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SUMMARY

The traditional operator job is changing, which among other things has
generated a need for better job training. Surprisingly increased process
automation has lead to increased operator qualifications, i.e. basic job
training but also up-date and rehearsal training within certain fixed
intervals.

Training methodology is divided into two lines in the report:

- Trainir? planning within an instructional technology frame of
referf * ,

- Mode or human learning.

So far, v it :e has been little communication between the two lines.
Mergint, > r» seems to be under way, which will be of importance for
increase jtility of process operator training.

There i e several, similar models for instructional system development
avail; >i a in the literature. One model which is of special interest
integi-- es Operator Training development and Man-Machine Interfaces
develop ient.

The ex> *nt to which Systematic Operator Training has been implemented
varies ith branches and companies. The nuclear power branch is given as
an exan.-.-Jle in the report. This branch probably represents something
"better than the average" among the process industries. A freshly rec-
ruited person will be given at least half a year of systematic operator
training before working as an Assistant Operator in the station. On top
of that about a year of training is given before entering the control
room. Further training periods of about half a year each are then given
to Reactor Operators and Senior Reactor Operators (Shift Supervisor). A
period of 2-3 weeks for up-date and rehearsal training is given annually
to control room personel.

The report is also given as position paper No. PP 8304 within the Euro-
pean Workshop on Industrial Computer Systems, TC-6 Man-Machine Commnuni-
cations.
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PREFACE

The present paper originally appeared as a position paper on Operator
Training. Position papers on different topics are being produced within
the Technical Committe for Man-Machine Communications (TC-6) of the
European Workshop on Industrial Computer Systems (EWICSK

For Operator Training in process industry applications there are several
aspects which are of interest in describing the current situation:

- The need for operator training, which depends on the type of job and
the type of tasks in a job and furthermore of the qualities of per-
sonnel which are available or can be recruited. It is important to
realize that the extent to which the need has been recognized and
articulated, e.g. by the management or by the training department of
a plant is just as important as the need as such.

- Available methods for operator training, design, application and eva-
luation, including models on relevant areas of human learning and
performance and also the integration of human performance and system
technology.

- Level of use: Operator training as a means of influencing important
parameters as system safety, or system availability/productivity or
quality has not been recognized in all branches or plants. The level
of use is, of course, partly dependent on the need for training and
the availability of methods, but it is partly independent of these
factors. In these latter cases the level of use may be a function of
the technological advancement of the branch or of a company.



AIM OF THE PAPER
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The objective of thii paper is to form part of the basis for the work on
Level 3 of the Guidelines for the Design of Man-Machine Interfaces wit-
hin EWICS TC-6.

As a first step the current situation on operator training will be ana-
lysed with regard to the three aspects previously mentioned, need for
operator traininq, availability of methods for training design and app-
lications and the level of use of operator training.

There are, however, some limitations tied to these analyses. The need
for training varies with branch, of course. It depends on such as comp-
lexity of the process, sophistication of automatic process control, and
hazards connected with the process, safety demands etc. In spite of the-
se branch variations some features for the process industries in general
seem to be recoginizable. The the present description is aimed at the
most important common features.

The current state of methods can be described in a more complete way as
methodology descriptions are available through normal scientific-techni-
cal reporting channels. The aim of the methodology reporting is to be
representative of today's situation.

The level of use also varies quite extensively between branches. The
description given here can be seen as just one illustrative example of
how systematic operator training has been implemented in the nuclear
power branch. This went through a "speeded" training evolution (it is
too much to talk about a "training revolution"). It was based on a gro-
wing training awareness arising from a number of thorough analyses car-
ried out after the accident in the Three Mile Island nuclear power plant
in March 1979 (See e.g. (1), (2) and (19)).



THE NEED FOR OPERATOR TRAINING

The process operator - a job in change

There are some job conditions which have great impact on the need for
operator training. These will be summarized and discussed briefly below.
The effect of these conditions is easier to detect if they are looked at
in a perspective, i.e. in yesterday's operator job, in today's and as
far as we can see in tomorrow's.
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The operator as a process state predictor

The traditional system operator, e.g. the pilot flying an aircraft or
tracking a missile, has as his primary task, correcting for deviations
from a prescribed course, i.e. he is 3ctive in the feedback loop of the
control process.

The operator of a process can be considered in a similar wa/ as a "trac-
ker" where the tracking task will be to keep the process within certain
values or Mmits. In a nuclear power plant, the power production can,
for instance, be defined as a "state point" in a two-dimensional diagram
where the flow in the main circuit pumps is along one axis and the reac-
tivity of the reactor along the other. The task of the reactor operator,
e.g. when starting up the plant, will be to keep the "state point" wit-
hin certain acceptable limits. There are two levels of limits, the first
of which will give an alarm and the second will trip the reactor (See
figure 1).

There is, however, at least one important difference between the task of
aircraft tracking and the reactor process tracking. The reactor process
is normally much slower and the process is defined through a limited
number of process variables. Each variable and its functional characte-
ristics and interrelations are known. They can be learned and furthermo-
re they can be understood from theoretical principles. The feedback
control of the process is on the whole relatively easy because it is
slow and characterized by simple relations between inputs and outputs of
the process.

It has been demonstrated several times (see e.g. 10) that the operator
learns to understand the process variables and their functional interre-
lations. Through this understanding the operator will be able to i,,ake
predictions about the direction of the process, e.g. whether it will
remain in a stable and acceptable state or go into an unacceptable sta-
te. Because of the relative slowness of the process it is possible to
utilize the operator's prediction. This is an important characteristic
of the work of the skilled process operator. The operator is in this
case acting in a way of feedforward control.

Fault diagnosis in the process is to a large extent connected with the
operator task of detecting when and why the process is within an unac-
ceptable state or is on the way to it. Fault diagnosis in process opera-
tion is performed differently from classical description of fault diag-
nosis, e.g. in connect ion with maintenance of electronic equipment.

I
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Figure 1. A state point diagram for a nuclear power reactor.

Process diagnosis is not characterized primarily by operator judgements
and decisions based on a set of symptoms which are presented to the ope-
rator more and less simulatenously and in a static way. The process
diagnosis is a highly dynamic task which runs in parallel and is inter-
connected with normal operation.
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Process automation

Another characteristic of modern process control is that many control
loops have been automated. This means that feedback control is handled
by automatic control, e.g. in connection with very fast or very slow
process activities.

The reason for automating very fast processes is obvious. The process
may be too fast to make it possible for interaction with human percep-
tion and information processing, which have certain time characteris-
tics. If the process is very fast it can not be followed by human sen-
sing and can not be interconnected with human information processing and
motor actions.

The same thing happens when the process is very slow. The human senses
will not register a very slow process change. Furthermore, it is diffi-
cult for the operator to learn characteristics of a process with very
long time delays, even if the transfer function between the control
action and the process change is simple. The problems with operators in
processes with large time delays have been demonstrated, e.g. in the
navigation of supertankers.

In these contexts automatics are very useful tools. Automatics are also
used for direct safety control. The reactor or the turbine in a nuclear
power plant will be closed down automatically if the process reaches
certain unwanted process values. However, there are normally several
ways for the operator to prevent the process from coming close to the
limits for automatic close down. The efficient handling of these assumes
skills - i.e. process understanding and "process feeling" of the opera-
tor. The operator of a nuclear power plant has an important job of run-
ning the process smoothly and preventing it from tripping, i.e. to keep
it within prescribed limits. The job is based on an intricate operator
understanding and feeling of the process dynamics, i.e. relations bet-
ween subsystems or subprocesses. This understanding and feeling of pro-
cess dynamics is often called the operator's "mental model" of the pro-
cess.

The highly automated process plant causes some problem for the operator
who needs to be active in acquiring, maintaining or developing operatio-
nal skills. The tendency to automate the direct control of the process
makes it difficult for the operator to acquire the process dynamics and
develop the skill needed to carry out certain tasks. There will be few
possibilities for on-the-job training, especially when the process is
running smoothly.

The dilemma of the modern process operator can be stated in the follo-
wing way: it is a person who seems to be passive for long periods but
suddenly has to take over and operate actively. The dilemma lies in the
fact that to be able to interact efficiently when operator control
actions are demanded the operator must also follow the process actively
when the control is carried out by the automatics. Thus, he has to inte-
ract with the automatic control system both in normal and abnormal sta-
tfcs. To be able to carry out this interaction he must "simulate" the
process in hir, mind. The "simulation" is based on his dynamic "mental
model" of the process and his updating now and then of the state of the
process. This "simulation" within the operator seems to be an important
tool of the skiJled process operator. For his updating of the process
:;t;ite the operator needs the presentation of the process variables and
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alarms in the control room. The very skilled operator often acquires
information on what is going on in the process from various displays
before the alarms activate. He then can use the alarms as a verification
of his hypotheses about the state. The alarm can also act as a signal
saying that the operator must give his attention to certain parts of the
process which need to be updated.

The possibility for the operator to act in an adequate way in monitoring
and operating the process assumes an efficient "mental model" or set of
mental models which, to a large extent, are the result of education and
training of the operator. These mental models are used by the operator
both for classical feedback operation but more importantly for predic-
tive control. The mental model also has to be up-dated which is also a
training process. An efficient up-dating of mental models is reached
through a combination of theoretical training about plant systems and
dynamic training, e.g. in a simulator.

Larger processes

Plants in the process industries tend to grow in size. This means that,
among other things, the consequencies of a fault in terms of safety or
availability/productivity will increase. Analyses of faults show that
faults very often can be traced to operator actions. An overwhelming
number of investigations show extensive operator involvment in faults or
accidents. There have a so been suggestions on how to reduce operator
errors. One such action is operator training.

We are all aware of the increased demand from society for system safety,
e.g. in nuclear power plants or in chemical plants. One consequence of
this is the conduct of safety analyses which may lead to a number of
possible actions to meet the safety requirements. The operator as such
never will be completely error free. But - as indicated above - he has
characteristics which can prevent unavailability and safety risks. Trai-
ning is a useful means of developing this operator ability.

Increased flexibility of process control technology

The increased flexibility of today's process control technology may lead
to problems in creating a good operator role and operator process commu-
nication. Flexibility should actually lead to possibilities for good
solutions. This is only true if there are sufficient means for spe-
cifying, designing and evaluating solutions in the process control pro-
curement. Flexibility leads to a demand for a qualified procurement pro-
cess, which integrates, among other things, the design of Man-Machine
Interface and Operator Training. There are several procedures developed
or under development which integrate qualified Human Factors work and
traditional process control specification and design (See e.g. ((*)).

It should be noticed that integrated process control system and operator
training development is quite different from how operator training has
been handled traditionally. Operator training was taken c<»re of only
when the process control system was completely installed. Training among
other things became a means for compensating mistakes in ths control
system.
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About computerization

The use of computer technology for the control of complex continous
industrial production has lead to a number of changes - among other
things the flexibility mentioned in the previous section. These changes,
however, do not at all seem so fundamental for the operator as compute-
rization has been in other areas, e.g. in offices or in telecommuni-
cation. Instead the fundamental change in process industry operation was
connected with automation which in branches like power production was
implemented before the introduction of computerized control technology.
It was the introduction of advanced automation and not the computer
technology as such which caused a major change for process operation.
This seems to be true also for operator training. As has been illustra-
ted earlier in the text, process atuomation has influenced operator
training in a number of ways. Most striking is that the demand for ope-
rator training has not decreased because of automation.

In this context it is worthwhile to make a comment concerning training
time needed for the process operator on the control system (which may be
computerized or may utilize conventional control technology). Vhe amount
of training time for the control system as such is normally very small
in comparison to the training time needed for understanding the process,
i.e. to learn about system functions, dependencies between systems, dis-
turbancies, process variables and their characteristics and limitations,
how to control the process etc. The time to learn about the control sys-
tem may be a couple of days while the time to learn about the process
may be several months, sometime years.

Some conclusions about operator training

A few conclusions concerning operator training can be made from the
observations in process industry operation, particularly from

1 increased demand for efficient performance in low probability distur-
bances or plant states,

2 limited possibilities for on-the-job training in normal operation
becau.os of high degree of process automation:

• The operator is no longer an "operator" in the original sense.
Today's process operator must be able to function on a level of
understanding of the process. This means increased gualifications
for process operators. This tendency towards increased qualifica-
tions seems to be stronger in Tiore cotiplex processes. The operator
job becomes more a type of system engineer job.

• The understanding needed can probably best be developed through
training which combines theory and experience from the process and
its dynamics:

Qualified process training, i.e. a lot of relevant chemistry in
chemical plants, a lot of energy and masses, fhemodynamics and
electricity in power plants.

Simulated process or subprocesses training which giver, conside-
rable possibilities to learn about the dynamics of the plant.



Beside these types of training, job experience under a qualified
instructor is, of course, very important.
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The operaticn of a large plant is normally handled by a team of
people. The size of the team depends on the complexity of the pro-
cess and the degree of process automation. It also depends on
other types of tasks than the operational ones included in the
job, e.g. maintenance, planning, document production, contacts
etc. The size of a shift team varies normally between 4 and 10
people. What has been concluded above about increased operator
qualifications will normally be valid for a senior operator or a
supervisor of the team. Both frön a recruitment and job training
point of view a career ladder for operators should preferably be
created. It is important to realize that job experience will not
normally be enough to reach the advanced operator job. A mixture
of theoretical training and wellinstructed practice and simulator
training should generally be the way.

Fault training is a key issue. The aim of fault training should be
understanding by the operator of what is going on. Experiences
show that severe accidents often develop through a combination of
minor faults close in time. From a practical point of view it can
be impossible to train the operator to meet all types of fault
combinations, e.g. on a simulator. If there are 200 individual
faults it is easy to see that the number of combinations soon
raise to unpractical numbers. Thus, the operator must learn to
realize that something unique or nearly unique is at hand. Diagno-
sis based on understanding is important for him. Furthermore, he
must know what to do to prevent further faults and to reduce fault
consequences.

It means that fault training must not have the aim to prepare the
operator just to respond to specific fault or fault patterns. Once
again, it is the understanding of the process and not just a fault
pattern recognition behaviour which should be reached.

A full-scope, high fidelity simulator is efficient means for fault
training especially when combinations or sequences of faults are
being presented. But fault training does not only require sophis-
ticated training simulators. Especially in the beginning of the
fault training or with very experienced operators very limited
realism or dynamics can be enough. An overview process chart with
more detailed charts at hand and with possibilities for time sepa-
ration can be very efficient. Critical for the training efficiency
is the availability of a skilled instructor. The instructor needs
to be a type of system engineer as well. A discussion after each
simulator session is important. The instructor and the students
can together go through what happened in the simulated situation.

• Certain skills are important in combination with fault and distur-
bance handling. The operator must learn a strategy or strategies
to handle fault situations. There are actions like how to test
hypothesis about faults, how to detect a wrong hypothesis, how to
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organize fault handling within the team, how Io reduce effects of
time stress, stress connected with severe concequences, social
stress etc. Disturbance handling strategy training should be inc-
luded in the training programme of the operators.I
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• The demand for realism - fidelity - and the scope of the training
I simulators can vary. The relation between these characteristics
I and training efficiency has been penetrated in 3 previous Ergonom-

råd report (24).

I
• The limited possibilities for on-the-job experiences both in

I normal operation and in fault conditions make it necessary for

rehearsal training to maintain knowledge and skills. Thus, rehear-
sal training should be given with intervals. As a rule-of-thumb
these intervals should not exceed one year.
Rehearsal training should include

- normal operation of the plant

fault training

relevant basic knowledge, e.g. in mathematics, physics and
chemistry.

There is also normally a need for up-date training with certain
intervals. Up-date training should include new things - modifica-
tions, new systems, new instructions, regulations, and new opera-
tional experiences from the operator's own or from other plants.
Up-date training can be combined with rehearsal training.

• Operator training development and evaluation should be carried out
in a systematic way. Certain procedures should be followed and a
common terminology should be used.
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[RAINING METHODOLOGY

The methodology concerning training development and execution has tra-
ditionally been divided along two lines;

Training planning within an instructional technology frame of refe-
rence

I
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- Models for human learning.

Up till recently the two lines have lived their life surprisingly inde-
pendent. There are, however, several activities going on now which means
a merging between the two. The instructional technology line has been
more practical and technique oriented. The human modelling has been more
theoretical ar.d speculative. To raise the efficiency of instructional
technology above what can be reached through just the application of
systematic procedures there has to be a better integration with human
performance models. Although there has been a lot of good work over the
years of psychology, human modelling has been too general or too hypot-
hetical or has not been generally accepted. This picture may change now.

Training planning methods

The training planning methods are generally based on a system approach.
The development of the concepts have in most cases been in connection
with military training. During the last years the application of inst-
ructional technology in industry has increased.

The classical system approach in training planning can be examplified by
work of Kaufman (15) and (16), representing a "clean" system scientist's
view of training. It is illustrated in figure 2.
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In recent writing Kaufman emphazises the internal and external need
assessments. Key words in the need assessments are "What is" and "What
should be" as in figure 3.
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Other work with a system approach but more practically handbook oriented
is "Instructional System Development for Vocational and Technical Trai-
ning" by Butler (7). This work divides instructional planning into the
activities and subactivities described in figure 4.
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The U.S. military has allocated considerable resources into work aiming
for unified concepts and procedures in the area of instructional plan-
ning (2). There is great similarity with the procedures suggested by
Butler above and the present defence structure (17). (See figure 5).
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Figure 5. Interservice procedures for instructional systems development
model.

A goal of the work on developing models and procedures for instructional
system development is to provide procedures for reducing time and cost
in the production of high-quality instructional material, e.g. computer
aided instruction.

West European training planning research seems to be more civil oriented
in comparison to the U.S.A. (See g. (18)). A thorough assessment of
the system approach to educational planning has been made by Bäck (9)
who has taken part in the development of job analysis procedures for
training planning. His work on job analysis has formed an input to the
development of training planning procedures especially adapted to pro-
cess industry (28). The main steps in these procedures are presented in
figure 6.
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These training planning procedures fit into a structure for Man-Machine
Interface development laid out in the Guidelines from the Technical Com-
mittee 6 on Man-Machine Communications within the European Workshop on
Industrial Computer Systems as described in figure 7 (4).
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Figure 7. Activities in Man-Machine Interface development according to
the EWICS TC-6 Guidelines.

The core of this integrated planning structure is the procedure for the
description of the plant. A diagram of the plant states has been adop-
ted. The operations of the plant are found in the state transitions,
which also are a first level overview description of the operator duties
or tasks. An example of a state diagram with state transitions from a
nuclear power plant is found in figure 8.
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a Reactor after refuelling

b Cold subcritical plant

c Heated subcritical plant

d Hot critical, reactor power 555,
turbine not running

e Turbine at nominal speed

f Normal operation

g Disturbed operation

h Emergency operation

i Hot, tripped, subcritical reactor

k Hot, critical reactor, power b%

1 Hot, subcritical reactor

Figure 8. States and transitions of a nuclear power plant.

As indicated earlier in the text there is a natural continuation of the
system approach to training planning methods into computer-aided inst-
ruction planning. Computer-aided instruction is producing a large number
of reports at the present time (See e.g. (5)). There are several jour-
nals in which the reports take place, e.g. Journal of Educational Tech-
nology Systems (Baywood Publishing Company, Inc. P.O. Box D, Farmingda-
le, N.Y. 11735, U.S.A.).

A training aid of special interest in process industries is simulation
which makes it possible for the operator to learn the dynamics of the
process. Training simulation in the commercial nuclear pover production
has been the topic of a reported conference (13). Another review which,
among otherr., concerns the topic of fidelity of the simulation is (24).
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Model for human learning

The type of learning which is of special interest in the present context
is cognition or human information processing. The area is certainly not
new. Classical work, e.g. by Piaget (22), is the basis for today's
research in this field. Modern work, which to a certain extent bridges
the gap between traditional training technology and cognition, is found
e.g. in (11). Operator model work of special interest for Man-Machine
Interfaces and Operator Training is carried out by Rasmussen and co-wor-
kers at Risö in Denmark (See e.g. (23)). The division of human informa-
tion processing into levels within the operator is illustrated in
figure 9.
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Figure 9. Schematic model of three different levels of human
information processing (according to Rasmussen).

There is a correspondence between different technical levels for
describing a plant or a process and mental representation on knowledge
of the operator

- physical frrm

physical function

functional structure

symoolic function

functional meaning.

These relatiormhips have been analysed and described tentatively for
nurlnar power plants (27).



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

17

Recently human operator models have been reviewed in a position paper
from EWICS TC-6 by Stassen and van der Veldt (26). A structure - The
Model Apartment Building - is suggested for the classification of opera-
tor models. This structure is found in figure 10.
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Figure 10. The Model Apartment Building as a proposed
classification scheme for Human Operator Models.

The question of learning and the Internal Representation is taken up in
the paper but is still in a premature state.

A forum for reporting of recent research in the area of human modelling
of relevance for process industries and training is the Annual Conferen-
ce on Human Decision Making and Manuai Control - The European Annual
Manual. Three conferences have been held so far, (25), (14) and (12).

An area of special interest in the planning of Qualifications and Opera-
tor Training is work which relates knowledge on different levels to each
other, e.g. the relationship between system function knowledge and basic
knowledge in physics and chemistry.

I
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LEVEL OF USE

It is interesting to see how and to what extent advanced operator trai-
ning has been implemented within process industries. It seems to vary
extensively between branches and between companies. There are a number
of factors which may contribute to this variation:

- Complexity of the process

- Degree of process automation

- Requirements on system safety

- Amount of cost connected with unavailability or production stops

- Recognition of Human Factors Technologies

To get a representative picture of today's level of use within process
industries requires an extensive amount of work. For practical/econo-
mical reasons this can not be done within the present paper. Instead the
situation within one branch will be described, tiie commercial nuclear
power production. This is intended as a demonstration example. This
description is possible due to material being already available and col-
lected from several countries.

The nuclear power branch probably does not represent the "average" of
process industries, but probably something better than the "average". It
is difficult to say to what extent better, whether it is in the foref-
ront of process industries or just above the average.

In terms of the factors which will influence the level of use of opera-
tor training described oreviously, the nuclear power plant has the fol-
lowing characteristics:

- It is a large process, complex with a number of subprocesses.

The degree of automated process control is relatively high.

- Certain hazards are connected with the process and the requirements
on system safety is extremely high. The process is highly regulated
from a safety point of view and there are a large number of means to
meet the safety requirements.

- There are large costs connected with unavailability of the system.

- Experiences from disturbances and events have been gathered conti-
nously from the branch all over the Western world. These have repea-
tedly shown the importance of human (operator) influences both from a
negative and a positive point of view.

The presentation here is divided into the following sections:

- Educational background of operators.

- Amount of operator jot' training,

ftehean.fij find up-dal.r training.
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Training simulators.

- Licencing of operators.

- Resources on training development and evaluation.

These issues have been presented more thoroughly in a number of confe-
rences or reports during the last few years (See e.g. (3) and (6)).
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Educational background of operators

The general educational background of operators in nuclear power plants
is in most cases a technician level. The tendency is, however, to inclu-
de on the shift people with competency which has a greater depth in cer-
tain areas. This is done in a number of ways. The shift of operators is
a group of 5-10 persons.

The U.K. differs from the general pattern in the way that academic deg-
rees were required for the reactor operator and the shift supervisor
from the beginning. The U.K. started its nuclear power programme early
and have had plants in commercial operation for more than 25 years. They
still require this type of competency.

In Switzerland engineers with an academic degree were recruited for the
top position(s) of the shift when they started up their nuclear power
program. They were not able to keep their engineers in the operator jobs
especially when the stations went into a steady state operation after
the initial starting up phase. A new type of job was then introduced,
"the Picet Engineer" a qualified engineer on-duty whom should be called
upon by the shift in special siuations.

In the U.S.A., which has had a large influence on most of the nuclear
power technology, the requirements of shift operators normally has been
at technician level. Among the different safety actions which followed
on the Three Mile Island accident in March 1979 was that a new job was
introduced called Shift Technical Adviser, for which an academic engi-
neering degree was required. The Shift Technical Adviser job is similar
to the Picet Engineer in Switzerland.

West Germany has increased the recruitment requirements for the shift
supervisor and will demand an academic engineering degree from 1984.

Electricité de France requires an advanced technical training for the
control room operators and the shift supervisors.

In Sweden the minimum recruitment level is an advanced technical exam
although not an academic engineering degree. Instead of introducing a
new job with demands on advanced engineering background the decision has
been to give the shift supervisor better training in certain basics of
physics and chemistry, e.g. on thermodynamics.

It can be concluded that there is a tendency to obtain greater depth in
knowledge on the shift. The reason for this is that the shift, through
better theoretical understanding, will be better prepared to meet opera-
tional situations with low frrrjuency.
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Amount of operator job training

The amount of in-house training for the main jobs of the shift of a nuc-
lear power plant is presented in the table below. Examples from some
countries are given. For the U.S.A. the figures represent a recommenda-
tion from the Institute of Nuclear Power Operation. They are also rep-
resentative for one of the larger power companies, Tennessee Valley
Authority TVA. The figures of Electricité de France comes from PWR sta-
tions. For West Germany figures are given for the RWE, Rheinisch-Westfä-
lishes Elektrizitätswerk A.G. The figures for Sweden represent the ave-
rage for four nuclear power companies with BWR-stations. There is nor-
mally a career ladder from Assistant Operator to Shift Supervisor.
PWR-stations (Pressurized Water Reactors) are normally a little more
complex than BWR-stations (Boiling Water Reactors) and require somewhat
more training.

Table 1. Number of weeks of training , exclusive practical training
in nuclear power plant operator jobs in some countries.

Country (power company)

U.S.A. (INPO Guide-TVA)

France

West Germany (RWE-Biblis)

Sweden (BWR-plants)

Number

STA

34

-

-

-

of weeks

SS

12

6

12

4

of job

RO+TO

48

22

50

36

training for

A0

38

18

25

20

STA = Shift Technical Adviser
SS = Shift Supervisor
R0 = Reactor Operator

TO = Turbine Operator
A0 = Auxiliary Operator

The figures in table 1 can be used just as gross indicators of the
amount of formal training for operator jobs in nuclear power plants.
There are substantial differences between the countries concerning edu-
cational backgrounds of trainees etc, which make strict quantitative
comparisons unfeasible.
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Rehearsal and up-date training

It is recognized in the nuclear power branch that a person once trained
as an operator, needs some recurrent training in order to maintain qua-
lifications for the duties of the jobs.

Two types of content are found in this training

rehearsal of knowledge and skills learned before but not practiced
much on the job,

- up-date training concerning new components, systems, modifications,
new regulations and new operational experiences.

There seems to be a general tendency that this type of training is given
with fixed intervals, e.g. a year. Some part of the training is normally
carried out on a simulator. The amount of rehearsal and up-date training
per year varies between two and eight weeks. One or two weeks of this
time is normally carried out on a training simulator.

Training simulation

The branch took over ideas early from the flight training of using
advanced training simulators. The first ones were built in the U.S.A.,
where they were used for training and personnel testing purposes.
Advanced training simulators were then built and taken into use in, e.g.
Sweden, France, West Germany, Japan and Spain. The degree of advancement
of educational technology in the branch, however, did not seem to be
equal in level with the degree of advancement of equipment technology.

With increasing advancement of educational technology the view on trai-
ning simulation has changed. There is today a great interest not only
for high-fidelity, full-scope simulators but also principle simulators
or part-task simulators (31) and (8).

Even a FO called full-scope simulator is not a full-scope simulator in
the same sense for a nuclear power operator as it can be for e.g. a
pilot. For a nuclear power plant operator there will always be situa-
tions and tasks e.g. out in the plant which cannot be simulated with a
traditional control room simulator.

It is important to realize that the training simulator for a nuclear
power operator does not have the same meaning as the training simulator
for the aircraft pilot (i.e. the traditional pilot - the pilot of to-
day's and tomorrow's commercial aircraft is also becoming more of a pro-
cess operator). The pilot learned to coordinate his activities within a
very limited time span. The main purpose of the training simulation for
nuclear power plant operators is to demonstrate functional relations and
dynamic patterns for the operator within a much longer time frame. There
is nearly always time for reasoning and for consciensious understanding
within a nuclear power process. The training of information processing,
diagnosing, problem solving and decision making are very important here.
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Licencing of operators

Because of the safety requirements connected with nuclear power some
kind of national and international authorisation was introduced in the
branch early, i.e. in the 1950's. In several countries this has led to
the licencing of the individual operators e.g. U.S.A. and West Germany.
Some testing is connected with licencing both for the initial acquisi-
tion of a licence and for the maintenance of it.

In some countries, e.g. U.K. and Sweden the legislation put the complete
safety responsibility on the power plant owner. Thus, some kind of safe-
ty responsibility through a licencing has not been allocated to the
individual operator as in the U.S.A.

Resources for training development and evaluation

The nuclear power branch grew out in the 1960's and 70's with a rather
low degree of use of Human Factors Technologies. Although the branch has
been preserved from any real severe accident (which has caused deaths
and damage to human beings). Larger accidents and events have been ana-
lysed. These analyses have shown that in a majority of cases causes can
be traced back to insufficiencies in Human Factors design, like Man-Mac-
hine Interfaces, Maintainability or Operator Qualification and Training.

The accident of the Three Mile Island plant in Pennsylvania in the
U.S.A. in March 1979 was, thus, thoroughly analysed. Several conclusions
were drawn.

As part of an action program after TMI all nuclear power producing
countries have initiated Human Factors work including in most cases sys-
tematic work on operator training development and evaluation.

The power companies in the U.S.A. have formed and run a special organi-
zation, Institute of Nuclear Power Operations, INPO, which gives service
to the power companies in, among other things, Operator Training Deve-
lopment and Evaluation (20). INPO has today a staff of about 300 people.
It is said that "one of INPO's major functions is to promote excellence
in training, education and qualification of nuclear plant personnel".
INPO's activities do not relieve individual utilities of their responsi-
bilities to develop properly trained and qualified personnel or to ope-
rate their plant safely. Instead, INPO assists member utilities in
accomplishing their objectives.

There are three objectives of INPO's Training and Education Division:

To establish standards of excellence for industry training

To evaluate the quality of effectiveness of industry training
programs

To assist member utilities in high quality performance-based training

INPO has developed and is still in the process of developing a set of
systematic procedures for training development and evaluation which can
be utilized by the utilities. INPO will probably have a large impact on
the level of advancement of Training Technology, especially in smaller
ut i I i ties.
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In Europe also there has been a large number of activities to enhance
among others operator training. The U.K. for instance, is in the process
of introducing a second generation of commercial reactors. In relation
to this are Human Factors programmes including operator competency and
training development being carried out in the so called Sizewell activi-
ties. Sizewell is the name of the first PWR power plant in the U.K.

In Sweden the development of systematic procedure for operator competen-
cy acquisition, maintenance and evaluation was started in 1978 (29),
(30). The procedures were implemented in 1980. At the moment the opera-
tor training program developed by the power companies are being evalua-
ted.

I
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