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1. Introduction 

 

 

Human Reliability Analysis (HRA) represents a 

methodical structure that involves assessing human 

performance and its effects on structures, systems and 

components in a complex engineering facility[1]. HRA 

has to do with human machine interaction in complex 

facilities during operation, maintenance and 

management. Due to the complexity of human behavior, 

it is challenging to predict with certainty how an 

individual would react in a particular situation. As such, 

performance-influencing factors (PIF) in HRA comes 

into play in describing or evaluating human behavior in 

a particular event context. 

Numerous HRA methods employs PIFs to estimate the 

likelihood of HEP or to obtain qualitative insights of a 

situation. PIF states are characterized on varying scales, 

depending on the specific method used, typically ranging 

from low to high impact. HRA methods typically offer 

guidance on how to evaluate and apply a PIF[2].  

The purpose of this paper is to analyze the effects of 

PIF in the quantification of human error probability 

(HEP) using two HRA methods (SPAR-H and IDHEAS-

G) and two scenarios (steam generator tube rupture and 

extended loss of AC power). 

 

2. Methodology 

 

SPAR-H and IDHEAS-G HRA methods were 

employed to evaluate the HEP of two different event 

scenarios (SGTR and ELAP). The PIF was assigned 

based on the mapping from the previous study [3]. The 

figure 1 below depicts the overview of the methodology. 

 

 

 
Figure 1 Overview of methodology 

 

. 

2.1. SPAR-H 

 

SPAR-H is a second-generation HRA method, which 

quantifies the human failure event (HFE) in two parts: 

the error probability attributed to diagnosis and the error 

probability attributed to action. It utilizes 8 PIFs in HEP 

computation. 

 

(1) HEPSPAR−H = Pdiagnose + Paction [4] 

(2) Pdiagnose = HEPBase × PIFs 

(3) Paction = HEPBase × PIFs 
 

2.2. IDHEAS-G 

 

This method consists of two parts to quantify the HEP. 

The error probability attributed to time uncertainty (Pt) 

and the error probability attributed to the failure of the 

cognitive functions (Pc). It requires the use of 20 PIFs 

and 5 cognitive failure modes (CFM) for HEP 

calculation. The base HEP in this method utilizes the 

cognitive failure mode base, which is built on the three 

PIF attributes: scenario familiarity (PSF), information 

availability and reliability (PINF) and task complexity 

(PTC) as shown in equation (8).  

 
(4)  HEPIDHEAS−G = 1 − (1 − Pc)(1 − Pt)        [5] 

(5) Pc = 1 − ∏ (1 − 𝑃𝐶𝑇𝑖
)𝑚

𝑖=1                          [5] 

(6) P𝐶𝑇𝑖
= 1 − ∏ (1 − 𝑃𝐶𝐹𝑀𝑗

)𝑛
𝑗=1           [5] 

(7) P𝐶𝐹𝑀𝑗
= 1 − ∑ (𝑤𝑖 − 1)𝑛

𝑖=1           [5] 

(8) P𝐶𝐹𝑀𝐵𝑎𝑠𝑒
= 1 − (1 − 𝑃𝐼𝑁𝐹)(1 − 𝑃𝑆𝐹)(1 − 𝑃𝑇𝐶)      [5] 

 

 

3. Scenario Description and Analysis 

 

3.1 SGTR (scenario 1) 

 

SGTR is a design-based accident that involves the 

rupture of the steam generator tubes, which results to 

leak from the primary side to the secondary side. This 

accident requires operator actions to equalize the 

pressure between primary and secondary side to prevent 

steam generator overfill and release of radioactive 

material. The important human action considered for this 
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study is the rapid heat removal and cooling of reactor 

coolant system (RCS) to shut down cooling system 

(SCS) entry temperature (176°C) with maximum cooling 

 

3.2 ELAP (scenario 2) 

The ELAP was presumed to have occurred on a PWR 

as a result of flooding due to a tsunami. Consequently, 

the use of a mobile generator was assumed to restore 

power and ensure the continued removal of heat from the 

reactor core. The human failure action considered was 

the failure to deploy the mobile generator. 

 

4. PIF correlation for HEP quantification 

 

Table 1 shows the correlation between the PIFs that 

are applicable for the computation of HEP using 

IDHEAS-G and SPAR-H for the two scenarios. In 

IDHEAS-G, available time is not regarded as PIF but 

rather calculated as the error probability attributed to 

time uncertainty. 

 

Table 1 - PIF correlation table 
Scenario SPAR-H PIFs IDHEAS-G PIFs 

SGTR 

Complexity Task Complexity  

Procedure Transfer Procedure 

Available Time - 

ELAP 

Available Time - 

Complexity Task Complexity 

Experience / 
Training 

Training; 
Scenario Familiarity; 

Work Process 
Team and 

organizational factors 

 

 

5. HEP quantification results 

 

In other to compare the HEP results for both scenarios, 

the PIF correlation developed in the previous study [3] 

was utilized in assigning the PIFs for IDHEAS-G and 

SPAR-H. The applicable PIF correlation for SGTR and 

ELAP HEP quantification are shown in table 1. The 

results from the HEP calculation for SGTR shows a little 

variation using SPAR-H and IDHEAS-G.  For ELAP, the 

variation in the HEP computation between IDHEAS-G 

and SPAR-H was found to be high. The HEP 

computation for the ELAP scenario using SPAR-H 

produces a lesser HEP compared to that in the SGTR 

scenario. This could be attributed to the broad definition 

of PIFs in SPAR-H, making it quite difficult to identify 

with scenarios that are outside the main control room 

(MCR). On the other hand, IDHEAS-G has PIFs that can 

readily be applied for events that occur outside MCR. 

The table 2 shows the summary of results of the HEP 

calculations for both scenarios using IDHEAS-G and 

SPAR-H. 

 

 

 

 

Table 2 - HEP results using SPAR-H and IDHEAS-G 

Scenario HFE 
SPAR-H 

(HEP) 

IDHEAS-G 

(HEP) 

Scenario 1 

(SGTR) 

Failure of 

rapid heat 
removal and 

RCS cooling 

1.001 × 10−2 1.32 × 10−2 

Scenario 2 

(ELAP) 

Failure to 
deploy the 

mobile 

generator 

1.3 × 10−3 1.86 × 10−1 

 

5. Conclusion 

 

In conclusion, this study shows that IDHEAS-G and 

SPAR-H are adequate in determining the HEP for 

internal events (events that utilize the EOP). However, 

for external events, IDHEAS provides flexible and 

adequate PIF to quantify the HEP while SPAR-H seems 

more appropriate for internal events. From the results 

above, it is clear that HRA needs more development to 

enhance consistent HEP results for external events. 

 

Acknowledgement 

This work was supported by the 2023 Research Fund 

of the KEPCO International Nuclear Graduate School 

(KINGS), the Republic of Korea. 

 

6. References 

  

[1]Blackman, H.S. and R.L. Boring. Assessing dependency in 

SPAR-H: some practical considerations. in Advances in 

Human Error, Reliability, Resilience, and Performance: 

Proceedings of the AHFE 2017 International Conference on 

Human Error, Reliability, Resilience, and Performance, July 

17–21, 2017, The Westin Bonaventure Hotel, Los 

[2] Groth, K.M. and A. Mosleh, A data-informed PIF hierarchy 

for model-based Human Reliability Analysis. Reliability 

Engineering & System Safety, 2012. 108: p. 154-174. 

[3] Diogo T. F Pires, Mutallab.M.Ahmed., Obuya O. Alwala, 

Lim Hak Kyu Comparative Study of Performance Influencing 

Factor in IDHEAS-G and SPAR-H. 2023. 

[4] Gertman, D., et al., NUREG/CR-6883-The SPAR-H 

method. Washington, DC: US Nuclear Regulatory 

Commission, 2005 

[5] Xing, J., Y. Chang, and J.D. SEGARRA, The general 

methodology of an integrated human event analysis system 

(IDHEAS-G). NUREG-2198, US Nuclear Regulatory 

Commission, 2021. 

 

 

 

 

 


