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Abstract

The Research Center System Safety of the Berlin University of Technology conducted a
research project on the analysis of Human Factors (HF) aspects in incident reported by
German Nuclear Power Plants. Based on psychological theories and empirical studies a
classification scheme was developed which permits the identification of human
involvement in incidents. The classification scheme was applied in an epidemiological
study to a selection of more than 600 HF - relevant incidents. The results allow insights
into HF related problem areas. An additional study proved that the application of the
classification scheme produces results which are reliable and independent from raters.

1 Introduction

This paper treats aspects of a research project on the analysis of human factor aspects in
incidents reported by German Nuclear Power Plants. It describes the development and test
of a classification scheme for the categorization of Human Factors (HF) in incident
reports. The project was conducted by the Research Center System Safety (FSS), Berlin
University of Technology and supported by the German Gesellschaft fur Anlagen- und
Reaktorsicherheit (GRS).

2 Classification Scheme

The project was an epidemiological study on Human Factors aspects in incident reports.
In general, epidemiological studies using classification schemes to categorize relevant
aspects. These studies are always based on reports about incidents only, not on the
incidents themselves.

In order to compile a classification scheme which addresses the possible human role in
incidents in a comprehensive way we looked at theories in different domains. These
domains were:

psychological theories of human error: we examined several human error theories
and their proposals for error classification (Norman, 1981; Rasmussen, 1987;
Reason, 1990; Rouse & Rouse, 1983),
accident causation theories, which explicitly include human factors like the theory
of Rasmussen (1982), Reason (1990) again,
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the concept of safety culture as it was introduced by the INSAG group (1991)
the concept of group think of Janis (1989)

We then analyzed international epidemiological studies and their classification schemes:

a study of the American NRC (Speaker, Voska and Lukas, 1983)
a study for the French EDF (Leckner, 1987)
a German study for the Federal Ministry of Radiation Protection (Hoffmann,
1984)
and studies which were carried out by INPO (1983, 1984, 1985)

In its present form the classification scheme is divided into eight parts: general aspects,
organizational aspects, personnel aspects, aspects of failure, aspects of causes and aspects
of feedback.

The general aspects include the time, the state of the system and operational
phases, the locus, the affected parts, the characteristics of the component and the
actors.

Organizational Aspects cover interorganizational cooperation and, following the
proposals of INSAG, aspects of safety culture.

Personnel aspects focus on characteristics of the acting person and on group
characteristics.

Processual factors are the content and characteristic of the task, the level of task
(according to Rasmussen), procedures for the task, information about the task,
tools and safety devices.

Aspects of the failure cover the trigger, the failure type and violations of
rules/procedures.

Aspects of the causes are the likely conditioning factors on the three Rasmussen
levels communication, erroneous decision making and the level of information
processing.

Aspects of feedback focus on feedback characteristics, error consequence
connection and on error discovery.

The last group refers to factors of external impacts like lightening and flood.

After a pretest with some incident reports we simplified the classification system to a
short version to be compatible with the data from the incident reports. This short version
was implemented as a computer program for online classification



Analysis

In the last two decades more than 3000 incidents in NPPs in Germany were reported to
the regulatory bodies. These reports are stored in a mainframe database. We had a look at
these reports using descriptors from the reporting form and identified 16 descriptors
which are more or less directly
connected with human factors. Some
examples of these descriptors are
"wrong action", "action not in
compliance with procedure" but also
"measure of prevention: training."

We selected all cases which were
classified at least in one of the 16 HF
categories. So we obtained 678 cases.
For an easier handling we down-
loaded these to a personal computer
and arranged them into a combination
of a relational database and freeform
information retrieval system.

Because of time restraints we selected
a random sample of 436 cases from a
total of 678. The results refer to this
sample. The course of the
investigation is shown in figure 1.
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Figure 1: Course of the investigation

Then three raters were trained to analyze the narrative description of the event using the
classification scheme. 20 cases, not part of our sample, were used as a warm up for the
raters in order to standardize the ratings.

Each rater analyzed one third of the cases in our sample with one exception: For the
computation of interrater reliability and retest reliability an identical random sample of 40
cases was analyzed twice (with a gap of 100 cases) by each rater, but only the first results
of one (randomly chosen) rater were included in the overall analysis.

Results

Reliability
The overall interrater reliability and retest reliability were satisfying. Interrater reliability
means that the results of the classification scheme are independent from the rater. Retest
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reliability means, that the results of the scheme are stable. Analyzing the same reports
after a period of time, produces similar results.

Category situation
In which situation did the events occur? This question is not trivial. Events are complex
and often last over a period of time. We classified the situation of the first perceived
indicators of an event.

45 % occurred in a no power,
13% in a low power, and
42% in a normal operation situation

Actors
One very interesting result is, that in 20% of the cases outside firms are involved. In 83%
of these cases there was a time lag between error and consequence. This means the
contribution of outside firms to the so called latent errors (Reason, 1990) is relatively
high. Latent errors differ in time and space from the actual event and therefore are harder
to identify.

Information and feedback
In literature (for example INPO 1983, 1984, 1985) the influence of deficient procedures
as latent errors is emphasized; we also found wrong or missing procedures contributed to
the event in 22% of all cases. This is a strong evidence that there is a need to validate
and test procedures.

Aspects of the error
In nearly half of the cases, the effect of the error is delayed, that means there is a time
lag of more than 15 minutes between error and consequence. In one third of these cases
you even find time lags of more than 8 hours. Most of these errors have to do with
maintenance. Again we counted this as a strong evidence for latent errors.

5. Discussion

The results from the analysis of German Incidents provide valuable information, for
instance concerning latent errors, the role of procedures. But epidemiological studies have
an intrinsic problem: as reports are the database of studies like this, they are always
dependent on the quality of the reports.

Our study identified some shortcomings of the German reporting system: HF aspects and
aspects about organizational factors are rarely reported. Therefore, conclusions about HF
and organizational factors are difficult to draw. To ensure the learning from experience
for HF and organizational aspects both, the reporting system and the event analysis have
to be improved in a way to include theses aspects.
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