected to support
the desired decision. The CFM DM3-2 accounts for a situation where the wrong information is
selected. The CFM DMS3-3 accounted for a situation where an adequate amount of the
appropriate information is selected, but the decision-makers do not correctly use that
information.

It is conceivable that the CFM DM4-2 (Choose inappropriate strategy or options) is intended to
account for incorrect use of the available information. However, it is not apparent whether that
is the intent of DM4-2 or how any of the other decision-making CFMs account for the situation
that was evaluated by DM3-3.

Why was CFM DM3-3 deleted from the updated report?

What other decision-making CFMs account for the situation that was represented by DM3-3?
9. Section 4.3.4.3, Modeling Performance-Influencing Factor States

The last paragraph in this section notes that:

"Modeling PIFs with binary or several arbitrarily defined states requires grouping the
attributes into arbitrarily defined states based on their effects on HEPs. In modeling PIFs,
the analyst needs to clearly define the meaning of each state. Because the effects of PIF
attributes on HEPs generally vary continuously, the 'poor' state can represent any place
between no impact and maximal impact. As a result, the HEP for the poor states can vary
greatly. Thus, modeling of PIF states should comply with the following guidance: When
modeling PIFs with binary or several discrete states, the definitions of each state must be
specified, used consistently in HEP estimation, and documented as the contingency for
using the estimated probabilities." [emphasis added]

| understand the basic intent of this section. However, | think that most readers will struggle
with it and ask "What do they expect me to do?" As noted in a preceding comment, the material
in Appendix |, Assessment of Performance-Influencing Factors, does not help to answer that
question.

Section 4.3.3.2 provides a suggested set of detailed cognitive failure modes (CFMs) that are
derived from the overall model for human cognition and the authors' experience. That section is
very good, because it provides some practical guidance and examples that should help to
promote consistency among users of the IDHEAS methodology.
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Section 3 describes the 20 performance-influencing factors (PIFs) in the IDHEAS methodology
and their attributes. | think that it would be very useful for the report to provide a nominal scale
for the states of each PIF, with examples that illustrate applicable attribute conditions for those
states. For example, the authors might select a nominal scale of 0 to 10, with 0 corresponding
to the base state of the PIF and 10 corresponding to the worst conceivable effects on the PIF.
The authors could then describe examples of conditions that correspond to intermediate states,
so that analysts have some conceptually consistent anchors. Of course, the examples cannot
be exhaustive, and they cannot cover every conceivable combination of attributes or conditions.
However, they can provide useful anchor points for analysts to better understand the intention of
terms like "limited", "reduced", "poor", "difficult”, "unfamiliar", etc. ("Oh, that's what they mean
bya3anda7!")

Like the detailed CFMs, the scale and examples for the PIF states would be based on human
cognition research, literature, and the authors' experience. As with the detailed CFMs, the
guidance should indicate that the PIF scales are the authors' suggestions, and individual
analysts may use them directly or adjust them for specific applications.

The PIF scales would not resolve the translation of a set of scenario-specific PIF states into a
numerical human error probability (HEP). However, they would promote improved consistency
in the assessment of each PIF, which is a very important element of the analyses. Improved
consistency in the PIF assessments should also support more consistent derivation of the
HEPs, regardless of how that quantification process is accomplished.

JWS Note: | read Section 4.3.4.3 and wrote this comment before | read Section 4.4.3.2 and
Section 6. Considering the quantification model that is proposed in Section 4.4.3.2 and the
framework that is discussed in Section 6.2, | think that it is extremely important for the report to
provide example scales and guidance for the PIF states.

JWS Note: It seems that Appendix | or Section J.1 of Appendix J could be reconstituted to
present these examples, without any major disruptions of the overall report format and flow.

Why does the report not provide a nominal scale for the states of each PIF, with examples that
illustrate applicable conditions for those states?

JWS Note 09/24/20: A paragraph was added at the end of Section 4.3.4.3 to acknowledge that
providing a nominal reference scale for each PIF is a "good practice", and it "would improve
consistency in assessing the PIFs' impact on the HEPs". However, the updated report does not
contain recommended examples of those scales with corresponding anchor points. Thus, it is
evident that the authors actively decided to omit those examples. | continue to think that this is
an important omission that fails to facilitate consistent interpretation and practical use of the
guidance, because each analysis team will derive their own PIF scales and anchor points.

10. Section 4.4.3.2, IDHEAS-G Human Error Probability Quantification Model,
Assumption 1: Base PIFs and Base HEPs

This section in the updated report notes that:
"In a normal work environment, such as a licensed crew of NPP operators performing EOPs

in main control rooms without complications, the three base PIFs would fall in the leftmost
part of the blue curve in Figure 4-8 and result in very low HEPs. That is similar to the
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nominal HEPs of 1x10?3 for action and 1x10? for diagnosis in SPAR-H [7]-[9] for
nominal conditions. In extreme operating conditions such as those in beyond-design-basis
accidents, information may not be complete or reliable, personnel are unfamiliar with the
scenarios, and the tasks can be very complex. Any of these base PIFs or the combination
of them would result in very high base HEP values that may approach to 1." [emphasis
added]

| understand that the proposed quantification model is based on the assumption that
combinations of the states of the three "base" performance-influencing factors (PIFs) for
"Information Availability and Reliability”, "Task Complexity", and "Scenario Familiarity" are the
primary determinants for a nominal human error probability (HEP). The excerpted statement
seems to fully endorse the cited numerical values from SPAR-H as providing valid anchor points
for the minimum nominal HEPs for cognitive responses (i.e., 1E-02) and implementation of

required actions (i.e., 1E-03). | disagree very strongly with these specific citations.

The SPAR-H methodology is not intended support an in-depth evaluation of human
performance or to derive HEP estimates that are necessarily realistic. It is intended primarily to
provide a few easily-applied numerical values to support initial risk-informed evaluations of
potential regulatory concerns. Those numerical values facilitate a quick determination of
whether a particular identified issue might be risk-significant and thus merit further evaluation.
Contemporary human reliability analysis experts have universally concluded that SPAR-H is not
a mature methodology for realistic evaluation of human performance. Furthermore, the nominal
numerical values in SPAR-H are derived primarily from NUREG/CR-1278 (THERP). Experts
have similarly concluded that the methods and guidance in that report do not support
comprehensive or realistic evaluations, based on current understanding of human cognitive
performance. The numerical HEP values recommended in NUREG/CR-1278 were derived
primarily from the expert judgment of that report's authors, supported by limited actual operating
experience. Furthermore, the limited data that were compiled to support those estimates were
derived from nuclear power plants and other sources in the 1970's. That experience is clearly
outdated for modern analyses.

Explicit citation of the two "nominal HEPs" from SPAR-H and the inference that they correspond
to valid experience-based anchor points for "very low HEPs" for cognitive responses and
implementation of required actions is contrary to the fundamental intent of the IDHEAS-G
methodology. These numerical values are certainly not needed to explain the general concepts
that are developed in this section of the report, or to explain the curves in Figure 4-8.

As a final comment, Figure 4-8 shows that the lower bound of the nominal (blue) HEP curve is
approximately 1E-04. The excerpted text seems to clearly imply that the two cited numerical
values from SPAR-H apply to the "leftmost part of the blue curve". That is certainly not
consistent with the figure.

Why does this section cite two specific HEP values from SPAR-H?
Why do the authors of this report explicitly endorse the numerical values from SPAR-H as valid
anchor points for derivation of the relationship between the three "base" PIF states and a

nominal HEP?

What contemporary human performance experience data or other estimates support the use of
those numerical values in the IDHEAS-G methodology?

09/24/2020 Page 9 of 56 JWS



How does this discussion support better understanding of the curves in Figure 4-8, considering
the obvious discrepancies between the cited numerical values and the "leftmost part of the blue
curve"?

11. Section 4.4.3.2, IDHEAS-G Human Error Probability Quantification Model,
Assumption 1: Base PIFs and Base HEPs

This section in the updated report notes that:

"Modification PIFs vary the base HEPs according to the sum of the weights of the applicable
PIF attributes. The weight sum can vary from 1 (no impact) to one or two orders of
magnitude. Yet, the summed weight would not change the HEP by many orders of
magnitude compared to the multiplication of individual weights as modeled in some
existing HRA methods." [emphasis added]

The proposed quantification model should rely on documented human performance data and
results from fundamental research to support the assertion that the weights of the 17
"modification" performance-influencing factors (PIFs) affect the nominal human error probability
(HEP) according to a linear summation. It is certainly not sufficient to imply that a linear
summation is justified, simply because it provides a numerical influence that is less dramatic
than a multiplicative model (or some other formulation). The fundamental intent of IDHEAS-G is
to provide a methodology and guidance that are derived from contemporary understanding of
human performance and the best available supporting data. It is not appropriate to justify the
models in IDHEAS-G by simple comparisons with other methodologies that were discarded at
an early stage of this research because they do not adequately satisfy the desired objectives.

Assumption 2 in this section and Appendix D address the basis for the proposed linear
combination of "modification" PIF weights. | will comment separately on those sections.

Why does this section contain the last sentence in this excerpt?

12. Section 4.4.3.2, IDHEAS-G Human Error Probability Quantification Model,
(3) Estimating Base HEPs for Every CFM

This section notes that:

"The quantification model requires base HEPs for the poor states of the three base PIFs
(information availability and reliability, scenario familiarity, and task complexity). The
generalized data have human error rates or estimated HEPs for most attributes of these
PIFs." [bold emphasis added]

I am somewhat confused by this statement.

| understand that the proposed quantification model is based on the assumption that
combinations of the states of the three "base" performance-influencing factors (PIFs) for
"Information Availability and Reliability", "Task Complexity", and "Scenario Familiarity" are the
primary determinants for a nominal human error probability (HEP). The nominal HEP is then
modified further by the effects from a linear combination of numerical weights from the other 17
PIFs. For example, in Figure 4-8, the blue curve shows how the nominal HEP varies as a
function of the combined effects from the states of the three base PIFs. The green and orange
curves are conceptual depictions of how the nominal HEP would be modified further by the
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effects from two other PIFs.

This quantification model requires a "calibration curve" that shows how the nominal HEP varies
as a function of the combined effects from the three base PIFs. That is the blue curve in
Figure 4-8. It is not apparent how that calibration can be derived from only "base HEPs for the
poor states of the three base PIFs". That information does not seem sufficient to determine how
the nominal HEP varies as a function of all combinations of the base PIF states. For example,
in a 3-discrete-state construct for each base PIF, there are 27 possible combinations of "good,
nominal, poor" or "low, medium, high". In principle, each of those 27 combinations should be
correlated to an empirically-derived HEP to develop the blue "calibration curve".

JWS Note: | read the paper from PSAM 14 that is cited in Reference 52. It does not provide an
empirical relationship between the "base" PIF states and HEPs that are derived from operating
experience, simulator training, or human testing.

JWS Note: Section 6.2 discusses this general concept in somewhat more detail. For example,
Figure 6-3 shows the basic notion of a "calibration curve", as discussed in this comment, in the
context of the effects from a single PIF. The discussion in Section 4.4.3.2 emphasizes the
significance of the combined effects from the three "base PIFs". Therefore, a "calibration curve"
that is analogous to Figure 6-3 would be needed to relate the composite effects from those PIF
attributes and their interactions, which may not necessarily behave according to the linear
assumption.

What specific "generalized data for human error rates" have been used to derive the HEP
calibration curve for variations in the combined states of the three base PIFs?

Where is that derivation and its supporting data documented?

JWS Note 09/24/20: | obtained a draft copy of RIL-2021-XX, "Integrated Human Event Analysis
System for Human Reliability Data (IDHEAS-DATA)", that was released publicly to support a
September 23, 2020 meeting of the ACRS Subcommittee on Reliability and Probabilistic Risk
Assessment. The Executive Summary of that report notes that:

"This report documents human performance and error data identified through an extensive
literature review and the process used to generalize the data for IDHEAS-G."

Section 1.2 of that report notes that one of the purposes is to:
"document the foundation of the base HEPs and PIF weights in IDHEAS-ECA"

Thus, it seems that RIL-2021-XX may contain the information that is addressed in this comment.
| will comment separately on that report.

13. Section 4.4.3.2, IDHEAS-G Human Error Probability Quantification Model,
(4) Calculating the HEP of a CFM for a Given Set of PIF States

Equation 4.7 in the updated report is reproduced below.

09/24/2020 Page 11 of 56 JWS



n
1
Perm = PEFMBESE . ('l + Z(Wf - 1}) -C .E

i=1
_ Permggse A+ w, D+ W —1)+-+ W, —1))C
Re

For reference, Equation 4.7 in the 2019 version of the report was:
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The format of Equation 4.7 was revised to be consistent with a corresponding change in the
format of Equation 4.6. However, the analytical form of the weight summation does not affect
the continuation of the following comment on the 2019 version of the report.

This section notes that:

"...Re is a factor that accounts for the potential recovery from failure of a task, and it is set to
1 unless there are empirical data suggesting otherwise."

This formula indicates that the numerical recovery factor Re can be applied to the overall
probability for the cognitive failure mode (CFM), regardless of the states (and corresponding
weights) of the contributing performance-influencing factors (PIFs). This seems to be an
inappropriate and overly-simplistic numerical treatment of "recovery". For example, during a
particular scenario, specific PIFs may have different influences on the feasibility or reliability of
potential recovery from a cognitive error. Therefore, it does not seem reasonable to simply
apply a single numerical recovery factor to the composite effects from all PIFs.

| think that any methodology that is proposed in this report should focus on the fundamental
process for evaluating human performance. Formulas that combine multiple PIF weights to
estimate a human error probability (HEP) should not imply that a simple numerical factor can be
applied to account for "recovery". The concept of modeling and accounting for potential
recovery from a cognitive error should be left for further research.

JWS Note: | intentionally did not elaborate further on the general notion of "recovery" and the
use of simple numerical factors to adjust an HEP. In my opinion, if the PIFs and their composite
effects are evaluated properly, there is no conceptual justification or need for an additional
"recovery" factor.

What is the technical basis for use of a single numerical recovery factor, as shown in Equation
4.7?

How is that concept supported by an understanding of how each PIF functionally influences the
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probability for the CFM?

JWS Note 09/24/20: This section of the revised report contains a new paragraph that partially
addresses the concerns in this comment. In particular, it notes that

"...applying a single numerical recovery factor to the composite effects from all PIFs is over-
simplistic and not appropriate. If HRA analysts choose to credit recovery by assigning a
numeric recovery factor to the HEP of a CFM, they should focus on the fundamental process
for evaluating human performance and estimate Re based on the full context of the human
action."

However, Equation 4.7 retains the universally-applied recovery factor. Thus, in practice,
analysts will cite that formula as an "NRC-approved" methodology, despite the cautionary text.

The basic purpose of Equation 4.7 is to illustrate the concept of how the weights from the 17
"modification" PIFs are combined to adjust the base HEP. The notion of how, or whether,
possible "recovery" may be applied during a particular analysis is superfluous to an
understanding of this basic element of the proposed general quantification model. Thus, to
facilitate an analyst's understanding of the general model, the factor (1 / Re) could be simply
removed from Equation 4.7 without affecting the basic concept of how the PIF weights are
combined and applied.

14. Section 4.4.3.2, IDHEAS-G Human Error Probability Quantification Model

The notion that the effects from the performance-influencing factors (PIFs) for "Information
Availability and Reliability", "Task Complexity", and "Scenario Familiarity" are the primary (or
"base") determinants for a nominal human error probability (HEP), which is then modified further
by the effects from a linear combination of numerical weights from the other 17 PIFs, is an

interesting concept that has not been proposed in earlier versions of the IDHEAS methodology.

Of course, this is simply another conceptual way to numerically combine PIFs and relate them
to a set of empirically-derived HEPs. Therefore, as with all other quantification methods that
have been reviewed by the NRC staff, careful consideration and testing are needed to develop
confidence that it provides results that are qualitatively and quantitatively reasonable, and it
facilitates consistent estimates of the risk significance of various human actions and their
contributors.

JWS Note: | think that the basic concepts that are summarized in the discussions of "Modeling
PIF States", "Modeling the Impact of PIF States on HEPs", and "Calculating the HEP of a CFM
for a Given Set of PIF States" (without recovery factor Re) are reasonable and consistent with
the original intent of this report. They can be applied conceptually to any HEP quantification
scheme. Furthermore, in a more general interpretation of Equation 4.7, the value for Pcrmgase
could be the HEP that applies with all PIF states at their "best" values (i.e., it need not
necessarily be the HEP that is derived from only the three "base" PIFs, as proposed by the
authors' quantification model).

Has this model been reviewed and critiqued by other experts in human cognitive behavior and
human reliability analysis outside of the NRC staff?

Has this model been tested in any practical pilot applications for which empirical HEP estimates
are available?
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If this quantification scheme has not been examined and tested by independent experts, why is
it summarized in this "NRC-approved" methodology?

In particular, considering the original intent of this report, why was the IDHEAS-G methodology
extended to recommend this HEP quantification model?

JWS Note 09/24/20: | obtained copies of the following reports that were released publicly to
support a September 23, 2020 meeting of the ACRS Subcommittee on Reliability and
Probabilistic Risk Assessment.

e RIL-2020-02, "Integrated Human Event Analysis System for Event and Condition
Assessment (IDHEAS-ECA)", February 2020

o RIL-2021-XX, "Integrated Human Event Analysis System for Human Reliability Data
(IDHEAS-DATA)" (draft)

o "Utilization of Expert Judgment to Support Human Reliability Analysis of Flexible Coping
Strategies (FLEX)", Volume 1 (draft)

e "Flexible Coping Strategies (FLEX) HRA Using IDHEAS-ECA", Volume 2 (draft)

Those reports apparently contain more information to support the derivation and application of
the proposed quantification model. | will comment on them separately. However, my question
about a formal independent review and critique of the proposed general model by a group of
experts in human cognitive behavior and human reliability analysis outside of the NRC staff
remains open.

15. Section 4.5, Stage 4: Performing Integrative Analysis, General Comment

This section is new in the updated report. It provides a brief conceptual summary of the
treatment of dependencies, according to a proposed new methodology that is described in
Appendix K. This summary is very good. | especially like the focus on scenario context and the
conceptual construct of consequential dependencies, resource-sharing dependencies, and
cognitive dependencies.

My comments on Appendix K address details of the proposed methodology.
16. Section 5, Time Uncertainty Analysis, Omission of Key Information and Guidance

There is a critical omission of key concepts and information that are necessary for readers to
understand the analyses that are summarized in this section. In particular, neither this section
of the main report, nor any of the appendices, describe the basic construct and elements of the
timeline that forms the basis for this analysis. For example, that fundamental information is
described in Section 3.2.1 and Figure 3-1 of NUREG-2199.

Furthermore, Section 4.1.1 in this report indicates that one important element of the general
human reliability analysis (HRA) process is to "perform time analysis and assess feasibility of
the important human actions". That element of the analyses is also shown in Figure 4-1.
However, neither this section of the main report, nor any of the appendices, describe the basic
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elements of a feasibility assessment or provide guidance for performance of that assessment.
For example, that fundamental information is described in Section 3.1 of NUREG-2199.
Guidance for the performance of a feasibility assessment is also provided in Section 3.5 and
Section 4.3 of NUREG-1921, in the context of a fire analysis.

Section 7.3 acknowledges that this report does not include guidance for feasibility assessment.
As noted above, | think that is a critical omission which should be corrected. The basic
concepts and practices of performing a feasibility assessment are not associated with a specific
methodology or application. They are a fundamental element of any analysis, and they belong
in the general methodology. Since previous drafts of the methodology contained a good
discussion of the considerations and guidance for feasibility assessment, it seems rather easy
to resurrect that information and include it in this report. | do not think that it is appropriate to
refer the reader to NUREG-1921 for that guidance, as suggested in Section 7.3.

The timeline, concepts, and guidance for performance of a feasibility assessment and
performance of a time uncertainty analysis were described in previous drafts of the IDHEAS
methodology. The current version of the report should provide this critical information and
guidance.

JWS Note: In principle, the feasibility assessment is part of the qualitative evaluation of human
performance, while the time uncertainty analysis quantifies one contribution to the overall HEP.
However, it may be best to describe these elements of the HRA in the same section of the
report, since they use the same timeline diagram and concepts (e.g., like Section 3 of
NUREG-2199). Of course, a feasibility assessment also involves several other considerations,
in addition to the timing information.

Why does this section of the report not describe the concepts, show the timeline diagram, and
define the parameters that are the basis for the time uncertainty analysis?

Why does the IDHEAS-G methodology not contain guidance for the performance of a feasibility
assessment?

Should this section of the report provide the combined guidance for performance of a feasibility
assessment and a time uncertainty analysis?

JWS Note 09/24/20: Figure 5-2 shows the timeline diagram. The figure and Section 5.3 define
the parameters that are used in the models. These changes resolve one element of this
comment. Section 5.3 also notes that:

"Structuring the timeline in this way allows the analyst to demonstrate, among other things,
the feasibility of the action from the perspective of timing. The operator action is feasible
when the time available is greater than the time required."

Section 7.3 in the updated report continues to acknowledge that this report does not include
guidance for feasibility assessment. Thus, it is evident that the authors actively decided to omit
that guidance and refer the reader to NUREG-1921. | still think that this report should contain
the guidance for performance of a feasibility assessment, so that IDHEAS-G describes a
comprehensive general methodology.
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17. Section 5.3, Guidance on Estimating the Distribution of Time Needed, Editorial
Comment

Figure 5-2 shows that parameter Tieqq is the sum of Teog and Texe. The text defines this
parameter as Tneeded (Tn). The methodology then consistently refers to Th.

To avoid possible confusion, it seems that Figure 5-2 should consistently identify the parameter
as Treeded- The text notes that Figure 5-2 and its labels are taken directly from NUREG-2199.
Therefore, if it is desired to retain that figure verbatim, it seems that the text should explain that
parameter Theeded (Tn) is the same as parameter Treqq.

JWS Note: This is a rather minor comment. It is clear that Theeded = Tcog + Texe. Thus, it is
apparent that Treeded = Treqa- HOWever, since prospective analysts may not be familiar with this
construct, it is instructive for the figure and the text to use the same parameter names. This
could be accomplished rather simply by changing the parameter label in Figure 5-2 and deleting
the extraneous sentence immediately after the figure, which indicates that it was taken verbatim
from NUREG-2199.

18. Section 5.3, Guidance on Estimating the Distribution of Time Needed, Delay Time
The discussion of delay time (Tgeiay) Notes that:

"Tqelay represents the time from the start (typically the initiating event) until the time at which
the system presents the cue to operators. It is also determined by the system and HSI
design given the event." [emphasis added]

The discussion seems to focus analyst attention on only the hardware indications, alarms, etc.
that may provide the relevant cue. In some scenarios, the salient cue may be provided only by
communications from local operators. The discussion refers to delays that may be caused by
"operator actions or inaction". It seems likely that analysts will interpret that caution to address
distractions, conflicting activities, etc. that may divert attention from the available displays.
Those considerations are certainly relevant to the analysis. However, it seems that the
guidance should explicitly alert analysts to account for delays that are associated with local
confirmation of the plant status and communication of that information to supervisory personnel
during scenarios when that is the primary (or only) source of the cue.

Why does this discussion not explicitly alert analysts to account for delays that are associated
with local confirmation of the plant status during scenarios when that is the primary source of
the cue?

19. Section 5.3, Guidance on Estimating the Distribution of Time Needed

JWS Note 09/24/20: The cited excerpt is now in Section 5.3.1.

This section notes that:

"Estimation of T, is based on the baseline scenario and its context identified in the scenario
analysis of an HRA." [emphasis added]

I am concerned that analysts may interpret this guidance to inappropriately restrict their full
consideration of conditions that may affect the uncertainty in Th.
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A preceding comment on Section 4.2.2 addresses guidance for the identification and treatment
of "additional scenarios" and deviations from the "baseline scenario". In some cases, analysts
may conclude that the potential effects on human performance in those deviations warrant
definition of a distinct variant of the baseline human failure event (HFE). The analyses of that
new HFE then account explicitly for those scenario-specific influences. In other cases, analysts
may conclude that it is not necessary, or practical, to define a new HFE. In those cases,
analyses of the "baseline" HFE should account for variations of the conditions that apply during
any of the scenarios which use that HFE (i.e., the nominal "baseline scenario" and all other
scenarios that use the same HFE).

In a practical PRA, a single HFE is often used to quantify the human error probability (HEP) for
the same functional action within a set of many individual scenarios (or "event sequences").
The evaluation of that HFE must then account for variations in the performance-influencing
factor (PIF) attributes and timing among the entire set of scenarios that use the nominal HFE.
In these common situations, the assessment of uncertainty in T, should not account only for the
context of the "baseline scenario". It should also account for deviations from that context that
may occur during any of the other scenarios that use the "baseline" HFE.

JWS Note: As noted in a preceding comment, in practice, if the variability of conditions within a
set of scenarios that use the same HFE result in very large uncertainties in T, with a
corresponding risk-significant contribution from P, analysts may then decide to subdivide the
scenarios and define variants of the original HFE to account explicitly for those influences. That
is a normal part of the iterative process of defining HFEs in the PRA models.

JWS Note: The discussion in the rest of this paragraph seems intended to address the notion
in this comment. It alerts analysts to consider "context variability" as a source of uncertainty in
Tn. However, the discussion of EOP branching points is a bit distracting from the practical
considerations that are noted in my comment. Without more elaboration and reference to the
normal practice of using the same HFE for multiple scenarios, | am concerned that analysts will
focus too narrowly on the first sentence and consider only the nominal "baseline scenario".
Thus, | think that the discussion should provide more practical insights or an example that
illustrates the notion of how analysts should consider "context variability" within a set of
scenarios that use the same HFE.

Should the guidance in this section more clearly address how and why analysts need to
consider sources of uncertainty in T, that arise from variations among all scenarios that use the
same HFE, in addition to the nominal "baseline scenario"?

JWS Note 09/24/20: The text in this section was not revised or expanded to more fully address
the concern in this comment (i.e., variability among multiple scenarios that use the same HFE),
or to provide an example.

20. Section 6.2, Data Generalization and Integration

| understand the basic concepts in this framework and the notions of how the three tables would
be used to correlate the states of performance-influencing factor (PIF) attributes for estimating
the probabilities for specific cognitive failure modes (CFMs) and the consequential composite
human error probabilities (HEPs). This is a very ambitious effort. | am somewhat concerned
that its discussion in this report may mislead readers regarding the degree to which the tables,
correlations, and supporting data have been developed.
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For example, the introduction to Section 6.2 notes that:

"Thus, the NRC staff used IDHEAS-G to generalize various sources of human error data
and then integrated the data to inform HEP estimation."

"The NRC staff used IDHEAS-G to generalize human error data in the following steps, as
shown in Figure 6-2:"

Based on these statements, and other similar statements about what has been accomplished, |
am a bit concerned that readers may conclude that much of this effort has been completed, and
the tabular relationships are ready (or almost ready) for use in practical applications. If that is
not the case, | think that the discussions in Section 6.2 should clarify the fact that these
constructs provide a conceptual framework, but the actual work to populate the tables and test
the quantification methodology in practical applications has not yet been performed.

In other words, | think that the authors should be very careful to avoid language that may "over-
sell" the proposed methodology or imply that it has reached a level of maturity that has not yet
been achieved. This does not detract from the conceptual elegance of the methodology or its
potential usefulness. However, it provides an appropriate basis for readers' expectations.

To what extent have the conceptual elements of the methodology and the tabulations that are
discussed in Section 6.2 been developed and tested for practical applications (e.g., to estimate
HEPs that are influenced by the composite effects from several PIFs)?

JWS Note 09/24/20: The updated version of this section refers to the tables collectively as
"IDHEAS-DATA". It refers to the use of the compiled data in an IDHEAS application for Event
and Condition Assessment (IDHEAS-ECA), published in 2020. It is also noted that:

"Because of the limited amount of data available, the NRC staff used interpolation,
judgment, and benchmarking to develop the full set of base HEPs and PIF weights. In the
long-term, there should be a continuous effort to generalize human error data as new data
become available, and there should be periodic updates of data integration. This chapter
focuses on introducing the concepts and methodology of generalizing human error data
rather than reporting the integrated HEPs and PIF weights. All the numeric values in this
chapter are only to demonstrate the concepts. It is not recommended to use these values in
HRA."

| obtained copies of the following reports that were released publicly to support a September 23,
2020 meeting of the ACRS Subcommittee on Reliability and Probabilistic Risk Assessment.

e RIL-2020-02, "Integrated Human Event Analysis System for Event and Condition
Assessment (IDHEAS-ECA)", February 2020

o RIL-2021-XX, "Integrated Human Event Analysis System for Human Reliability Data
(IDHEAS-DATA)" (draft)

Those reports apparently contain more information to support the derivation and application of
the generalized data and the proposed quantification model. | will comment on them separately.
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21. Section 6.2.3, PIF Interaction Table

Table 6-1 contains a simple example to illustrate how the composite interactions of "Experience"
and "Task Complexity" affect the applied performance-influencing factor (PIF) weights. It is
noted that the composite weight (wap) is 32/12 = 2.67. The sum of the individual PIF weights is
Wz (21/12 = 1.75) + wy, (25/12 = 2.08) = 3.83. It is then noted that:

"The sum of the individual weights is wa + w, = 3.83, which is slightly higher than the joint
weight 2.67. Therefore, the additive rule appears to roughly model the combined PIF."
[emphasis added]

According to Equation 4.6 in the current formulation of the quantification model, the applied PIF
weight is a direct multiplier of the baseline human error probability (HEP). Thus, if the
composite weight (wap) is used, the baseline HEP would be multiplied by 2.67. If the sum of the
individual weights is used, the baseline HEP would be multiplied by 3.83. Therefore, if the sum
of the individual weights is used, the resulting HEP would be about 43% higher than that
estimated through use of the composite weight.

It is not apparent why the sum of the individual weights in this example is characterized as only
"slightly higher" than the composite weight. It is also not apparent why this example justifies
use of the assumed linear addition of individual PIF weights, especially considering how that
process affects the resulting HEP.

JWS Note: In this particular example, use of the linear addition assumption over-estimates the
HEP, compared to use of the composite PIF. | suspect that the opposite effect is also possible,
depending on how the various individual PIFs are actually related in practice. | do not have
evidence to confirm whether the linear addition assumption uniformly results in higher HEPs.
However, in any event, without any other evidence, this particular example does not seem to
justify use of the linear addition assumption as a reasonable approximation.

Why do the authors conclude that the sum of the individual PIF weights in this example is only
"slightly higher" than the composite weight?

How does this example justify use of the assumed linear addition of individual PIF weights,
especially considering how that process affects the resulting HEP?

22, Section 6.3.1, Generalizing Expert Judgment of Human Error Probabilities for IDHEAS
At-Power Application to IDHEAS-G HEP Table

| am very concerned that readers of this report will misinterpret the intent of the numerical
values in Table 6-2 and their implied "NRC-approved" use for general applications of the
IDHEAS methodology. That concern is exacerbated by the title of this section, which indicates
that the human error probabilities (HEPs) in Table 6-2 have been "generalized" for IDHEAS-G.

According to the overall scope and intent of this report, | think that most readers will conclude
that any tabulated HEP estimates apply generically for a broad variety of potential applications
of the IDHEAS-G methodology. In particular, the numerical values have been examined
thoroughly by the authors, and they should not be inappropriately biased due to their derivation
from limited data sources or very specialized analyses. Therefore, unless the discussions and
guidance in this report are extremely clear and contain very explicit prohibitions, readers will
interpret and use any tabulated numerical values as "NRC-approved generic data" that apply for
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any potential application of the IDHEAS methodology.

The entries in Table 6-2 illustrate the basic concept of the HEP Table. As noted in the text, they
are derived only from the expert estimates in NUREG-2199. Therefore, those particular
examples do not satisfy the desired generality of the proposed methodology and tabulations. In
particular, they suffer from the focus of the experts' assessments in the specific context of that
application, as cautioned by the discussion of expert judgment in Section 6.1.

The last two bullet items in Section 6.2.1 note that the HEP Table should document:

o "brief narrative of the task or types of failure in the data source, including the work
domain (e.g., nuclear, aviation) and type of data source (e.g., experiment, training
simulation, event database)"

¢ "uncertainties in the data source and in the mapping to IDHEAS-G CFMs and PIFs"

The discussion of "Integrate the Data to Inform the Base HEPs" in Section 6.2.1 also provides
very relevant insights about generalizing and integrating data from a broad variety of sources to
derive "consensus HEPs" (my term) for specific combinations of cognitive failure modes (CFMs)
and associate performance-influencing factor (PIF) attributes. The discussion of "Quantification
of PIF Effects" in Section 6.1 cautions about the importance of a clear understanding of binary
PIF states, such as "good" and "poor".

Table 6-2 does not contain information that describes the task contexts for the expert
assessments. More importantly, it does not document uncertainties in those assessments or
conclusions about their general applicability for the identified cognitive failure modes (CFMs) in
other applications. Without that information, it is very likely that readers will conclude that the
authors intend that these HEPs can be used generically.

JWS Note: This comment also applies for Table 6-3 and Table 6-4.

Do the authors of this report intend that the HEP values that are listed in Table 6-2 should be
used for other applications of the IDHEAS methodology?

If so, what is the technical basis for that conclusion, and how is it consistent with the general
principles and guidance in Section 6.1 and Section 6.2.17?

Why does Table 6-2 not document the "uncertainties in the data source and in the mapping to
IDHEAS-G CFMs and PIFs"?

If the authors intend Table 6-2 to only illustrate how one source of HEP estimates can be
represented in the HEP Table, and they do not intend that those particular HEP estimates
should be used in any general applications of the methodology, why do the text in Section 6.3.1
and the annotations in Table 6-2 not specifically (and perhaps emphatically) indicate that the
entries are "For lllustrative Purposes Only"?

JWS Note 09/24/20: The title of this section is now "Generalization of Data to the HEP Table to
Inform the Base Human Error Probabilities". References to the IDHEAS At-Power application
(NUREG-2199) have been removed from the text. Table 6-2 in the 2019 draft report has been
deleted. Table 6-2 in the revised report is identical to Table 6-3 in the 2019 draft report. It is
noted that:
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"Table 6-2 shows some generalized human error data for the base PIF task complexity.
Each row of Table 6-2 shows one data point from a study. A data point consists of the
human error rates or HEPs obtained from the study at one or more different measures (or
states) of the PIF attributes." [emphasis added]

Neither the text nor the table addresses the most important concerns in this comment. For
example, Table 6-2 does not document the scenario context for each entry, and it does not
document the uncertainties in the tabulated values. Except for the general caution in Section
6.2, the text and the table do not warn analysts that the tabulated values are intended only for
illustrative purposes, and they are explicitly not intended for use in any particular application of
the IDHEAS-G methodology. Since the table contains several entries that are characterized as
"generalized human error data" and no cautions, it seems very likely that analysts will extract
the tabulated values and use them as "NRC-approved" generic estimates. If the authors do not
intend these values to be used generically, the text and the table should contain "local" cautions
to reinforce that intent (i.e., cautions in Section 6.3.1 or in the table, itself).

If the authors actually intend that the values in Table 6-2 can be used generically, the table
should fully document the needed information about the sources of the estimates, the reference
scenario context for each estimate, and the uncertainties in each estimate to demonstrate
consistency with the principles and guidance in Section 6.2.1.

This comment also applies to Table 6-3 in the revised report. Table 6-3 presents "generalized
human error data" for the base PIF for "Scenario Familiarity". It is a new table in the revised
report.

23. Section 6.3.1, Generalization of Data to the HEP Table to Inform the Base Human Error
Probabilities

This section in the revised report notes that:

"Depending on the information available from the study, the NRC staff may model the
failure of the task at all the CFM levels (i.e., macrocognitive functions, processors, and
detailed CFMs) or may only be able to model the failure of the task at the macrocognitive
function level." [emphasis added]

| thought that the IDHEAS-G methodology is intended for use by any analyst. Therefore, | do
not know why this section refers explicitly to the NRC staff. It seems that any analyst may
decide the level at which a particular task will be evaluated, depending on the task, the scope of
the specific analysis, and the available supporting qualitative and quantitative information. If the
supporting quantitative information is available only at a relatively high level (e.g., without
reference to the applicable processors or cognitive failure modes), the analyst can either limit
the evaluation to only failure of the overall macrocognitive function, or the analyst can use other
techniques (e.g., expert elicitation) to derive application-specific estimates at a finer level of
detail.

Why does this section refer explicitly to the NRC staff?

09/24/2020 Page 21 of 56 JWS



24. Section 6.3.2, Integration of the Data in the HEP Table to Inform the Base Human Error
Probabilities

JWS Note 09/24/20: Section 6.3.2 in the revised report addresses "Mapping between SACADA
Database and IDHEAS-G". Table 6-3 and Table 6-4 are now discussed in Section 6.3.1.

Despite my initial confusion by the title of this section, it is apparent that the entries in Table 6-3
are not related directly to the numerical values and expert assessments from NUREG-2199 that
are listed in HEP Table 6-2. It is evident that the entries in Table 6-3 are derived from several
unrelated studies that have examined the possible effects from specific attributes for the
performance-influencing factor (PIF) for Task Complexity.

That is certainly fine for the purposes of illustrating the conceptual content and sources of
information that may be used to map these PIF impacts. It also subtly reinforces the notion that
the tables in Section 6.3 are intended only for illustrative purposes, and not for an actual
application of the IDHEAS methodology.

JWS Note: The text indicates that "Table 6-3 shows some generalized human error data for the
base PIF task complexity". The preceding comment addresses my concerns about readers'
interpretation of the intended use of tabulated numerical values in this report.

Why does Table 6-3 not document the specific study that supports each of these assessments?

JWS Note 09/24/20: Table 6-3 in the 2019 draft report is now Table 6-2 in the revised report.
The revised report contains a new Table 6-3, which presents "generalized human error data" for
the base PIF for "Scenario Familiarity". As noted in a preceding comment, Table 6-2 and Table
6-3 do not document the specific study that supports each estimate.

25. Section 6.3.1, Generalization of Data to the HEP Table to Inform the Base Human Error
Probabilities

The text notes that the format of Table 6-3 is different from the format of Table 6-2, despite the
fact that both tables are presented as examples of an HEP Table. The discussion of Table 6-3
also acknowledges that:

"This demonstration does not show the columns for documenting uncertainties and
references. The advantage of this format over the format of Table 6-2 is that it is easier to
see the human error rates of multiple CFMs obtained from one study."

Section 6.2 presents the concepts of an HEP Table, a PIF Impact Table, and a PIF Interaction
Table. Table 6-2 and Table 6-3 are presented as examples of an HEP Table.

It is not apparent why the examples use different formats for Table 6-2 and Table 6-3. It seems
that the authors may intend those formats to demonstrate different ways that the information
can be organized and presented. However, since these concepts may be new to many
prospective analysts, the examples should reinforce clarity of the information an consistency
with the basic guidance in Section 6.2.1. In that context, | am concerned that analysts will be
confused by the different formats. The text seems to imply that the authors prefer the format of
Table 6-3. Therefore, to better reinforce the basic concepts in the context of a general
methodology, it seems that the same format should be used for both tables.
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JWS Note: | personally prefer the format of Table 6-2, because it seems to more closely mirror
the basic concepts and the organization of information that is described in Section 6.2.1. Table
6-3 seems more useful as an interim tool to help the human reliability data analysts compile and
display the information from several studies, rather than the summary compilation that is
intended by the HEP Table. However, with appropriate descriptions, | understand how either
format can be used.

Why are different formats intentionally used for Table 6-2 and Table 6-37?

In particular, if the authors prefer the format of Table 6-3, why is Table 6-2 not organized in that
format?

26. Section 6.3.1, Generalization of Data to the HEP Table to Inform the Base Human Error
Probabilities

Three entries in Table 6-3 indicate that a recommended human error probability (HEP) multiplier
is derived from the HEART method. It is noted that:

"There are also several rows documenting the Human Error Assessment and Reduction
Technique (HEART) method’s factor of “maximum predicted nominal amount by which
unreliability might change going from ‘good’ condition to ‘bad™ [77]. The factor is equivalent
to the HEP multipliers commonly used by many HRA methods. The HEP multipliers cannot
be used to infer the base HEPs."

The discussion of Table 6-3 notes that it contains "generalized human error data". The intent of
the HEP Table is to compile data from actual human performance experience, simulator
training, or other controlled experiments and to show how those data apply to the relevant
cognitive failure modes (CFMs) and specific performance-influencing factor (PIF) attributes.

Recommended HEP multipliers that are derived from individual expert assessments using a
particular human reliability analysis (HRA) methodology are not "data". The IDHEAS-G report
should not imply that they are.

Why do the entries in Table 6-3 contain recommended HEP multipliers that are derived from the
HEART method?

Are any other numerical values that are cited in Table 6-2 or Table 6-3 derived only from expert
judgment using a particular HRA methodology (i.e., without a documented basis in actual
human performance experience, simulator training, or other controlled experiments)?

If so, why are those values characterized as "data" and presented in a table that will inevitably
be interpreted as "NRC-approved generic data"?

27. Section 6.3.2, Integration of the Data in the HEP Table to Inform the Base Human Error
Probabilities

JWS Note 09/24/20: Section 6.3.2 in the revised report addresses "Mapping between SACADA
Database and IDHEAS-G". Table 6-3 and Table 6-4 are now discussed in Section 6.3.1.

Section 6.3.2 discusses development of the PIF Impact Table. Table 6-4 shows an example of
part of the PIF Impact Table for "Multitasking, Interruption, and Distraction". Table 6-3 is an
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example of an intermediate level of information processing that provides a link between the HEP
Table and the PIF Impact Table. The intermediate nature of Table 6-3 is not readily apparent
from the discussion, and readers might misinterpret it as an example of a PIF Impact Table. (I
did initially, until | read the introduction to Table 6-4.)

It is apparent that the assessments of the PIF attributes for "Task Complexity" in Table 6-3 are
not related directly to the assessments of the PIF impacts and weights for "Multitasking,
Interruption, and Distraction" in Table 6-4. However, it is not apparent how the information in
those tables is related conceptually. In particular, it is not apparent how the types of information
that are summarized in Table 6-3 are used to derive the PIF weights in Table 6-4. A specific
example would be useful to illustrate that process (i.e., an example application of Equation 4.6,
based on the types of information in Table 6-3). Unfortunately, that is not very easy, due to the
different PIFs that are summarized in these tables.

How are Table 6-3 and Table 6-4 related conceptually?

Should Section 6.3.2 contain an example that shows how the information in Table 6-3 can be
used to derive PIF weights for one or two attributes of Task Complexity?

JWS Note 09/24/20: Table 6-4 is now discussed in Section 6.3.1. Table 6-2 in the revised
report is an example of an HEP Table for Task Complexity. Table 6-3 is an example of an HEP
Table for Scenario Familiarity. Table 6-4 in the revised report is identical to Table 6-4 in the
2019 draft report. The revised report does not contain an example to show how the information
in Table 6-2 can be used to derive PIF weights for one or two attributes of Task Complexity (or a
similar example for Table 6-3).

28. Section 6.3.1, Generalization of Data to the HEP Table to Inform the Base Human Error
Probabilities

The discussion of Table 6-4 in this section of the revised report notes that:

"The last column is the PIF weight calculated according to Equation (4.6) of this report."
Table 6-4 in the revised report is identical to Table 6-4 in the 2019 draft report. However,
Equation 4.6 in the revised report is different from Equation 4.6 in the 2019 draft report.
Therefore, the performance-influencing factor (PIF) weights in the current version of Table 6-4

should be different from the weights in the 2019 draft version.

JWS Note: | confirmed that the weights shown in the last column of Table 6-4 are calculated
according to the 2019 draft version of Equation 4.6.

Considering the different format of Equation 4.6, why are the PIF weights in the current version
of Table 6-4 identical to the weights in the 2019 draft version of this table?

In particular, why are those weights calculated according to the 2019 draft version of Equation
4.6, rather than the current version of that equation?

29. Section 6.3, Demonstration of Human Error Data Generalization and Integration
JWS Note 09/24/20: Section 6.3.2 in the revised report addresses "Mapping between SACADA
Database and IDHEAS-G". Table 6-3 and Table 6-4 are now discussed in Section 6.3.1.

09/24/2020 Page 24 of 56 JWS



Section 6.2 defines three distinct and related tables that organize mapping of the states of
performance-influencing factor (PIF) attributes to the probabilities for specific cognitive failure
modes (CFMs) and the consequential composite human error probability (HEP). Those tables
are:

e HEP Table, described in Section 6.2.1

e PIF Impact Table, described in Section 6.2.2

e PIF Interaction Table, described in Section 6.2.3

The discussion in Section 6.3.1 and Table 6-2 pertain to an example of the HEP Table.

The discussion in Section 6.3.2, Table 6-3, and Table 6-4 pertain to an example of the PIF
Impact Table.

Section 6.3 does not contain a discussion or an example of a PIF Interaction Table.

Are Section 6.2.3 and Table 6-1 intended to be the only discussion and example of a PIF
Interaction Table?

Why does Section 6.3 not contain a discussion or an example of a PIF Interaction Table?

JWS Note 09/24/20: Table 6-2 and Table 6-3 in the revised report are examples of an HEP
Table, as described in Section 6.2.1. Table 6-4 is an example of a PIF Impact Table, as
described in Section 6.2.2. The revised report does not contain an example of a PIF Interaction
Table.

30. Appendix D, Cognitive Basis for the Combined Effect of Performance-Influencing
Factors on Human Error Probabilities

Table D-1 presents the same performance-influencing factor (PIF) interaction information as
Table 6-1 in the main report. A preceding comment on Section 6.2.3 addresses a comparison
between the composite PIF weight (wap) derived from this particular study and the weight that is
calculated from an assumed linear summation of the individual weights (wa + wp).

The discussion of this example in Appendix D notes that the product of the individual weights is
Wa (21/12 = 1.75) * wyp (25/12 = 2.08) = 3.64. The linear summation of the individual weights is
Wa (21/12 = 1.75) + wp, (25/12 = 2.08) = 3.83. This comparison seems to support the notion that
an assumed multiplication rule may provide results that are not much different than those from
an assumed linear summation rule.

JWS Note: That was not the case for this example in the 2019 draft report, which used a
different formulation of Equation 4.6. Using that formulation, the product of the individual
weights was 0.81, the sum was 1.83, and the composite weight was 1.67. Thus, it is readily
apparent that the format of Equation 4.6 has a significant effect on how well addition,
multiplication, or any other assumed combination rule approximates the observed composite
PIF effect.

It is also noted that:
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"...both combinations of the individual effects are close to each other and slightly
overestimate the combined effect (i.e., wap)." [emphasis added]

As noted in the preceding comment on Section 6.2.3, according to the current formulation of
Equation 4.6, the applied PIF weight is a direct multiplier of the baseline human error probability
(HEP). Thus, if the composite weight (wap) is used, the baseline HEP would be multiplied by
2.67. If the sum of the individual weights is used, the baseline HEP would be multiplied by 3.83.
Thus, if the sum of the individual weights is used, the resulting HEP would be about 43% higher
than that estimated through use of the composite weight. If the product of the individual weights
is used, the resulting HEP would be about 36% higher than that estimated through use of the
composite weight. This seems to slightly favor use of a multiplication rule to combine the
individual PIF weights, compared to an addition rule.

Since the use of either combination rule overestimates the resulting HEP by about 40%, it is not
apparent why the sum (or the product) of the individual weights in this example is characterized
as a result that will only "slightly overestimate" the effects from the composite weight. It is also
not apparent why this example justifies use of the assumed linear addition of individual PIF
weights, compared to multiplication of the weights.

Why do the authors conclude that the sum (or the product) of the individual weights in this
example will only "slightly overestimate" the effects from the composite weight?

How does this example justify use of the assumed linear addition of individual PIF weights,
compared to multiplication of the weights?

31. Appendix D, Cognitive Basis for the Combined Effect of Performance-Influencing
Factors on Human Error Probabilities

The discussion of the examples in Table D-2 notes that:

"For three of these examples, the additive rule slightly overestimates the value of wgp
and in one example it gives the same result as wa,. In the case of the multiplicative rule, it
also slightly overestimates the value of wap, in three example and the other example grossly
overestimate the value of wa,. Based on this, it seems that the additive rule fit the data
better than the multiplicative rule." [emphasis added]

For reference, the following table summarizes the weights that are derived from the four

examples in Table D-2 and how the use of an additive rule and a multiplicative rule compare
with the composite weight.
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Composite Sum of Product of
Reference Weight Weights Weights Sum/ Product /
(Wab) (Wa + Wp) (Wa * W) Composite | Composite
Lee 31 25 66 0.81 213
Cummings 5 5 6 1.00 1.20
Colquloun 2.8 3.6 3.24 1.29 1.16
Strayer 2.4 3.6 3.2 1.50 1.33
Average Ratio 1.15 1.45

This comparison seems to slightly favor use of the additive rule, compared to the multiplicative
rule. However, without the substantial difference that is derived from the first study (Lee, et.al.),
the multiplicative rule provides average results that are very slightly better than the additive rule.
In particular, if the Lee study is discarded, the average ratio between the sum of the weights and
the composite weight (column 5) is 1.26, and the average ratio between the product of the
weights and the composite weight (column 6) is 1.23.

Why does the highlighted excerpt indicate that use of the additive rule "slightly overestimates"
the value of wap in three examples (i.e., rather than two)?

How does this example justify use of the assumed linear addition of individual PIF weights,
compared to multiplication of the weights (especially if the results from the Lee study are
discarded)?

32. Appendix D, Cognitive Basis for the Combined Effect of Performance-Influencing
Factors on Human Error Probabilities

The first bullet item in the summary of Appendix D notes that:
"The additive rule can roughly estimate the combined effects of PIFs on error rates."
I do not think that the examples conclusively support this assertion.

The first example (Table D-1) shows that there is little numerical difference between use of the
additive rule or the multiplicative rule. The multiplicative rule provides a slightly better
approximation of the composite weight. However, use of either rule overestimates the resulting
human error probability (HEP) by about 40%, compared to use of the composite weight.

The second example (Table D-2) seems to show that use of the additive rule provides a slightly
better estimate, compared to use of the multiplicative rule. However, if the "outlier" study is
removed, there is little numerical difference between use of the additive rule or the multiplicative
rule. Use of either rule overestimates the resulting HEP by about 25%, compared to use of the
composite weight.

The third example (Table D-3) shows that neither the additive rule nor the multiplicative rule
provides a close approximation to the composite weight for that study. However, use of the
additive rule underestimates the resulting HEP by about 35%, while use of the multiplicative rule
underestimates the HEP by 50%.
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JWS Note: The discussion of the "individual approach" in Section J.2 of Appendix J also
endorses use of the additive rule to account for the combined effects from multiple performance-
influencing factors (PIFs).

Considering these comparisons, why do the authors endorse use of the additive rule to combine
the individual PIF weights, rather than the multiplicative rule?

33. Appendix E, Section E.1.2, Search for Scenario Context, System Context

The general discussion in this section is very good. However, the sample questions seem to
focus analyst attention on the status of specific systems and functions that are needed to
mitigate the "safety issue". Those considerations are certainly very important to the scenario
context. On the other hand, as noted in the general discussion, the analysts should also
examine and document the status of systems that are not directly associated with event
mitigation, but which may divert personnel attention from the desired course of action, create
conflicting priorities, introduce unexpected time delays, etc.

Should the sample questions explicitly include these considerations, to clearly prompt analysts
to examine and document the entire context of what is happening in the plant concurrently with
the effects on the identified event mitigation systems?

Should the sample questions explicitly prompt analysts to search for unexpected system
responses that are a direct consequence of the event (e.g., fire-induced spurious actuations) or
a consequence of automatic control functions (e.g., increasing or reducing flow, level,
temperature, pressure, etc. in response to failed or spurious input signals)?

JWS Note 09/24/20: The sample questions in the revised report do not address these
considerations. | still think that they should.

34. Appendix E, Section E.1.2, Search for Scenario Context, Personnel Context

A preceding comment discusses possible consideration of a distinct performance-influencing
factor (PIF) for "Concern for Personnel Safety". Even if the authors decide to not adopt that
separate PIF, it seems that the analysts should examine and document scenario conditions that
affect the personal safety of individuals who must perform the desired actions, cause possible
harm or known injuries to their co-workers, or cause possible harm or unknown status of their
families and loved ones (e.g., during extreme external events that affect the surrounding area).

Should the general discussion and sample questions for Personnel Context explicitly address
this issue?

JWS Note 09/24/20: The general discussion and sample questions in the revised report do not
address this issue. | still think that they should.

35. Appendix E, Section E.3.2, Resolution of Uncertainties or Contradictions
The last sentence in the last quoted excerpt in this section notes that the interviewed analysts
stated that they would "... discuss the uncertainty with other HRA and PRA analysts and with

the operating personnel to agree on how to deal with this in the HRA (usually by making
conservative assumptions), and then document this qualitatively in their analyses".
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This final observation seems to leave readers with the impression that uncertainties in human
reliability analysis (HRA) are typically addressed either qualitatively or by the use of
"conservative assumptions"”. | think that this report should emphasize quantitative evaluation of
uncertainties throughout the HRA process, to the greatest extent possible. That is consistent
with NRC guidance on the evaluation of uncertainties (e.g., NUREG-1855). It also provides a
more realistic assessment of the scenario-specific human error probabilities (HEPs) and their
contributors, compared to a "conservative" analysis.

Should this section conclude with an explicit recommendation to quantify uncertainties
throughout the HRA process, to the greatest extent possible?

JWS Note 09/24/20: This section in the revised report does not emphasize quantitative
evaluation of uncertainties. | still think that it should.

36. Appendix F, Section F.1, Identification of Pre-Initiator Important Human Actions
This section notes that:

"Component reliability is calculated based on component performance data which include
latent failures contributed by human error. Therefore, the pre-initiator IHAs are typically not
modeled separately." [emphasis added]

It also notes that:

"If the analysts want to separately model the pre-initiator IHAs, the analysts should
ensure no overlap between the component reliability contributed by human error and by the
other causes. For nuclear reactor safety, the pre-initiator IHAs, if separately modeled, are
typically the actions of calibration and alignment, affecting multiple trains or multiple
systems." [emphasis added]

| disagree very strongly with these statements.

It is certainly true that some types of maintenance and calibration errors may not be discovered
by post-maintenance testing. Those errors are eventually revealed by equipment failures. Their
prevalence depends on the plant-specific maintenance practices and the effectiveness of the
plant-specific post-maintenance inspection and testing protocols. Most PRAs do not separately
quantify these causes for equipment failure, because it is too resource-intensive to extract them
from the composite equipment performance records.

All PRAs explicitly identify, model, and quantify many pre-initiator human actions. Examples are
errors that do not restore equipment to their normal alignments after maintenance and testing
activities, miscalibration of instrumentation and signal processing logic, etc. A typical PRA
model may contain dozens of these pre-initiator human failure events (HFEs). In some cases,
depending on the plant-specific design, maintenance protocols, and testing frequencies, these
types of errors can be important contributors to risk. It is not appropriate for "NRC-approved"
guidance to imply that these pre-initiator actions are "typically not modeled" or that analysts
have an option to overlook them.

JWS Note: The rest of this section discusses identification and modeling of precisely the types
of pre-initiator actions that are noted in this comment. However, the highlighted text from the
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introduction sets an inappropriate context and analyst expectations for the entire topic.
JWS Note: This comment also applies to the second bullet item in Section F.6.
Why does this section indicate that "pre-initiator IHAs are typically not modeled separately"?

JWS Note 09/24/20: Section F.1 was revised substantially to describe the scope of pre-initiator
human actions that are typically modeled in a PRA. However, the second bullet item in Section
F.6 was not revised. Therefore, the summary of this section continues to indicate that pre-
initiator actions "are typically not explicitly modeled". That bullet item should also be revised.

37. Appendix G, Task Analysis, Editorial Comment

The introduction to Appendix G in the revised report still refers to the macrocognitive function of
"Teamwork", rather than the revised term "Interteam Coordination". For consistency with the
overall IDHEAS-G framework, | think that the term "Interteam Coordination" should be used
whenever the text refers explicitly to that macrocognitive function. (It is used for that
macrocoghnitive function in Section G.2.3. and Table G-2.)

The introduction to Appendix G and the introduction to Section G.2 refer to the development of a
"teamwork diagram". The revised title of Section G.2.3 is "Interteam Coordination Diagram",
and the revised title of Figure G-5 is "An Interteam Coordination Diagram in NPP Crisis
Management". The text in Section G.2.3 uses the term "teamwork diagram”. | think that the
term "teamwork diagram" should be retained whenever this appendix refers to the diagram,
including the title to Section G.2.3 and the title of Figure G-5, because that term is used for this
type of diagram in the general literature, and it is well-understood.

38. Appendix G, Section G.4.2, Crew Response Diagram, Figure G-7, Crew Response
Diagram for HFE-3 in the Example of NPP Fire Event

Figure G-7 shows the example Crew Response Diagram (CRD) for the fire event. The
summary indicates that no critical tasks are associated with Node 0, Node 1, or Node 2. | am
not sure whether those brief conclusions are appropriate for an example that is intended to
illustrate how analysts should systematically consider possible alternative responses and the
effects from those alternatives.

| am certainly not familiar with the procedures and training at the example plant. For the
purpose of this comment, | will (perhaps optimistically) assume that the crew always enters
Emergency Operating Procedure (EOP) Path-1 whenever a reactor trip occurs. Therefore, it
might be reasonable to indicate that Node 0 is "for information only". However, | think that the
example should better explain the analysts' reasons for that conclusion.

At Node 1, there seems to be a decision point to enter procedure EPP-4, based on the
conclusion that no safety injection (Sl) is needed. It is not apparent what alternatives might
arise if the crew concludes that an Sl is imminent, or if they do not correctly select procedure
EPP-4. Therefore, it is not apparent why no critical cognitive tasks are associated with Node 1.

The event summary indicates that the initiating event occurred at 18:52. The timeline in Figure
G-8 indicates that an automatic Sl occurred at 19:00, due to an excessive cooldown. Figure
G-8 also indicates that the crew was actively involved with other actions during that 8-minute
period, such as starting charging pumps B and C. (They were also involved with actions related
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to the electrical fault, the fire, and their effects on other systems.)

The summary of Node 2 indicates that the crew re-entered EOP Path-1 at 19:00 when they
detected the Sl signal. To achieve success at Node 2, it seems that the crew must detect the SI
signal and correctly decide to re-enter Path-1. It is not apparent what alternatives might arise if
the crew did not re-enter Path-1 at that time (i.e., if they continued with the normal progression
in EPP-4). For example, the discussion of Node 3 seems to indicate that the crew is prompted
to check RCP thermal barrier cooling at a specific diamond step in EOP Path-1. Therefore, it is
not apparent why no critical cognitive tasks are associated with Node 2.

JWS Note: The action to start the charging pumps at 18:53 may be relevant to the CRD,
because it indicates that the crew was initially aware of the importance of charging flow (and
perhaps seal injection flow). The success criteria for HFE-3 specifically require the operators to
re-open component cooling water (CCW) valve FCV-626. The CRD is developed to address
those specific success criteria. However, if the functional success criteria were to restore RCP
seal cooling, that function could be accomplished by restoring seal injection or CCW flow. In
that broader functional context, it seems that the initial actions to start the charging pumps are
relevant to the overall analysis, and the CRD logic should be revised accordingly. For the
purpose of this focused example and my comments, | will not pursue this issue further.
However, it illustrates how the CRD structure and its depiction of the crew responses are
affected by the specific HFE definition and success criteria.

Why are no critical cognitive tasks associated with Node 1?

How would the crew response differ if they do not enter EPP-4 at Node 1?
Why are no critical cognitive tasks associated with Node 2?

How would the crew response differ if they do not re-enter Path-1 at Node 27?

In particular, how and when would the crew be prompted to check the status of RCP seal
cooling if they remained in EPP-47?

Why does the example not further explain why no critical cognitive tasks are associated with
Node 0, Node 1, and Node 2 (i.e., to clearly illustrate the desired analyst thought process and
needed documentation)?

JWS Note 09/24/20: Figure G-7 and the summaries of Node 0, Node 1, and Node 2 were not
revised in the updated report. | continue to think that it is important for the descriptions to
document why no critical cognitive tasks are associated with those nodes, to clearly
demonstrate the IDHEAS-G expectations for how analysts should systematically consider and
document possible alternative responses and the effects from those alternatives.

39. Appendix G, Section G.4.2, Crew Response Diagram, Figure G-7, Crew Response
Diagram for HFE-3 in the Example of NPP Fire Event

Figure G-7 shows the example Crew Response Diagram (CRD) for the fire event. One of the
critical tasks listed for Node 4 is:

"Check elapsed time since all RCP Seal Cooling was Lost"
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Node 5 seems to address the decision to transfer to Step 10 of AOP-018, based on whether
RCP seal cooling has been lost for longer than 15 minutes. Therefore, it is not apparent why
the activity to check the elapsed time is a critical task for Node 4, rather than Node 5.

As it is represented in the CRD, the failure path from Node 4 would occur if the crew fails to
verify seal injection flow, or if they fail to check the elapsed time for loss of all seal cooling. The
summary of Node 7 indicates that the RCP bearing high temperature alarms may alert the crew
to loss of seal cooling, even if they do not identify the loss of component cooling flow in Node 3
and the loss of seal injection flow in Node 4.

If the crew does not verify the duration in Node 4, it is not apparent how the potential recovery
path from Node 7 would return them to the entry conditions for Node 5. In other words, if the
operators do not verify the duration in Node 4, it seems that they would also fail to verify the
duration in Node 5, and never enter Step 10 of AOP-018. Thus, it seems that the activity to
check the elapsed time for loss of all seal cooling is functionally a critical task for Node 5, rather
than Node 4.

Why is the activity to check the elapsed time for loss of all seal cooling identified as a critical
task for Node 4, rather than Node 57

JWS Note 09/24/20: Figure G-7 and the summaries of Node 4 and Node 5 were not revised in
the updated report. | still do not understand why the activity to check the elapsed time for loss
of all seal cooling is identified as a critical task for Node 4, rather than Node 5.

40. Appendix G, Section G.4.2, Crew Response Diagram, CRD Timeline

The timeline in Figure G-8 is a very good depiction of the scenario evolution and the expected
timing of the activities that are evaluated for HFE-3. The bullet items after Figure G-8
summarize timing information that was obtained through discussions with the plant staff.

Section 5 of the main report contains guidance for evaluating the effects from uncertainties in
the time that is available for an important human action and the time that is needed to complete
all elements of the action. | think that it is very important for all examples in the report to
reinforce the notion that uncertainties should be identified, documented, and quantified as a
necessary and integral part of the information collection process.

JWS Note: The example notes that the time available to restore seal cooling is 19 minutes.
Based on analyses of RCP seal performance, there is also uncertainty in that estimate.
However, for the purpose of this comment, | will focus only on uncertainties in the estimated
times for performance of each activity, as derived from the operator interviews.

Why does this example not document and quantify the uncertainties in the time estimates that
were provided by the plant staff?

JWS Note 09/24/20: The summary of the timing information was not revised in the updated
report. | continue to think that it is very important for the example to document the uncertainties
in these time estimates, to clearly demonstrate the IDHEAS-G expectations for how analysts
should systematically consider, quantify, and document uncertainties as an integral element of
the analysis process.
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41. Appendix G, Section G.4.2, Crew Response Diagram, CRD Timeline

This comment is related to the preceding comment. However, it addresses a consideration that
is related to the functional effects from uncertainties in the time estimates, but not necessarily
related directly to the analyses that are described in Section 5 of the main report. In particular, it
is related to possible alternatives to the Crew Response Diagram (CRD) logic structure, or the
evaluation of specific nodes in the CRD.

The timeline in Figure G-8 shows that the crew will reach the diamond step in Path-1
approximately 30 minutes after the initiating event (i.e., at 19:22). At that time, no component
cooling water (CCW) flow is available to the RCP seals and no seal injection flow is available.
In particular, CCW flow was lost at 18:52, and adequate seal injection flow was lost at 19:19.
Thus, if the operators follow the procedural guidance at that time, they have an opportunity to
confirm that CCW flow is not available (CRD Node 3), and they have an opportunity to confirm
that no seal injection is available (CRD Node 4).

Suppose that the crew reaches the Path-1 diamond step at approximately 20 minutes after the
initiating event (i.e., at 19:12). At that time (or any other time before 19:19), no CCW flow is
available to the RCP seals, but seal injection flow is available. If the operators follow the
procedural guidance at that time, they have an opportunity to confirm that CCW flow is not
available (CRD Node 3), but they will conclude that adequate seal cooling is available. Thus,
they may not take actions to reopen valve FCV-626 until some other compelling cue alerts them
to re-check the status of seal cooling (e.g., the RCP bearing high temperature alarms at 19:24
and 19:30). In this evolution of the scenario, it seems that the failure path from Node 4 would
always apply when the operators reach that step, and the operators would always need to rely
on the recovery cues in Node 7 to prompt their entry into AOP-018 and to achieve eventual
success of HFE-3. Thus, it seems that the estimated time to reach the Path-1 diamond step
could have a functional effect on the CRD logic structure, and it would almost certainly have an
effect on the evaluation of the critical tasks for Node 4 (and possibly Node 7).

JWS Note: This comment illustrates a situation where it is not necessarily "conservative" to
always assign a long time to reach a specific point in the procedures. In some scenarios, the
operators may not take the desired actions if the combined prompting conditions do not exist at
the time when they pass through a specific decision step, but the conditions evolve at a later
time.

Should the discussion of this example alert analysts to these considerations about the functional
effects from uncertainty in the time estimates and how they may influence the evaluation of
specific nodes in the CRD?

Should the example explicitly show how the CRD logic structure or the evaluation of Node 4
(and possibly Node 7) would be altered if the crew reaches the Path-1 diamond step before
19:197?

JWS Note 09/24/20: Figure G-7, Figure G-8, and the summary of the timing information were
not revised in the updated report. Of course, without an estimate of the uncertainty in the time
to reach the Path-1 diamond step, there is limited information to support revising the CRD to
address the alternatives that are discussed in this comment.

| continue to think that a very important objective of the examples is to illustrate how an analyst
should carefully examine the evolving scenario, consider the available information, identify
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alternative pathways, and develop a logic model to evaluate the likelihood and consequences of
those alternatives. In that instructional context, | think that it would be very useful for the
example to identify the possibility that the operators may reach the Path-1 diamond step before
19:19. In other words, the lower bound time in the uncertainty evaluation for that time estimate
is less than 27 minutes. The discussion could then address the considerations that are outlined
in this comment, and a supplemental CRD could be developed to show how those
considerations affect the event progression and the associated logic structure. That discussion
would reinforce the importance of evaluating uncertainties as an integral part of the analysis
process, and it would demonstrate how consideration of those uncertainties can have a
functional effect on the PRA logic models.

42. Appendix J, Section J.3, Estimation of Human Error Probability Distribution

Section 4.4.3.2 in the main report briefly discusses the conceptual construct of the "IDHEAS-G
Human Error Probability Quantification Model". Preceding comments on that section address
my questions about that model and whether it should be endorsed in this report. Appendix J
does not contain any information about that conceptual construct, any information about its
anchors to empirical human performance data, or any guidance about how the model might be
applied in practice.

Why does Appendix J not contain any discussion of the quantification model that is discussed in
Section 4.4.3.2 of the main report?

JWS Note 09/24/20: The revised discussion in Section J.3.1 refers to two reports that address
the generalization of human performance data (IDHEAS-DATA) and use of the data in a
particular application (IDHEAS-ECA). Section J.3.1 also refers to Section 6.2 of the main
report.

As noted in this comment, Section 4.4.3.2 in the main report briefly summarizes the conceptual
construct of the quantification model. However, except to note that the NRC staff studied the
literature and compiled some data, that section of the report does not provide a technical basis
for the model or its derivation. For example, without any fundamental basis, it is implied that the
reader must simply accept the authors' conclusion that the three "base" performance-influencing
factors (PIFs) for "Information Availability and Reliability", "Task Complexity", and "Scenario
Familiarity" are the primary determinants of human cognitive performance, and the other 17
PIFs are ancillary modifiers. Furthermore, Equation 4.6 and Equation 4.7 are key elements of
the quantification model. Neither Section 4.4.3.2 nor Appendix J provides the rationale for why
those equations are appropriate or are justified by fundamental concepts of human
performance, benchmarks with actual experience, etc. This lack of justification for the basic
model is especially important, considering the fact that the formulations of these equations
changed between the 2019 draft report and the current report. Without the underlying technical
basis for the model, it is not possible for a reader to understand why those changes were
needed. Thus, | remain concerned that the IDHEAS-G methodology recommends use of a
specific quantification model without adequately justifying the technical basis or a practical
rationale for that model.

43. Appendix J, Section J.3.1, Data Integration, General Comment
This section briefly summarizes methods and assumptions that the NRC staff used to compile

data to support the estimation of human error probabilities (HEPs) and performance-influencing
factor (PIF) weights. Those methods and the underlying data are apparently documented in
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other reports on the database (IDHEAS-DATA) and a specific application of the IDHEAS-G
methodology and data (IDHEAS-ECA).

| obtained copies of the following reports that were released publicly to support a September 23,
2020 meeting of the ACRS Subcommittee on Reliability and Probabilistic Risk Assessment.

e RIL-2020-02, "Integrated Human Event Analysis System for Event and Condition
Assessment (IDHEAS-ECA)", February 2020

e RIL-2021-XX, "Integrated Human Event Analysis System for Human Reliability Data
(IDHEAS-DATA)" (draft)

| will comment on them separately.

44. Appendix J, Section J.3.1, Data Integration, 1) Multiple Data Points for a Base HEP or
PIF Weight

This section notes that:

"For the multiple data points that have about the same level of applicability and certainty, the
NRC staff used the median of the data points as the base HEP or PIF weight." [emphasis
added]

This summary seems to indicate that some of the numerical human error probability (HEP)
values that are listed in Table 6-2 and Table 6-3 in the main report are median values from the
distributions of available data. Median values may have also been used to derive the
performance-influencing factor (PIF) weights that are summarized in Table 6-4.

Fundamental PRA guidance emphasizes that the mean value of the underlying uncertainty
distribution must always be used for "point estimate" calculations (e.g., for initial quantification of
the event tree and fault tree models). Use of median values is appropriate only if the
uncertainties in the underlying data are characterized by a normal probability distribution, for
which the median value and the mean value are identical. For example, if the uncertainty in the
data is characterized by a lognormal probability distribution, use of the median value will provide
an estimate that is inappropriately lower than the mean value.

JWS Note: A preceding comment addresses the lack of information about the uncertainties in
the HEP values that are listed in Table 6-2 and Table 6-3.

JWS Note: This comment also applies to the summary of strategy 2) in this section, where it is
noted that: "When there were only a few data points or a variety of CFMs and PIFs involved in
the data points, the NRC staff combined the data points to estimate the range and then used the
middle of the range as the base HEPs or PIF weights". [emphasis added]

Why did the staff select the median value of the available data to represent the base HEP or PIF
weight, rather than the mean value?

Are some of the numerical HEP values in Table 6-2 and Table 6-3 actually median values from
the distributions of available data?
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45. Appendix K, Section K.1, Modeling Human Failure Event Dependency in PRA,
General Comment

This is a very good introduction to the topic and a high-level summary of the scope of human
dependencies that are evaluated in a PRA. | especially like the discussion in Section K.1.3,
which emphasizes the conceptual similarities in modeling each type of human action. It also
emphasizes the need to explicitly account for dependencies between "initiator" and "post-
initiator" human failure events (HFEs).

46. Appendix K, Section K.1.3, Dependency Between Pre- and Post-Initiators
This section notes that:

"Although the HFEs that contribute to the occurrence of an initiating event and the HFEs
responding to that initiating event likely occur at different times and are performed by
different people, dependency could exist between these two types of HFEs." [emphasis
added]

I generally agree with the notion that there is typically some time interval between a human
failure event (HFE) that contributes to an initiating event and the actions that are needed for
response to that event. Of course, the time delay depends on the specific initiating event, the
timing of the initial HFE, and the progression of the resulting event scenario. For example, in
the cooling water scenario, if the time window that is available for the initiator HFE ends when
the most limiting equipment temperature reaches a trip setpoint, there may be a rather short
delay between the end of that time window and the start of the time window for the earliest post-
initiator HFE.

It is not apparent why it is "likely" that the initiator HFE and post-initiator HFEs are "performed
by different people". For example, in many PRAs, an HFE which contributes to an initiating
event involves responses by personnel in the Main Control Room (MCR) to start or align
standby equipment (e.g., cooling water pumps, flow paths, electric power supplies, etc.). The
same MCR operating crew may then need to cope with the initiating event that resulted from
their initial error. Furthermore, even if the initiator HFE involves local actions in the plant, it is
likely that those actions are directed and coordinated by the same supervisors who direct the
MCR crew responses after the initiating event occurs.

JWS Note: Of course, if the time delay between the initiator HFE and the occurrence of the
initiating event is longer than a typical shift, the new operating crew will need to cope with the
effects from that HFE. However, in practice, that means that the average time delay would
need to be more than about 4 to 6 hours, depending on the plant-specific shift durations. The
text appropriately addresses these timing considerations in a general sense. My primary
concern is that the general implication that different personnel are typically involved with each
HFE may inappropriately bias analysts' considerations of the dependencies between these
actions.

Why does this summary indicate that it is "likely" that the initiator HFE and post-initiator HFEs
are "performed by different people"?
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47. Appendix K, Section K.2, Advancing the State of Practice for Dependency
Evaluation, General Comment

This section provides a very good background and context for an improved treatment of
dependencies that uses the IDHEAS-G methodology to identify and evaluate the specific
contributors to each human failure event (HFE).

48. Appendix K, Section K.2.1, Areas of Improvement in Existing Dependency Modeling
and Practices, Cognitive Foundation for Dependency

This section notes that:

"In practice, slip- or lapse-type human errors in one HFE are likely to be recovered or have
little impact on situation assessment and decisionmaking performed in later HFEs.
Moreover, these types of errors, once realized, are likely to cue the personnel to pay more
attention when performing the subsequent actions that could result in better performance in
the subsequent HFEs." [emphasis added]

| disagree with this general assertion. | certainly agree with the overall conclusion in this
paragraph that certain types of cognitive dependencies often have a very important effect on
integrated human performance, and cognitive dependencies require careful evaluation.

The highlighted excerpt notes that slip- or lapse-type errors in task execution are "likely to be
recovered". Of course, that likelihood depends on the scenario context, the specific error, the
effectiveness of situation assessment, and the time that is available to identify and correct the
error before the scenario progresses to a plant condition that challenges the next response. In
practice, according to the general guidance in Section 4 of the main report, these types of
recovery considerations should be evaluated as an integral part of the analysis of the first
human failure event (HFE). Therefore, in that context, when the next HFE is challenged, the
initial execution errors have not been recovered. In other words, the human error probability
(HEP) for the initial HFE already accounts for the likelihood that recovery was successful.
Depending on the scenario-specific analysis, the recovery failure might be due to insufficient
time, inadequate checking or supervisory oversight, an inadequate mental model of expected
plant response after the initial action is performed, or other causes. It seems that those
considerations could affect personnel cognitive performance during the next HFE.

I am concerned that prospective analysts will interpret this discussion to imply that there is no
need to consider possible dependencies between the causes for execution errors, including the
modeled opportunities for recovery, and personnel cognitive performance during subsequent
HFEs.

Is this discussion explicitly intended to decouple an evaluation of possible dependencies
between task execution errors and personnel cognitive performance during subsequent HFEs?

If so, why do the authors assert that it is not necessary for analysts to examine those
dependencies, especially if the evaluation of the initial HFE explicitly accounts for error
detection, diagnosis, and correction?

If the discussion is not intended to decouple these possible dependencies, what is the actual
intent, and why is the discussion included in this section?
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49. Appendix K, Section K.3.1, Identification of Dependency Context, Cognitive
Dependency

This section notes that:

"Cognitive dependency occurs when an HFE creates a biased mindset or expectation of the
situation. As such, personnel may fail the subsequent HFEs due to having the wrong
mental models for initiating and performing the cognitive activities of the critical tasks. This
consideration is most relevant if the same crew or personnel perform the subsequent
actions, especially when they use the same procedure. It is less relevant if different
personnel are involved." [emphasis added]

| generally agree with the assertion that cognitive dependencies are typically higher when
successive actions are performed by the same personnel. However, | am concerned that
analysts will interpret the last sentence to imply that there is limited need for an evaluation of
cognitive dependencies among human failure events (HFEs) that involve different personnel.
There are certainly common factors that may contribute to a biased mindset, mental model, or
expectations among multiple individuals and crews. Examples include common procedures,
training, operating experience, management priorities and practices, plant "folklore", etc.

Is this discussion explicitly intended to imply that analysts do not need to perform a detailed
evaluation of cognitive dependencies if successive HFEs involve different personnel?

If the last sentence is retained in this discussion, why does the guidance not alert analysts to
search for and evaluate sources of cognitive dependency that may affect the performance of
multiple individuals and crews?

50. Appendix K, Section K.3.1, Identification of Dependency Context, Cognitive
Dependency

This section notes that:

"Cognitive dependency usually is not apparently 'consequential' so it can be overlooked in
dependency evaluation." [emphasis added]

| initially did not understand what this sentence meant or its intent. In particular, | originally
understood the phrase "can be overlooked" to imply that the authors of this report recommend
that it is not necessary to evaluate cognitive dependency. After reading the examples several
times, | now think that | understand the intent of this sentence. In particular, | think that the
intent is something like the following:

"Cognitive dependency is often not apparently 'consequential', and the sources of that
dependence may be subtle. Therefore, some sources of cognitive dependency have been
overlooked or not evaluated thoroughly in high-level assessments."

Is this the correct interpretation of the intent of this part of the discussion?

51. Appendix K, Section K.3.1, Identification of Dependency Context, Cognitive
Dependency

The examples at the end of this section are very good.
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When | read the examples for dependency in the decision-making macrocognitive function, |
thought of another example that may not be as "sinister" as the two that are listed. (I would
retain those examples, because they are certainly relevant in practice.)

A source of decision-making dependence may arise due to the development and adherence to
a single strategy to mitigate an evolving scenario. For example, personnel in the Technical
Support Center (TSC) may develop a particular strategy and course of action to mitigate the
evolution or the consequences of a severe event. Experience has shown that once a strategy is
developed, personnel tend to adhere to that strategy, despite possible indications that it may be
flawed. They are often reluctant to question or revise the strategy until something dramatic
occurs, which then compels them to re-evaluate their original rationale. In the interim, multiple
decision-making human failure events (HFEs) may occur while personnel attempt to implement
the faulty strategy.

This source of dependence, as with the other examples in this category, may be difficult to
identify and evaluate quantitatively. For example, the PRA models typically include HFEs that
are relevant to potentially successful Strategy X, which the PRA team identified as the most
likely course of action to be followed. However, in practice, the TSC may develop different
Strategy Y. (One might consider this as a type of "error of commission".) As personnel try to
implement Strategy Y, they will not make the desired decisions that are modeled for Strategy X.

JWS Note: This is not necessarily a purely hypothetical situation, especially during scenarios
that require a course of action that is not well-developed in the available severe accident
management guidelines (SAMGs), FLEX guidelines, etc. For example, although feed-and-bleed
cooling is now fully accepted and included in plant procedures, this was not the case before the
Three Mile Island (TMI) accident. Suppose that a pre-TMI PRA model had included three HFEs
to rapidly blow down the steam generators, open the pressurizer PORVs, and start high
pressure injection. After an actual loss of all feedwater, suppose also that the pre-TMI
equivalent of the TSC (the shift supervisor) developed a strategy to do everything possible to
conserve water in the steam generators and avoid a simultaneous "LOCA" during a very
challenging transient. Adherence to that strategy would lead to dependent failures of the
decisions for the three modeled feed-and-bleed HFEs. (Of course, | know that failure of any
one of those HFEs would lead to failure of the feed-and-bleed function in the PRA model.
Therefore, the HFEs would not appear in the same cutset. However, this is an example of an
otherwise well-intentioned strategy that is different from the strategy modeled explicitly in the
PRA, and which can lead to decision-making dependencies among multiple modeled HFEs.)

Despite the fact that these types of dependencies may be difficult to evaluate in practice, | think
that it is worthwhile to provide these types of examples to alert analysts to consider them.

Should the decision-making example also include an abbreviated summary of this source of
dependence (i.e., adherence to a flawed alternative strategy)?

52. Appendix K, Section K.3.2, Modeling Dependency Context in IDHEAS-G Structure,
Figure K-1, General Comment

This section is very good. It clearly establishes the basic concept of systematically evaluating
changes to the contributors to HFE2, given failure of HFE1. Some readers may not initially
appreciate the method by simply reading Figure K-1 and its summary. However, the questions
at the end of this section clarify the intended process.
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I am not sure if some readers might confuse the intent of the vertical lines from the baseline
scenario boxes for "HFE2" and "HFE2 Context" in Figure K-1. In particular, the vertical arrow
from "HFE2" might be confused as depicting failure of HFE2, as indicated by the vertical arrow
from "HFE1". The authors might try removing the vertical lines from "HFE2" and "HFE2
Context" to see if the basic intent of the process is clear (i.e., that the revised evaluation of
HFE2 clearly applies during a different scenario, compared to the baseline evaluation of HFE2).

The diamond block in Figure K-1 might also be clarified by adding lines with "yes" and "no"
designations. If the answer is "yes", the "Adjust HEP2" condition applies. (I would make this
the horizontal path from the diamond, but that is just a personal choice. It subtly emphasizes
the notion that this is the usual situation.) If the answer is "no", the condition "Use Baseline
HEP2" applies.

53. Appendix K, Section K.3.3, Recalculate the HEP of the Dependent HFE
This second paragraph in this section notes that:

"Notice that PRA models may already model some or most consequential dependency as
separate HFEs. In PRA event trees, the context of an HFE can significantly change from its
baseline condition due to the failure of previous actions. If that is the case, then
consequential dependency does not need to be modeled again. However, resource-
sharing and cognitive dependency can be largely overlooked in PRA models. Another
area for dependency modeling is in crediting recovery actions. Recovery actions are more
likely to be performed by same personnel with a high commonality in the context, which may
involve the cognitive dependency." [emphasis added]

The first paragraph in this section clearly summarizes the basic intent and process of how the
dependent human error probability (HEP) is calculated.

| was very confused and distracted by the second paragraph. | have the following concerns
about the highlighted phrases in the excerpt.

The fact that a particular PRA model may, or may not, "already" define a separate conditional
human failure event (HFE) is not relevant to the basic intent of the proposed methodology. The
methodology indicates that a separate HFE should be defined to account for the identified
sources of dependence, if they alter the baseline scenario context. In practice, that new HFE
definition may occur when the models are initially constructed (which is the most desirable
situation), or it may be necessary to alter the initial models (which may be met with resistance).
The first three sentences in the paragraph seem to imply that analysts need not systematically
evaluate all possible sources of dependence if the initial PRA models "already" define a
separate HFE. | do not think that it is appropriate to introduce that notion in this discussion of
the proposed methodology.

| think that the phrase "can be largely overlooked" is potentially confusing. Some prospective
analysts might interpret this phrase to imply that the authors of this report support the notion that
it is not necessary to examine those sources of dependence in a practical PRA model. | think
that the actual intent is to alert analysts that they need to evaluate these sources of
dependence, even if they were not considered when the PRA models were initially constructed.

| found the discussion of recovery actions especially confusing. As noted in preceding
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comments, in practice, these types of recovery considerations should be evaluated as an
integral part of the analysis of the first HFE (i.e., HFE1 in Figure K-1), because they apply during
the same scenario context as that HFE. Therefore, when the next HFE (i.e., HFE2) is
challenged, the context for that HFE should account for the fact that the initial error has not
been recovered. In other words, the HEP for HFE1 already accounts for the likelihood that
recovery was not successful. | think that the notion that a separate HFE may be defined to
quantify the recovery of HFE1 is not consistent with the basic intent of the IDHEAS-G
framework, and it confuses the fundamental process for evaluating dependencies that is
outlined in this appendix.

Why is this paragraph needed?

Can it be simply removed from the report (i.e., rather than modified or elaborated further),
without altering an analyst's basic understanding of the proposed methodology?

54. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
General Comment

The example in this section characterizes the second human failure event (HFE) as a "recovery
action" for HFE1. As noted in preceding comments, | do not think that it is appropriate to imply
that the notion of a "recovery action" is modeled or evaluated this way. In particular, | think that
it is evident that "recovery" of HFE1 must be evaluated in the same scenario context as the
nominal action. Of course, in an abstract sense, one might consider the evaluation of
"recovery" to involve an assessment of dependencies. However, in practice, the "recovery
action" HFE2 can never be "hypothetically assessed as independent" from HFE1. Therefore,
the conceptual construct that is shown in Figure K-2(a) would never apply for a "recovery
action".

In practice, the evaluation of "recovery actions" is not the most important issue that is addressed
by the proposed dependency methodology. The methodology is intended primarily to address
the identification, characterization, and quantification of sources of dependence among two or
more distinct HFEs that appear in the same PRA cutsets. To more clearly emphasize that
process, | think that it would be better to characterize HFE2 as a functional alternative to HFE1,
if personnel cannot restore power within the nominal time window for HFE1 (e.g., actions to
further extend the time window using options that do not need AC power). In principle, those
actions might also be evaluated elsewhere in the PRA model (e.g., in a different scenario with a
different time window, etc.), so an independent human error probability (HEP) might have been
quantified, as indicated in Figure K-2(a).

With that being said, | will not further pursue this thread of comments. In principle, the example
should illustrate the basic intent and elements of the proposed dependency methodology,
regardless of whether HFE2 is characterized as a "recovery action" for HFE1, or if HFE2
evaluates an alternative mitigation action. However, because context is very important for
prospective analysts to understand the guidance and the examples, the following comments on
Section K.3.4 explicitly consider HFE2 to be a "recovery action" for HFE1. In particular, |
assume that HFE2 evaluates actions that are needed to correct cognitive or implementation
errors that contribute to failure of HFE1 and to achieve the defined functional success criteria
within the available time window.
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55. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 1: Consequential Dependency

This section notes that:

"Performing HFE1 takes excessively longer than expected, and personnel recognize that the
time needed for performing HFE2 is inadequate. Personnel may decide to take an
alternative option that might require less time to achieve the desired end states of the HFE.
The alternative option involves different critical tasks. The HEPs for the new set of critical
tasks should be recalculated. This instance demonstrates that the dependency effects are
evaluated by the change of the critical tasks of the HFE." [emphasis added]

I do not understand how this example of consequential dependency applies to a "recovery
action". In particular, | do not understand the discussion about how the critical tasks for HFE2
can be modified within the success criteria and functional context of these actions.

As a first comment, according to the basic definitions in Section 5.3 of the main report, | think
that the highlighted phrase in the first sentence should indicate that the time available for
performing HFE2 is inadequate. Of course, under those conditions, HFE2 should be failed.
That conclusion, by itself, demonstrates the importance of an integrated evaluation of the time
dependencies for the two actions.

The functional success criteria for HFE1 and its recovery in HFE2 require that power must be
restored within a specified time window. Those success criteria and the total time window are
determined by the scenario progression. The discussion notes that the three critical tasks that
are needed to achieve the success criteria are "(1) transporting, (2) connecting, and (3) starting
and operating the portable diesel generator". It seems that those critical tasks apply to both
HFE1 and to any recovery actions that are evaluated in HFE2. Therefore, | do not understand
how HFEZ2 can be re-defined to evaluate a new set of critical tasks that are different from those
for HFE1.

Of course, the integrated definition of HFE1 and HFEZ2 could be revised to evaluate a different
set of critical tasks that are needed to achieve the success criteria. However, that would
change the definitions and evaluations of both HFE1 and HFE2. It is not apparent that use of
the proposed dependency methodology is intended to change the definition or the evaluation of
the initial HFE (i.e., to re-define and re-evaluate the critical tasks for HFE1).

If HFE2 did not evaluate "recovery" of HFE1, | certainly understand how some of the critical
tasks for HFE2 could differ after failure of HFE1, compared to the tasks that apply if HFE1 were
not failed (or not required). However, | do not understand how the critical tasks for HFE2 can be
changed within the context of this example. The discussion should better explain this notion
with some specific examples that show how the critical tasks for HFE2 can be changed to
achieve the same integrated success criteria for HFE1 and HFE2.

JWS Note: Since this is a new methodology, | do not think the examples should imply that the
treatment of dependencies may result in re-definition and re-evaluation of HFE1, even if that is a
conceptual possibility. | think that the discussion of the methodology and the examples should
reinforce how the evaluations of HFE2 are affected by systematically considering the
contributors to failure of HFE1.

Why does the first sentence not indicate that the time available for performing HFE2 is
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inadequate?

Considering the three defined critical tasks for HFE1, what are some specific examples of how
the critical tasks for "recovery action" HFE2 could be changed to consistently achieve the
desired success criteria (i.e., to restore power from the portable generator within the available
time window)?

56. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 2: Consequential Dependency, General Comment

This example is very clear. | understand how a new critical task may apply for HFE2 and how
the evaluation of time uncertainties for HFE2 is affected by the time that is consumed by HFE1.

57. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 3: Consequential Dependency, General Comment

This section notes that:

"This adds a new CFM, failure of decisionmaking, to the critical task of transporting the
generator in HFE2." [emphasis added]

This discussion seems to imply that the nominal model for critical task (1) in HFE2 (transporting
the portable generator) does not contain a cognitive failure mode (CFM) for decision-making.
That does not seem reasonable. It seems that personnel must always decide when to start the
transportation process, and they must select the best available route. (That seems especially
true if HFEZ2 is always a "recovery action" that applies after some cause for failure of HFE1.) |
certainly understand why failure of the transportation task in HFE1 may add complexity to the
decision-making process in HFE2 and thus require re-evaluation of the decision-making CFM.
However, | do not think that it is appropriate to imply that decision-making is a "new CFM" that
results specifically from the failure in HFE1.

JWS Note: In principle, more than one of the decision-making CFMs that are listed in Table 4-8
and Table H-4 may apply to both the nominal model for HFE2 and after failure of the HFE1
transportation task. The text seems to imply that only one decision-making CFM is relevant to
this analysis. That is reasonable for this simple demonstration. The last sentence in this
section notes that the example demonstrates how the dependence effects are evaluated by
"changes in the CFMs and PIFs". Additional decision-making complexity is certainly a relevant
change to that CFM, without implying that a new CFM is introduced.

Why does this example indicate that the transportation failure in HFE1 requires addition of a
"new CFM" for decision-making in HFE2?

In particular, why is it implied that a CFM for decision-making does not normally apply for the
HFE2 transportation task?

58. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 4: Consequential Dependency, General Comment

This example is very clear. | do not think that the summarized failure of HFE1 actually "alters
the definition of HFE2", but it certainly makes HFEZ2 infeasible.
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59. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 5: Cognitive Dependency

I understand the basic concepts in this example, but | think that it could be discussed more
clearly (perhaps without the discussion of "behavior inertia", which might put off some analysts).
In effect, there is a higher conditional probability that personnel will skip steps when they
implement HFE2, because the same personnel skipped steps when they tried to implement
HFE1.

I am a little confused by the following statement in this section:

"Assume that skipping key procedure steps is the only failure for HFE1 and HFE2 and there
is no vivid system feedback to alert the personnel of the errors made." [emphasis
added]

When | first read this, | questioned why HFEZ2 is feasible, if there is no feedback mechanism to
alert personnel to the failure of HFE1. | then decided that the "vivid system feedback" must
apply specifically to the fact that the action was not successful because the personnel skipped
steps in the procedure. In other words, there is nothing to explicitly alert them that "You skipped
steps in the procedure. That is why the bus is still de-energized."

Is my interpretation of the highlighted phrase correct?
Should the discussion of this example be revised to better clarify the basic concepts?

60. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 6: Cognitive Dependency

The discussion of this example is not written very well. It is difficult to understand the intent of
the example and the basic concepts that are being addressed.

For example, it is noted that:

"Failure of connecting the generator in HFE1 results in misleading indications for HFE2."
[emphasis added]

In the context of the basic dependency model, | do not understand why the misleading
indications that result from the initial error are an example of "Cognitive Dependency", rather
than "Consequential Dependency". It seems that the personnel who perform HFE2 must cope
with the misleading indications that are a direct consequence of the initial error. This does not
seem to be a source of cognitive dependence among personnel who must detect and respond
to indications that have the same salience for both actions.

The next sentence notes that:
"A different set of personnel perform HFE2 and rely on the indications or misperception of
the early failure to assess the criteria for executing certain steps in connecting the
generator or the next critical task of starting and operating the generator." [emphasis added]
| also do not understand why misperception of the initial failure by the personnel who perform

HFE2 is an example of cognitive dependence between these tasks in HFE1 and HFE2. For
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example, it seems reasonable that some causes for failure of HFE1 may make it more difficult
for personnel to diagnose or understand the needs for HFE2. However, that also seems to be a
type of "Consequential Dependency", rather than "Cognitive Dependency".

If the primary intent of this example is to illustrate a source of cognitive dependence between
different personnel, it seems that the most usual sources of that dependence are common
procedures, training, and experience. For example, both sets of personnel may make the same
error in connecting the generator because they use the same procedures, and their training
does not include actual hands-on implementation of this task.

Why are the misleading indications that result from the initial error an example of "Cognitive
Dependency", rather than "Consequential Dependency"?

Why is the misperception of the initial failure by the personnel who perform HFE2 an example of
"Cognitive Dependency", rather than "Consequential Dependency"?

What is the primary intent of this example?
Should the discussion of this example be revised to better clarify the basic concepts?

61. Appendix K, Section K.3.4, An Example lllustrating the IDHEAS-G Dependency Model,
Instance 7: Resource-Sharing Dependency

| understand this example. | do not think that the truck failure in HFE1 fundamentally changes
the critical task to transport the generator in HFE2, but it certainly affects some elements of that
task. Of course, those semantics depend on the level of detail at which a "critical task" is
defined.

This also seems to be an example of "Consequential Dependency”, rather than "Resource-
Sharing Dependency". The personnel must develop a different transport scheme in HFE2 as a
direct consequence of the truck failure (e.g., like the need for an alternative transport route in
Instance 2 and Instance 3). However, | can also see why it might pertain to resource-sharing. If
a second truck were readily available, this particular element of HFE2 might not be affected very
significantly.

Perhaps a better (or another) example of "Resource-Sharing Dependency" would be to note
that six people are normally available to perform these actions, and they may divide the tasks
among the group. However, during this particular scenario, only three people are available to
perform all of the tasks in HFE1 and HFE2. Those limited resources require that analysts must
carefully evaluate HFE2, because the tasks must be performed in series, and they must be
performed by the same personnel (which also introduces other sources of cognitive
dependence).

Is this an example of "Consequential Dependency”, rather than "Resource-Sharing
Dependency"?

Is there a better (or another) example to illustrate the concept of "Resource-Sharing
Dependency"?
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62. Appendix K, Section K.4.2, Common Cause Errors

| understand the basic message of this section. However, | do not agree with its implications.
For example, suppose that the affected crew of operators consists of 10 people. According to
the example in this section, the joint human error probability (HEP) for a particular action that is
needed during the degraded environmental conditions would apparently be (0.1)'° = 1E-10. | do
not agree with the assertion that these individual errors are "random events". In particular,
when the degraded environmental conditions apply, they essentially affect performance of the
entire group. Every person in the crew will fail to perform the desired action 10% of the times
when the challenge occurs. In that sense, it seems that the joint HEP might be as high as 0.1.
The joint HEP might also be somewhat lower, since individuals may be affected somewhat
differently by the common stressor. However, it is not evident why the degraded environmental
conditions should be treated as a conditionally independent effect on the joint HEP. It does not
seem appropriate to imply that analysts should not account for the fact that some performance-
influencing factors (PIFs) affect all members of a group simultaneously and introduce a source
of dependence that is not easily categorized as "consequential", "cognitive", or "resource-
sharing".

I am concerned that prospective analysts may misinterpret the intent of this section to justify
less rigorous examination of the effects from environmental conditions and similar factors that
affect multiple personnel simultaneously. For example, other PIFs also affect all members of
the group (e.g., concerns for personal safety, salience of available cues, procedures, training,
operating experience, etc.) and, in principle, they should not be treated as independent factors
for each individual when the joint HEP is calculated. As an initial thought, it seems that these
types of group stressors should affect the treatment of cognitive dependence. Or perhaps
another general category of "common stressor dependency" might be defined to alert analysts
to these considerations. In any case, | think that this issue merits more careful consideration
beyond the treatment that is implied by this discussion and before any specific techniques are
proposed.

JWS Note: Some HRA methods have tried to account for specific group stressors as a
multiplier of the overall HEP that is derived from the combination of the other evaluated PIFs. |
do not personally agree with that numerical technique, but it is intended to address these types
of group effects that are not readily evaluated by the formulas that combine the PIF weights for
individual responses.

In summary, this discussion does not seem necessary for an analyst to understand the basic
concepts of the proposed dependency methodology, and it inserts a source of potential
confusion as a concluding thought near the end of the appendix. | think that it should be
removed from the report.

Why is this section needed?

Can it be simply removed from the report (i.e., rather than modified or elaborated further),
without affecting an analyst's basic understanding of the proposed dependency methodology?

63. Appendix K, Section K.5, Empirical Examples of Dependency in NPP Events,
Editorial Comment

The introduction notes that:
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"This section provides two real event examples of HFE dependency." [emphasis added]
The section summarizes three events.

64. Appendix K, Section K.5, Empirical Examples of Dependency in NPP Events,
Example 1, General Comment

| think that this example inappropriately characterizes the "failure to promptly control the RCS
temperature and SG pressure" as the source of consequential dependency. In fact, during the
13-minute interval between the occurrence of the initiating event and the time when the shift
manager erroneously concluded that a steam generator (SG) safety valve was stuck open,
reactor coolant system (RCS) temperature and all SG pressures were being controlled, as
designed, by operation of the steam generator safety valves. The summary notes that the
operators eventually opened the atmospheric dump bypass valves to initiate an active cooldown
and reduce SG pressures below the safety valve setpoints. | do not know when the Millstone
Emergency Operating Procedures (EOPSs) instruct the operators to perform those actions, but it
seems very likely that they are not part of the initial responses in EOP E-0 or ES-1.1. In my
experience, the procedures typically instruct the operators to start an active cooldown only after
they have confirmed that the plant is stable and have reset the safety injection (Sl) signal. (That
experience is also consistent with their actions, as noted in this summary, to restore normal
charging, letdown, and pressurizer level control after they reset the Sl.) Thus, | personally
would not characterize the failure to initiate an active cooldown during the first 13 minutes of a
rather unusual transient as a human error or as an initial "failure to promptly control the RCS
temperature and SG pressure". From the available summary, it seems that the shift manager's
misunderstanding of the actual plant status was the error that triggered further confusion,
unnecessary actions, and delays.

The concluding sentence in this example notes that:

"This event shows the consequential dependency of an important human action (timely
control of RCS temperature and SG pressure) on subsequent important human actions
(termination of SI)."

As noted in this comment, | do not think that the operators are instructed to initiate an active
cooldown until some time after they have terminated the SI. Therefore, this particular
characterization of a consequential dependence seems inaccurate. In particular, Sl termination
delays should not be attributed to a failure to initiate an active cooldown.

It seems more accurate to conclude that the shift manager's misunderstanding of the actual
plant status was the "important human action" that affected the subsequent crew response and
resulted in the delays.

| think that there may be examples that better illustrate the notion of "consequential
dependency". However, retention of this example or selection of another is the authors'
prerogative.

65. Appendix L, Section L.2.2, Parameter Uncertainty, Editorial Comment

In the new paragraph that discusses analyst assessment of the performance-influencing factor
(PIF) state for a particular attribute, it is noted that:
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"The overall HEP, and its uncertainty distribution, can be either the probabilistically-
weighted combination of the results from the two assessments." [emphasis added]

| think that the intent of this sentence is that the overall results can then be the probabilistically-
weighted combination of the results from the two assessments.

66. Appendix M, Section M.1.3, Identification of Important Human Actions, Definition of
the Important Human Actions, Editorial Comment

The first bullet item under the summary of the IHA to reopen valve FCV-626 at the end of this
section is:

"Success criteria for the IHA - Either reopen FCV-626 in less than 13 minutes after CVC-
310A failed open." [emphasis added]

The word "either" in this bullet item is an inadvertent hold-over from the 2019 draft report. To
avoid possible confusion about the success criteria that are used in the current analysis, it
should be deleted.

The second bullet item notes that:

"Beginning and ending points of the IHA - The IHA started when FCV-626 failed open in the
beginning of the event and ended when either FCV-626 was re-opened." [emphasis added]

Valve FCV-626 did not fail open. It failed closed. (I missed this one in my comments on the
2019 draft report.) The word "either" should also be deleted from this bullet item.

67. Appendix M, Section M.1.4.2, Characteristics of the Critical Tasks, Table M-4, Task
Characteristics of Reopening FCV-626 or Tripping the RCPs

Table M-4 was not revised in the updated report. In particular, the title of the table indicates that
Critical Task 3 is:

"Reopening FCV-626 or Tripping the RCPs" [emphasis added]
The entry for "Task Goal" is:
"Reopen FCV-626 or trip the RCPs to prevent RCP seal damage" [emphasis added]

Why does Table M-4 indicate that tripping the RCPs is part of Critical Task 3 and that tripping
the RCPs will prevent seal damage?

68. Appendix M, Section M.1.5, Cognitive Failure Modes and Performance-Influencing
Factors

This example is intended to demonstrate how an analysis should be performed in practice. The
general IDHEAS methodology emphasizes that analysts should document the bases for their
assumptions and the reasons for their decisions. That documentation is very important to justify
the technical foundation for each analysis. It also provides a discipline that should improve
consistency among analyses (or more clearly show the reasons for observed inconsistencies),
and a point of reference for others to better understand what was done, and why.
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The discussions in this section simply list the "dominant CFMs" and the "applicable PIFs"
without any justification for those conclusions or documentation of the analysts' rationale why
other CFMs and PIFs are not included in the analysis. The discussions of the listed CFMs and
PIFs are very good. However, it is not evident why only those selected items are relevant for
each analysis. Furthermore, these examples implicitly provide "NRC-approved" guidance that it
is not necessary for analysts to justify and document these conclusions.

In addition to the rather short list of CFMs and PIFs for each task, the discussion of Critical Task
3 simply states that "there are no obvious adverse PIFs to this critical task".

JWS Note: This general comment also applies to Section M.2.5.

Why do the examples for each critical task not document the analysts' rationale and the bases
for their selection of the "dominant CFMs" and the "applicable PIFs"?

In other words, why are other CFMs not important, and why are other PIFs not applicable?

JWS Note 09/24/20: Except to remove the need to trip the RCPs as part of Critical Task 3 in
Section M.1.5 and a change in the primary CFM number (E4-1 vs. E4-2) for Critical Task 3 in
Section M.2.5, the discussions of the critical tasks, CFMs, and PIFs were not revised Section
M.1.5 or Section M.2.5 of the updated report. In particular, they were not expanded to provide
the analysts' rationale for selection of these particular CFMs and PIFs, or to summarize the
bases for their decisions why other CFMs are not important and why other PIFs are not
applicable.

As a demonstration of the expectations for how analysts should implement the IDHEAS-G
methodology and document their analyses, | continue to think that it is important for the
examples to provide these justifications. That documentation is very important for
understanding the reasons for analyst-to-analyst variability when the methodology is used, and
it is important for reviewers' understanding of the technical bases for each analysis.

69. Appendix M, Section M.1.6, Time Uncertainty Analysis
In general, this section is very good.
The discussion of "Procedure-Guided and Late Self-Awareness Cue Detection" notes that:

"It is estimated that the crew would reach to the procedure step to check the cue 'RCP
thermal barrier HI or LO flow alarms illuminated' at 30 minutes after the initiating event."

| am not familiar with the PATH-1 procedure at H.B. Robinson. However, this seems to be a
rather long time. In particular, in the context of the actual event, it indicates that the operators
would not typically reach this point in the procedure until about 22 minutes after their re-entry
into PATH-1, following the safety injection (Sl) that occurred about 8 minutes after the initiating
event.

Is this nominal 30-minute delay based on the analysts' assessment of where this specific step is

located in PATH-1, the intervening actions before that step, and scenario-specific factors that
delay the operators' progression through the procedure?
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In other words, what is the basis for this estimate, and how is this estimate related to the
specific conditions that apply during this scenario?

Would the same estimate apply when the PATH-1 procedure is used during other event
scenarios?

JWS Note 09/24/20: The discussion of the time estimates was not revised in the updated
report. In particular, the discussion does not document the analysts' rationale or the technical
basis for each estimated time (e.g., a walk-through of the scenario at the plant simulator,
interviews with plant operators, engineering judgment, etc.). As a demonstration of the
expectations for how analysts should implement the IDHEAS-G methodology and document
their analyses, | continue to think that it is important for the examples to provide these
justifications. That documentation is very important for understanding the reasons for analyst-
to-analyst variability when the methodology is used, and it is important for reviewers'
understanding of the technical bases for each analysis.

70. Appendix M, Section M.1.6, Time Uncertainty Analysis
This section notes that:

"Assuming that 36 and 46 minutes represent the 5" and 95" percentiles of a normal
distribution, respectively, with a mean of 40 minutes, time required can be represented as
a normal distribution with a mean of 40 minutes and standard deviation of 3 minutes 37
seconds." [emphasis added]

A normal distribution cannot have a 5" percentile value of 36 minutes, a median (mean) of 40
minutes, and a 95" percentile value of 46 minutes. If 36 minutes represents the analysts'
estimate for the "shortest time", 40 minutes represents the "best estimate", and 46 minutes
represents the "longest time" for T,, then the analysis should not fit a normal distribution to
those estimates.

What are the analysts' estimates for the "shortest time", "best estimate", and "longest time" for
Ta?

What are the bases for each of those estimates?
What is the shape of the probability distribution over that range of estimates?

JWS Note 09/24/20: |t is apparent that the analysts assumed that the 36-minute total time from
the discussion of AOP-018 represents the 5" percentile of the assigned uncertainty distribution.
The 95" percentile of the distribution is simply 10 minutes longer than that estimate. The
revised text does not document these assumptions or provide a rationale for the assigned
values.

As a demonstration of the expectations for how analysts should implement the IDHEAS-G
methodology and document their analyses, | continue to think that it is important for the
examples to provide the analysts' justifications for these estimates. In other words:

Why is the 36-minute estimate selected for the nominal 5" percentile lower bound of the
uncertainty distribution (e.g., rather than the "best estimate" value, or some other parameter)?
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Why does 10 minutes represent a reasonable estimate for the 90% confidence interval in the
uncertainty?

This documentation is very important for understanding the reasons for analyst-to-analyst
variability when the methodology is used, and it is important for reviewers' understanding of the
technical bases for each analysis.

JWS Note 09/24/20: | know that the primary objective of this example is to demonstrate how to
perform a time uncertainty analysis and how to quantify the value of P.. An additional objective
may be to show that P; can be an important contribution to the overall human error probability
(HEP). 1 certainly support those objectives. However, analysts will study these examples and
use them as evidence of "NRC-approved" methods to implement the IDHEAS-G guidance.
Therefore, the example analyses should also be documented as if they were to be submitted for
critical review by the NRC staff or other experts.

71. Appendix M, Section M.1.6, Time Uncertainty Analysis

JWS Note 09/24/20: This comment is actually a continuation of the preceding comment, which
originated from the 2019 draft report. However, | subdivided it to explicitly address the math in
the current version of the report.

The revised text notes that:

"Assuming that 36 and 46 minutes represent the 5" and 95" percentiles of a normal
distribution, respectively, with a mean of 41 minutes, time required can be represented as a
normal distribution with a mean of 40 minutes and standard deviation of 2 minutes 33
seconds. Because the time available is 40 minutes, this generates a P; (the HEP due to
time uncertainties) of 0.653." [emphasis added]

A normal distribution with a 5" percentile value of 36 minutes and a 95™ percentile value of 46
minutes has a median (mean) value of 41 minutes. Therefore, the highlighted mean value in
the first part of the first sentence is correct for the assumed distribution.

I do not know why the same sentence then indicates that the time required can be represented
by a normal distribution with a mean value of 40 minutes. That is clearly not consistent with the
actual mean value of 41 minutes.

Furthermore, the standard deviation of a normal distribution with a 5" percentile value of 36
minutes, a median (mean) value of 41 minutes, and a 95" percentile value of 46 minutes is 3.04
minutes, or about 3 minutes 2.4 seconds. Therefore, | do not know why the text characterizes
the standard deviation as 2 minutes 33 seconds (2.55 minutes).

| confirmed that the listed value for P of 0.653 was calculated using a normal distribution with a
mean value of 41 minutes and a standard deviation of 2.55 minutes. The value for P that is
derived from a normal distribution with a mean value of 41 minutes and a standard deviation of
3.04 minutes is 0.629.

Explicit use of a time uncertainty analysis to quantify a contribution to the overall human error
probability (HEP) is a rather new (and, for some analysts, a somewhat controversial) element of
the IDHEAS-G methodology. This example shows that this contribution can be very significant.
Therefore, it is extremely important that the example uses consistent numerical values and that
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the math is rigorously correct.

Why does the second part of the first sentence in this excerpt indicate that the mean value of
the assumed distribution is 40 minutes, rather than 41 minutes?

Why does the text characterize the standard deviation of this normal distribution as 2 minutes
33 seconds, rather than the actual standard deviation of approximately 3 minutes 2.4 seconds?

Is my calculation of P: correct, based on the assumed normal distribution (i.e., mean = 41,
standard deviation = 3.04)?

72. Appendix M, Section M.2.2.3, System Context, Human System Interface
This section in the revised report notes that:

"The DC-powered important parameter displays and component controls in the MCR are
assumed functioning as designed. The TSC has a diesel generator for TSC operation that
may or may not be functional." [emphasis added]

| do not understand the intent of the highlighted phrase, or how it pertains to the example
analysis.

Section M.2.1.1 contains a Note which emphasizes that this analysis pertains to the baseline
scenario. Section M.2.1.4 lists several example "what-if" questions that prompt analysts to
identify alternative (deviation) scenarios that may have an important effect on personnel
performance.

For the purpose of this example, it seems that the baseline scenario analysis should be based
on assumed successful operation of the Technical Support Center (TSC) diesel generator. If
that diesel generator fails or is not available, it seems that the resulting scenario could have a
significant effect on several personnel actions, especially those which are needed at extended
times after the initiating event occurs (e.g., after 01:00 in the baseline scenario, when the TSC
should be functional). In that context, it seems that Section M.2.1.4 should also contain a
question that explicitly addresses failure or unavailability of the TSC diesel generator, to prompt
analysts to consider those alternative scenarios.

Why does this summary indicate that the TSC diesel generator "may or may not be functional"?

In particular, does the example baseline scenario analysis assume that the TSC diesel
generator operates successfully?

Why does Section M.2.1.4 not contain a question that explicitly addresses failure or
unavailability of the TSC diesel generator?

73. Appendix M, Section M.2.2.4, Personnel Context
This section notes that:

"Personnel injury may occur, and the non-technical staff will be evacuated from the site.
These are assumed not to affect event mitigation."
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As noted in a preceding comment, the injuries might directly affect in-plant operators who are
needed to support mitigation of this scenario. Injuries to other plant personnel may also require
direct involvement by operations supervisors to coordinate efforts to stabilize their conditions
and to coordinate their medical evacuation. Concerns about injuries to co-workers throughout
the plant may also distract the attention of operators and supervisors, and cause delays in their
performance of the desired responses.

Since this event is caused by a very severe earthquake, it is essentially certain that the area
surrounding the plant has sustained extensive damage. Thus, it seems likely that personnel
cognitive performance may also be affected by their concerns about possible harm or the
unknown status of their families and loved ones.

This example is intended to demonstrate how an analysis should be performed in practice. The
general IDHEAS methodology emphasizes that analysts should document the bases for their
assumptions and the reasons for their decisions. That documentation is very important to justify
the technical foundation for each analysis. It also provides a discipline that should improve
consistency among analyses (or more clearly show the reasons for observed inconsistencies),
and a point of reference for others to better understand what was done, and why.

What is the basis for this assumption?

Why does this example not discuss possible influences from personnel concerns about the
status of their families and loved ones?

JWS Note 09/24/20: The revised text does not address the basic concern of this comment. In
particular, the comment is intended to prompt consideration of how concerns about injuries to
co-workers and the status of families and loved ones may affect overall cognitive performance,
especially for actions that are needed at a relatively early stage of the event (e.g., within the first
couple of hours after the earthquake). The revised text addresses this issue only from the
narrow perspective of adequate staffing. In particular, it is assumed that the injured personnel
do not sufficiently deplete the number of available workers to challenge their overall ability to
perform the desired actions as modeled. The example analysis does not evaluate the cognitive
contribution to the human error probability (HEP) for any of the critical tasks (i.e., parameter P.).
Therefore, in practice, there is no opportunity to demonstrate how consideration of these
concerns may affect the evaluation of important performance-influencing factors (PIFs) for the
entire group of responders. Thus, it does not seem worthwhile to pursue the basic notion of this
comment further by continuing this line of questions.

74. Appendix M, Section M.2.6, Time Uncertainty Analysis

JWS Note 09/24/20: | added the strikeouts in this comment to avoid possible confusion in this
version of my comments. They refer to my preceding comment on the 2019 draft report, and
not the comment discussed immediately above. The technical issue that is discussed in this
comment does not rely substantively on any information from the 2019 preceding comment.

While | was compesing-the-preceding-commentand re-checking the calculations, | noticed that

the assigned uncertainty distribution for the time that is needed to clear the debris is not
physically consistent with the basic boundary conditions for this analysis.

In particular, there is a 1-hour time delay before entry into the ELAP procedure. The estimated
time that is subsequently needed to clear the debris is then characterized by a normal

09/24/2020 Page 53 of 56 JWS



probability distribution with a mean value of 2 hours and a standard deviation of 1 hour. If the
scalar 1-hour time delay is simply added to the mean value of that distribution, the resulting
normal probability distribution has a mean value of 3 hours and a standard deviation of 1 hour.

As—noted—in-the preceding—comment; | believe that this distribution was used for the final

calculations.

However, this uncertainty distribution is not physically consistent with the basic assumptions
and constraints for this scenario. | particular, that distribution has a probability of about 2.3%
that the debris is cleared before time 01:00 (i.e., debris removal is completed before it starts!).
Although that probability is "small", it is not physically consistent with the basic assumption that
debris removal will not begin before 01:00. Therefore, the assigned probability distribution is not
appropriate for a demonstration of how analysts should carefully account for the uncertainties
and understand the implications from those uncertainties.

Based on these observations, | think that it is very important that the authors should carefully
re-evaluate the assigned probability distribution for the time that is needed to clear the debris, to
avoid this type of physically inconsistent conclusion. For example, rather than using a normal
distribution to account for the uncertainty in this time, it may be better to use a skewed
distribution (e.g., like a beta, gamma, or possibly lognormal) to avoid any probability that the
completion time occurs before 01:00. If the authors desire to retain a normal probability
distribution with a standard deviation of 1 hour, then that entire distribution should be delayed in
time by at least 1 hour after the start of the scenario. For example, the estimated mean time for
completion of the debris removal might be somewhere between 04:30 and 05:00, with the
earliest possible completion time at about 01:30. Of course, the actual distribution depends on
the authors' assessment of the plant-specific and scenario-specific conditions. However, in no
case should the earliest estimated time to complete debris removal occur before 01:00, plus
some nominal time that would apply for the "best possible" conditions.

During their revision of this analysis, the authors should also examine the lower bound of the
combined uncertainty distributions to confirm that there is no probability that the time for
completion of the sequential actions to clear the debris, transport the generator, and connect the
generator occurs earlier than 01:00. The minimum time for completion of the combined actions
(i.e., the earliest time after 01:00) should also be consistent with the authors' understanding of
the best possible conditions that can facilitate those actions.

JWS Note: Of course, if a different uncertainty distribution is used for the time to clear the
debris, it seems quite likely that the unusual results that-are—discussed—in—thepreceding
comment-will disappear. In other words, it seems likely that the 2-hour example will show a
probability of 1.0 that the operators fail to connect the generator within the 2-hour time window.
However, depending on the actual uncertainty distributions, there could conceivably be a small

non-zero probability for overall success before time 02:00. Fhereforetretained-thepreceding
comment—just-in—case—it-still-appliesfor-therevised—analysis: However, it is certainly not

worthwhile to emphasize that insight if the calculated success probability is less than 1%.

Why does this example apply a probability of about 2.3% that the debris may be cleared before
time 01:00 during the scenario evolution?

In other words, why does the uncertainty analysis not account for the scenario-specific

constraint that debris removal does not begin before 01:00, and that some positive amount of
time is needed to clear the debris after that point in the scenario?
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How will this analysis be revised to eliminate any improperly optimistic assessments of the
lower-bound completion times?

JWS Note 09/24/20: The analyses were not revised, and the text remains substantially the
same as the 2019 draft report. My concerns about derivation and use of the uncertainty
distribution for the time that is needed to clear the debris remain open.

As noted in a preceding comment on Section M.1.6, explicit use of a time uncertainty analysis to
quantify a contribution to the overall human error probability (HEP) is a rather new (and, for
some analysts, a somewhat controversial) element of the IDHEAS-G methodology. This
example also shows that this contribution can be very significant. Therefore, to reinforce the
need for a realistic assessment of the scenario-specific uncertainties, it is extremely important
that the example uses an uncertainty distribution that is consistent with the constraints in the
scenario timeline and that the math is rigorously correct.

75. Appendix M, Section M.3, Summary

JWS Note 09/24/20: | should have also made this comment on the 2019 draft report. |
apologize for this very late input on a potentially important consideration.

This section in the revised report notes that:

"The analysis also demonstrates the identification of the cognitive failure modes applicable
to the critical tasks and the assessment of PIFs relevant to the tasks. These are the inputs
to a HEP model for calculating the HEP attributing to cognition failure (i.e., P¢)."

The title of Appendix M is "Demonstration of the IDHEAS-G Human Reliability Analysis
Process". That implies that the examples will demonstrate all elements of the methodology.
For the most part, the appendix provides good instructional examples of how the methodology is
implemented in practice and how an analysis should be documented. However, neither
example demonstrates how the cognitive contribution to the overall human error probability
(HEP) is calculated (i.e., parameter Pc).

| think that this is a serious omission. In practice, for most actions that are evaluated in a PRA,
it is likely that analysts will conclude that adequate time is available to perform the needed
action and that the HEP contribution from time uncertainty (i.e., parameter P) is not significant.
Therefore, the quantification of P; will determine the applied HEP. However, even if the
contribution from Py is substantial, as in the two examples, the analysts should also calculate the
contribution from P to demonstrate completeness of the evaluation. Furthermore, as described
in Appendix K, the cognitive response evaluations are important for the identification and
quantification of dependencies.

JWS Note: | agree that the scope of Appendix M should be limited to only the two actions that
are modeled, without a demonstration of the dependency analysis methodology in Appendix K.
Since that proposed methodology is new, it is likely that analysts will want specific examples to
show how it is conducted in practice, including quantification of the conditional HEP. However,
considering the advanced stage of this report and the need to publish the overall IDHEAS-G
methodology, | think that it is reasonable to defer those examples until a future revision of this
report, or perhaps a separate report.

As a final comment, Section 4.4.3.2 of the main report summarizes the proposed IDHEAS-G
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model for quantification of the HEP contribution from P.. Section 6.2 of the report describes
how human performance data are generalized to support quantification of important
performance-influencing factor (PIF) attributes and their effects on the HEP. These are key
sections of the report. They present concepts and techniques that are not familiar to most
analysts and are not generally applied in the current state-of-practice. However, neither section
shows an analyst how the quantification is actually performed. | think that the examples in
Appendix M should provide that demonstration.

Why does Appendix M not demonstrate how P. is quantified for each of the critical tasks in both
example analyses (or, at least, for one of the examples)?
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