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ABSTRACT 

 
Human errors in human reliability analysis can be classified generically as errors of omission and commission 

errors. Omission errors are related to the omission of any human action that should have been performed, but 

does not occur. Errors of commission are those related to human actions that should not be performed, but 

which in fact are performed. Both involve specific types of cognitive error mechanisms, however, errors of 

commission are more difficult to model because they are characterized by non-anticipated actions that are 

performed instead of others that are omitted (omission errors) or are entered into an operational task without 

being part of the normal sequence of this task. The identification of actions that are not supposed to occur 

depends on the operational context that will influence or become easy certain unsafe actions of the operator 

depending on the operational performance of its parameters and variables. The survey of operational contexts 

and associated unsafe actions is a characteristic of second-generation models, unlike the first generation models. 
This paper discusses how first generation models can treat errors of commission in the steps of detection, 

diagnosis, decision-making and implementation, in the human information processing, particularly with the use 

of THERP tables of errors quantification. 

 

 

1. INTRODUCTION 

 

A major problem in human reliability analysis is the correct modeling of errors of 

commission (EOCs). Regulatory Guide 1200 [1], which imposes requirements for the 

development of a PSA (Probabilistic Safety Analysis) during the operation of nuclear power 

plants, states that the Human Reliability Analysis (HRA) meets the criteria of good practice 

from NUREGs [2][3]. One of these criteria of good practice requires the modeling of errors 

of commission. Errors of commission are difficult to model because they require the 

identification of human actions that are performed on behalf of others that should be 

performed but have not been implemented. As noted by Hollnagel [4], for each commission 

error match an error of omission (EOO), because a commission error is always associated 

with a substitution of an action that is not performed. Other options for the omission of the 

action are delay, anticipation and simply neglect the action. 

 

The identification of these erroneous human actions can only be performed well within an 

operational context, which depends on the installation configuration, characterized by 

maintenance errors, equipment reliability and history of operational experience. This
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operational context associated with the shaping performance factors (quality of training, task 

complexity, time available to perform the task, etc.) determines the error-forcing context [5]. 

This context will trigger certain error mechanisms in the level of knowledge [6], which, in 

turn, are associated with certain unsafe actions that will make up the human error events in 

the event tree or fault tree of a PSA (Probabilistic Safety Assessment) established through the 

operating procedures.While errors of omission are clearly identified as arising from the steps 

not executed on operating procedures, errors of commission are not directly identified, 

because they depend on trend analysis of operators under the influence of certain operational 

contexts. In addition, many models of HRA combine steps of cognitive information 

processing that occurs in humans. These steps are the external sense-perceptual and motor 

phases and others in the internal cognitive processing, including one that sets up a decision-

making [7]. 

 

2. STAGES OF COGNITIVE INFORMATION PROCESSING AND ITS 

RELATION TO ERRORS OF COMMISSION 

 

When one or several alarms are triggered in the control room of a nuclear power plant, 

operators must first detect (recognize) these alarms, then through a pattern recognition 

(acquired during the training period) will perceive the set of alarms as one or more abnormal 

symptoms. After this initial phase, operators will associate these symptoms with an accident 

or transient, thus performing a diagnosis. From this diagnosis they will take a decision to 

trigger one or more operating procedures. If they do not identify the event as a transient or 

specific accident, they may also trigger procedures based on critical safety functions. Finally, 

they will interact with the instrumentation and control panels executing motor actions 

required in the safety tasks that make up the procedures. It should be noted here that these 

safety tasks are triggered when certain initial conditions are met, conditions which are 

composed of information about the state of parameters and process variables, collected on 

control room instrumentation, which reflect a particular operational state (symptom). These 

initial conditions are useful to identify the operational status and associated safety task as 

well as indications of alarms are useful in the stage of diagnosis and decision making in order 

to identify the associated operational procedure. Therefore, we have four phases: 1-Detection, 

2-Diagnosis, 3-Planning and Decision Making, and 4-Implementation or Actions [6]. 

 

There are models of one (ASEP, SHARP), two (THERP), three (HCR) and four parameters 

[8] associated with the four steps above. In the model of one parameter, the actions of the 

safety tasks are the only steps to consider assuming that the phases of detection, diagnosis 

and planning have been carried out, so four probabilities are integrated into a single 

probability. This quantitative survey can work, considering all the scenarios of accidents and 

transients, where the various safety tasks can arise at different times. In the model of two 

parameters, we have two phases: Cognition and Execution. The cognitive phase includes the 

original phases related to the detection, diagnosis and planning. The executive phase 

implements the actions. As the cognitive phase contains three phases that are not separated, it 

becomes very difficult to identify errors of commission. Normally, errors of commission are 

identified precisely during the performance of actions. 

 

In the model of three parameters, we have the separation of the decision-making or planning, 

which requires an analysis of the influence of time on the probability of human error. The 

diagnostic phase also requires an analysis of the influence of time for human success or 

failure. Thus, through the survey data in the simulator, we obtain a probability of non-

response, considering these two phases together or apart. It is noted here that the non-
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response ignores the fact that there might be a wrong answer, so here we do not identify 

errors of commission [9]. In the model of four parameters, the diagnostic phase is separated 

from the detection phase. However, we have four cases here. At first, the detection is 

successful, but the diagnosis is not made in time. Therefore, this situation can be incorporated 

into the model of three parameters. The diagnosis can be made in time, but planning is 

wrong. This is the second situation and sets an error of commission. In the third, detection is 

successful, but the diagnosis is made wrongly. In this case, it is also an error of commission. 

On the fourth case, detection is not successful, and as a consequence, operators make a wrong 

diagnosis of the situation and may not recover from this error. This is another error of 

commission. 

 

Therefore, the need to adopt a model of four parameters for a good survey of commission 

errors is evident. However, it is still possible if someone use tables of  THERP [10] to handle 

errors of commission in the cognitive stage, either with two or three parameters. These 

various alternatives will be discussed in the following paragraphs (see Table 1). 

 

 

 

Table 1.  Comparative view of the parameters in HRA models 

 

COMPARATIVE VIEW OF THE PARAMETERS 

 

 NEDO (ABWR) 

 

HEP (t) = 

P1a(t)+P1b(t)+P2(t)+P3(t) 

 

t2 = ts - (t1a + t1b + t3) 

IAEA AP 1000 

 

 

 

Q = Qd x Qdr +  

Qa x Qar 

Detection P1a 

Expert Judgment 

P4 

Non-response 

Qd x Qdr 

Cognitive Phase with 

Recover 

 

Diagnose or 

Situation 

Evaluation 

P1b 

Expert Judgment 

P3 

Non-response 

Error of 

Commission 

 

Planning or 

Implementation 

 

P2 

Non-response 

P2 

Non-response 

Error of 

Commission 

? 

 

Action 

 

 

P3 P1 

Error of 

Commission or 

Error of 

Ommission 

Qa x Qar 

Action with Recover 
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3. HRA IN THE AP1000 DESIGN - START OF DIESEL GENERATORS 

 

In Chapter 30 (Human Reliability Analysis, Probabilistic Risk Assessment) of the SAR 

(Safety Analysis Report) for the AP1000 licensing in Great Britain [11], there is an HRA 

model based on a treatment with two parameters, one of which considers the detection and 

diagnosis phases and the other the action phase. The planning phase of the process is 

eliminated, because it is considered that in case of symptom-based procedures, in which the 

operators are well trained, the cognitive part aims simply to identify the safety tasks that 

make up the operational procedures, whatever they are, and perform the actions provided in 

these tasks 

 

Therefore, there is no formal process for decision-making to do the right choice or not 

(planning) of a procedure, preceded by phases of detection and diagnosis (see Table 1). 

Instead, they use the alarms and indications in the control room (detection) to diagnose the 

initial conditions (symptoms) for the initiation of specific safety tasks. The planning phase is 

still needed here, because the sequence of initiation of safety tasks may be different for each 

scenario of an accident or transient. However, it is assumed that this sequence is already 

established in the event trees and fault trees of a PSA.  

 

In this case, the quantification of human errors is summarized in the sum of the probabilities 

of the phases corresponding to detection/diagnosis (Qd) and action (Qa), each multiplied by 

the probability of failure of the corresponding recovery action Qdr and Qar ([1 - Qdr] ~ 0 and 

[1-Qd] ~ 1). Dependencies between actions are also likely calculated to modify the basic 

error. In addition, error mechanisms [12] can be used where there is no errors commission. 

Errors of commission require mechanisms of errors on the cognitive level of knowledge [6] 

not discussed in the report by EPRI [13]. The following describes an example (starting from a 

diesel generator, Table 2) to illustrate the method of the AP-1000-UK, without regard to error 

mechanisms. We calculate the difference to compute or not the diagnostic phase of the safety 

task of power supply in an emergency, since we consider that step 1 of Table 2 refers to the 

detection phase. 

 

3.1 Case Study Based on the UK AP1000 

 

This case is presented in the Chapter 30, Human Reliability Analysis, of the report on 

Probabilistic Risk Assessment of the UK AP1000 reactor [11]. 

 

Event ZON-MAN01, evaluated in subsection 30.6.1 of [11], shows credit taken for the senior 

reactor operator and shift technical advisor; the time window is greater than 10 minutes, and 

slack time is greater than 5 minutes but less than 1 hour. In subsection 30.6.1 ZON-MAN01 

(Start the Onsite Standby Diesel Generator), the ZON-MAN01 operator action evaluates the 

probability of failure to recognize the need and failure to start the onsite standby diesel 

generator (DG) during a loss of offsite power. 

 

The following assumptions are used as input to the quantification of ZON-MAN01: 

Procedure (LONG/SHORT) – SHORT; Time window - 30 minutes; Estimated actual time - 

approximately 10 minutes; Cues are primary – no voltage and secondary – loss of external 

grid. Many alarms are expected for this incident. Based on engineering judgment, it is 

assumed that response to five alarms is required. Therefore, Stress level is HIGH (multiplier 

of 5 is applied) and there is a recovery by shift technical advisor and senior reactor operator. 
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Table 2.  Example the method of the AP-1000-UK (starting from a diesel generator) [11] 

 

 
 

 

 

3.2 Calculating the Human Error Probability (HEP) 

 

In the lines bellow (section 3.2.1) we describe the calculation (Table 3) provided by reference 

[11]. One can observe that there is not a cognitive phase here, but only the action phase. 

Later, we show a difference in considering or not the cognitive phase (section 3.2.2). 

 

3.2.1 Action phase – actions taken by the operator 

 

 

 

Table 3.  Calculation of HEPs for ZON-MAN01 [11] 

 

Item 

No. 
Subtask Description  Type of Error – Action Phase 

Modified 

HEP 

1 Failure to respond to one of 

five alarms 

Error of decision-making (action 

to respond) Table 20-23 

(THERP) 

1.62 x 10
-03 

2 Select wrong control to start 

diesel generator 

Error of Commission (action to 

select) Table 20-12 (THERP) 

2.63 x 10
-04 

3 Omit step to start diesel 

generator 

Error of Omission (action to 

start) 

Table 20-7 (THERP) 

2.63 x 10
-04 

4 Select wrong control to close 

diesel generator circuit 

breaker 

Error of Commission (action to 

select) Table 20-12 (THERP) 

2.63 x 10
-04 

5 Omit step to close diesel 

generator circuit breaker 

Error of Omission (action to 

close) 

Table 20-7  (THERP) 

2.63 x 10
-04

 

 Total HEP = Item 1 + Item 2 + Item 3 + Item 4 + Item 5 2.67 x 10
-03 
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3.2.1.1 Example of calculation based on item 1 (Table 3) 

 

Using THERP, Table 20-23, Item 5, Five annunciators alarming, we have HEP (median) = 

0.003, Error Factor (EF) = 10. Using the equation: 

 

Mean = Median x exp [1/2 (Ln FE/1.645)
2
]                                                                            (1) 

 

we obtain HEP (mean) = 8.0 x 10
-03

. 

 

For the Recovery Factor, we use THERP, Table 20-22, Item 3, Special short-term, one-of-a-

kind checking with alerting factors, to get the following values: HEP (median) = 0.05, Error 

Factor (EF) = 5. Using equation (1), we obtain HEP (mean) = 8.1 x 10
-02

. 

 

The calculations of the modified HEP Recovery Factor (Modified HEP” = “mean HEP” x 

“stress level” x “recovery factor) is [8.1 x 10
-02

] x [5 (stress level)] x [0.1 (recovery by Senior 

Reactor Operator)] = 4.05 x 10
-02

. Therefore, the modified HEP for item 1 is [8.1 x 10
-02

] x [5 

(stress level)] x [4.05 x 10
-02

 (modified HEP recovery factor)] = 1.62 x 10
-03

. 

 

3.2.1.2 Calculation for Qa and Qar 

 

Using the equation: Q = Qd x Qdr + Qa x Qar                                                                                                               (2) 

 

We obtain Qa = [8.0 x 10
-03

+1.3 x 10
-03

 + 1.3 x 10
-03

 + 1.3 x 10
-03

+ 1.3 x 10
-03

] x [5 (stress 

level)] = 6.6 x 10
-03

. From above, we have Qar = 4.05 x 10
-02

, therefore Qa x Qar = 6.6 x 10
-03

 x 

4.05 x 10
-02

= 2.67 x 10
-03

. 

 

In this case for UK AP1000, the cognitive phase was not considered. Then Qd x Qdr = 0 and 

Q = Qd x Qdr + Qa x Qar = 0 + 2.67 x 10
-03

 = 2.67 x 10
-03

. 

 

Now, we will consider the cognitive phase and compare with the previous calculation. 

 

3.2.2 Cognitive phase – focus on diagnose developed by the operator 

 

Using THERP, Table 20-3, Item 4, Cognitive Model, for diagnosis within 30 minutes and the 

estimated actual time is approximately 10 minutes, we obtain HEP (median) = 0.001 and 

Error Factor (EF) = 10. Using equation (1), we have HEP (mean) = 2.66 x 10
-03

. For the 

modified HEP, Item 4, we obtain [2.66 x 10
-03

] x [5 (stress level)] = 1.33 x 10
-02

. 

 

We model those aspects of behavior included in the Annunciator Response Model in Table 

20-23 of THERP [10]; therefore, when the nominal model for diagnosis is used, the 

annunciator model should not be used for the initial diagnosis. The annunciator model may 

be used for estimating recovery factors for an incorrect diagnosis. 

 

3.2.2.1 Recovery Factor: 

 

Using THERP, Table 20-23, Item 5, Five annunciators alarming, we obtain HEP (median) = 

0.003 and Error Factor (EF) = 10. Using the equation (1), we have HEP (mean) = 8.0 x 10
-03

. 

For the modified HEP Recovery Factor, we obtain [8.0x10
-03

] x [5 (stress level)] = 4.0x10
-02

. 
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3.2.2.2 Calculation for Qa, Qar, Qd and Qdr 

 

Using equation (2): Q = Qd x Qdr + Qa x Qar , then Qd x Qdr = 1.33 x 10
-02

 x 4.0 x 10
-02

= 5.32 x 

10
-04 

and Q = Qd x Qdr + Qa x Qar = 5.32 x 10
-04

 + 2.67 x 10
-03

= 3.20 x 10
-03

, a diference of 

approximately 20% compared with the original calculation. It shows that it is possible to have 

considerable deviation in HRA calculations when we do not take into account all the phases 

of cognitive processing. 

 

In some more complex situations, in which the safety task is inserted in an emergency 

procedure with other safety tasks, it may require a quantification of the diagnostic phase to 

identify the symptoms that are right conditions to enter into the correct procedure, multiplied 

by the probability of recovery from this failure. It could be also computed the planning phase 

to identify the correct procedure itself. It is noted here that this case may also be necessary to 

survey commission errors, i.e., wrong diagnosis and planning (procedures) in place of the 

right one. 

 

4. MODELING HRA FOR UK AP1000 - START OF AUXILIARY FEEDWATER 

MOTOR-OPERATED PUMPS 

 

As stated earlier, the startup of diesel generators can be part of an operation procedure, as in 

the case of the recovery procedure from blackout or recovery procedure from a loss of 

emergency power supply, which have other safety tasks, such as the start of powered pumps 

of emergency feed water. In this case, the start of the diesel generators is a safety task that is 

interconnected with the planning phase, which consists in selecting the correct procedure 

after detection of symptoms and diagnosis of the operational situation.We believe, therefore, 

unlike the model of the AP1000, there is a step in the operation of the plant where operators 

will use procedures based on events in which the operators will identify a specific procedure 

for a specific event and can anticipate by other procedures based on symptoms (eg, abnormal 

or malfunction procedures, or procedures for critical safety functions) safety tasks that are 

part of the event-based procedures. This interaction between two types of procedures can be 

complex and generate an additional difficulty in the HRA.  

 

Anyway, depending on the complexity of the operational situation, both in the identification 

of specific procedures and in safety task, the four stages of information processing might 

theoretically appear, namely: detection, diagnosis, planning and implementation. Thus, in the 

calculation example above (section 3), the detection, diagnosis and planning phases would be 

common to the safety tasks starting diesel generators and powered pumps to feed water into 

steam generators, because both belong to the implementation phase of the same procedure. 

 

On the other hand, safety tasks are themselves capable of decomposition in those four phases. 

Because of this complexity, many errors of commission can be generated along that path. For 

example, a situation not very obvious occurs when there is a partial match of the entrance 

conditions for each parameter in safety tasks. This can lead the operator to confuse one safety 

task with another. This can also occur in the planning phase when identifying procedures 

where an event (accident or transient) may be confused with anotherone. Indeed, there is a 

technique, a confusion matrix, which attempts to model this situation. An array of this type 

could be used for safety tasks. ATHEANA [6] performs this task very well, because it 

attempts to verify the operational deviations that might occur depending on the context of 

inducing error and erroneous trends of operators in each specific situation. As an example of 

what was just explained above, we present the calculation of the probability of failure to start 
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the motor-operated pump to feed the steam generators, based on generic PWR operational 

procedures. This case presents the following scenario: the operator fails to establish the 

auxiliary feedwater through the start of motor-operated pumps, after the loss of external 

power diesel generators followed by recovery from blackout. 

 

After this recovery, the control room staff adheres to procedure X, where the operator must 

select one of two procedures depending on the situation: Procedure Y1, blackout recovery, 

without actuation of Safety Injection and Y2, blackout recovery, with actuation of Safety 

Injection. The scenario assumes that the operator adheres to the procedure X and successfully 

carries out the steps referenced above. If the operator enters into the Y1 procedure, the 

operator is instructed to check the levels in the steam generators, and is alerted if the motor-

operated pumps of the auxiliary feedwater system are not necessary, the handles of the pumps 

should be kept in the locked position to prevent automatic restart. If the operator enters into 

the procedure Y2, it guides the operator to follow the same criteria as in procedure Y1. The 

motor-operated pumps of the auxiliary feedwater are necessary, if there is failure of the 

turbo-pump, and recovery of electrical power, or after four hours (assuming the battery has a 

life of 4 hours), with recovery of electrical power. Whatever the procedure to be followed is, 

the operator is conducted to check levels in steam generators. The tables 4 and 5 show the 

difference between to take or not into account the diagnosis phase in selecting procedures and 

to enter into the safety task of feeding the steam generators. 

 

 

 

Table 4.  Cognition and Action Phases - Start of Auxiliary Feedwater Motor-Operated 

Pumps (no diagnosis, only planning to enter procedure Y1 or Y2) 

 

Item 

No. 
Subtask Description  Type of Error – Action Phase HEP 

1 Failure to adherence to 

procedure Y1 or Y2 

Error of Omission (action to enter 

the procedure) Table 20-7 (THERP) 

1.25 x 10
-03 

 

2 Adherence to the procedure 

Failure to select at least one 

motorized pump 

Error of Omission (action to select) 

Table 20-7 (THERP) 

1.25 x 10
-03 

 

3 Failure to activate the pump 

motor 

Error of Commission (action to 

start) Table 20-12 (THERP) 

1.25 x 10
-03 

 

 Total HEP = Item 1 + Item 2 + Item 3  3.75 x 10
-03 

 

 

4.1 Calculation considering Table 4 

 

Using THERP, Table 20-7, Item 1, Short list ≤ 10 items, we have HEP (median) = 0.001 and 

Error Factor (EF) = 3. Using the equation:  

 

Mean = Median x exp [1/2 (Ln FE/1.645)
2
]                                                                            (3) 

 

We obtain HEP (mean) = 1.25 x 10
-03

.Using THERP, Table 20-12, Item 3, Arranged in well-

delineated functional groups, we have HEP (median) = 0.001 and Error Factor (EF) = 3. 

Using equation (3), we obtain HEP (mean) = 1.25 x 10
-03

. We consider that stress level is 

HIGH (multiplier of 5 is applied), then total HEP = (1.25 x 10
-03

 + 1.25 x 10
-03

 + 1.25 x 10
-03

) 

x 5 (stress level)= 1.88 x 10
-02

. To calculate the Recovery Factor we consider an action to 



 

INAC 2011, Belo Horizonte, MG, Brazil. 

 

recover with a high dependency.Then, HEP = (1 + 1.88 x 10
-02

)/2 = 5.1 x 10
-01

 (Qar). Then Qa 

x Qar = 1.88 x 10
-02

 x 5.1 x 10
-1

 = 9.59 x 10
-03

. 

 

Upon entering the procedure Y1 or Y2, the operator has to read direct instructions, providing 

additional information (setpoints, conditions of steam generators and motor-operated pumps) 

that should be considered as part of the operational context that should be handled by the 

operator. It provides also a direct instruction, which allows the recovery of previous 

instructions (Table 5). 

 

 

 

Table 5.  Cognition and Action Phases - Start of Auxiliary Feedwater Motor-Operated 

Pumps (with diagnosis and planning to enter procedure Y1 or Y2 and safety task) 

 

Item 

No. 
Subtask Description 

Type of Error –  

Action Phase 
HEP 

1 Failure to adherence to 

procedure Y1 or Y2 

Error of Omission (action to enter 

in the procedure) Table 20-7 

(THERP) 

1.25 x 10
-03

 

2* Failure in adhesion of 

information from the 

Procedure Y1 or Y2 

Error of Omission (action to enter 

in the information item of the 

procedure) Table 20-7 (THERP) 

1.25 x 10
-03

 

3** Failure in reading the 

information from the 

Procedure Y1 or Y2 

Error of Commission (action of 

reading wrongly a procedure 

information item) Table 20-10 

(THERP) 

1.25 x 10
-03

 

4 Adherence to the procedure 

Failure to select at least one 

motorized pump 

Error of Omission (action to 

select) Table 20-7 (THERP) 

1.25 x 10
-03

 

5 Failure to activate the pump 

motor 

Error of Commission (action to 

start) Table 20-12 (THERP) 

1.25 x 10
-03

 

 Total HEP = Item 1 + Item 2 + Item 3 + Item 4 + Item 5 6.25 x 10
-03

 

* HEP is considered the same as if the operator had not adhered to the procedure with 

regard to main instruction; ** Since there is no specific HEP for misreading a particular 

item of a procedure, we considered the lowest HEP (excluding negligible HEP) of Table 

20-10, THERP, which has a value of 0.001 for the median. 

 

 

 

4.2 Calculation for the action phase (Table 5) 

 

Using THERP, Table 20-10 (Estimated HEPs for errors of commission in reading and 

recording quantitative information from annunciated displays), we have HEP (median) = 

0.001 and Error Factor (EF) = 3. Using the equation (3), we obtain HEP (mean)=1.25 x 10
-03

, 

therefore, total HEP = (1.25 x 10
-03 

+ 1.25 x 10
-03 

+ 1.25 x 10
-03 

+ 1.25 x 10
-03 

+ 1.25 x 10
-03

) 

x 5 (stress level) = 3.13 x 10
-03 

(Qa). To calculate the Recovery Factor, we consider an action 

to recover with a high dependency. Then HEP = (1 + 3.13 x 10
-02

)/2 = 5.2 x 10
-01

(Qar) and Qa 

x Qar = 3.13 x 10
-02 

x 5.2 x 10
-01 

= 1.63 x 10
-02

. 
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4.3 Cognitive phase – focus on diagnose developed by the operator 

 

Operators have a limit of 60 minutes (time to restore AC power, without uncovering the core) 

to wait the return of AC power (recover from blackout) and to diagnose that, with the return 

of AC power, will trigger the procedure Y1 or Y2. Using THERP, Table 20-3, Item 5, 

Cognitive Model, we obtain for diagnosis within 60 minutes Error Factor (EF) = 30 and HEP 

(median) = 0.0001. Using the equation (3), we obtain HEP (mean) = 8.48 x 10
-04 

x 5 (stress 

level) = 4.24 x 10
-03 

(Qd). 

 

To calculate the Recovery Factor, we use THERP, Table 20-23, Item 5, Five annunciators 

alarming (assumption) to obtain HEP (median) = 0.003 and Error Factor (EF) = 10. Using the 

equation (3), we have HEP (mean) = 8.0 x 10
-03

. The modified HEP Recovery Factor is [8.0 x 

10
-03

] x [5 (stress level)] = 4.0 x 10
-02 

(Qdr). Then Qd x Qdr=4.24 x 10
-03 

x 4.0 x 10
-02 

=1.7 x 

10
-4

. 

 

4.4 Calculation for Qa, Qar, Qd and Qdr 

 

Using the equation: Q = Qd x Qdr + Qa x Qar                                                                           (4) 

 

We obtain Q = Qd x Qdr + Qa x Qar = 1.63 x 10
-02 

+ 1.7 x 10
-04 

= 1.6 x 10
-02

 (>9.59 x 10
-03 

as 

calculated before). Therefore, the diagnosis phase for the safety task increases the final HEP. 

 

5. CONCLUSIONS 

 

Safety tasks and decision making for the choice of operating procedures for managing 

emergency situations should be treated the same way as the stages of cognitive information 

processing in humans, i.e., HRA models must have the four phases of processing: detection, 

diagnosis, planning and action. Each stage has errors of commission and omission errors 

associated. The errors of commission will only be identified with the presence of these four 

stages of information processing. Another important point is that forcing-error contexts and 

error mechanisms are fundamental items to know the operational trend of operators that 

causing errors. This can only be practiced with the HRA techniques of second-generation, 

whose quantification is still in progress. However this work shows that the first generation 

techniques, such as THERP [10] [14], can be applied, provided the use of the correct tables of 

probabilities of human errors available in its methodology. HRA analysts tend not to use the 

full capacity of these tables [2] [3]. As shown by the UK AP-1000 HRA [12], this is possible. 

However, this paper warns that this initiative must be enhanced to take into account the four 

stages of information processing in both the choice of procedures and safety tasks. 
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