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Abstract: A recent endeavor to study human reliability analysis (HRA) methods was undertaken to 
assess the strengths and weaknesses of multiple HRA methods and ultimately validate the underlying 
models. The International HRA Empirical Study proposed a series of scenarios representing either a 
steam generator tube rupture (SGTR) or a loss of feedwater (LOFW) [1]. The human failure events 
(HFEs) developed to represent these situations corresponded to both nominal conditions in which the 
situation resembles one the crew would be expected to be well trained on and a complex condition in 
which the crew would be expected to struggle some in correctly interpreting the problem. One method 
assessed within the HRA Empirical Study was Accident Sequence Evaluation Program (ASEP) [2]. 
This paper presents the lessons learned from applying ASEP along with the Technique for Human 
Error Rate Prediction (THERP) [3] to the assessment of human error probabilities (HEPs) for the 
SGTR and LOFW scenarios. Although ASEP was the primary method applied, THERP was also used 
within the purview allowed through ASEP. 
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1. INTRODUCTION 
 
There are a large number of human reliability analysis (HRA) methods available to analysts in 
conducting an HRA as part of a probabilistic risk assessment (PRA), and these methods differ in 
approach, scope and underlying models. A recent international endeavor was undertaken to evaluate 
the strengths and weaknesses of several of these HRA methods [1]. This study was conducted with the 
aim of developing an empirically-based understanding of the performance of the HRA methods by 
comparing the predictions made by the methods to performance of nuclear power plant (NPP) crews 
within a simulator. A series of scenarios were presented representing either a steam generator tube 
rupture (SGTR) or a loss of feedwater (LOFW) within a pressurized water reactor (PWR) 3-loop 
Westinghouse simulator. Fourteen crews participated in these simulations which were conducted at the 
Halden Reactor Project’s HAMMLAB (HAlden huMan-Machine LABoratory) research simulator.  
 
A number of methods were evaluated within the empirical study including first and second generation 
methods. One method assessed within the study was Accident Sequence Evaluation Program (ASEP) 
[2]. This paper will present the lessons learned from applying ASEP along with the Technique for 
Human Error Rate Prediction (THERP) [3] to the assessment of human error probabilities (HEPs) for 
the SGTR and LOFW scenarios. Although ASEP was the primary method applied, THERP was also 
used within the purview allowed through ASEP. The team applying these methods was led by the US 
Nuclear Regulatory Commission (NRC) staff and included members with expertise in HRA, PRA, and 
plant operation. 
 
2. HRA EMPIRICAL STUDY 
 
The HRA empirical study was initiated to evaluate the performance of HRA method predictions 
against empirical data gathered through crews participating in simulated exercises. The evaluation 
covered HRA methods suitable for at-power internal events PRA. In order to assess the performance 
of the HRA methods, two types of scenario were constructed, a SGTR and a LOFW. The human 
failure events (HFEs) developed from these scenarios presented both a nominal context in which the 



situation resembles one the crew would be expected to be well trained on and a complex condition in 
which the crew would be expected to struggle some in correctly interpreting the problem. 
 
In the base (nominal) SGTR scenario, one of three stream generators experiences a rupture such that 
almost immediately there are secondary radiation alarms and other abnormal readings. However, the 
reactor does not automatically trip immediately after the tube rupture. If the plant is not manually 
tripped, it will trip automatically in approximately ten minutes. This scenario was broken down into 
four HFEs representing the four tasks of: 

1. Identify which steam generator (SG) is ruptured and isolate it 
2. Cool down the reactor coolant system (RCS) 
3. Depressurize the RCS 
4. Stop safety injection (SI) when SI termination criteria were met. 

 
The complex SGTR scenario was a main steamline break (MSLB) that induced a concurrent SGTR. 
The MSLB occurred downstream of the main steam isolation valves (MSIVs) causing them to close 
and, therefore, causing most of the secondary radiation indications to read ‘normal’. An additional 
complication in this scenario was an electricity bus failure leading the pressurizer sprays to be 
ineffective in relieving pressure from the RCS. Therefore, the pressurizer’s power operated relief 
valves (PORVs) had to be used. A final layer of complexity added to this scenario was that a PORV 
did not close completely and experienced a small leak and all of the PORV block valves failed to 
close. In one variant of this scenario experienced by half of the crews, the crews had an indication that 
the PORV block valves were open. The other half of the crews had a false indication (due to indication 
failure) that indicated the PORV block valves were closed. This scenario contained the same first three 
HFEs as the base scenario. An additional HFE evaluated was whether the crew would issue a closing 
order to the PORV block valve associated with the leaking PORV. 
 
The base LOFW starts with the loss of all normal feed water to the SGs being lost. In the course of the 
scenario, it is learned that the condensate pumps cannot be used. Furthermore, the auxiliary feedwater 
pumps are also unavailable. Therefore, the crew must use feed-and-bleed procedures to prevent 
uncovering the core and prevent inadequate core cooling. The LOFW scenario consisted of two HFEs. 
The first HFE was to accomplish the task of feed-and-bleed before SG dryout. The second HFE 
evaluated was performing feed-and-bleed after SG dried out and prevented core from damage.  
 
The complex LOFW scenario was similar to the base scenario except that it initially appears as though 
one of the condensate pumps is available for use for cooling. However, in reality, the pressure in the 
SGs is too high for this condensate pump to be useful. The crew may waste valuable time trying to use 
this condensate pump, therefore eating into the time available to implement feed-and-bleed.   
 
3. USE OF THERP AND ASEP 
 
The HRA empirical study was undertaken with the goal of evaluating the strengths and weaknesses of 
various HRA methods and validating their underlying models. Included within this study were 
numerous first and second generation methods of which, second generation methods are more 
inclusive of cognitive and contextual details in the analysis. Two first generation methods evaluated 
were ASEP [2] and THERP [3], which can be used in combination with each other under direction 
given in ASEP. 
 
3.1. Background of THERP and ASEP 
 
THERP is one of the oldest HRA methods being used and was published in 1983. It provides a method 
for identifying, modeling and quantifying HFEs within a PRA. THERP includes instruction for 
conducting both a qualitative and a quantitative analysis of the identified HFE. However, explicit 
guidance for the identification of the HFE is not provided. The guidance for the qualitative analysis 
can be useful in such an endeavor. The errors identified and focused on for quantification are errors of 
omission. A time/reliability table is used for quantifying the diagnosis portion of human response 



included within the HFE, and human reliability trees are used for quantifying the execution portion. 
THERP can be quite time intensive to use, thereby prompting many analysts to use ASEP instead. 
 
ASEP was introduced in 1987 as a simplification of THERP. ASEP addresses the performance 
shaping factors (PSFs) of training, procedures, diagnosis complexity, and workload or stress. ASEP 
also uses a simple time-reliability table to assess the diagnosis component. ASEP was intended to be a 
less resource intensive analysis method compared to THERP, therefore, the HEPs assigned through 
the use of ASEP are intended to be more conservative then those achieved through the use of THERP. 
In the application of ASEP, an analyst is allowed to use the quantification trees developed within 
THERP if it is deemed enough information exists to adequately address the conditions. This rule is 
what allowed a combination of the methods to be used within this application.  
 
3.2. Application of THERP and ASEP in this Project 
 
The general plan for analysis in the application of ASEP and THERP in the International HRA 
Empirical Study was to work within the scope of ASEP. Therefore, the first pass of analysis was 
directed through steps within the ASEP guidelines. Within this study, ASEP was used in the context of 
detailed analysis of post-accident tasks.  
 
For the analysis of the SGTR scenarios, the time available to the operating crew was judged as being 
the main driver and limiting factor to success. The successful completion of each of the provided 
HFEs was based on time to completion. The time available was seen as particularly important for 
those cases in which the plant did not automatically trip. In addition, during the instance in which 
there was not an automatic reactor trip, the crew would need to diagnose the situation. For the present 
application of ASEP, it was determined that only in the case of manually tripping the plant was 
diagnosis activity by the crew needed. In every other instance the crew would automatically enter the 
emergency operating procedures (EOPs), and therefore, their actions would be directed by the 
procedures, obviating the need for diagnosis. This point was true for the LOFW scenarios as well.  
 
Given the lack of diagnostic activity by the crew, the quantification of the HFEs rested on the 
execution portion of the actions. ASEP relies on few PSFs when evaluating an action. The PSFs that 
are directly evaluated are: the availability of procedures, the level of stress measured as either 
moderately high or extremely high, and the type of task measured as either step-by-step or dynamic. In 
general, each of the PSFs were evaluated independently for each procedure action completed within 
the HFE in question. Therefore, the level of impact (i.e., whether the PSF could be viewed as a 
negative factor or non-contributing factor) was assessed, and changed, for each action evaluated. 
 
The procedural guidance was often evaluated negatively in the assessment of the SGTR scenarios. 
Although, in general, the training and procedures may have been evaluated as being good, and 
therefore, were not seen as contributing negatively to the performance by the crew, there were 
instances in which the procedures were chosen as a negative driver. For example, the procedural 
guidance was not viewed as being designed well for covering a case such as described in the complex 
scenario in which both a MSLB and a SGTR occur. In regards to the LOFW scenarios, the procedural 
guidance was in general found to be clear, but the need to oftentimes consult multiple procedures at 
once was judged to be a negative factor. 
 
If enough information existed in the description of the action, team composition, plant environment, 
and situation, then the tables for quantification provided by THERP (provided in Chapter 20 within 
NURGE/CR-1278 [3]) were used in quantifying the probability of failure for performing the action. 
For instance, one action required in the first HFE for the SGTR scenario is to verify the reactor trip. 
This action requires the following steps: 1) reading the rod position indicators, 2) reading the reactor 
trip and bypass breakers, and 3) reading the neutron flux. The combined misreading of all of these 
indicators can be quantified through the use of the THERP tables of estimated human error 
probabilities. Specifically, the tables estimating HEPs for errors of commission committed for 



selecting the wrong display type (Table 20-9) and checking or reading a display (Table 20-11) were 
used. 
 
Finally, in the evaluation of the HEPs for the SGTR and the LOFW scenarios, the analysis team 
recognized and documented the occasional lapse by ASEP and THERP to capture all relevant 
impacting PSFs. For instance, the task load and information load present for the crew during the base 
LOFW scenario were judged to be important, but neither ASEP nor THERP provided explicit 
guidance on modeling their effects on the HEP values.  
 
3.3. Evaluation of Application of THERP and ASEP 
 
The predictive power of the application of the methods of ASEP and THERP was evaluated against 
the performance of 14 crews participating in the simulation. The mean HEP values predicted by ASEP 
and THERP were compared against the reference empirical HEPs obtained in a Bayesian update using 
the HAMMLAB data as evidence. Figure 1 shows how the mean HEPs as predicted by ASEP and 
THERP compared in the SGTR scenarios, and Figure 2 shows the comparison for the LOFW 
scenarios. In Figure 1, the HFEs are rank ordered by difficulty reading from most difficult on the left 
to least difficult on the right. For both figures, the dashed lines represent the upper and lower Bayesian 
bounds and the solid line represents the mean HEP predictions made by ASEP and THERP.  
 

Figure 1. Comparison of ASEP and THERP Mean HEP values to Bayesian Bounds for SGTR 
Scenarios 
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Figure 2. Comparison of ASEP and THERP Mean HEP values to Bayesian Bounds for LOFW 
Scenarios 
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In regards to the SGTR scenarios, the predictive power was judged as fairly good based on the correct 
identification of the majority of the important drivers of performance. However, a caveat is suggested 
that although the primary drivers may have been correctly identified, the reason behind identifying 
these drivers as particularly important may have not been completely correct. Specifically, the 
methods of ASEP and THERP would often lead the analysis team to only a partial understanding of 
the nature of the problems faced by the crew, therefore, leading the analysts to miss addressing what 
resulted in being critical aspects of the scenarios. Most often the cause behind this gap in evaluation 
was due to a prohibitively small set of PSFs evaluated through ASEP and the HEP evaluation tables 
offered in THERP. It should be noted here that the evaluation offered through THEPR in this context 
was only through the HEP evaluation tables and should not, therefore, be seen as a remark on the 
THERP method overall. If the THERP method is used in its entirety, an option is offered to evaluate 
other PSFs the analyst may deem as relevant through an expert elicitation process. 
 
Although the mean HEPs quantified through the use of ASEP and THERP did not always align within 
the Bayesian boundaries, in general the HEPs were relatively good at discriminating the relative 
difficulty of the HFEs for the SGTR scenarios. For the SGTR scenario, the ASEP and THERP 
combination method correctly predicted the hardest HFE, but subsequently did poorly in predicting the 
second hardest HFE. In addition, even though ASEP is presented as a fairly conservative HRA 
method, its application in this study led to two of the lowest predicted HEPs of all method predictions.   
 
One of the chief failings in the application of the ASEP appeared to be the ability to dismiss the 
diagnostic component of the HEP following entry into procedural guidance. In the application of the 
method to the SGTR and LOFW scenarios, the diagnostic component was only evaluated in the 
instance when an automatic plant trip did not occur. However, in every other case, it was assumed that 
the crew would be directed immediately into the EOPs. This apparent short-sightedness on the part of 
the ASEP method misses the potential problems encountered by crews in diagnosing the operational 
situations that arise even while progressing through procedural steps. The focus on the simple 



completion of procedural steps ignores the potential problems encountered in cognitive activities such 
as interpreting plant status, even in the context of procedural completion.   
 
4. LESSONS LEARNED IN APPLCIATION OF ASEP AND THERP 
 
The ease of use and simplicity of design in ASEP allow the quantification of HEPs to be traced fairly 
easily. This traceability allows for the identification of what was considered by the application to be 
important factors as well as the weighting of each factor in the final determination of the HEP. 
Although the application of the method may be fairly traceable, this does not translate into adequate 
coverage by the method in assessing all important factors.  
 
As discussed earlier in the present application of ASEP and THERP, because the crew was often 
directed immediately into the EOPs, the guidance by ASEP allowed for the diagnosis component of 
the HEP to be ignored. This guidance is clearly lacking and can lead to missed opportunities for 
assessing potential problem areas for the crew in completing tasks. Therefore, additional guidance in 
when to assess the diagnosis component is needed. Furthermore, additional guidance is needed for 
completing the qualitative analysis. A thorough qualitative analysis may assist the analyst in 
determining the need to include a diagnostic component and presents the analyst with a more 
comprehensive view of the factors influencing the crew behavior.  
 
The application of the ASEP and THERP methods was able to provide some good insight for error 
reduction. However, this insight was limited to what was included in the qualitative analysis. As 
discussed above, the lack of clear guidance on conducting the qualitative analysis may lead to 
inconsistencies in the ability of the qualitative analysis to provide insight toward error reduction. 
Furthermore, the limited set of factors assessed by ASEP limits the area of impact that the insight for 
error reduction may have.  
 
5. CONCLUSION 
 
This paper presented the application of ASEP and THERP within the International HRA Empirical 
Study. The application was based on the use of ASEP and included the use of THERP where allowed 
within that ASEP usage. The final judgment of the ability of ASEP to adequately replicate the 
empirical data was mixed. Although it was able to roughly capture the relative difficulty of the HFEs 
represented in the two simulated cases of SGTR and LOFW, its ability to recognize the important 
influencing factors was limited.  
 
The challenges in applying ASEP and THERP are in assessing when to evaluate the diagnostic 
component of the HEP as well as adequately covering all influencing factors. The limited set of PSFs 
addressed through the use of ASEP limits its usefulness in offering full insights toward error reduction 
and in fully capturing the scenario and context for an accurate HEP estimate. However, the estimate of 
the HEP is acknowledged as lacking a full complement of PSFs and is, therefore, assumed to be a 
conservative estimate.  
 
In recognition of the challenges of applying the methods, the benefits are clearly its simplicity and 
ease of use. Furthermore, the method offers a fairly traceable quantification in which the influencing 
factors as well as the weighting of these factors are easily identifiable. Finally, ASEP offers flexibility 
in quantification specific to the amount of information present. The method offers the ability to use 
THERP in estimating HEP values if enough information is deemed present. This ability would, 
conceivably, allow for the presentation of less conservative HEPs.  
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