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1. Introduction

This presentation covers both human reliability studies and operating experience analysis, 

since the purpose of the study was to create a link between the two hitherto separate 

approaches taken by IPSN. It became apparent that this link could take the form o f 

systematic analysis of the error process and error-recovery during events. The study of what 

causes errors is the main way of analysing experience feedback. The error recovery analysis 

is a main feature of human reliability studies.

The probabilistic safety analyses (PSA) developed by IPSN takes human reliability into 

account by using an HRA model identifying three different types of error, pre-accident errors, 

those recovered before the accident and those after the accident and the post-accident 

operating errors (as a result of following operating instructions). The resources (technical or 

human means) available for recovering from errors are important parameters for quantifying 

errors, time is another key parameter. The results of simulator tests carried out by EDF have 

made it possible to assess the probability of failure as a function of the time required to take 

an action or to recover from errors. Thanks to the model developed from this data, operator 

actions have been taken into account in a coherent manner for various accident scenarios. 

The model also highlights the most problematic human errors. The PSA results have led to 

technical modifications such as the automation of certain actions seen to be dominant. The 

importance of certain sequences, from a PSA point of view, has also led to the more 

widespread use of certain accident procedures during training sessions. During these 

simulator tests procedures have been validated and any anomalies corrected.

Nonetheless, there maybe certain limits to the use of the HRA model as regards the lessons to 

be learned from operating experience.

• The use of the model in the PSAs may reveal the importance of certain techn ica l 

modifications which will remove the need for human actions in certain scenarios. But it is 

to see how the model can show the benefits of organisational modifications stemming 

from experience feedback. Clearly, these organizational changes, which are carried out 

in the plants do improve human reliability and plant safety.

• The special nature of certain operating situations which can increase the risk of error or 

human shortcomings have not been included in the PSA. (certain sensitive operating 

transients have been shown by experience feedback to be high-risk situations.

• No difference is made between the plant operation during unit outages and that during 

normal operation. Also the human reliability model in the PSA for all plant states is 

treated in the same manner, even though human activity is in fact vastly different.
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• Another issue is the difference between operator reactions during simulator tests and 

actual accident situations, it is often a cause for concern, even though no method has 

been put forward to solve the problem better than the use of simulators for HRA purposes.

These limits could lead to the conclusion that the way of including human reliability in the 

PSAs is not completely satisfactory, since certain organisational, which are beneficial to 

safety cannot be quantified. On the other hand, deterministic analysis of events is considered 

a powerful tool for understanding and lead to actions which can reduce the causes of errors 

during events. However, it is difficult to determine their importance ranking as far as safety is 

concerned.

Let us now turn our attention to our approach. Event reports drawn up by the operating 

organisation describe operator activities from the time that the error occurs till it is recovered. 

Systematic analysis of the activity could provide data worthy of inclusion in the PSAs, and 

arrange the errors in order of importance. The events occur during normal everyday 

operation. Also, errors are both the result of past operating actions and also result from 

actions that the stational staff take to prepare for operations hours or days ahead. The process 

of recovery from errors is based on the reflexes, knowledge of operators and their m ultip le 

experience. The time taken to identify and correct errors, the means used to correct the errors 

and the operating limits respected are aspects which may shed light on the process the 

operators use. These processes may then be implemented for managing more severe events, 

such as those modelled in the PSAs.

The aim of this study is to provide additional information for improving safety further te- by 

using event analysis. As well as reducing the causes of human error, optimisation of the 

recovery process, which lays more importance on the positive role of humans during 

operation, could be based on the approach outlined here. The approach concentrates on 

the dynamics of error detection and the way errors and shortcomings are managed.

The study centres around the systematic analysis of 120 events, which should be a sufficient 

amount of data to test our approach and reveal the main trends. We shall present the 

analysis plan, describe each category of event considered and give some results to illustrate 

the advantages of the method, To conclude, we shall list the main lessons learned from the 

study.

2. The analysis method
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Before describing our method, we have to outline the similarities and the differences 

between'the activities described in the significant events and that which is assumed to take 

place during event and accident situations.

In order to define an incident event or an accident, the incident or accident procedure used 

is often taken as the reference. But even before the situation is clearly identified, the 

operating team has to have detected the situation and made their diagnosis. The situation 

maybe such that, rather than requiring the use of incident or accident procedures, actions

can be taken just to return to normal operating conditions, these would be in line with the

technical specifications for operation. If there is an incident situation but the faults do not

lead to the degradation of the installation, or there is an accident situation in which the

effectiveness of one or more barriers is greatly reduced, then procedures are likely to be used. 

This last situation could be the result of the prior one, or even from the first case. In this case, 

there would be -if* a case of continuous degradation caused by poor human performance in 

the recovery process.

Significant events involve the initial stages of the accident process. Here, faults are detected 

and a diagnosis is made, sometimes the crew decides to use a procedure. Actions are taken 

to recover unavailable systems, which resulted from human or technical errors.

For recoveries from the above situations, there are two possibilities:

- when actions simply have to be taken to return to normal operating conditions, little  

recourse is made to procedures and the Operations Shift Manager, the Shift Supervisor and 

the Safety Engineer are not necessarily notified,

- when the situation is more serious, the operators use Chart and incidental Procedures, which 

indicate the actions to be taken, and often the operation is close to near-accident conditions.

Accident sequences modelled in the PSAs include an initiating event and the m ultip le 

effects of numerous technical or human errors. The human reliability model is based on the 

following assumptions:

- once the diagnosis has been made, recovery action is guided by accident procedures,

-th e  operators adopt the logic taught to them in theoretical training and which they have . 

become familiar with during simulator training; each member of the team plays the role he 

rehearsed during training

- the Operations Shift Manager is on hand, having been called in at the beginning of the 

event, as required by the accident procedure.

The detection and diagnosis stages, which are not described in any detail in the HRA model, 

can be filled out by using the chronologies and event cause analyses contained in the event



reports. These reports also give an account of a "normal" operating situation, which differs 

from the simulator tests as follows, with the simulator:

• the trainee knows there is going to be a simulated fault and that an accident situation is 

going to have to be controlled. During plant operation, the fault often occurs without 

warning,

• although information and trends have to be translated into accident causes and in itiating 

event. During plant operation, previous operation and current activities may multiply the 

number of possible reasons for the first signals of accident,

• the team during training is involved in one single activity, surveillance, aimed at 

detecting the first sign of an accident. During normal operation in the plant, surveillance 

has been calculated as representing only a third of operator activity, since the team has to 

carry out other tasks. When an incident situation occurs, it can be assumed that there is a 

transition phase before the operating team is fuliy mobilised to deal with the incident.

• during the simulated exercise the instructor simulators certain equipment and points these 

out system faults to the crew, they are not investigated or managed by the operating team. 

Field workers are not present during the training sessions. Their recovery role is simulated 

by by the instructor.

The recovery methods reported in the significant event reports may overlap with the recovery 

logic contained in the procedures. If events are to be analysed in a manner advantageous for 

the PSAs, the points the two situations have in common have to be determined and any 

possibilities of transposition should be identified.

2.1 Transposition of a human reliability PSA model to event analysis

The method, we are formulating, is based on transposing the HRA analysis of significant 

events, error definitions and recovery methods as used to the PSAs. We will now discuss 

which parts of the HRA model can be transposed.

2.1.1 Error definitions used in PSAs

Probabilistic studies include different types of errors in accident sequences. We propose here 

a classification system1, in which each type of error is associated with certain recovery 

modes.

1 It should be noted that this classification is not the same as the most used classification described in the 
PWG5 task 94-1. In this document, the human interactions are classified in three categories. The category A 
include interactions that occur prior to an event that initiates a scenario, an initiating event. Errors associated 
with these interactions result in equipment in standby systems being unavailable to perform their function as 
required should an initiating event occur. The category B o f the human interactions that initiate a scenario, 
also referred to as human induced initiators. The category C include actions taken by plant staff after the
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Ai - latent errors recovered before the initiating event of an accident sequence,

A 2 - latent errors recovered from after the initiating event of an accident sequence

C -failure of equipment, plant status and operator diagnosis or operating error during the 

accident phase, and the latter possibly recovered by the operator, the team or the safety 

engineer.

The initiating event is the time reference on which classification is based.

The following diagram situates the various errors in an accident sequence chronology:

recovered after initiating event
before initiating event

2.1.2 Transposition of PSA definitions to significant event analysis

Continuing by analogy, these three categories are redefined so that they can be identified

within significant events:

A- latent errors detected and recovered earlier than the system in which they occur is put into 

service. For example, a valve has been incorrectly aligned and when it is tagged out for 

maintenance, it becomes apparent that the system was unavailable during the previous 

operating period.

B- latent errors detected when an item of equipment is put into service. For example, a valve 

has been incorrectly aligned in.a system and this becomes apparent when the system is 

put into service.

initiating event. The staff performs these actions in response to the scenario to bring the plant to a safe state. 
These actions, which are also called "dynamic operator actions" may be guided by procedure or they may 
not.
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C- errors in the implementation of a normal operating action, in the use of a procedure or in 

the logic of an operating action, with the item of equipment already in service. For 

example, when using an operating procedure, the operator forgets to operate a device.

One final Type D(ev) category of event was added during the study; it concerns multiple 

errors (for example latent errors + operating errors).

In the case of event analyses, the PSA model chronology is transformed, as follows:

- there is no « initiating event » (with PSA meaning) in the set of studied events.

- the time when the system, in which the error occurs, was put into service replaces the time 

zero, (To) of the initiating event in the accident sequence time line. The time, when the 

"system is challenged" is the classification time reference. This is an approach to 

differentiate between category of events.

- an operating error is an error, which does not result from accident condition operation, in 

the true sense of the term.

Latent error recovered 

before putting into 

service 

(Type A)

Latent error recovered 

after putting into service 

(Type B)

Normal operating error 
(TypeC)

2.2 Description of the analysis

2.2.1 Event selection

The IPSN database was searched for events to analyze. 65 events were selected from among 

those which occurred during Power operation (a total of 180 events). As for events during 

plant outages, 62 events were selected out of 182, with preference being given to the most 

sensitive shutdown states (these were conditions under which the primary coolant system was 

shut down with decay heat removal system connected).
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The events in both categories involve human actions in direct response to faults, equipment 
shortcomings or a process breakdown.

The results indicated that:

- human errors in the fields of operation, maintenance, tests or adherence to 

procedures. These errors represented almost 90% of the errors observed during events.

- equipment faults recovered from by operators during system startup. They are, 

however, small in number: 2  technical faults were encountered during plant outages, and 6  

during power operation.

2.2.2 Data studied during event analysis

For each event studied, each error or failure is classified according to type: A, B or C. Type 

D covered multiple errors. The events are then divided into four event categories, A(ev), 

B(ev), C(ev) and D(ev) associated with each of the above human error types, in order to give 

percentages per category. The event is then analysed according to the following plan:

=> Number in database,
=> date and -time,
=> plant and type of unit,
=> operating activities in progress 
=> maintenance activities in progress
=> cause of the event (error committed and connection between errors and failures )
=> event characteristics (brief description)
=> who and what means were involved in recovery:

• means of detection used
• means which could have been used but were not,
• operators involved in recovery
• time taken for detection
• time taken for diagnosis (of state and exact location of failure)
• time taken for recovery, (differentiating between recovery by automatic systems and

recovery by the operating team)
=> potential consequences 
=> documents used during recovery
=> circumstances justifying errors committed or excessive time taken (workload, recovery from 

unforeseen events, error forcing context etc.).

The detection and diagnosis times were extrapolated from the significant event report 

chronology. This chronology is itself based on printouts of readings taken or recordings of 

parameters. Therefore, even if the data are not provided explicitly by the operating 

organisation, they exist in the reports and are usually very accurate.

The detection, diagnosis and recovery times for each type of error in events (A(ev)-B(ev)- 

C(ev)-D(ev)) were accurately specified early on in the study. Indeed, we discovered that we 

could not adopt the same time definitions for all error types. Consequently, we deemed it best 

to divide the errors into four categories with different time definitions.



Type A errors,

- detection time, this is also the time during for which the fault is lying latent,
It was also necessary to determine how the error was detected, so the following was noted:
- the error detection mode

fault recovery recovery
time J

time

Type B errors:

- fault latency period
- time taken to detect that the system is malfunctioning
- how the error was recovered
- the time taken to diagnose the state of the plant equipment (in the sense of state-oriented 

operation)
- the time taken to diagnose the fault in the system/component
- the recovery time

It should be noted that latent faults discovered during periodic tests fall into this category since they are 

detected when the system is called upon to operate.

recovery
v  . /latency time

period detection diagnosis recovery

T
au system challenged

time

^ e te c t io ^ ^  diagnosis^  
time time

Type C errors:

This is the classical operation error

- the time taken to detect the error
- the time taken to diagnose the state of the plant (in the sense of state-oriented

operation)
- the time taken to diagnose the system/component fault
- the time taken to recover or restore
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recovery
>tim e

system challenged detection diagnosis recovery

time
>

operating error

detection diagnosis 
tim e time

In Category D(ev), which covers multiple errors (for example Type A + Type C), each error is 

analysed according to its type definition given previously (A, B or C).

2.3 Presentation of results

The results of both studies (during power operation and plant outage) were analysed in the 

same way. The results were presented systematically for each error type as follows:

■ the means/time taken histograms show the means used versus the detection time,

■ the operator/time taken histograms show the operator involved versus the detection time

■ operator "response" curves as a function of time.

The means of detecting errors, used by the operators, were split into four categories:

-.alarms,

- changes in physical parameters,

- field inspections,

- inspections or systematic checks (check-list for each shift, schedule check etc.) or 

any other organized means of inspection).

The action, taken by all those involved, is presented as a function of the time taken to detect 

the problems.

Those involved detecting errors include the operators, the Operations Shift Manager, the 

safety engineer, field operators etc.

For each type of error and operating period(at power or shutdown); operator response curves 

were plotted as a function of time. For the sample, they show the probability of detection, 

diagnosis and recovery failure. The curves were plotted as follows, taking the diagnosis failure 

curve as an example:

P diagnosis failure = 1- (number of successful diagnoses before time t / total number of events 

diagnosed and recovered).
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It should be noted that for the other studies, this definition will be changed. The total number 

of events in this category, including events with the recovery a safety feature, will take place 

of just the total number of events diagnosed and recovered.
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3 . Results

We shall limit ourselves to the most significant results of the study:

- the error percentage for each type in the data set,

- curves comparing recovery times for the two operating states, for each error type

- one example of analysis of the people involved and how the error was detected

- a discussion on the very interesting multiple error category.

3.1 Proportions of error types

For the 65 events with the unit in power operation, the distribution of each type of error 

within this sample is as follows

error

type

event

number of 

events

percentage of 

error type

Activation of 

engineered safety 

features occurred 

before operators 

recovered 

the situation

A(ev) 19 29% Not applicable

B(ev) 14 22% 14%

C(ev) 25 38% 40%

D(ev) 7 11% 86%

For the 62 events during Plant outages, the breakdown is as follows

error

type

event

number of 

events
percentage of 

error type

Activation of 
engineered safety 

features occurred 

before operators 

recovered 

the situation

A(ev) 14 22.5 % Not applicable

B(ev) . 13 21 % 0 %

C(ev) 27 43.5 % 37 %

D{ev) 8 13 % 25 %
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It should be noted that over one third of all the errors are operating errors (Type C). M ultip le 

errors (Type D(ev)) account for the smallest proportion of error types, but this does not mean 

they should be ignored. Multiple errors are not detected by operators and very often lead to 

the use of engineered safety systems and, as we shall see later, to very difficult situations.

During shutdown operation, there were slightly more Type C errors (operating errors). This 

slight increase can be explained by the fact that during this period, operators are involved in 

numerous activities at the same time. The most commonly quoted factors for Type C(ev) and 

D(ev) errors are workload or the fact that unforeseen problems have to be solved during 

shutdown operation; this is mentioned 13 times as having an influence on the 27 Type C(ev) 

events.

3.2 Error recovery probability curves

3.2.1 Diagnosis failure probability as a function of time: Type A errors

Failure of diagnosis for Type A errors
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Analysis of how this type of error is recovered is very interesting: it shows the effectiveness of 

organisational methods such as checking procedures.
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As far as the probabilistic safety analysis is concerned, it gives the percentage of latent faults 

likely to occur during operation and the length of time during which they lie latent. Also, it 

leads to a discussion of how such faults can be recovered.

From the examination of the data, we can see that the latent faults may be caused by human 

errors during periodic tests and then detected during subsequent periodic tests. S tatistically- 

speaking, a few of the latent faults are rectified within one month of operation. One way to 

reduce the time would be to do more field inspections and by the activities of other workers 

extraneous to plant operation.

During plant outages, the use of checking procedures are a powerful means of detection. 

Between two hundred and three hundred minutes, the curve dips: these points correspond to 

events detected by the Operations Shift Manager. This means that the second-level 

inspection process works. This point will be illustrated later.

The above observations are likely to be of interest to PSA specialists. In fact, the ever- 

changing nature of the states required of systems during plant outages is very similar to the 

changes, which occur during accident situations. This means that the plant state has to be 

monitored regularly. Just as each plant outage shift rechecks the safety state of the plant 

during outages, so a re-evaluation of the situation should be made by the changeover team 

or by those responding to the emergency response unit.

If the results were trended on a yearly basis, they could illustrate the effectiveness of 

measures taken by plant organizations to reduce the number of latent defects.
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3.2.2 Diagnostic failure probability as a function of time: Type B errors

Type B error response curves

Probability of failure

T A
0,1 1 10 100 T  1000 10000

one hour five hours
time in minutes

13 or 14 events from each plant state were considered, and the errors are seen to be fairly 

similar: most involved alignment errors.

For each of the two plant conditions; most errors were detected by the operator (this is to be 

expected, since they start up the systems). Faults were detected by the fact that the expected 

indications or changes did not appear during startup. During power operation, failure to 

operate is most commonly detected by the failure of the parameters to change, even before 

an alarm appears. Alarms are one way of detecting faults during plant outages, but they may 

not be of any immediate use, since alarms sometimes are not seen several hours after 

appearing. Late detection is often linked to poor human factors design or system quality. 

Also insufficient instrumentation is another cause because of a lack of useful operating data. 

A larger data sample would make it possible to plot response curves for different types of 

systems. For example, if the data was available for two types of system the recovery of 

defects on those with adequate instrumentation and en those with insufficient 

instrumentation could be compared to see if the differences were related to the adequacy 

of the instrumentation.

Before the above curves can be used in PSAs, further thought has to be given to the 

operators' ability to detect the failure of systems to start up. The normal operation or incident 

procedures are used by operators during incidents so that an operator in starting up a system,



has to check to see that it is operating correctly. This is not necessarily the case for acc iden t 

procedures. The operators assume that the safety systems will operate correctly (engineered 

safety systems) and consequently make no allowance for checks on start up, They assume 

that the periodic system inspections are adequate. Strictly speaking, this logic leads to the 

differences seen between normal, incident and accident condition operation. During 

accident condition operation, the operator's know-how has to be relied upon to detect a 

system fault on start up. The emergency procedure itself rarely recommends checks, at least 

not immediately. Therefore, it would be interesting to know whether the effectiveness of 

operator checks is better when dependent on operator know-how or on the use of step-by-step 

operating procedures. Event reports are not capable of differentiating between these two 

cases.

As far as experience feedback is concerned, we have some indication of how v ig ilan t 

operators are when systems are being started up, and this varies according to the type of 

system.

As far as PSAs are concerned and assuming that operator know-how is a reality, we could say 

that operators check the start up of systems when the requirement is contained in the 

procedures. They detect-system unavailability with a response time determined by their 

experience.



3.2.3 Diagnostic failure probability as a function of time: Type C errors

Type C response/error curves

time in minutes

These errors are primarily caused by operator errors, which are subsequentially detected by 

the operator or by the control room crew. Some errors may be caused by poor team strategy 

and later are detected by another team or by someone not part of the team. When the curves 

for the two plant states are superimposed, it becomes apparent that errors are detected 

slightly less quickly during plant outages that during normal power operation. As far as these 

samples set and error types are concerned, the probability of failing to detect errors occurs 

after 1 hour for units in power operation is about 2x1 O'1. The same probability value occurs 

after 200 mins in the case of plant outages. The probability of failing to detect errors after 

one hour during plant outages is 3x1 O'1. However, the error recovery curves overlap. After one 

hour, the probability of having recovered an error is 4x1 O’ 1 for the plant outage case and 

5x1 O' 1 in the power case. The corresponding diagnosis curves have proved impossible to plot, 

due to the lack of information in the significant event reports.

Our study, at this stage, cannot be compared with the diagnosis curves obtained from 

simulator tests, is due to the fact that the presentation and logic of normal operation 

procedures differ from those of accident procedures, and the procedures determine the 

diagnosis characteristics . However, the study could provide PSA specialists with upper-bound 

(conservative) curves relating to the recovery process for isolated operating errors. In fact, this
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information is not available for te  those in charge of quantifying events involving human 

error.

3.3 Who recovers the errors and how

Of all the systematic analyses made on e f who recovers errors and how effectively it is done, 

we have selected two examples. These lend themselves to discussion and help to illustrate 

the advantages of our method.

We shall discuss who recovers Type A errors during plant outages and we will compare these 

with those used to recover Type C errors.

3.3.1 Analysis of who recovers Type A errors during plant outages

Contrary to our assumptions made at the outset of the study, in type A(ev) events, the 

Operations Shift Manager has a leading role to play in error detection during outages. The 

Shift Manager is able to detect 50% of the errors made using inspection procedures such as 

the static point procedure prior to state changes, the inspection review during shift changes 

and the reactor state inspection procedure implemented at fixed intervals during the outage. 

We have already seen how this detection affects the diagnosis curves and we shall now go on 

to support our analysis.

□ 1 number of diagnoses made in period ■  2 operations shift manager

□  3 Safety Engineer □  4 operator

■  5 field operator B 6 maintenance

1 day days to 1 than
month one

month



3.3.2 Analysis of Type C error detection methods

At this juncture, we shall illustrate the effectiveness of various error detection methods 

depending on the time of operation.

Although the time scale is not quite the same for the two plant state studies, the comparison 

clearly reveals that alarms are less effective during plant outages than during normal power 

operation. During power operation, alarms are identified in less than 1h 45min. During 

outages, 50% of events are also recovered in this way, regardless of the detection time, but 

some alarms remained undetected for 1 0  hours.

During power operation

6  -i

0to5min 5 min to 1 h45min 1h45minto4h 4hto8h

B  alarms ■  pump tripping, parameter variation □  checks, field inspections

During plant outages

0 to 10 min 10 min to 1 h 1 h to 10 h more than 10 h

B  alarms ■  pump tripping, parameter variation □  checks, field inspections
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3,4 Discussion about the multiple error situations (type D(ev))

The multiple error category provides the most significant input for the study, since it paves 

the way for discussion on dependency factors and on the concept of initiating and pre

initiating events.

Far from being few and far between, this type of incident accounts for 11% of the sample. 

Multiple errors result from a combination of failures including both connected or 

unconnected errors, occurring under a particular operating condition. This category contains 

the most complex events due to the fact that the initial state of the reactor can be 

somewhat special and the incident procedures are used. Although the use of inc iden t 

procedures has not mentioned in relation to events involving single Type C errors, they are 

used frequently for Type D. This due to either because the first failure is serious or because 

the result of multiple errors requires that incident procedures be used. In the first case the 

results maybe further complicated by the fact that incident operation being poorly-handled 

(second error).

In some cases, a team is formed immediately to make a diagnosis, whereas in other cases 

senior members of the team (the Operations Shift Manager and the Safety Engineer) are not 

called in. Yet again in other cases, it is not easy to identify which procedure should be used 

and besides using the wrong one can make the situation worse. One of the features of the 

Type D situation is that it does not correspond to any pre-defined state. In these conditions, 

an initiating event would occur in an extremely vague initial context, from both a technical 

and human point of view. The efforts made by the operators to manage such the initiating 

event would undoubtedly differ from the effort employed to manage a more clear-cut 

simulator situation. It is considered that the dependency between pre-accident and post

accident errors could be more appropriately dealt with by using experience feedback from 

other events of this category.

Events occurring during periodic tests can often fall into this category. Two anecdotes are 

worthy of mention. On two occasions, errors were committed during periodic tests to check 

the reactor coolant system flow rate decrease following Reactor pump trip, lead to a hard-to- 

handle weakened situation caused by the special reactor state imposed by the periodic test 

(convection in reactor during the early stages of the situation). During a period when three 

periodic tests were being carried out simultaneously another event also occurred leading to 

difficulties for the operators. In yet another case, a team decided to go ahead with periodic 

testing even though a fire had been detected and signalled. Certain initial situations, which 

are short-lived in relation to the overall operating time, such as those which occur at the 

end of post-outage test period, are frequently at the root of events in this TYPE D 

category.
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Our study shows why multiple errors occur during this time. Latent faults discovered during 

subsequent power operation already existed at the end of the plant outage. It is during this 

period (return to power operation) that there is the highest probability of cumulation with 

Type A faults (or equipment faults) following maintenance. In addition, and this is an 

important factor for half of the Type C operating errors which occur during plant outages, that 

the heavy workload during the transition period is also conducive to type C errors. Tests 

carried out at this time involve a great number of actions and lead to an increased 

probability of errors. We deduce that the highest risk does not occur during stable situations, 

but during times of transition. This gives another clue as to how to study risk. It also 

underlines the importance of the "sensitive transient" type approach resulting from 

experience feedback, such as EDF is developing now.

Aggravated events are therefore characterised by multiple errors. As far as experience 

feedback is concerned, using this method for year-long events could lead to the

identification of discovering an increase in the number of multiple faults (two or three

simultaneous faults etc ). The scale of severity of the normal and accident situations could 

be taken into account by studying the types of procedure used under the circumstances. This 

proposal would encourage the inclusion of experience feedback data in.PSAs, or at least the 

two should be connected. Indeed, operating organisations are endeavouring to m inim ise 

operating risks (sensitive transients, reduce the number of latent faults during maintenance, 

alignment errors, limiting the number of unavailable systems, improving plant organisation 

and quality assurance). Their efforts are aimed at reducing the frequency of multiple errors by 

reducing the frequency of single errors and strengthening the safe state of the reactor during 

certain high-risk situations.

Furthermore, this type of systematic analysis could be used establish a need to co llec t 

relevant data for studying dependency issues and the effects of aggravation on operator

performance. This data is of the utmost importance for human reliability studies.

4. What the study reveals

PSAs advocate a classification system linking error and recovery. The transposition of this 

classification system to experience feedback, via significant event reports, sheds a new ligh t 

on events. These insights are obtained by introducing new indicators which assist in the 

analysis, and provide new data for improving the human reliability assessment methodology 

used in PSAs.

The study shows the advantages of using a multiple technical failure and/or human error 

categories. It includes potential starting-points for accident situations: these are weakened 

situations in which incident procedures are used. The frequency of these multiple errors 

provides information on the probability of fault combinations. By studying operator
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performance during these multiple error periods, information may be gleaned as to 

dependency factors between errors (latents and post-accident errors), which could be used 

when quantifying human error in PSAs.

Event analyses should concentrate not only on the analysis of errors and their root causes, but 

also consider the error-recovery tandem, by differentiating between the various categories put 

forward (Types A(ev), B(ev), C(ev) and D(ev)). One should also examine aspects within these 

categories, and between recovery by human means and by protection systems. The study of 

detection, diagnosis and recovery times, together with a study of who recovers errors and how, 

gives overall information as to the effectiveness of the man-machine-organisation system.

The proposed method can therefore be used in three different ways: for analysing individual 

events, for analysing events using generic categories of problems, commissioned systems or 

recovery means, and for analysing experience feedback over several years.

When one event is being studied, recovery probability curves, representative of the situation, 

can lead to discussions on man - machine - organisation performance during the event. What 

is more, positive recovery factors due to improving organisation may come to light thanks to 

this type of in-depth analysis.

As regards the human factor aspects of experience feedback over several years, tables 

showing the proportion per type of error and curves illustrating the effectiveness of their 

recovery would reveal the key factors. These are stable or changing vigilance of crews, 

organisational means, methods of detecting latent faults and managing operating errors. 

Going along the same lines, an in-depth study of multiple error events would teach us much 

about operations during accidents.

This study should be taken as a feasibility study, in view of the small number of events 

featured in it. However, it does show that experience feedback provides a wealth of 

information on the failure and error recovery process. This information could be used in 

PSAs, even if the reported event do not include an initiating event. The study suggests lines 

of thought, topics for discussions and broadens our horizons on the subject.

The further steps to validate this method should be :

- study dependencies, pre-initiating context and the mechanisms of certain type of errors

- use this method in a systematic way in event analysis and to record data

- discuss the results with affected utilities (in this case EDF)

- verify hypotheses coming from the interpretation of results,

- modify our HRA Model, taking into account the study results.
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