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Prediction of Plant Operator Error Mode

Hyun-Chul Lee“, Erik Hollnagel?, and Magnhild Kaarstad®

ABSTRACT

The study of human erroneous actions has traditionally taken place along two different lines
of approach. One has been concerned with finding and explaining the causes of erroneous
actions, such as studies in the psychology of "error”. The other has been concerned with the
qualitative and quantitative prediction of possible erroneous actions, exemplified by the field of
human reliability analysis (HRA). Another distinction is also that the former approach has
been dominated by an academic point of view, hence emphasising theories, models, and
experiments, while the latter has been of a more pragmatic nature, hence putting greater
emphasis on data and methods,

We have been developing a method to make predictions about error modes. The input to the
method is a detailed task description of a set of scenarios for an experiment. This description
is then analysed to characterise the nature of the individual task steps, as well as the
conditions under which they must be carried out. The task steps are expressed in terms of a
predefined set of cognitive activity types. Following that each task step is examined in terms
of a systematic classification of possible error modes and the likely error modes are identified.
This effectively constitutes a qualitative analysis of the possibilities for erroneous action in a
given task. In order to evaluate the accuracy of the predictions, the data from a large scale
experiment were analysed. The experiment used the full-scale nuclear power plant simulator
in the Halden Man-Machine Systemns Laboratory (HAMMLAB) and used six crews of
operators from a commercial nuclear power plant as subjects. The data consisted of
systematic performance observations by experts using a pre-defined task description, as well
as audio and video recordings. The purpose of the analysis was to determine how well the
predictions matched the actually observed performance failures. The results indicated a very
acceptable rate of accuracy.

The emphasis in this experiment has been to develop a practical method for qualitative
performance prediction, ie., a method that did not require too many resources or specialised
human factors knowledge. If such methods are to become practical tools, it is important that
they are valid, reliable, and robust.

1 MMIS Laboratory, Korea Atomic Energy Research Institute, Korea
2 MMSR Division, OECD Halden Reactor Project, Norway
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Cognitive
Activity

General Description

Record . .
Regulate . .
Scan °

Verify
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CPC name/Descripter

Adequacy of organisation: The quality of the support and resources
provided by the organization for the tasks or work being performed.
This includes communication systems, safety management system,

support for external activities, etc

Very efficient/Efficient/Inefficient/Deficient

Waorking conditions: The conditions under which the work takes place,
such as ambient lighting, glare on screens, noise from alarms,
interruptions from the task, etc.
Advantageous/Compatible/Incompatible

Adequacy of MMI and operational support: The quality of the MMI
and/or specific operational support provided for operators. The MMI
includes control panels, workstations, and operational support provided
by specially designed decision aids
Supportive/Adequate/Tolerable/Inappropriate

Availability of procedures/plans: The availability of prepared guidance

> . for the work to be carried out, including operating/emergen
Coordinate Bring system states and/or control pl’OCCd::eS routines and fa:\iliar respoiser; ¢ gency
: configuration into spemﬁc relation Appropriate/Acceptable/Inappropriate
Communicate Fass on or reccrve person-to-person Number of simultaneous goals: the number of tasks or goals operators
information must attend to. Since the number of goals is variable. This CPC
Compare Examine the qualities of two or more applied to what is typical/characteristic for a situation
entities Fewer than capacity/Matching current capacity/More than capacity
Diagnosis Recognise or determine the nature or Avai]ab]f: time: The time available to complete Fhe work; or the general
cause of a condition by reasoning :evil_gftlmipressu;etf()trlllhe task ar:jd the situation type. How weil the
Evaluate Apprasal or assessment of a situation 33X 1€ Synchromsed 1o fhe process dynamics
- - - Adequate/Temporarily inadequate/Continously inadequate
Execute Per.formance of a previously specified Time of day: The time of day(or night) when the task is carried out;
action or plan whether or not the person is adjusted to the current time.
Identify Establish the identity of a plant state Day-time(adjusted)/Night-time(unadjusted)
Maintain Sustain a specific operational state Adequacy of training and experience: The level of readiness for the
Monitor Keep track of system states over time work as provided(by the organisation) through training and prior
Plan Formulate set of actions necessary to in§tmction. Includes familiarization to new technol.ogy, refreshing old
achive goal skills, etc. As well as the level of operational experience
Adequate highly experienced operators/Adequate, but operators not
Record Set down or log system event very experienced/Inadequate
T — e
Regulate A te?r speed or direction of a control to T 3 Common Performance Condition
attain a goal
Scan Quick or speedy review of information
sources
Verify Confirm the correctness of a system Cognitive function Potential Error Mode
condition or measurement - - :
X1 JABERE Observation errors 01 Observation of wrong object
AL Ao 02 | Wrong identification made
03 Observation not made
(omission)
Activity SMoC Functions Interpretation errors 11 Faulty diagnosis
Obser | Interpr | Plan { Executi 12 Decision error
vation | etation | ning | on 13 Delayed interpretation
Coordinate . ° Planning errors P1 Priority error
Communicate N P2 Inadequate plan formulated
Compare . Execution errors El Execution of wrong type
Diagnosis . . performed
Evaluate o o E2 ?cnon performed at wrong
ime
Execute - -
- e E3 Action on wrong object
g00b)
Identify ° :
— 7 E4 Action performed out of
Maintain . ° sequence
Monitor . ° E5 Action missed(omission)
Plan . X4 0808 TC
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