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In 1974 the Swedish Nuclear Power Inspectorate was commissioned by the
Government to implement a Reactor Safety Study concerning commercial light-
water reactors.

The study is to deal with:

1. Rules and regulationj for reactor designs

2. The operational experience obtained from Swedish nuclear power plants,
with international comparisons

3. The development of reactor designs during the last 10 years

4. Demands and conditions for inspection and inspection methods

5. The organization of nuclear power plant operations

6. The training of operators

7. The results of nuclear safety research.

The study is scheduled for completion by July 1, 1977, but substantial
results will be available at the beginning of April.

At this stage (beginning of February) only brief comments can be pro-
vided on the items mentioned above but we intend to give a more detailed
summary of the results at the conference.

1. RULES AND REGULATIONS FOR REACTOR DESIGNS

The basic safety requirements for nuclear power stations can be expressed
in a large number of specific safety requirements which gave specifications
in detailed form. In other words, the specific requirements can be referred



to the basic requirements. In certain cases, a given specific safety require-
ment may be linked to more than one basic requirement.

The specific safety requirements which apply to the design, construction
and operation of Swedish nuclear power stations are stipulated by the author-
ity which grants permits. This is the Swedish Nuclear Power Inspectorate
(SKI). These requirements are stipulated in formal notices in the form of
letters which are submitted to the utility that has applied for a permit.

The safety requirements which are applied to the construction of nuclear
power stations in Sweden and in other countries have been subject to a con-
tinous development both with regard to scope and their contents. This de-
velopment is reflected in the official notices issued by SKI from the very
first Swedish nuclear power station with a light-water reactor, Oskarshamn 1,
to the latest, for which a document of this type exists, namely Forsmark 3.

The official notice issued by SKI for the Forsmark nuclear power unit
no 3 is used as a basis to describe the current specific safety requirements
in this presentation. These requirements represent the safety level for the
protection of personnel and the environment which the advanced light-water
reactor technology of today can offer within technically and economically
reasonable limits established by national and international practice. As far
as safety is concerned, this technology is based on extremely extensive re-
search and development work, most of which has been carried out in the USA.
This country has been the leading nation in the light-water reactor field
from the beginning, and substantial resources have been devoted to research
and development. Consequently, it is only natural that the Swedish reactor
safety requirements, stipulated by SKI and applied by Swedish reactor manu-
facturers and utilities, are based Lo a considerable extent on the extensive
and complete American system of norms, standards and criteria. SKI does,
however, also keep an eye on the development of safety norms in other coun-
tries, particularly in West Germany, and takes these into account when draw-
ing up its own requirements. In addition, special Swedish requirements have
been formulated. These requirements will be specified and discussed in more
detail at the conference.

2. THE OPERATIONAL EXPERIENCE OBTAINED FROM SWEDISH NUCLEAR POWER PLANTS,
WITH INTERNATIONAL COMPARISONS

The operational experience obtained from Swedish nuclear power plants
does not differ to any major degree from the experience obtained in the USA
and West Germany. Events on the turbine side dominate. Obviously it is ex-
tremely important to find - or develop - components with a lower fault fre-
quency in order to improve the availability of the nuclear power plants and
increase the reliability of the safety systems.

In general, the following conclusions can be drawn: No reactor mishap
that had any importance for persons in the vicinity of the reactors has
occurred during the period in which light-water reactors have been in opera-
tion. The total operational experience obtained with this type of reactors
represent almost 1 000 reactor years. Statistics also indicate that the
occupational safety of persons within the nuclear power plant is extremely
high when compared with other activities.

A number of incidents or situations, which have entailed putting the
safety equipment into function or which have resulted in a reduction in the
safety preparedness, have occurred. This is only to be expected and is,
consequently, taken into account when designing and operating the nuclear
power plants. Experience shows that cracks in pipes and other components
have occurred on a number of occasions. This is also to be expected in the



future. Experience has also shown that in most cases it is possible to dis-
cover crack formations before they become critical and lead to failure. The
reason for this is the high quality which is required, combined with regular
instructions during operations and with instrumentation systems which can
provide an alarm on incipient leakage. This does not, however, mean that the
possibility of failure can be written off, but rather that the probability
for mishaps of this type is low and they will not, consequently, represent
any major danger for serious reactor mishaps since the reactors are designed
to deal with such failures within a wide margin of safety.

The Brown's Ferry fire in the USA is an example of an event in which the
incident in itself caused a major part of the safety equipment that was re-
quired or could potentially be required to be put out of function. The
Brown's Ferry fire was a serious example of a common mode failure since
several standby units of the safety system were rendered inoperable by the
same cause. It is also an example of a situation in which the common mode
failure was caused by the initial incident itself.

But considerable attention is being paid to this type of failure today
and a number of experiments are carried out to prevent such mishaps. In par-
ticular, physical separation, (i.e. separation by means of walls and such
like) of the standby sub-system is applied to prevent common mode failure.
This principle is followed in Swedish nuclear power plants and a fire with
the consequences of the Brown's Ferry incident can be regarded as highly
unlikely at the plants which are built today.

Some of the incidents and situations which have occurred can be referred
to design errors. Some of these can be said to have derived from the fact
that a sufficient knowledge of the physical phenomena involved was not avail-
able at the time in question. The rest is judged to result from deficient f

quality assurance. Another group of incidents and situations which have ^
occurred are classified as having been caused by errors in classification, f
installation or construction. These, too, are in a way a result of deficient e
quality assurance. A general overhaul of the quality assurance during all of
these phases of a project is being implemented all over the world, and this
will mean a relative reduction in the number of dangerous incidents and si-
tuations arising from surh deficiencies.

Some of the incidents and situations which have occurred can be blamed
on operator errors, faulty repairs and maintenance, deficient or erroneous
instructions and such like. A thorough overhaul of quality assurance is also
taking place in this sector all over the world. This work has been started
only in recent years and we can expect that it will result in a relative
reduction in incidents and situations arising from deficiencies of this type.

Occasional operational disturbances have occurred. In themselves, they
have not been serious but have been aggravated by the fact that the operators
carried out erroneous measures due to deficient supervision or a lack of
understanding of the situation. Experience would seem to confirm that ac-
tions which can be taken immediately after an operational disturbance or a
situation in which a mishap might arise should be automated so that the ope-
rator is not actively involved in the first critical phase. Right from the
start, the "half hour rule" has been applied in Sweden. This means that auto-
matic functions must protect safety during the first half hour after an
incident. A development in the same direction also seems to be in progress
in other countries and will probably lead to a relative reduction in the
number of incidents caused by erroneous operator measures. Computer systems
which analyze the situation during the incident and which present an over-
view for the operator will also play an important role in the future.

The following conditions are extremely important for safety at nuclear
power stations. Light-water reactors have not, in principle, changed markedly



in the 20 years or so during which they have existed. Development has been
characterized by a smooth evolution rather than rapid and major changes.
This development will probably continue and means that there is relatively
little danger of new errors being included in the design. It should there-
fore be possible to achieve a continued and constant improvement since the
basic design will become thoroughly analyzed with time. Such development
should also mean that new knowledge, which becomes available, will also be
applicable to older plants and can, consequently, be used to improve these
wherever necessary.

A more detailed analysis of the operational experiences will be presented
at the conference.

3. THE DEVELOPMENT OF REACTOR DESIGNS DURING THE LAST 10 YEARS

Swedish development have kept abreast of international development, par-
ticularly that of the USA. In Table I are listed the most important milestones
with regard to the application of safety requirements in Swedish nuclear power
plants. These items will be further developed during the conference.

4. DEMANDS AtTO CONDITIONS FOR INSPECTION AND INSPECTION METHODS

The following sectors will be dealt with under this heading at the con-
ference:

1. Inspection and testing

2. Review of requirements for the construction and operation of plants, in-
cluding results analysis

3. Nuclear safety research in the inspection and testing sector

4. International comparisons of inspection and testing

5. NUCLEAR POWER PLANT OPERATION ORGANIZATION

From the reactor safety point of view, manufacturers and users of nucle-
ar power stations and the public authorities involved have concentrated
their efforts on measures to prevent accidents during reactor operation.
The result has been that technical, automatic systems deal with failures
anticipated by the designer. Nevertheless, there are several examples of
critical situations during the operation of nuclear power plants which can
be traced to incorrect action on the part of human beings. In addition, it
has proved difficult in many cases to meet the specified production demands,
i.e. to maintain a high availability in the plants, due to human malfunction
in the operational situation.

Experience has thus shown that the purely technical approach, whereby
the operational safety of a sub-system (reactor system) is guaranteed by
means of automatic systems, is not satisfactory from the total-safety point
of view or from the economic point of view.

Nuclear power plants should, instead, be regarded as a single, complex
system of man-machine type where the total safety for the surroundings and
the availability for the intended production depend on the design and im-
plementation of a quality assurance program for the production of the system.
The following should be carried out to create the best possible prerequisites



for the collaboration of the operational personnel in the quality assurance
program:

the work situation should be analyzed and the tasks incumbent on the
operational personnel in the man-machine system should be defined, taking
into account the possibilities and limitations of human beings.

At present, (1977) it can be established that the applied research
carried out on the initiative of authorities and nuclear power producers is,
to a certain extent, oriented towards ergonomie analysis of the total work
situation in the operation of nuclear power plants with the aim of providing
source material for

the selection of personnel in the form of requirements and criteria from
medical and psycological viewpoints

the planning of training and personnel follow-up

modifications in the design of work in existing stations and ordered nu-
clear power plants

specifications of and requirements on the design of the presentation in
control rooms and other control stations in future nuclear power plants

purchasers of nuclear power plants enabling them to ensure that reason-
able ergonomie requirements and specifications are met by the manufac-
turer

modifying work routines and designing instructions, checklists and
manuals

Development work of the type mentioned above is in progress at present
in the USA and the Federal Republic of Germany among other countries.

These matters will be dealt with further at the conference.

6. THE TRAINING OF OPERATORS

The structure and length of operator training are affected by several
factors, including

the status of the plant, i.e. whether the plant is operational or is
under construction

the theoretical and practical background of the newly recruited person-
nel

The training is intended to give personnel such a level of knowledge that
they can carry out their duties reliably and efficiently.

In addition, each employee must be able to meet the qualifications re-
quired by the authorities on the completion of this training. Collaboration
has been established between authorities and nuclear power producers with
regard to training programs. This collaboration is best established in the
USA where the NRC requires new nuclear power plants to submit their training
programs for all personnel. Should the NRC find any reason to criticize
these programs, they must be revised.



The AKU training simulator at Studsvik was taken into use in 1974 and the
operators at Barseback 1 were the first to have access to this simulator as
an aid in training. It is also worth mentioning that this simulator was the
first of its type in Europe. The training provided in Sweden is similar to
that provided in the USA. ASEA-ATOM, the reactor manufacturer, offers
courses within its field in much the same was as American manufacturers do.
An exception to this is the simulator training, which is provided at the
nuclear power school (AKU) at Studsvik. Training embraces the following
stages at present:

Basic training at the nuclear power plant, embracing both theory and
practice

Basic course at AKU simulator

Further training at the nuclear power plant

The time required in Sweden for operator personnel to acquire the level
of knowledge stipulated by the nuclear power producer and by the inspecting
authority is approximately 2 years.

The principles generally applied for validating the results of the train-
ing are:

Knowledge tests

Assessments during work

- Assessments and recordings in a training simulator

No systematic validation of the training results is yet applied in
Sweden. The performance of personnel in the daily operation of the plant
provides a practical picture of the results of the training.

A decision has recently been reached in Sweden to include a 2-week course
at the AKU simulator for re-training. The need for re-training has been
summarized as follows:

Theoretical and practical repetition courses must be implemented to keep
the specific knowledge acquired by personnel up to date.

Operational disturbances and abnormal operational situations can be si-
mulated with the aid of the training simulator and the correct method of
dealing with them can be practiced.

Comparisons with experience abroad will also be presented at the con-
ference.

7. RESULTS OF THE NUCLEAR SAFETY RESEARCH

The results of the research and development work in the field of reactor
safety and an overview of ongoing and planned work will be provided at the
conference within the following sectors.

1. Materials

2. Inspection and testing

3. The human factor



4. Emergency cooling and emergency cooling calculations

5. Fuel

6. Containment

7. Environmental effects

CONCLUSION

Since the results <:rom the reactor safety study are not at present avail-
able for all the sections in the previous presentation, there is some lack
of uniformity. All of the contributions will, however, be available in their
final state at the conference. Consequently, the final summaries will be pre-
sented there and a more detailed discussion of the results can be held.



Table I. The most important milestones with regard to the application of
safety requirements in Swedish nuclear power plants

Time Nuclear power plant Important safety requirements

1955-64 Âgesta

1965-72 Oskarshamn 1

1969-75 Ringhals 1

1969-75 Ringhals 2

- Tight and pressure-bearing containment
(rock cavern)

- 30-minute rule

- 1967 USAEC-GDC, i.e.
a) inherent stable reactor
b) control system and protection system
c) special safety systems
d) containment
d) largest LOCA = failure of the largest pipe

in the primary cooling system

- fire protection requirements

1970-74 Oskarshamn 2

1970-75 Barseback 1

1972-77 Barseback 2

1972-77 Ringhals 3

1974-79 Ringhals 4

- 1971 USAEC-GDC, i.e.

a) the single failure criterion
b) quality assurance

- Swedish requirements, i.e.

a) Passive failure = pipe failure (including
Ringhals 1)

b) 1972 fire protection requirements (separa-
tion) (including Ringhals 1)

1972-78 Forsmark 1

1974-80 Forsmark 2

Improved separation = fire protection

Increased quality assurance

1976-82 Forsmark 3

1976-82 Oskarshamn 3

Completely implemented separation and fire
protection

Protection against external damage (earth-
quake, sabotage)

These questions will be further developed during the conference.


