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        The Integrated Human Event Analysis System for 
nuclear power plant internal events at-power application 
(hereafter “IDHEAS AT-POWER”) is a new human 
reliability analysis (HRA) method developed by the U.S. 
Nuclear Regulatory Commission (NRC) in collaboration 
with the Electric Power Research Institute (EPRI).  It was 
developed to provide a structured approach to the 
qualitative and quantitative analysis of operator actions 
during internal, at-power nuclear power plant events.  
The IDHEAS AT-POWER method was tested to evaluate 
whether its guidance can be practically applied to 
produce consistent HRA results.  This paper presents 
study findings and final conclusions on the method 
performance.  Lessons learned on study methodology and 
recommendations for method improvement are also 
presented. 
 

 
I. INTRODUCTION 

 
The Integrated Human Event Analysis System 

(IDHEAS) for nuclear power plant internal events at-
power application (hereafter “IDHEAS AT-POWER”)1 
was developed as a joint effort between the U.S. Nuclear 
Regulatory Commission and Electric Power Research 
Institute (EPRI).  The method was aimed at advancing the 
state of the art of human reliability analysis (HRA) by 
addressing some issues that have raised concerns over the 
technical adequacy and robustness of HRA methods, such 
as adequacy of qualitative analysis and analyst-to-analyst 
variability in HRA results respectively.  The method 
includes the following key elements (see Ref. 1 for more 
information on the method). 

 
1. Description of the accident scenario and analysis of 

the human performance challenges in the scenario. 
2. Identification and definition of the human failure 

events (HFEs).  
3. Feasibility analysis and time uncertainty analysis.  

4. Task analysis and development of a Crew Response 
Diagram (CRD). The CRD is a graphical 
representation of the results of the task analysis, 
which identifies the critical tasks required for 
successful response, the expected crew response 
paths, and error recovery (correction) potential.  

5. Implementation of the method’s quantification model 
to estimate the HEPs. The quantification model 
provides a set of 15 crew failure modes (CFMs), a 
decision-tree for each CFM that includes the most 
relevant performance influencing factors (PIFs), and 
expert-estimated HEPs of every CFM under different 
combinations of the PIFs.  

6. Model integration by analyzing dependencies 
between the HFEs in a PRA sequence, identifying 
and analyzing recovery actions, and documenting 
uncertainties in the HRA.    

 
A study was conducted to evaluate whether the 

method guidance can be practically applied to produce 
consistent HRA results.  Three pressurized water reactor 
(PWR) scenarios were used in the testing. The first two 
scenarios were adapted from the U.S. HRA Empirical 
Study (hereafter “the U.S. Empirical Study”)2, with HFEs 
pre-defined for each. Scenario 1 described a standard 
steam generator tube rupture (SGTR), and Scenario 2 
described a total loss of feedwater (LOFW) with a 
misleading indicator of flow to the steam generators.  The 
third scenario was developed from an actual event in 
which an electrical fire caused a reactor trip and 
subsequent loss of reactor coolant pump (RCP) seal 
injection and cooling. The event tree developed from that 
scenario included three HFEs.   

A surrogate operator was available for discussion 
with the analyst teams to assist in identifying: (1) 
procedural success paths, critical tasks and recovery 
potential; (2) the plant status trajectory in terms of the 
timing of cues and other plant process parameters that are 
required for operators to correctly perform the required 
response or to realize an opportunity for recovery; and (3) 
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the time at which operators were expected to reach critical 
steps in the procedure.   

Five evaluation criteria, namely validity, inter-analyst 
consistency, traceability, usability, and utility, were used 
to assess the method.  Four HRA analyst teams (called 
Teams 1 - 4 in the study) were recruited for the study, two 
from industry and two from the NRC.  Each team 
consisted of two or three analysts.  The project team also 
analyzed the scenarios with the method.  They were 
treated as a fifth team (Team 5) and compared with the 
other teams.  See Ref. 3 for more information on study 
methodology. 

The preliminary study results were reported in (Ref. 
3).  This paper presents the final findings and conclusions 
from this study in terms of the five method evaluation 
criteria.  Another focus of the paper is a discussion of 
potential limitations of the method and its guidance, as 
observed in the study.  Recommendations for 
improvement are suggested with respect to training, 
method guidance, and future method development 
activities.  Lessons learned from the design, plan, and 
execution of the study are also presented and discussed. 

 
II. OVERALL TESTING RESULTS 

 
In the following sub-sections, overall quantitative 

results estimated with IDHEAS AT-POWER are first 
presented with a comparison to the results from the U.S. 
Empirical Study2.  Next, observations from the qualitative 
analysis are discussed. 

 
II.A. Observations from Quantitative Results  
 

The mean HEPs of all HFEs estimated with IDHEAS 
AT-POWER by the five HRA analyst teams are presented 
in Fig. 1.  While there was some disagreement among the 
estimated HEPs for each HFE, no team estimated 
consistently conservative or optimistic HEPs compared to 
other teams.    All of the teams agreed that operator 
response associated with HFE 1 to be the easiest, but the 
HEPs of HFE 1 showed variability of approximately two 
orders of magnitude.  The factors that caused the 
variability include (1) misapplication of method guidance 
for crediting recovery potential, and (2) differences in 
judgment of the complexity level of the manual control 
actions. 

For HFE 2, although all of the teams agreed on the 
dominating CFM, the differences in decision tree path 
selection caused the HEPs of Teams 2 and 5 to be about 
one order of magnitude lower than those of the other 
teams. 

For HFE 3, Teams 2 and 4 obtained the same HEP 
with the selection of the same set of CFMs and decision 
tree paths.  Team 1 and Team 3 selected different CFMs 
that dominated their final HEPs for HFE 3.   

For HFE 4, although Teams 3 and 4 produced 
approximately the same HEP, they did not agree on the 
dominating CFMs. 

Fig. 1. Estimated HEPs Using IDHEAS AT-POWER by 
HFE and Team. 

 
For HFE 5, the teams had a consensus on the 

procedural path and the tasks that operators would need to 
perform for successful response associated with HFE 5; 
however, there is approximately three orders of 
magnitude difference in the HEPs, which was caused by 
analysts’ different understanding of the scenario. 

The mean HEPs of HFEs 1 and 2 estimated with 
other HRA methods used in the U.S. Empirical Study are 
also plotted in the figure as represented by the open 
circles.  The points connected by dotted lines represent 
the 5th and 95th percentile uncertainty bounds for the two 
HEPs.  The bounds were derived through a Bayesian 
update of simulator data with a non-informative prior 
(Jeffery’s prior)2.  The majority of the HEP estimates for 
HFEs 1 and 2 using IDHEAS AT-POWER are 
comparable to the estimates from the U.S. Empirical 
Study and fall within the 5th and 95th percentile 
uncertainty bounds, with one HEP for HFE 1 slightly 
below the 5th percentile. This provides some, but only 
weak, evidence that the analyst teams in the present study 
did not significantly under- or over-estimate the two 
HFEs. 

 
II.B. Observations from Qualitative Analyses 
 

Overall, there tended to be relatively less variability 
in the qualitative analyses of HFEs that involved less 
difficult operator responses (i.e., HFE 1) and other HFEs 
that also had well-defined procedural success paths (i.e., 
HFEs 2 and 5).  The HFEs for which there were multiple 
potential procedural success paths (i.e., HFEs 3 and 4) 
had more inter-analyst variability, due to (1) differences 
in analysts’ judgment and assumptions about how 
relevant cues would be perceived, which procedure would 
be entered, and how it would be entered, and (2) analysts’ 
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uncertainty regarding certain plant parameters and how 
operators would respond to potentially ambiguous 
procedures.   

Analysts’ reliance on the surrogate operator appeared 
to vary with their knowledge of procedures, operations, 
and scenarios, which resulted in some teams producing 
qualitative analyses with relatively richer, more detailed 
content than others.  Additional observations about the 
teams’ analyses can be found in Ref. 3. 

 
III. FINAL EVALUTION RESULTS 
 
III.A. Validity 

 
In general, IDHEAS AT-POWER has the capability 

to capture a broad range of failure modes, contextual 
conditions, and influences on behavior associated with the 
difficult HFEs and complex scenarios in the study.  
However, the thoroughness of the assessment is still 
somewhat dependent on analysts’ HRA experience, 
human performance expertise, and operations knowledge.   

The differentiation in estimated HEPs across the 
HFEs varied across teams, ranging from one order of 
magnitude to three orders of magnitude.  Similar 
observations were made for HFE 1 in the U.S. Empirical 
Study; although the analyst teams in both this study and 
the U.S. Empirical Study were familiar with the HFE and 
agreed that operator response would be straightforward, 
the HEPs had variability of approximately two to three 
orders of magnitude.  This echoed an observation from 
Kirwan4 that HRA analysts have difficulty in accurately 
quantifying the lower end of the HEP range. 
 
III.B. Inter-Analyst Consistency 
 

While there was evidence of inter-analyst consistency 
in various steps of the analysis process, there was still 
some degree of inter-analyst variability in the testing 
results, which was not consistent across the HFEs.  The 
estimated HEPs varied by at least one order of magnitude 
across teams.  Even when teams derived similar final 
HEPs, there were often variations in the chosen CFMs or 
PIFs.  In some cases, the consensus on procedural success 
paths did not translate to complete agreement on the final 
HEPs. 

Since many factors can cause variability in HRA 
results, it is not realistic to eliminate all variability.  In 
addition, variability does not necessarily indicate that 
errors were made in the analysis, but can instead suggest 
uncertainty in the scenario dynamics.  In some cases, 
variability is the natural result of analysts’ uncertainty 
about how a scenario development influences operator 
responses and reflects differences in the inputs that 
analysts bring to their analyses, including assumptions, 
operations knowledge, and expectations of typical 
operator behavior.  This highlights the importance of 

consistent information input to analysts and adequate 
justification of assumptions during the analysis.  When 
consistent input is unavailable or not well developed, it is 
reasonable to expect variability to arise as a function of 
the assumptions made by the analysts.  Under such 
circumstances, the important issue is not whether 
variability can be avoided, but rather whether the method 
allows identification of the sources of the variability (i.e., 
good traceability).  

In general, the variability observed in the study 
manifested in three aspects: analyst judgment in 
addressing scenario complexity and uncertainty, CRD 
construction, and CFM and PIF evaluation.  The latter 
two aspects are, to some extent, related to the first aspect 
in that scenario uncertainty can lead to variability in CRD 
construction and CFM and PIF evaluation.  The following 
sub-sections summarize the variability observed with 
respect to the three aspects and provide insights on areas 
for method improvement. 
 
III.B.1. Analyst Judgment in Addressing Scenario 
Complexity and Uncertainty 
 

No HRA method can be purely prescriptive; some 
amount of analyst judgment is necessary for analysts to 
address scenario complexity and uncertainty.  In 
particular, analysts may rely more heavily on their 
judgment for novel scenarios, such as those that are not 
typically defined in PRAs.  Differences in prior 
knowledge and expectations between analysts can affect 
the assumptions made about operator performance, and 
thereby translate into greater inter-analyst variability in 
HRA results.   

Since it is not realistic to completely eliminate 
analyst judgement in HRA, the important issue in 
addressing inter-analyst variability caused by analyst 
judgment is to provide a framework for analysts to 
identify sources of uncertainty, improve consistency in 
judgment, document the judgment, and perform necessary 
sensitivity analyses.  The level of traceability of the 
analysts’ thought process can facilitate further review and 
discussion to potentially resolve differences in the 
analysis or gather more information to address areas of 
uncertainty.  

It should be noted that some sources of complexity 
and uncertainty observed in the study were beyond the 
scope of IDHEAS AT-POWER.  The analyses of HFEs 3 
and 4 in particular were complicated by analysts’ 
uncertainty regarding which of multiple procedural paths 
operators would choose.  For these HFEs multiple 
procedural path choices could potentially lead to success, 
but would result in different CFMs and PIFs affecting the 
likelihood of success.  The analysts dealt with this by 
making assumptions to simplify their analyses.  The 
IDHEAS AT-POWER guidance suggests one possible 
approach to dealing with these types of complex scenarios 
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by choosing a representative procedural path for the CRD 
and identifying the assumptions made about the 
procedural path as a source of model uncertainty.  An 
alternative resolution may be to analyze all of the possible 
procedural paths on a case-by-case basis.   
 
III.B.2. CRD Construction 
 

A CRD node on the success path normally represents 
a high level task such as those that are associated with 
entry into a procedure, transfer to another procedure, 
jumping ahead to another step in a procedure, initiation of 
a response, or execution of a response.  Hence, the CRD 
will vary with the procedural path chosen to model crew 
success and be impacted by the uncertainty in the 
procedural path and associated critical tasks.  When the 
teams chose the same procedural path, they sometimes 
decomposed the tasks differently (e.g., different task 
groupings) or identified different critical tasks.  Since 
each critical task is analyzed for its cognitive activities to 
determine applicable CFMs, differences in task groupings 
should still result in the same set of applicable CFMs and 
the same final HEP. However, some teams decomposed 
execution tasks into a lower level representing individual 
tasks, which was not consistent with the method guidance 
as it was intended to be applied.  Nevertheless, the 
difference in task decomposition alone did not seem to 
have a significant impact on the final HEPs in the study.  
However, it was noted that differences in task 
decomposition have the potential to change the HEP by a 
factor of two or three, depending on the associated PIFs.  
The problem is associated primarily with defining what 
cognitive activities constitute status assessment, response 
planning, and execution, and the potential to miss or 
double count activities in different phases of operator 
response. 

Another source for variability in the CRD was 
modeling the viability of recovery, which has potential 
direct impact on the quantitative results.  The teams in 
some cases did not provide sufficient documentation for 
why recovery was or was not considered.  One reason for 
the variability might be that the approach to recovery in 
IDHEAS AT-POWER is different than some of the more 
commonly used HRA methods, and that the guidance is 
not very clear on how to follow a failure path from a 
critical task through the procedures to identify possible 
recovery paths.  Analysts may have also found it difficult 
to search for and identify recovery opportunities at this 
stage in the analysis, because it requires significant effort 
to search through possible alternative procedural paths 
and develop an understanding of how operators might 
respond differently if they initially failed to complete a 
critical task.   
 
III.B.3. CFM and PIF Assessment 
 

The identification of applicable CFMs and the 
assessment of the PIFs is based on the assessment of the 
cognitive activities constituting a critical task and the 
context under which the cognitive activities are 
performed. 

The guidance for selecting applicable CFMs and 
determining PIF ratings relies, to some extent, on 
subjective descriptions rather than being based on 
concrete, objective, and measurable criteria. Feedback 
from the analysts indicated that they had difficulty in 
interpreting whether some CFMs were applicable, 
interpreting the guidance for selecting PIF levels, and 
answering the associated reference questions.   

When the guidance was not considered sufficient, 
analysts had to rely on their judgment in interpretation of 
CFM scope and applicability for a particular situation.  
The subjectivity in analysts’ interpretation of the guidance 
may become a potential source of inter-analyst variability, 
which can be exacerbated by inadequate training.  There 
were many cases in the study where the CFMs were 
interpreted in a way that was not consistent with the intent 
of the method.  This led to situations where a particular 
effect was double counted or CFMs were inappropriately 
selected.  Similarly for PIFs, there was considerable 
disagreement in judgment on whether the specific aspect 
of workload applicable to a CFM was high or low, 
whether a procedure was complex or simple, and whether 
an execution task was straightforward or not.   
 
III.C. Traceability 
 

The study indicated that traceability is a strength of 
IDHEAS AT-POWER, which can be attributed to the 
method analysis framework and process.  The critical 
tasks identified by the analysts serve as the quantification 
unit of the IDHEAS AT-POWER method.  The failure 
probability of a given critical task is determined by 
applicable CFMs and the ratings of associated PIFs.  The 
use of decision trees establishes a clear link between the 
PIF ratings and failure probabilities.  This makes the 
derivation of the HEPs fully traceable and repeatable 
given the same quantification inputs.  The important 
CFMs and important PIFs can be determined by 
examining the contributions of the CFMs and PIFs to the 
final HEP.   

The assessment of CFMs and PIFs is driven by the 
insights obtained in the scenario analysis.  A list of 
questions is provided for each PIF in a decision tree to 
help analysts judge the status of the PIF.  Although the 
questions do not necessarily represent all of the 
circumstances or aspects related to the PIF and some 
questions may not be applicable to specific scenarios, 
analysts’ answers to the questions help to establish the 
link between the scenario analysis and the quantification 
inputs.   
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The method elements and analysis framework made 
it easy to pinpoint the sources of differences between 
different analysts.  However, it should be noted that the 
ability to trace analysts’ decision process on CFMs and 
PIF ratings is, to some extent, a function of the quality of 
analysts’ documentation of their decision process.  In 
particular, good documentation was particularly necessary 
when assessments were based on information not 
adequately covered by the PIF reference questions or 
other method guidance.  In addition to improvement of 
the guidance for CFM and PIF assessment, emphasis on 
the importance of documentation can help further enhance 
traceability. 

 
III.D. Usability 
 

On average, the analyst teams indicated that IDHEAS 
AT-POWER was somewhat difficult to learn and use, and 
extensive resources were needed to use the method.  
Several factors impacted the method’s usability.  Analysts 
reported that the documentation was time consuming, and 
there was some unnecessary redundancy when 
documenting details.  However, it was believed that a 
computerized version of the tool could substantially 
reduce the amount of time needed to perform an analysis 
and redundancy in the documentation. 

Analysts reported a significant learning curve when it 
came to assessing CFMs and PIFs.  Understanding the 
intent of each CFM and PIF is a skill that requires 
practice and training, and can be challenging for 
beginners.  However, analysts believed that it would take 
less time as users become more familiar with the CFMs.   

It was also clear from observations of operator 
interviews and analysts’ feedback that using the method 
required significant operations input for determining 
procedural paths, recovery potential, and timing.  As a 
result, effective use of the method can be, to some degree, 
dependent on analysts’ expertise in human performance 
and plant operations, or access to relevant expertise for 
conducting interviews.  

The need for additional resources when using 
IDHEAS AT-POWER, as compared to other HRA 
methods, is partly due to the systematic process analysts 
must follow to perform the analysis.  Rather than 
examining a set of characteristics of an HFE at an overall 
level, it requires analysts to carefully parse procedures 
and collect HRA relevant information through operator 
interviews or other means to map out a procedural success 
path and identify critical tasks.  Some of the detailed 
analysis elements built into IDHEAS AT-POWER can be 
bypassed when using other HRA methods.  In addition, 
some HRA methods may be perceived as easier or less 
resource-intensive to use, but at the same time do not 
meet all of the requirements for a detailed HRA analysis 
in the ASME/ANS PRA Standard5.  The extra effort taken 
to develop the qualitative elements contributes to some of 

the strengths of IDHEAS AT-POWER.  For example, it 
was agreed among the analyst teams that the method 
facilitates a detailed understanding of the unfolding of a 
scenario, the evolving perspective of operators, and how 
each critical task is performed and may fail as a function 
of the scenario evolution.  When properly used, the 
method can enable many scenario-specific timing and 
performance issues to be identified and lead to a 
defendable basis for assessment of CFMs and PIFs.  
Careful documentation of the analysis process can be 
time-consuming, but it also increases method traceability 
and facilitates a third-party review.   

Although the results of the study suggest that 
IDHEAS AT-POWER is not particularly easy to learn and 
use compared to other HRA methods, it was viewed as a 
very thorough method that encouraged the development 
of a deep understanding of scenario dynamics.  As such, 
IDHEAS AT-POWER may be most appropriate for use 
by highly experienced HRA analysts when analyzing 
complex scenarios.  The additional resource costs 
required to use the method may be offset by the benefits 
derived from the method’s thoroughness and traceability. 
 
III.E. Utility 
 

It can be inferred from the testing that it is possible to 
derive insights from IDHEAS AT-POWER analysis 
results that may have relevance for training, plant design, 
procedure improvement, and risk management decision-
making.  This is because, as noted by the analyst teams, 
the analysis process aids the development of a thorough 
understanding of a scenario.  Similar to other PIF/PSF-
based HRA methods, the relative contributions of CFMs 
and PIFs to the final HEPs point to areas where error 
reduction is needed and where to focus improvement 
resources.  The utility of IDHEAS AT-POWER results is 
clearly a function of the quality of the qualitative analysis.  
A carefully performed qualitative analysis is important to 
ensure a defendable basis for error reduction 
recommendations so that the recommendations are 
credible. 
 
III.F. Additional Observations 
 

In addition to the evaluation criteria described above, 
additional observations were made as a result of testing 
the IDHEAS AT-POWER guidance.  Some observations, 
such as sensitivity of binary decision trees and treatment 
of execution, were summarized in Ref 3.  The following 
sub-sections discuss some new observations. 
 
III.F.1. Cumulative Effects of Small Failure Probabilities 

 
One of the fundamental steps of IDHEAS AT-

POWER requires analysts to choose applicable CFMs 
from a pre-defined list.  Each CFM has an associated 
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decision tree with the most relevant PIFs for that CFM, 
and analysts must choose the PIF level based on the 
scenario context.  The HEP for an HFE is then calculated 
as the sum of the failure probabilities for all of the 
applicable CFMs.  When there are negative PIFs for some 
of the CFMs (i.e., PIFs that may increase the likelihood of 
human failure, like high workload, poor HSI, or less than 
adequate training), the HEP is likely to be controlled by 
those CFMs.  Conversely, when most or all PIFs are in a 
nominal condition, the applicable CFMs can yield small 
failure probabilities such that none of the CFMs dominate 
the HEP.  However, the additive effect of the small failure 
probabilities can increase the HEP as the number of 
applicable CFMs increases, producing an HEP that tends 
to be conservative for a scenario where most or all of the 
PIFs are nominal.   

 
III.F.2. Adaption to Address Scenario Aspects beyond 
Method Guidance 

 
The study identified two instances where the analyst 

teams had to adapt IDHEAS AT-POWER to address 
some scenario aspects that were beyond the scope of the 
existing method guidance. 

First, some sources of complexity and uncertainty in 
HFEs 3 and 4 were beyond the scope of IDHEAS AT-
POWER.  When analyzing these two HFEs, some analyst 
teams encountered difficulty with performing the task 
analysis and constructing the CRD because there was not 
a single, well-defined procedural path that would lead the 
crew to success.  In many cases, the crew’s choice of 
procedural paths is not between the right path and the 
wrong one, because each path can lead to success.  
However, one option may not be optimal because it 
decreases the likelihood of success (i.e., increases the 
conditional HEP).  This type of decision-making between 
alternate success paths is not captured by the CFMs and 
not addressed in the method guidance.  To address this 
gap, the analyst teams assumed and analyzed only one of 
the possible procedural paths.  An alternative resolution 
may be to analyze all the possible procedural paths on a 
case-by-case basis to address the uncertainty in 
procedural paths.  The HEP for a particular path could 
then be assessed as a conditional failure probability given 
the particular path.  Expert judgement would be needed to 
assess the relative probabilities of the different paths and 
derive a final HEP using this approach.  The feasibility of 
this strategy is still under evaluation.  

Second, some activities in HFEs 3 and 4 did not 
correspond clearly to one or more of the CFMs.  One of 
the critical tasks identified by some analyst teams was to 
assess the time since seal cooling was lost; in the 
procedure, there is a warning not to restore cooling if the 
cooling has been lost for 15 minutes without first isolating 
the seals.  This task involves (1) an initial assessment of 
the elapsed time, and (2) an assessment of the elapsed 

time after the initial assessment is done if the initial 
assessment is less than 15 minutes.  The initial assessment 
is, in a sense, a forensic activity that requires looking 
backwards to determine when the cooling became 
insufficient.  There is no clear indication of when all 
cooling was lost, since it only became apparent after the 
fact when the bearing temperature alarms activated.  
While there is a situation assessment aspect to this 
activity, there is no CFM that clearly addresses the nature 
of this activity.  Only Teams 1 and 5 explicitly considered 
the initial assessment activity in their analyses of the 
HFEs.  They attempted to adapt the method to this 
activity by identifying CFM SA3 (Critical Data 
Misperceived) as an applicable CFM.  However, this 
CFM was not intended for this type of forensic activity, 
but was intended more for a situation where the 
information did not fit expectations. 

Only Team 5 explicitly considered the second 
assessment activity in HFE 4.  They modeled it as a time 
monitoring activity per a continuous procedural step 
while operators try to restore seal cooling.  There does not 
seem to be clear guidance on how to treat this type of time 
monitoring activity and which CFM(s) would be 
applicable to it.  The team considered this as a non-
execution activity, but used an execution CFM – E2 
(Critical Data Not Checked with Appropriate Frequency) 
to capture the potential failure in this activity that would 
directly lead to not tripping the RCPs.  This is another 
example of adaption of the method to address scenario 
aspects beyond method guidance.  Note that it could be 
argued that although the monitoring activity is, to some 
extent, a situation assessment, it is different from typical 
situation assessment activities and could be considered 
part of an execution task, because an important status 
assessment has been made at this point – the operators 
know they have no cooling. 

 
III.F.3. Assessment of Impact of Timing on Operator 
Performance 

 
The timing of operator actions is explicitly treated in 

IDHEAS AT-POWER in several ways.  For example, a 
timeline is constructed to assess the time window for a 
successful operator response as one of the response 
feasibility criteria and as part of the scenario analysis.  
There are also multiple ways that the effects of short time 
windows are represented in the quantification process.  
First, although there is no CFM dedicated to capture the 
effect of short time windows, it is partly accounted for in 
the PIF Workload, which appears in multiple CFMs.  
Second, short time windows are also partly accounted for 
in recovery modeling: when the time available is short, no 
credit can be taken for recovery.  Third, IDHEAS AT-
POWER adopts a time-reliability model to capture the 
error probability for time-critical HFEs.  The analysts 
were not asked to use the time-reliability model as part of 



7 
 

their analyses.  However, feedback from the analyst teams 
suggested that, in some cases, they did not feel that short 
time windows were adequately accounted for by the 
quantification process.  This may be because the time 
reliability model was not included as part of the testing.  
Nonetheless, the observation suggests a need for 
additional evaluation of the approaches to treating timing 
and consolidated guidance for coherent application of the 
approaches. 

 
IV. LESSONS LEARNED FROM TESTING 

 
Testing an HRA method is not a simple matter and 

faces many challenges in experimental design and control.  
To achieve the study goal, the project team decided to 
perform a holistic test of the method rather than a test 
narrowly focusing on only certain elements of the 
method.  However, since resources for a comprehensive 
test were not practical, trade-offs were made to develop a 
study design that was realistic to implement while still 
controlling for undesired effects and potential 
confounding influences.  The following sub-sections 
discuss lessons learned with regard to the testing 
methodology.  Some aspects of the lessons reflect 
limitations in the experimental design, which impacted 
the evaluation of the IDHEAS AT-POWER method.  
Given that this study is a test of a new HRA method,   the 
lessons can be beneficial for future studies of this nature. 

 
IV.A. Selection of Testing Scenarios and Definition of 
HFEs 

 
One objective when it came to selecting the testing 

scenarios was to include scenarios at varying levels of 
complexity.  For instance, HFE 1 was selected because it 
was a straightforward scenario, and the other HFEs were 
clearly more complicated than HFE 1.  The testing results 
confirmed this differentiation: among the five HFEs, the 
operator response to HFE 1 was unanimously agreed to be 
the least challenging.  However, there was not a clear 
differentiation in difficulty among the other HFEs 
selected for testing.  Even after debating the difficulty of 
the HFEs during the post-analysis workshop, the analyst 
teams and project team could not reach full consensus on 
the difficulty rankings for HFE 2-5.  In some cases the 
lack of consensus was because HFEs were considered to 
be at the same difficulty level, and in other cases it 
seemed that analyst teams did not have agreement on the 
scenario dynamics and PIFs.  It would be desirable for 
future studies to give additional consideration to the 
difficulty level of each HFE relative to the other HFEs 
selected for testing to ensure that the HRA method is able 
to consistently discriminate among HFEs at varying levels 
of difficulty.  

Although caution was taken to ensure that HFEs were 
clearly defined, there was still some ambiguity in HFE 

definitions, such as HFE boundary conditions and 
boundaries of the actions required for successful response.  
HFEs 3 and 4 were so intertwined it was difficult to 
analyze them as independent events, which is what the 
analyst teams were asked to do. 

Scenario 3 was selected partly due to the 
considerations of the benefits of complicated scenarios for 
testing an HRA method.  However, some unanticipated 
factors caused the scenario to be too complicated to be an 
ideal testing scenario, which may have limited study 
findings on method ability to identify failure modes in 
complicated scenarios.  The quality of some operating 
procedures for the scenario were not adequate relative to 
today’s standards and analyst teams had difficulty 
interpreting them.  This caused unnecessary distraction 
and increased the difficulty of the analysis.   

As discussed in Section III.F.2, the lack of a single 
well-defined procedural path complicated the analyses of 
HFEs 3 and 4.  Although this was identified to be a gap 
for future method development, it was beyond the current 
scope of IDHEAS AT-POWER, and inadvertently 
increased the variability in the testing results. 

Another limitation of the study was the lack of 
empirically validated scenarios to test IDHEAS AT-
POWER.  Although Scenarios 1 and 2 were simulated on 
a nuclear power plant simulator, the utility of the 
simulator data was limited because the scenarios, 
especially Scenario 1, did not involve many challenges to 
test the method’s ability to identify performance issues.  
Moreover, the uncertainty bounds obtained from the 
simulator data were very large and thus not very 
informative for assessing the validity of the HEPs 
estimated using IDHEAS AT-POWER.  As a result, the 
study yielded limited insights on whether IDHEAS AT-
POWER can produce valid HEPs.  This limitation is also 
applicable to the validation of other HRA methods.  The 
ideal would be to establish a bank of testing scenarios 
with validated HEPs using empirical data to use for 
validating HRA methods. 
 
IV.B. Impact of Analyst Team Differences on Testing 
Results 
 

During the course of evaluating the study, it became 
clear that some variables that were not fully controlled 
within the study had an impact on the testing results.  In 
particular, differences between the analyst teams made it 
difficult to determine whether observed differences in the 
results were due to method weaknesses or analysts’ skill 
in implementing the method.  Given constraints on the 
number of analysts that we were able to recruit for the 
study, variations in experience and areas of expertise, and 
time available to participate in the testing, it was not 
possible to design a between-subjects study with large 
numbers of equally skilled teams of analysts.  The 
implication is that achieving valid and reliable HRA 
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results requires not only a good HRA method, but also a 
skilled HRA user to properly apply the method. 

Although an effort was made to ensure that each team 
collectively had adequate levels of experience in HRA, 
PRA, and nuclear power plant operations, there was still 
some significant variability.  Teams with less PRA 
experience found it more challenging to develop an 
understanding of scenario dynamics, particularly for more 
complex scenarios.  Teams with relatively less operations 
knowledge tended to rely more on the designated operator 
to identify procedural paths, timing, and recovery factors.  
Additionally, analysts with more HRA experience seemed 
better able to formulate questions in advance of the 
operator interviews to facilitate developing the CRD and 
identifying applicable CFMs and associated PIF levels.  

Other between-team differences included analysts’ 
knowledge of the method and skill in applying the 
method.  Some aspects of the method were either 
overlooked or not stressed enough during the training, 
which was then reflected in how the analysts used the 
method.  There were also substantial differences across 
teams in terms of the extent to which they referenced the 
method report.   
 
V. CONCLUSIONS  
 

By allowing analysts to go through the entire HRA 
process, the holistic test of IDHEAS AT-POWER 
indicated where variability can occur in the analysis and 
identified potential gaps and areas for improvement.  
Overall, the results of the testing indicate that IDHEAS 
AT-POWER provides a structured analysis framework 
and traceable quantification approach to HRA.  There 
were some instances where the method was not applied 
consistently with method guidance, but the analyst teams 
generally followed the analysis process and applied the 
method as intended.  The method exhibited the ability to 
capture a broad range of failure modes, contextual 
conditions, and influences on behavior associated with the 
difficult operator actions and complex scenarios in the 
study.  As a result, the method has the capability to 
translate qualitative findings into reasonable HEPs.  

The method was not particularly easy to learn or use, 
especially for beginners.  Understanding the scope and 
applicability of each CFM and PIF proved to be 
challenging for the analysts.  In addition, the detailed 
analysis of procedural steps to identify the critical tasks 
for a successful response and assessment of the scenario 
context to evaluate potential CFMs and PIFs required 
significant operations knowledge.  This highlights the 
importance of adequate training and practice for analysts 
to efficiently apply the method, and operations input to 
appropriately apply the method.   

Although the results indicate that inter-analyst 
variability can still arise with IDHEAS AT-POWER, the 
traceability of the method allows for honing in on the 

exact points of disagreement between analysts, which 
provides a potential basis for resolution of conflicting 
viewpoints.  The analysts agreed that the method required 
careful parsing of procedures and development of a 
detailed narrative, which can be easily bypassed when 
using other methods.  This contributed to the strength of 
the method.  A carefully performed analysis can lead to a 
more defendable basis for assessing scenario-specific 
performance issues and influencing factors, which is 
especially important for complex scenarios.  Moreover, 
the detailed analysis can identify areas for operator 
performance improvement, which increases the utility of 
the method.  However, the performance and 
documentation of the detailed analysis can be resource 
intensive in terms of time and operations input, impacting 
method usability.  Improvements in the method guidance, 
consistent training, and additional demonstrations of the 
method on a range of scenarios is likely to improve 
consistency over time.   
 
VI. RECOMMENDATIONS 
 

Based on the discussion in the previous sections, 
recommendations are made below with respect to 
training, method guidance improvement, and future 
method development.   
 
VI.A. Training and Method Guidance Improvement 
 

As revealed in the study, adequate training and 
sufficient method guidance is important for successful 
application of IDHEAS AT-POWER.  Although analysts 
quickly understood the general method framework, it was 
challenging to fully understand the method details to 
properly and efficiently apply the method.  Training and 
guidance may be improved by focusing on (1) aspects that 
are unique to IDHEAS AT-POWER or similar but 
different from other HRA methods, and (2) method 
nuances or circumstances where extra caution is needed in 
method implementation.  Furthermore, time and practice 
is needed for analysts to fully understand the method 
guidance.  Recommendations for improving training and 
guidance follow. 
 
VI.A.1. CRD Construction and Task Decomposition 

 
The analysts have the latitude to use a CRD node to 

represent either one critical task or a group of critical 
tasks.  However, CFMs are assessed for each critical task 
regardless of how a critical task is represented by a CRD 
node.  Clarification is needed on the definitions of the 
concepts, how they are related, and why both concepts are 
needed.  The clarification of these concepts may be best 
addressed by including additional examples in training 
and a user’s manual for analysts. 
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The identification of critical tasks is particularly 
important in IDHEAS AT-POWER because the critical 
tasks become the quantification unit for the method.  A 
lack of clarity regarding what constitutes a critical task 
can lead to ambiguity with regard to the most appropriate 
level of task decomposition.  The testing suggested that 
the level of task decomposition was a significant 
contributor to inter-analyst variability and has a potential 
to impact the HEP.  Although task decomposition is a 
common issue in HRA and, to some extent, considered as 
an art and dependent upon analyst skills, improved 
guidance would be helpful for consistent application of 
the method. 
 
VI.A.2. Execution Action Categorization and Holistic 
Treatment 

 
Execution actions are divided into two generic 

categories: simple and complex.  Additional clarification 
on the definition of each category is necessary to avoid 
ambiguity in the interpretation of the definition for 
consistent categorization of execution actions.   

It needs to be stressed in training that execution 
actions are to be treated in an integral holistic manner 
when using IDHEAS AT-POWER.  There are concerns 
about this approach despite its merits1,3.  It is 
recommended that the concerns about the approach be 
explained clearly in method guidance so that analysts are 
fully aware of the potential limitations of the approach 
and apply it appropriately. It may initially be useful to 
decompose execution to a reasonably detailed level for a 
broad consideration of the conditions that could lead 
operators to fail.  Based on the functional, cognitive, and 
procedural requirements of the execution task to be 
analyzed, it may be decided later on that the execution 
task should be treated holistically (e.g., when related 
decisions for some steps in the procedures create a 
dependency between the steps) or that it is not necessary 
to decompose the execution task into a detailed level for 
quantification purposes. 
 
VI.A.3. CFM and PIF Assessment 
 

Additional clarification and concrete examples 
should be considered to minimize ambiguity in CFM 
definitions and help analysts correctly interpret CFM 
scope and applicability.  This also applies to PIFs, in 
particular those that appear in multiple CFMs, and 
represent different aspects of the PIF.   

Providing more objective criteria for assessing PIF 
levels may reduce the inter-analyst variability arising 
from differences in analyst’s interpretations of the 
guidance.  Due to the binary nature of the decision trees, 
clear definition of each binary state of each PIF is 
important to calibrate the anchor or reference point that 
analysts should use to determine a PIF’s rating.  For 

improved usability, some reference questions for PIF 
assessment should be rephrased with simple language 
(e.g., avoiding double negatives).  In addition, the 
terminology used to denote different PIF levels should be 
consistent to aid analysts in distinguishing nominal or 
expected conditions when a PIF is included as a 
compensatory factor versus a negative contributor to the 
failure mode.   

Since the PIF assessment guidance represents the 
current state of knowledge regarding the factors that need 
to be considered to determine PIF levels, the guidance 
should also be updated when necessary. 

 
VI.A.3. Recovery Modeling 

 
In general, there are three categories of recovery for a 

given HFE: immediate recovery, recovery prompted by 
new cues, and long-term recovery.  How each category is 
defined and treated in IDHEAS AT-POWER should be 
explained clearly in guidance and emphasized in training.  
It is also worthwhile to provide caution on rules of 
crediting recovery opportunities.   

In some cases, the identification of recovery 
opportunities, particularly from errors of commission, can 
be difficult.  It would be helpful to provide additional 
guidance on how to follow a failure path from a critical 
task through the procedures to identify possible recovery 
paths. 

 
VI.B. Future Method Development 

 
Several method limitations and issues were observed 

that should be considered in future method development 
activities. Some recommendations are provided below. 
 
VI.B.1. Supplementary CFMs 

 
Additional CFMs should be considered to 

supplement the current list of CFMs in IDHEAS AT-
POWER.  In particular, refinement of the decision tree for 
the execution CFM to address control actions should be 
explored.  Currently, control actions that would require 
making adjustments and involve continuous monitoring 
are treated as a special case of the complex execution 
CFM.  Additionally, as pointed out in Section III.F.2, 
there are no CFMs that address (1) forensic activities that 
requires looking backwards to determine the status of a 
parameter, or (2) monitoring activities that do not involve 
important situation assessment.  Development of 
supplementary CFMs to address such limitations may 
increase the completeness of the CFM list and improve 
the capability of the method to address complex 
scenarios. 
 
VI.B.2. Evaluation of Failure Probabilities of CFM 
Failure Scenarios 
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The failure probabilities for each failure scenario on 
the decision trees were derived from expert elicitation.  
The self-consistency and reasonableness of the 
probabilities can impact the validity of the method.  It 
may be necessary to (1) systematically evaluate the failure 
probabilities, and (2) refine some decision trees to avoid 
the situation where the lowest probabilities of the decision 
trees can easily dominate the final HEP when most or all 
PIFs are nominal (see discussion in Section III.F.1).  
Future calibration of the probabilities might be 
accomplished through benchmarking the probabilities 
against established human performance data. 

 
VI.B.3. Renormalization of HEPs 

 
Renormalization of HEPs (i.e., development of a 

lower bound) is recommended to address the additive 
effects of small failure probabilities when most or all PIFs 
are in a nominal condition (see discussion in Section 
III.F.1).  The feasibility of this approach should be 
evaluated. 

 
VI.B.4. Computerization of IDHEAS AT-POWER 
 

Usability can be improved by eliminating 
unnecessary redundancy in the documentation.  A 
computer-based tool is expected to be able to substantially 
reduce the amount of time needed to perform an analysis 
with IDHEAS AT-POWER by simplifying the process of 
developing the CRD and timeline and facilitating analysis 
documentation. 
 
VI.B.5. Evaluation of Holistic Treatment of Execution 
 

Further evaluation of the holistic approach to treating 
execution is necessary to fully understand its advantages 
and potential weaknesses to best inform method users. 

 
VI.B.6. Future Method Assessment of IDHEAS AT-
POWER 
 

As indicated in Section IV, some variables were 
difficult to fully control and may have influenced the 
results.  Challenges with some of the scenarios also made 
the testing more difficult than anticipated.  Furthermore, 
several method element were not included in the study 
scope (e.g., time reliability analysis, dependency analysis, 
etc.).  Additional assessment of the method in the future is 
necessary for more conclusive findings about method 
performance.  One benefit of the present study is that it 
identified several lessons learned.  Future studies should 
consider these lessons to better control for undesirable 
effects and gain more flexibility in manipulating 
experimental conditions.  Of course, if resources permit, 
another holistic test with a revised method, more 
scenarios with a broader range of levels of complexity, 

and a greater number of analyst teams would be 
worthwhile to pursue. 
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