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Abstract

In the GDR power reactors have been operated since 1966.
Since that time operational experiences of 73 cumulative
reactor years have been collected.

The behaviour of operating personnel is an essential factor
to guarantee the safety of operation of the nuclear power
plant.Therefore a continuous analysis of the behaviour of
operating personnel has been introduced at the GOR nuclear
power plants. In the paper the overall system of the selection,
preparation and control of the behaviour of nuclear power plant
operating personnel is presented.

The methods concerned are based on recording all errors of
operating personnel and on analyzing them in order to find out
the reasons. The aim of the analysis of reasons is to reduce
the number of errors. By a feedback of experiences the nuclear
Safety of the nuclear power plant can be increased.

All data necessary for the evaluation of errors are recorded
and evaluated by a computer program. This method is explained
thoroughly in the paper. Selected results of error analysis
are presented. It is explained how the activities of the per-
sonnel are made safer by means of this analysis. Comparisons
with other methods are made.
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l. Introduction

Since 1966 nuclear energy has been used in the GDR to generate
electricity. To date operational experience of 73 cumulative
reactor years has been gained. At present five units at the
Rheinsberg and "Bruno Leuschner" Greifswald nuclear power plants
are in operation with a total electricity output of 1830 MW.
Since 1983 the "Bruno Leuschner" NPP has also supplied the town
of Greifswald with heat based on hot water pumped through a
20 km transit line /!/. Nuclear energy is used for energetic
purposes in the GOR in close cooperation with the USSR and the
other CMEA states. It is based exclusively on the proven
pressurized water reactors (DWR) of the WWER type.
With this reactor type annual availabilities of around 80 %,
at some units even 85 %, are achieved in the GDR /2/.

The high percentage of operational availabilities is, at the
same time, an essential indicator of the high safety and reli-
ability of the facilities. However, it is also due to the high-
level qualification of the operating personnel guaranteeing the
conduct of operation in accordance with existing regulations.
That includes particularly the avoidance, as far as possible,
of disturbances of the regular functioning of the plants and
safety devices caused by erroneous actions of the personnel or
by errors made in plant monitoring and maintenance.

The evaluation of incidents, especially those occured at
the nuclear power plants of Three Mile Island and Tchernobyl,
has shown that human errors contributed considerably to the
development of those incidents /3/. From that follows that
the qualification, training and retraining of the personnel,
an the continuous supervision and evaluation of the behaviour
of operating personnel, together with the implementation of pre-
ventive measures, are two essential components for ensuring a safe
and reliable operation of nuclear power plants.
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2. Evaluation of the Behaviour of Operating Personnel

International experience, confirmed also by experience gained
in GDR NPPs, shows that less than 30 % of all events leading
to deviations from the planned state of operation, are due to
errors made by personnel. Only between 6 % and 8 % of all events
are caused by operating personnel, by far the major part being
caused by faulty repair and maintenance of plants. So the
operating personnel is not the main contributor to unplanned
events and disturbances. However, it must be in a position at any
time to limit, by early detection and reaction, the effects in the
plant of errors committed by other personnel (maintenance and
repair), and of other errors in order to avoid the degradation of
nuclear safety, and prevent loss of working hours as far as
possible.
Therefore, since the beginning of nuclear energy use in the GDR,
the behaviour of operating personnel has been continuously
analysed and evaluated. The methods applied are subject to
continuous development and improvement taking into account
international experience. The evaluation system covers also
abnormal events. Although they do not have any, or only minor,
material and economic consequences, they occur most frequently
among the erroneous actions of the operating personnel, and
often are the first stage of disturbances entailing loss of
working hours and facility damage. Therefore, the strongly
prevention-oriented evaluation system serves the following
fundamental purposes:
- Comprehensive identification of the causes of erroneous actions

by personnel, and of the factors favouring them;
- Deduction of measures preventing erroneous actions;
- Enhancement of human reliability, thus increasing the overall

reliability and safety of the NPP.

These purposes require a complex system with an appropriate
inner structure. We use four subsystems which are interrelated
(fig. 1):
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The data categories to identify types and causes of erroneous
actions are of special importance for the analysis and evaluation,
and therefore they are further classified. For instance, ten
different causes of erroneous actions may be distinguished.
Examples of such target functions for computer programes for
data evaluation are:
- Distribution of erroneous action causes;
- Qualification level of erroneous action causers;
- Probability of faulty operation as a function of the total

number of operating actions.

At present there are more than 50 individual computer programmes
which are run periodically (at least once a year) and when re-
quired.

Storage of all data and results in central databanks guarantees
permanent accessibility and determination of cumulative values
and results.

3. Selected Results

1. The analysis of causes of erroneous action by the operating
personnel showed that subjective failure accounting for 65 % of
all erroneous action was the main cause (fig. 3). Shortcomings
in plant and workplace layout accounted for 16 %. No erroneous
action endangering the safe nuclear operation of the NPP units
was recorded. The operating personnel mastered all abnormal events
and disturbances, among them more than 90 % not caused by it.

Installation
and Labour
(Job! Design

16%

FIG.3. Causes of operating staff errors.
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These results show that even relatively older nuclear power plants
(the operating age of the units is between 9 and 15 years) can be
safely operated by well-qualified and motivated personnel.

2. The high share of subjective failure in erroneous action causes
was studied more closely with the following results: The frequency
of erroneous actions by operating personnel holding the same posi-
tion, but having acquired their fundamental qualifications at a
technical college is higher by a factor of 1.9 than by university
graduates. In addition, techncal college graduates require a longer
training phase at the NPP before they are allowed to work on their
own. With a view to further increasing the qualification level of
operating personnel, since 1983 engineers have been trained at the
Dresden Technical University and the Zittau College of Engineering
in the branches "Nuclear Power Plant Technology " and "Nuclear
Energy Technology".

In addition to a solid basic education, the specialist training
in nuclear energy concentrates on the following priorities:
nuclear power plant technology, thermohydraulics, reactor physics,
operational and incident behaviour, dosimetry and radiation
protection, safety and realiability, steam generators and
heat exchangers in nuclear power plants, nuclear reactor
technology, nuclear fuel management, and automation.

3. An appropriate measure for the reliability of actions
by the operating personnel is the human error probability.
Related to abnormal events, the error probabilities of between
10" and 10" achieved at the "Bruno Leuschner" Greifswald
nuclear power plant are good values in respect to international
experience. In the course of these investigations a correlation
between the human error probability and the strain on the opera-
ting personnel (operating actions per year) could clearly be
established (fig. 4).

Overstrain, but also understrain, tend to increase the probability
of maloperation. By an appropriate distribution of tasks among
the various functions and by introducing computer-aided operator
support systems, optimum strain can be achieved reducing the
probability of erroneous action.
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FIG.4. Probability of faulty operation determined by the frequency of operating staff actions.

4. S u m m a r y

From the beginning of nuclear energy use in the GDR the behaviour
of operating personnel has been continuously recorded and perio-
dically analysed and evaluated. To this end, the complex system
for recording and evaluating the behaviour of operating personnel
has proved to be a useful means. Based on the results achieved,
measures were adopted designed to further reduce erroneous actions
by the operating personnel at the "Bruno Leuschner" Greifswald
NPP. They have a positive effect on the overall reliability
and safety of that NPP of those to be constructed in the GDR
in future.
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