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Abstract
Five European institutions with nuclear research reactors were visited to compare
safety management among institutions similar to Ris0. Ris0 is a National
Laboratory and the main activities are research and development. In 1996 it was
decided to look into safety management at Ris0 again; the last revision was in
1972. The purpose was to make it more efficient and to emphasise, that the
responsibility lies in the operating organisation.

Information such as nuclear facilities at the institutions, the safety management
organisation, emergency preparedness, and lists of radiation doses to the
employees from the years 1995 and 1996 is given in the report. Also
international requirements and recommendations are given in short. Furthermore
the report contains some reflections on the development in safety management
organisations in resent years and the conclusions drawn from the information
gathered.

All five institutions differ in their safety organisation but a common feature is
that all five institutions have safety committees to provide independent
assessment of the safety aspects associated with the operation of the nuclear
reactor and other nuclear facilities at the institution.

Emergency preparedness is handled differently at the institutions. For some of
the institutions scenarios and resulting plans for different types of accidents are
made, while other institutions have made an emergency preparedness
organisation capable of handling nearly any accident. All the institutions have
some form of command centre headed by the managing director. All the
institutions have a fire brigade during working hours.

The overall safety issue at a research reactor is to protect individuals against
radiation hazards. It is not possible to compare the doses to the personnel at the
facilities directly, as the size and the use of the reactors differ for the five
institutions. An indication of the safety standards at a nuclear institution will
however be reflected in the individual doses. All five institutions have a mean
individual dose far below the dose limits given by the European Union.

The safety management organisations at the five European research reactors
are different, but all of them must be judged as being acceptable as they all meet
international requirements and recommendations.
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Preface

Ris0 is a National Laboratory in Denmark, and the main activities are research
and development. The institute has several nuclear facilities, including a research
reactor operating at 10 MW. Most of the support functions on safety were joined
in a Department of Safety in 1972. The Department of Safety has the
responsibility for giving advice to the departments on matters of safety,
surveillance of radiation levels, and for controlling that the departments meet
legal requirements. This concerns all aspects of safety, including nuclear safety.
The department is also responsible for co-ordinating emergency preparedness.
Furthermore the department heads the Safety Council. Staff functions such as
Safety Committees, Criticality Expert, and Plantowners Independent Control
were not incorporated in the Safety Department.

The responsibility for the safety lies in the operating organisation. In 1996 it
was decided to look into the safety management at Ris0. The purpose was to
make it more efficient and emphasize, that the responsibility for the safety lies in
the operating organisation. As part of this project four European installations
with nuclear research reactors were visited. The purpose was to compare safety
management at institutions similar to Ris0.
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1 Introduction

The safety management organisation at Ris0 is built up according to the
international recommendations and requirements from IAEA, EU and ICRP, and
approved by the Danish authorities in the form of a license. In Denmark Ris0 is
the only institution with nuclear reactors. In 1996 it was decided to look into the
safety management at Ris0 to make it more efficient and to emphasize, that the
responsibility for the safety lies in the departments. To get inspiration for the re-
organisation of the safety management four similar institutions in Europe with
nuclear research reactors were visited.

The safety management organisation differed at the five institutions and gave
new ideas of how to establish an organisation.

Safety management is the way the responsibility for safety matters is allocated
in the operating organisation, which support functions are at the disposal of the
institution and how are they organised, and how the emergency preparedness is
organised.

The safety management organisation has as its goal to ensure a good safety
culture where every leader and every employee take safety considerations into
account as a natural part of operation. An efficient safety management ensure
good safety culture and optimal resource exploitation.

It can be difficult to ensure that you have an efficient safety management
organisation. Is a large organisation with many experts in support organisation
the optimal organisation or will that create a large bureaucracy that makes it
unclear who is responsible for the safety? This problem will be discussed in the
report.

A way of checking the efficiency of the safety management is to look at the
radiation doses to the personnel. In the report the doses from the five institutions
will be listed and compared.

As some of the information in this report might be sensitive, the five
institutions are not mentioned by name.

2 The five institutions and the
nuclear facilities

In the following the five institutions are shortly described to substantiate, that the
safety management at the institutions can be compared. The five institutions
visited all operate one or more reactors, though the size of the reactors differs. At
least one of the reactors at each institution operate day and night. The reactors
are used for research, such as test of fuel elements, materials testing or neutron
scattering experiments. They are also used for isotope production for the industry
or for medical use, and for neutron transmutation doping of silicon. Some of the
institutions have other nuclear facilities such as hot cells, waste treatment plants,
and laboratories for handling radioactive isotopes. Two of the institutions have
plans for operating facilities for Boron Neutron Capture Therapy. Most of the
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institutions also perform research in non-nuclear areas; those activities might
even be substantially greater than the nuclear.

2.1 Institution 1
This institution runs a small graphite moderated low flux reactor of 30 kW and a
45 MW high flux reactor. The small rector is mainly used for educational
purposes and is only operated occasionally, while the High Flux reactor is
operated in cycles of 25 days followed by a 3 days maintenance period. This
reactor is used for physics experiments and for isotope production. A facility for
Boron Neutron Capture Therapy is now operating.

The institution has a hot cell facility, part of which is used by operated by an
outside firm for the production of "Mo.

High level radioactive waste is stored temporarily on the site, awaiting the
construction of a national facility. Low level waste is already transported to this
national site.

2.2 Institution 2
This institution operates three reactors. The smallest, a 500 W zero-power
reactor is mainly used for testing of fuel and is only operated few days a year. A
4 MW reactor is used for physics experiments. The largest reactor, a 60 MW
high flux reactor, is used for isotope production, neutron transmutation doping of
silicon, corrosion experiments, and safety experiments. This reactor is operated
day and night.

A hot cell facility is used for experiments with cladding-materials.
An underground laboratory is used for experiments with deposition of nuclear

waste.
A 40 MW reactor shut down in 1987 has been selected as pilot project by the

EU in the framework of its programme on the decommissioning of nuclear
installations.

2.3 Institution 3
This institution runs two reactors. The smallest, a 2 kW-reactor is used for
education, and is operated about three days a week. The other reactor is a 10
MW heavy water reactor, and is operated day and night for 23 days, and then
shut down for repair and maintenance for 5 days. This reactor is mainly used for
physics experiments, isotope production, and neutron transmutation doping of
silicon.

An isotope laboratory handles the radioactive isotope and prepares them for
use in industry or at hospitals.

The radioactive waste, except for used fuel, is kept at the institution. Used fuel
is shipped to USA.

2.4 Institution 4
The institution runs two reactors. The smallest reactor is used for physics
experiments, isotope production, and neutron transmutation doping of silicon.
The largest reactor is used for experiments with different types of fuel elements.
A facility for storing radioactive waste is under test and construction.
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An isotope laboratory is used for the control and distribution of
radiopharmaceuticals, radioactive products and irradiation of materials for
industry and research.

The radioactive waste is kept at the institution.

2.5 Institution 5
There are two reactors at the site. The smallest is a 1 MW reactor used for

neutron scattering experiments. The largest is a 50 MW reactor, which is
operated day and night for 3 weeks, and then shut down one week for repair and
maintenance. The 50 MW reactor is used for fuel testing and materials testing,
netron scattering experiments, isotope production and neutron transmutation
doping of silicon. A Neutron Boron Capture Therapy Facility is planned to go
into operation in 1998.

The institution also operates a hot cell facility and an isotope laboratory; this
laboratory handles all the irradiation services, the institution offers to outside
customers.
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2.6 Summary
For comparison the informations about the institutions are given in Table 1.

Table 1. Number of reactors, their use, other nuclear facilities, number of
employees, and number of employees working with radiation at the five
institutions.

Reactors

Use of the
reactors

Other
nuclear
facilities

Number of
employees

Number of
employees
working
with
radiation

Institution
1

1: 30 kW

2: 45 MW

1:
Education

2:
Neutron
scattering

Isotope
production

Boron Neutron
Capture
Therapy Unit
(under con-
struction)

Hot Cell

750

300

Institution
2

1: 500 W
2: 4MW
3: 60 MW

1:
Testing of fuel

2:
Neutron
scattering

3:
Isotope
production

Neutron
transmutation
doping of
silicon

Corrosion
experiments

Safety
experiments

Hot Cell

Waste

treatment
laboratory

40 MW
PWR reactor
under decom-
missioning

600

465

Institution
3

1: 2kW

2: 10 MW

1:
Education

2:
Neutron
scattering

Isotope
production

Neutron
transmutation
doping of

silicon.

Isotope
production

laboratory

Waste
treatment
plant

900

200

Institution
4

1: 2MW

2: 25 MW

1:
Neutron
scattering

Isotope
production

Neutron
transmutation
doping of
silicon

2:
Fuel
experiments

Isotope
production

laboratory

Waste
treatment
plant

615

244

Institution
5

1: 1 MW

2: 50 MW

1:
Neutron
scattering

2:
Fuel Testing

Materials
testing

Neutron
scattering

Isotope
production

Neutron
transmutation
doping of
silicon

Boron Neutron
Capture
Therapy Unit
(planned)

Hot Cell

Isotope

production
service

130

115
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3 The safety management
organisation

To give an overview of some of the possibilities of organising the safety
management at a nuclear research establishment, the organisation of safety at the
five institutions is shortly described.

The institutions all have different safety management organisations, but all five
institutions have some control function reporting directly to the top management
and independent of the management at the nuclear facility. All five institutions
have a safety committee to provide independent assessment of the safety aspects
associated with the operation of the reactors and other nuclear facilities at the
institution.

3.1 Institution 1
The management of the reactor or nuclear facility is responsible for the safety of
the workers. In Figure 1 the organisation is outlined.

Staff functions for the management of the institution are:
• Safety Committee
• Quality, Safety, and Environment
• Works Committee

Support functions are:
• Facilities

Industrial health service is bought from a firm outside the institution.

Figure 1. Organisation chart for institution 1.

Management

Safety
Committee

W.rlo
Oinai
Safely

Facilities

-Fin Brigade
- Library
-Security
- Safeguards

Quality, Safety,
and Environment

-Nuclear Safely
• Radiation Protection
-Safely
-Environment

Reactor

Health Phyiics
AuisUat

Reactor
30 kW
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Safety Committee
The 7 members of the committee are experts and appointed by the management.
The committee is only responsible to the management of the institution.

Quality, Safety, and Environment
This unit outlines the strategies for radiation protection and nuclear safety.

Personnel from this unit work out detailed monitoring programmes for
measuring radiation levels. The monitoring is carried out by the shift personnel at
the reactor. One person in a shift is dedicated to monitor the radiation levels, but
all persons at the shifts are educated to perform this task. Detailed analyses, such
as spectroscopy, evaluation of the outlet of radioactive effluents, etc. must be
done by personnel from within the staff unit. Six persons are employed in this
unit.

Works Committee
This committee has 13 members, and they are all elected by the workforce. There
is a subcommittee, discussing safety at the workplace.

Facilities
In this department 50-60 persons are employed, 30 of these works with safety
issues.

A Health Physics section with about 10 employees takes care of dosimetry for
the personnel, instrumentation, calibration and sample analysis.

Fire prevention, fire brigade, safeguards, security, and guard are placed in this
department.

The department also takes care of buildings and provisions. Furthermore, the
library is placed in this department.

3.2 Institution 2
The management of the reactor or nuclear facility is responsible for the safety of
the workers, but all decisions must be approved by the Health Physics
Department. In Figure 2 the organisation for institution 2 is outlined.

Staff functions for the management of the institution are:
• Safety Committee, ALARA-committee
• Safety Committee, Works committee, safety council

Support functions are:
• Health Physics department
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Figure 2. Organisation chart for institution 2.

Management

Safety
Committee

"ALARA"-
Committee

Safety
Committee

Worki
Committee

Safety
Couacil

Health Physics Department

-Nuclear Safety
-Industrial health service
-Labor protection
-Guard
-International Scool
for Radiation Protection

-Special nuclear lervices
i.e. criticality, transportation
of nuclear material, lots of
filten

-Fire Brigade

Reactor
MOW

Reactor Reactor
MMW

Hot Cell Waste
treatment
laboratory

40 MW
reactor

Safety Committee, ALARA-committee
All new experiments or changes at the nuclear facilities must be described in a
ALARA-form, which are submitted to the ALARA Committee. In this form, the
experiment, resulting doses, waste problems, conventional safety, etc. must be
described and evaluated. This Safety Committee consists of ten experts, who
meet once a month to approve new experiments.

Safety Committee, Works committee, Safety Council
The committee consists of 15 persons. Members are the managing director,
representatives of the labour unions, heads of departments. They meet once a
month to discuss matters of safety and security. Twice a year they conduct a
safety round at the institution.

Health Physics Department
This department covers all safety issues, such as:

• Medical surveillance including industrial health service
• Nuclear safety- including approval of experiments
• Conventional safety
• Guard
• Radiation Protection
• Control of radiation levels, test of filters, criticality calculations, transport of

radioactive material, etc.
• Fire prevention and fire brigade

This department also runs a school for radiation protection, with participants
from outside the institution.
There are 51 persons employed in the department.
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3.3 Institution 3
The management of each department is responsible for the safety of the workers
in that department. In Figure 3 the organisation for institution 3 is outlined.

Staff functions for the management of the institution are:
• Safety Committees (4)
• Criticality expert
• Plantowners Independent Control
• Works Committee
• Safety Council

Support functions are:
• Safety Department

Figure 3. Organisation chart for institution 3.

Safety Department

-Labor protection
-Radiation protection
-Environment protection
-Industrial health service
• Nuclear Safety
-Fire prevention
-Security
-Safeguards

Management

Safety
Committees

(4)

Plantowners
Independent

Control

Criticality
Eipert

Reactor
10 MW

Works
Committee

Safety
Council

Reactor
JkW

; Waste Treatment
I Plant

Isotope
Laboratory

Safety Committees
This institution has four Safety Committees; one for the institution as a whole,
one for the smallest reactor, one for the 10 MW reactor and the rest of the
nuclear facilities at the institution, and one for waste. They are all chaired by the
same person, who is appointed by the management. There are from 3 to 6
members in the committees, and they are experts.

Independent Control of nuclear safety
An employee at the institution is appointed by the management as the
plantowners independent control. The control is restricted to nuclear safety and
emergency preparedness for nuclear accidents. At some of the other institutions
this function is performed by the head of the safety committee.
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Criticality expert
The management has appointed an employee as a criticality expert. This person
issues criticality instructions and make calculations for the nuclear installations.

Works Committee
There are 14 members of the Works Committees. The committee is chaired by
the managing director; the rest of the members are representatives for the
management and the labour unions.

Safety Council
There are 5 members in this committee, which is chaired by the head of the
Safety Department. The other members are representatives of the management
and of the workers. A person from the Safety Department act as secretary for the
committee.

The Department of Safety
The Department of Safety is responsible for control, guidance, and education
regarding all aspects of safety such as:

• Radiation protection, including monitoring of the workplace
• Industrial health service
• Fire prevention and fire brigade
• Conventional safety
• Security
• Safeguards
• Environment protection

Security has a contract with guards from an external firm.
30 persons are employed in the department.

3.4 Institution 4
The management of each department is responsible for the safety of the

workers in that department. In Figure 4 the organisation for institution 4 is
outlined.

Staff functions for the management of the institution are:
• Safety Department
• Safety Committee
• Works Committee
• Work Environment Council

Support functions are:
• Department of Health and Safety
• Radiation protection
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Figure 4. Organisation chart for institution 4.

Management

Safety
Department

Safety
Committee

Work environment
Council

2 committed

Works
Committee

Project
leader

Reactor
25 MW

-Criticality expert
Security

Radiation
Protection

Reactor
1MW

-Criticality expert
-Security

Environment and
Radiation Protection

-Radiation protection
Industrial health service

-Guard
-Fire prevention

Isotope
Laboratory

Safety Department
The Safety Department is responsible for controlling the facilities at the
institutions. The department is also responsible for giving advise to the managing
director on safety issues.

Safety Committee
The Safety Committee is chaired by the head of the Safety Department. There
are 10 members; these are experts. Experts from outside the institution are
sometimes summoned.

Work Environment Council
There are 2 committees with 8 members in each of these committees. The
members are representatives of the management, health and safety department
and the employees.

Works Committee
The 14 members of the works committee are representatives of the management
and the trade unions.

Department of Health and Safety
The Department of Health and Safety is responsible for control, guidance, and
education regarding all aspects of safety such as

• Radiation protection, including monitoring of the workplace, and monitoring
of discharges to air and water

• Industrial health service
• Guard
• Fire prevention and fire brigade
• Radioactive waste

Radiation Protection
The task for this unit is monitoring, control, guidance and education regarding
matters of radiation protection.
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3.5 Institution 5
The management of each department is responsible for the safety of the workers
in that department. Both reactors lie in the same department. Health physics
assistants belong to the reactor staff. These assistants can monitor radiation
levels and contamination levels and to some extent measure discharges.

In Table 5 the organisation for institution 5 is outlined.
Staff functions for the management of the institution are:
• Reactor Safety and Quality Control
• Head of Radiation Protection
• Management, QA, Environment
• Works Committee

Support functions are:
• Radiation Physics

Industrial health service is done by the local hospital.
In each department there has to be a person responsible for use and storage of

the chemical compounds in the department.
The institution collaborates with other institutions situated at the same site.

Some of these institutions have nuclear activities. There is a Safety Committee
that is common to all the institutions at the site. Its responsibilities entail
reviewing all safety matters connected with the nuclear activities.

Figure 5. Organisation chart for institution 5.

Management

Head of
radiation protection

Management QA,
Environment,

Reactor
Operation

Health physics
assistant

Hot CeU

Reactor Safety
Quality Control

Works
Committee

Irradiation
Services

Radiation
Physics

-Safeguards
-Radiometry
-Dosimetry
-Calibration
-Iastnimeat
Service

Reactor Safety and Quality Control
This unit serves as a safety committee. The 7 members of the committee are the
technical director, heads of the departments, and head of radiation protection.

Head of Radiation Protection
Head of radiation protection is common to all the institutions at the site. A
Radiation Protection Group outlines common strategies for radiation protection
for all the institutions. The head of this group is a staff function for the
institution.
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Management, QA, Environment
This group is responsible of control with both conventional and radioactive
discharges to the environment.

Works Committee
The works committee is common to all the institutions at the site. It consists of
10 members representing the institutions and the unions at the site. The health
engineer and the nurse are also members.

Radiation Physics
All control, advise and education in radiation protection are done by personnel in
the Department for Radiation Physics.

4 International requirements and
recommendations

The background for the organisation of safety management is found in
international requirements and recommendations.

In this chapter only recommendations regarding nuclear safety and radiation
protection are described shortly. Regulations concerning conventional safety are
mostly regulated by national laws. Recommendations or requirements on nuclear
safety are only made by the International Atomic Energy Agency (IAEA), while
requirements on radiation protection are made by IAEA and the European Union.
These are based on recommendations made by the International Commission on
Radiological Protection (ICRP).

4.1 International Atomic Energy Agency
The International Atomic Energy Agency has made two publications within its
programme for establishing the principles and basic requirements that must be
complied with to ensure adequate safety at research reactors. In "Code on the
Safety of Nuclear Research Reactors: Operation" is stated in §§ 201-203:

201. The overall safety objective for a research reactor is to protect
individuals, society and the environment by establishing and maintaining an
effective defence against radiological hazards.
202. For this overall objective the corresponding more detailed radiation pro-
tection objectives are:

to ensure that the operation and utilization of a research reactor are
justified under radiation protection considerations (justification
principle); to ensure that during operational states radiation expo-
sure of site personnel and the public remains below limits pre-
scribed by national authorities and is kept as low as reasonable
achievable (ALARA) (optimization principle and individual dose
and risk limit principle); and to ensure mitigation of radiation
exposure from accidents (intervention principle).

203. With respect to accidents the more detailed objectives are:
to ensure that accident are generally prevented; to ensure that, for
all event sequences taken into account in the design of the facility,
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including those that have low probability, radiological
consequences are small; and to ensure by both prevention and
mitigation measures that accidents with significant consequences
are extremely unlikely (technical safety objective).

Regarding the organisation § 401-403 is quoted:

401. The operating organization shall have the overall responsibility for the
safety of the research reactor while the reactor manager shall have the direct
responsibility and necessary authority for the safe operation of the research
reactor. However, the regulatory body shall retain the power to prohibit
certain activities or require their reconsideration if it considers that to do so is
in the interest of public safety.

402. It shall be the responsibility of the operating organization to ensure that:
(a) The design enables the reactor to be operated safely and the reactor is

constructed in accordance with the approved design;
(b) An adequate Safety Analysis Report (SAR) is prepared and kept up to

date;
(c) The commissioning process demonstrates that the design requirements

have been met and that the reactor can be operated in accordance with
the design assumptions;

(d) A radiation protection programme is developed and implemented;
(e) An emergency plan is established and implemented;
(f) The research reactor is being operated and maintained in accordance

with the safety requirements by suitably qualified and experienced per-
sons;

(g) Persons with responsibilities related to safe operation are adequately
trained; a training and retraining programme is established, imple-
mented and kept up to date and periodically reviewed to verify its effec-
tiveness;

(h) Adequate facilities and services are available during operation;
(i) Information on incidents, including an assessment of such events and

intended corrective action, is submitted to the regulatory body;
(j) Safety culture exists in the organization to ensure that attitudes and the

operating environment are conductive to safe operation;
(k) An adequate QA (Quality Assurance) programme is established and im-

plemented;
(1) Sufficient authority an resources are provided to the reactor manage-

ment to allow it to fulfil its duties effectively;
(m) The research reactor is being operated and maintained in accordance

with procedures;
Operational experience, including information from the operating experience

at other, similar facilities, is carefully examined to detect any precursor signs
of tendencies adverse to safety, so that corrective actions can be taken before
serious conditions arise, and to prevent recurrences.

403. One or more reactor advisory groups or safety committees internal to the
operating organization but independent from the reactor management shall be
established in order to advise the operating organization on the safety of the
operation of the reactor and the associated experiments. Members of such
groups should be experts representing different fields associated with the op-
eration and design of the research reactor. It may be advisable to include in
such committees experts from outside the operating organization. The function,

Ris0-R-1OO3(EN) 17



authority, composition and terms of reference of such committees shall be set
out in writing and, if required submitted to the regulatory body.

4.2 The European Union
In the Council Directive 96/29/Euratom of 13 May 1996 the European Union
has laid down basic safety standards for the protection of the health of workers
and the general public against the dangers arising from ionising radiation. Some
of the basic requirements for practices are:

• Each Member State shall ensure that:
(a) in the context of optimisation all exposures shall be kept as low as

reasonably achievable, economic and social factors being taken into
account;

(b) the sum of the doses from all relevant practices shall not exceed the
dose limits for exposed workers, apprentices, and students, and
members of the public.

• Each Member State shall require that the means necessary for proper
radiation protection are placed at the disposal of the units responsible. A
specialized radiation protection unit, distinct from production and operation
units in the case of an internal unit, authorized to perform radiation protection
tasks and provide specific advice shall be required for the installations which
the competent authorities consider necessary. This unit may be shared by
several installations.

• Member States shall require the undertaking to inform exposed workers,
apprentices, and student who, in the course are obliged to use sources on the
health risk in their work, and to arrange for relevant training in the field of
radiation protection

• Individual monitoring shall be systematic for exposed category A workers
(those exposed workers who are liable to receive an effective dose greater
than 6 mSv per year or an equivalent dose greater than 3/10 of the dose limits
for the lens of the eye, skin and extremities). This monitoring shall be based
on individual measurements which are established by an approved dosimetric
service. In cases where category workers are liable to receive significant
internal contamination an adequate system for monitoring should be set up;
the competent authorities may provide general guidance for identifying such
workers.

• Each Member State shall take reasonable steps to ensure that the contribution
to the exposure to the population as a whole from practices is kept as low as
reasonably achievable, economic and social factors being taking into account,
and that the effective dose shall not exceed 1 mSv per year.

Some of the basic requirements in case of emergencies are:

• Each Member State shall ensure that account is taken of the fact that
radiological emergencies may occur in connection with practices on or outside
its territory and affect it.

• Each Member State shall ensure that appropriate interventions plans, taking
account of the general principles of radiation protection for intervention and
of the appropriate intervention levels established by the competent authorities,
are drawn up at national or local levels, including within installations, in order
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to deal with various types of radiological emergencies and that such plans are
tested to an appropriate extent at regular intervals.

4.3 International Commission on Radiological
Protection
The International Commission on Radiological Protection (ICRP) has made
recommendations for workers using radiation since 1928. The latest
recommendations were made in a publication from 1990: "1990
Recommendations of the International Commission on Radiological Protection".
The aim of the report is to be of help to regulatory and advisory agencies at
national, regional, and international levels, mainly by providing guidance on the
fundamental principles on which appropriate radiological protection can be
based.

The system of radiological protection recommended by the Commission for
proposed and continuing practices is based on the following general principles:

• No practice involving exposures to radiation should be adopted unless it
produces sufficient benefit to the exposed individuals or to society to offset
the radiation detriment it causes. (The justification of a practise.)

• In relation to any particular source within a practice, the magnitude of
individual doses, the number of people exposed, and the likelihood of
incurring exposures where these are not certain to be received should all be
kept as low as reasonably achievable, economic and social factors being taken
into account. This procedure should be constrained by restrictions on the
doses to individuals (dose constraints), or the risks to individuals in the case
of potential exposures (risk constraints), so as to limit the inequity likely to
result from the inherent economic and social judgements. (The optimisation of
protection.)

• The exposure of individuals resulting from the combination of all the relevant
practices should be subject to dose limits, or to some control of risk in the
case of potential exposures. These are aimed at ensuring that no individual is
exposed to radiation risks that are judged to be unacceptable from these
practices in any normal circumstances. Not all sources are susceptible of
control by action at the source and it is necessary to specify the sources to be
included as relevant before selecting a dose limit. (Individual dose and risk
limits.)

The system of radiological protection recommended by the Commission for
intervention is based on the following general principles.

• The proposed intervention should do more good than harm, i.e., the reduction
in detriment resulting from the reduction in dose should be sufficient to justify
the harm and the cost, including social costs, of the intervention.

• The form, scale, and duration of the intervention should be optimised so that
the net benefit of the reduction of dose, i.e., the benefit of the reduction in
radiation detriment, less the detriment associated with the intervention, should
be maximized.

Dose limits do not apply in the case of intervention.
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5 Emergency preparedness

Emergency preparedness is an important element in safety management.
Emergency preparedness at the five institutions is described in the following.

Emergency preparedness is handled differently at the institutions. For some of
the institutions the philosophy is to make scenarios for different types of
accidents and make plans for those types of accidents, while other institutions
have made an emergency preparedness organisation capable of handling nearly
any accident. Some of the institutions rely on lists with people to call for certain
functions, while other institutions have persons on call. All the institutions have
some form of command centre headed by the managing director. All the
institutions have some sort of fire brigade during working hour.

5.1 Institution 1
At this institution internal emergency procedures and detailed plans are made for
the nuclear installations. This includes an internal Crises Team.

There is a fire brigade at the institution 24 hours a day. This fire brigade also
serves as fire brigade for the nearby village. There is an agreement with the local
hospital about injured and/or contaminated persons.

National authorities take care of external emergency preparedness.

5.2 Institution 2
In the case of an emergency at a nuclear installation there are detailed plans and
instructions with a list of responsible persons. A Command Centre staffed with
12 persons from the institution gives advise to the managing director.

Persons or functions on call are:
• Federal Cell for Coordination of Crises Management
• Fire and First aids team
• Licensing Body
• Mayor of the nearby town
• Provincial Governor
• Police of the district
• Civil protection
• Scientific Institute of Public Health
• Ministry of Public Health
• Ministry of Labour
• Nuclear facilities in the vicinity
• Light Aviation Team
• Technical Labour Inspectorate
• Medical Labour Inspectorate
Some of the employees are trained in first aid, radiation measurements,
communication, etc.

At the installation there is a fire brigade. The fire brigade is on duty 24 hours a
day.

National authorities take care of external emergency preparedness.
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5.3 Institution 3
In case of an emergency at a nuclear installation the problem is often solved
locally. There are lists of people to call.
In case of a major accident a Command Centre with up to 20 posts is established
with persons on lists. The centre is staffed with experts.
Persons at the institution on call:
• Director of the institution
• Health physicist
• Officer in charge of fire brigade
• Leader of the guard
A health physics assistant is present at the institution day and night.

During working hour a casualty department with a nurse is on duty. There is
an agreement with the local hospital about injured and/or contaminated persons.

A fire brigade is on call during working hours. Outside working hour the fire
brigade from the nearby town is called.

National authorities take care of external emergency preparedness.

5.4 Institution 4
At this institution there is an Emergency Preparedness Team on call. The persons
on call are:
• Director of the institution
• Head of Safety Department
• Head of Health Physics Department
• Health physicist
• Head of Information Department
Some of the employees in each department are trained in fire fighting and first
aid. In case of a minor accident these people will try to handle the accident. In
case of a major fire during working hour, there is a Fire Brigade. Outside
working hour the Fire Brigade from the nearest town is called.

During working hour there is a medical doctor at the institution.
National authorities take care of external emergency preparedness.

5.5 Institution 5
Minor accidents are handled locally with personnel trained in first aid and fire
fighting.

In case of a major nuclear accident emergency preparedness plans exist. These
plans contain detailed instructions. The head of reactor forms a local Command
Centre. A Command Centre for the site and for the environment is headed by a
Radiation Protection Officer. Representatives for the local authorities also have
seats in this Command Centre. A telephone tree to the public nearby (30 km
zone) is established in the case of a major nuclear accident.

There is a Fire Brigade at the institution during working hour. Outside working
hour a fire brigade from the nearest town is called.

National authorities take care of external emergency preparedness.
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5.6 Summary
To compare emergency preparedness for the five institutions some of the persons
or functions at call or on lists are shown in Table 2.

Table 2. Functions on call or on lists for the five institutions

Function

Command
Centre

Managing
Director

Health
Physicist

Fire
Brigade

Officer in
charge of
fire brigade

Medical Aid

Institution
1

Persons on
lists

On call

On call

Day and night

Day and night

Local hospital

Institution
2

Persons on
lists

On call

On call

Day and Night

Day and night

Local hospital

Institution
3

Persons on
lists

On call

On call

During
working hour

On call outside
working hour

Nurse during
working hour

Local hospital

Institution
4

Persons on
lists

On call

On call

During
working hour

-

Medical doctor
during
working hour

Local hospital

Institution
5

Persons on
lists

On call

On lists

During
working hour

-

Nurse during
working hour

Local hospital

6 Doses to personnel

An indication of the safety level at a nuclear research establishment is the doses
to the employees from ionising radiation.

It is not possible to compare the doses to the personnel at the facilities directly,
as the size and the use of the reactors differ for the five installations. An
indication of the safety standards at a nuclear institution will however be
reflected in the doses to the workers. In the following the collective dose, the
maximum individual dose, the mean individual dose and the dose distribution are
given for the five institutions. Data is given for both 1995 and 1996, as data for
one particular year might reflect special activities for one of the institutions for
that year.

6.1 Institution 1
The doses to the persons employed by the institution are shown in Table 3 and
Table 4. The doses received by persons at the hot cell facility are not included, as
the personnel at this facility is employed by a firm outside the institution.
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Table 3. Number of persons, collective dose, mean individual dose, and
maximum individual dose for institution 1 for the years 1995 and 1996.

Number of persons with a
recorded dose

Collective effective dose [man-Sv]

Mean individual effective dose
[mSv]

Maximum individual effective
dose [mSv]

1995

213

0.110

0.52

5.29

1996

191

0.088

0.46

5.11

Table 4. Dose distribution for institution 1 for the years 1995 and 1996

Dose Interval
[mSv]
<0.5

0.5-0.9
1.0-1.9
2.0-5.9

>6

1995

Number of persons
153

19
25
16

1996

Number of persons
132
27
26
6

6.2 Institution!
In 1995 597 persons and in 1996 610 persons were supplied with a dosemeter. In
Table 5 and Table 6 doses to all persons having received a dose is given.

Table 5 Number of persons, collective dose, mean individual dose, and
maximum individual dose for institution 2 for the years 1995 and 1996.

Number of persons with a
recorded dose

Collective effective dose [man-Sv]

Mean individual effective dose
[mSv]

Maximum individual effective
dose [mSv]

1995

166

0.299

1.80

8.76

1996

207

0.390

1.88

10.65
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Table 6. Dose distribution for institution 2 for the years 1995 and 1996.
(persons having a dosemeter, but with zero dose are not included in this table)

Dose Interval
[mSv]

>0.0 - 1.9
2.0 - 9.9

10.0-20.0
> 20.00

1995

Number of persons
166
48

1996

Number of persons
207
65

1

6.3 Institution 3
At this institution about 1400 persons are supplied with a dosemeter during a
year. Most of the persons receiving a dosemeter are students or artisans not
employed by the institution, but staying there for a few days. These people very
seldom receive doses and are not included in Table 7, which gives doses to
persons actually receiving a dose. In Table 8 the dose distributions for the years
1995 and 1996 are given. In the tables internal doses from tritium are included.

Table 7. Number of persons, collective dose, mean individual dose, and
maximum individual dose for institution 3 for the years 1995 and 1996.

Number of persons with a
recorded dose

Collective effective dose [man-Sv]

Mean individual effective dose
[mSv]

Maximum individual effective
dose [mSv]

1995

247

0.261

1.05

12.45

1996

229

0.253

1.11

9.04
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Table 8. Dose distribution for institution 3 for the years 1995 and 1996
(persons having a dosemeter, but with zero dose are not included in this table)

Dose Interval
[mSv]

>0.00-0.19
0.20 - 0.50
0.51 - 1.00
1.01 -2.00
2.01 - 3.00
3.01-4.00
4.01 - 5.00
5.01 -6.00
6.01 - 7.00
7.01 - 8.00
8.01 - 9.00
9.01 - 10.00

10.01 - 11.00
11.01-12.00
12.01 - 13.00
13.01 - 14.00
14.01 - 15.00
15.01-20.00

> 20.00

1995

Number of persons
71
70
34
34
17
4
4
6
1

4
1

1

1996

Number of persons
66
60
31
28
15
17
4
2
1
2
2
1

6.4 Institution 4
At this institution a dosemeter was given to about 700 persons, including guests.
In 1995 external doses were registered for 244 persons. Internal doses from
tritium and iodine were registered for 37 persons.

In Table 9 the number of persons, the collective dose, the maximum individual
dose, and the mean effective dose for the year 1995 and 1996 is given, and in
Table 10 the dose distribution is given.

Table 9. Number of persons, collective dose, mean individual dose, and
maximum individual dose for institution 4 for the years 1995 and 1996.

Number of persons with a
recorded dose

Collective effective dose [man-Sv]

Mean individual effective dose
[mSv]

Maximum individual effective
dose [mSv]

1995

244

0.590

2.4

18.1

1996

217

0.630

2.9

20.1

Ris0-R-1OO3(EN) 25



Table 10. Dose distribution for institution 4 for the years 1995 and 1996
(persons having a dosemeter, but with zero dose are not included in this table)

Dose Interval
[mSv]

<1.00
1.0-2.9
3.0 - 4.9
5.0-9.9
10.0-14.9
15.0-19.9
20.0-29.9
30.0-50.0
> 50.00

1995

Number of persons
136
25
9

15
4
1

1996

Number of persons
91
38
15
12
2

1

6.5 Institution 5
As mentioned in section 3.5 this institution collaborates with other institutions
situated at the same site. The number of persons receiving external and internal
doses, the mean individual dose, the maximum individual dose, and the collective
dose are given for institution 5 in Table 11, while the dose distribution is given
for the whole site in Table 12. Personnel from outside are used for certain
assignments at the site. The doses to these workers are included in Table 12.

Table 11. Number of persons, collective dose, mean individual dose, and
maximum individual dose for institution 5 for the years 1995 and 1996

Number of persons with a
recorded dose

Collective effective dose [man-Sv]

Mean individual effective dose
[mSv]

Maximum individual effective
dose [mSv]

1995

61

0.353

5.8

19.3

1996

61

0.424

7.0

31.0
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Table 12. Dose distribution for institution 5 and collaborating institutions at
the site for the years 1995 and 1996.

Dose Interval
[mSv]

0.0 - 0.9
1.0-2.4
2.5 - 4.9
5.0 - 9.9

10.0-14.9
15.0-19.0
20.0 - 24.9
25.0-29.9
30.0 - 34.9
35.0 - 39.9
40.0 - 44.9
45.0 - 50.0

> 50.00

1995

Number of persons
231

32
31
33
9
6
1

1

1996

Number of persons
117
45
28
45

7
1
3

1

7 The development of safety
management systems

One of the principles of safety management at nuclear research reactors has
been, that the operating organisation is responsible for the safety. To support the
operating organisation, experts in relevant disciplines have been available to
ensure the knowledge and the quality of the safety solutions. The experts have
been independent of the operating organisation to make sure that advises and
control of safety including radiation protection are not effected by goals of
production efficiency or economy. An emergency preparedness organisation with
plans, fire brigade and command centre has been established.

In all the institutions every change of importance to safety at the nuclear plants
is presented to the safety committee, which is an advisory group for the
management of the institution.

Besides a safety committee, the institutions have an organisation for safety
matters not connected to nuclear activities, a so-called conventional safety
organisation. This part of the safety organisation differs for the five institutions.
One of the institutions treats the conventional safety in the same way as nuclear
safety, so that changes on every plant are put in front of the safety committee. At
the other four institutions the safety organisation includes representatives for the
employees, either safety representatives or representatives from the labour
unions. The organisation in this field is a part hearing and not an expert advise.
Matters of conventional safety are presented to a safety organisation or a safety
board.

These groups of experts and groups with employee representatives independent
of the operating organisation or besides the operating organisation show that
safety is very important to the management of the nuclear installations.

On the other hand, when you built up systems, where the operating
organisation have to follow the advises, and the expert groups check if they are
followed, or you built op systems where every action have to have an accept by a
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safety department, then this can be in conflict with the principle that the
operating organisation is responsibly of the safety at the nuclear plant.

The accidents that have occurred since the war at chemical or nuclear plants
nearly all had lack of responsibility and commitment from the management as the
common nominator of the cause.

In resent years the focus on management for all kinds of responsibility has
increased, for instance quality control systems, which require a clear placement
of responsibility. This is also the tendency at nuclear installations with research
reactors.

To maintain many expert groups can be expensive and inflexible, and many
years of experience from reactor operation ought to make it easy to foresee if a
change in a safety system will be an advantage.

All these tendencies could indicate that a change in the safety management
organisations is to be expected. A change from large or many central support
functions with experts in advising, control and measuring, to more knowledge on
safety matters in the operation organisation. One of the risks is, that this might
dilute the overall knowledge on safety.

Institution 2 has a large central unit, which approves every change at the
nuclear installations even a simple purchase. The department is responsible for
advising the nuclear plants on any safety matter related to the nuclear activities.
In reality the responsibility for safety at the institution lies at the head of the
safety department. This person has to have a special safety education covering
the nuclear but also the conventional aspects of safety; he is working for the
general manager and has to report only to him. The safety department at this
institution has 51 employees.

In the other end of the scale institution 1 is found. This institution has put as
many assignments objectives as possibly in the operating organisation. For
instance the measurement of radiation is made by the employees in the shift
groups at the reactor. Everyone in the shift groups must be able to measure
radiation. The measurements of radiation are done against a background of plans
and instructions given by a central safety unit. In this central safety unit 6 to 7
persons is working.

Which of these extremes is the right solution? When do you have too much of
central control and when do you have too little? Is the directors liking for
changing the organisation just to reduce the expenses to safety or is it a clear
wish to get better instruments to meet the responsibility for the safety? How can
one decide whether the safety organisation is acceptable, or whether it is too bad?
The safety systems all have the aim to prevent work injuries, unnecessary
radiation exposure and accidents. The effects of lack of prevention will not occur
before it is to late.

A measure for the level of safety could be the doses from ionising radiation. A
comparison of the dose levels at an institution before and after a change of
organisation could be made, or a comparison among the five institutions. In both
cases it is difficult to draw conclusions on the level of safety solely on the basis
of the radiation doses, as the exposure depends on the activities at the institutions
and these can differ among the institutions and from year to year.

The figures show, that four of the institutions have kept the present
international recommended dose limit of 50 mSv/year. At institution 1 the
radiation doses were reduced, when the independent control was abolished and
the task given to the operating organisation. The lowest exposures are found at
institution 1. The radiation doses at institution 2 and 3 are of the same size, while
institution 4 and 5 have the highest levels of exposure. The reason for this is
mainly due to research in fuel for nuclear power reactors.
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8 Conclusions

The purpose of the comparison of the safety management organisations at five
European institutions with nuclear research reactors was to get inspiration to a
change in the safety organisation at Ris0. The framework for organising the
safety management systems is clearly the same at the five institutions, but the
way of organising the safety management varies among the institutions.

The tendencies in the development of safety management systems are from
many/large central safety units and independent experts towards decentralised
safety control and small/few central safety units. The reason for this is that the
large central units can in the extreme take over the responsibility from the
operating organisation. The decentralised control gives a better chance of
committing the operating organisation and to ensure, that the operating
organisation is aware of its responsibilities.

The institutions all started operation in the fifties and sixties. They all run
nuclear reactors for research, and at least one reactor is operated day and night.
Four out of five institutions perform research in non-nuclear areas.

The safety management organisations have similarities, for instance all
institutions have safety committees, which gives advise to the operating
organisations at the nuclear plants. They all have some sort of independent
radiation protection function. Some independent experts in the organisation have
the possibility to go directly to the top manager. They all have emergency plans.

The institutions put safety a high priority and as a whole keep the safety
regulation for nuclear installations.

All the institutions have built up emergency preparedness organisations that
can be activated in case of accidents. The emergency preparedness organisations
have as a minimum plans and lists for calls of persons. They all have a kind of
fire brigade. At two of the institutions they have fire brigade day and night and
the rest have at least 5 to 6 persons, who can help the operating organisation
during daytime. At three of the institutions the public fire brigade will be alarmed
outside working hours and at two institutions this also happens during working
hours. At institution 1 and institution 2 the fire brigade also covers the nearby
village.

At all the institutions the mean individual dose is far below the dose limits
given by The European Union. The limit for effective dose is 20 mSv per year
averaged over five years, with the further provision that the effective dose should
not exceed 50 mSv in any single year.

The different way the five institutions have organised their safety management
must be judged as being acceptable considering the organisation diagrams and
the visits at the institutions, but it may be a somewhat thin foundation to make
the judgement upon. Today efforts are made to make systems to compare
different institutions, benchmarking. This is done to check if an institution gives a
good contribution when you compare for instance quality, economy, etc. with
other similar institutions. This could also be done for the environment and for
safety matters.

This report could be a start. More institutions could be included and more
indicators of showing the safety levels could be included for instance working
accidents, environmental exposure, and offences of licenses and regulations.
Some of these informations are already accessible for many institutions making
an environment report.
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