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CATEGORIES IN THE IAEA SAFETY SERIES

A  new hierarchical categorization scheme has been introduced, according to 

which the publications in the IAEA Safety Series are grouped as follows:

Safety Fundamentals (silver cover)

Basic objectives, concepts and principles to ensure safety.

Safety Standards (red cover)

Basic requirements which must be satisfied to ensure safety for particular 
activities or application areas.

Safety Guides (green cover)

Recommendations, on the basis o f  international experience, relating to the ful
filment o f  basic requirements.

Safety Practices (blue cover)

Practical examples and detailed methods which can be used for the application 
o f  Safety Standards or Safety Guides.

Safety Fundamentals and Safety Standards are issued with the approval o f  the 
IAEA Board o f  Governors; Safety Guides and Safety Practices are issued under the 
authority o f  the Director General o f  the IAEA.

An additional category, Safety Reports (purple cover), comprises independent 
reports o f  expert groups on safety matters, including the development o f  new princi
ples, advanced concepts and major issues and events. These reports are issued under 
the authority o f  the Director General o f  the IAEA.

There are other publications o f  the IAEA which also contain information 
important to safety, in particular in the Proceedings Series (papers presented at 
symposia and conferences), the Technical Reports Series (emphasis on technological 
aspects) and the IAEA-TECDOC Series (information usually in a preliminary form).
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FOREWORD 
by the Director General

The first nuclear research reactor went critical on 2 December 1942 and today 
in about 60 Member States there are over 300 research reactors in operation. From 
this beginning there has evolved a 50 year tradition o f  emphasis on nuclear safety 
during the design and operation o f  these research reactors.

From its inception in 1957, there has been broad interest at the IAEA in the 
benefits to be derived by Member States from the safe operation o f  research reactors. 
These benefits are not only in the traditional areas o f  nuclear power technology, 
radioisotope production, nuclear medicine and personnel training but in the vital 
areas o f  materials development and environmental pollution control. For the achieve
ment o f  these benefits, the safety o f  the research reactor must be assured. In this area 
o f  research reactor safety the IAEA has a long tradition.

The first publication o f  the IAEA on research reactor safety was as early as 
1960 (Safety Series No. 4) and this subject has since received continuous attention. 
In 1971 Safety Series No. 35, Safe Operation o f  Critical Assemblies and Research 
Reactors, was issued. A  major revision under the title Safe Operation o f  Research 
Reactors and Critical Assemblies appeared in 1984. While this publication provided 
practical guidance on safe operation, it did not deal with many other aspects which 
arise during the course o f  a research reactor project and which influence safety.

To correct this shortcoming, the basic principles and requirements for the 
safety o f  research reactors and critical assemblies have been compiled in two safety 
codes — on design (for the first time) and on operation. These codes, which super
sede the 1984 edition o f  Safety Series No. 35, also include the essential safety 
requirements for siting, quality assurance and regulatory control o f  research 
reactors.

It is planned to develop further the series o f  publications on research reactor 
safety to include Safety Guides and Safety Practices which will provide detailed 
guidance on safety in a number o f  areas such as commissioning, utilization, safety 
analysis and assessment, radiation protection and operating procedures.

This publication presents international consensus principles useful in the opera
tion o f  a research reactor. It is recommended for use by those who are placing a new 
reactor into operation and those who wish to reassess the operational safety implica
tions o f  an existing reactor.
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DEFINITIONS
The definitions presented in this Code are intended principally for use in the 

IA E A ’s safety related documents for research reactors and may not necessarily 

conform to definitions adopted elsewhere for other use. In all cases these definitions 

are identical to or at least consistent with those used in the IAEA Nuclear Safety 

Standards (NUSS) for nuclear power reactors.

Acceptable Limits
Limits acceptable to the regulatory body.

Accident Conditions
Deviations from operational states in which the releases o f  radioactive material 

are kept to acceptable limits by appropriate design features. These deviations do not 
include severe accidents.1

Anticipated Operational Occurrences
All operational processes deviating from normal operation which are expected 

to occur once or several times during the operating life o f  the reactor and which, 
in view o f  appropriate design provisions, do not cause any significant damage to 
items important to safety or lead to accident conditions.

Commissioning
The process during which reactor components and systems, having been 

constructed, are made operational and verified to be in accordance with design 
assumptions and to have met the performance criteria; it includes both non-nuclear 
and nuclear tests.

Common Cause Failure
The failure o f  a number o f  devices or components to perform their functions 

as a result o f  a single specific event or cause.2

1 A severe accident is an accident which is beyond accident conditions and is a 
concept used exclusively for nuclear power reactors.

2 For example, a design deficiency, a manufacturing deficiency, operation and main
tenance errors, a natural phenomenon, a man-induced event, saturation of signals, or an unin
tended cascading effect from any other operation or failure within the facility or a change in 
ambient conditions.

1
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Barrier which surrounds the main parts o f  a reactor carrying radioactive 
materials and which is designed to prevent or mitigate the uncontrolled release 
o f  radioactive material to the environment in operating states or design basis 
accidents.3

Critical Assembly

An assembly o f  sufficient fissionable and other material intended to sustain a 
controlled fission chain reaction at a low power level and providing an opportunity 
for investigating core geometry and composition.

Decommissioning

The process by which a reactor is permanently taken out o f  operation.

Design Basis Accidents

Accident conditions against which the research reactor facility is designed 
according to established design criteria.

Diversity

The existence o f  redundant components or systems to perform an identified 
fimction, where such components or systems incorporate one or more different 
attributes.4

Effluent

A  fluid (liquid or gas) which is released into the environment. This fluid may 
contain solids as particulates.

Engineered Safety Features (see Safety Systems)

Confinement

3 If the design is also able to fulfil this function at overpressure condition after acci
dents it is often called containment.

4 Examples o f such attributes are: different operating conditions, different sizes of 
equipment, different manufacturers, different working principles, and types o f equipment that 
use different physical methods or principles.

2
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Experimental Device
A  device installed in or around the reactor to utilize neutron flux and ionizing 

radiation from the reactor for research, development, isotope production or any 
other purpose.

Fuel (Nuclear Fuel)
Chemical compositions or elements containing fissionable and fertile material 

used in a research reactor for the purpose o f  generating neutrons.

Fuel Assembly
Fuel elements and associated components which are installed as a single unit 

in the reactor core and are not disassembled during installation and removal from 
the reactor core.

Fuel Element
A  component o f  the fuel assembly that consists primarily o f  the nuclear fuel 

and its cladding materials.

Maintenance
The organized activity, both administrative and technical, o f  keeping struc

tures, systems and components in good operating condition, including both preven
tive and corrective (or repair) aspects.

Monitoring
Continuous or periodic measurement o f  parameters or determination o f  the 

status o f  a system. Sampling may be involved as a preliminary step to measurement.

Normal Operation
Operation o f  a research reactor and associated experimental devices within 

specific operational limits and conditions including startup, power operation, shut
ting down, shutdown, maintenance, testing and refuelling (see Operational States).

Operating Organization
The organization authorized by the regulatory body (or by the government) to 

operate the reactor facility.

Operational Limits and Conditions
A  set o f  rules which set forth parameter limits, the functional capability and 

the performance levels o f  equipment and personnel approved by the regulatory body 
for safe operation o f  the research reactor facility.

3
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Operational States
The states defined under normal operation and anticipated operational 

occurrences.

Postulated Initiating Events
Identified events that lead to anticipated operational occurrences or accident 

conditions and their consequential failure effects.3

Protection System
A  system which encompasses all electrical and mechanical devices and 

circuitry, from sensors to actuation device input terminals, involved in generating 
those signals associated with the protective function.

Quality Assurance
All those planned and systematic actions necessary to provide adequate confi

dence that an item or service will satisfy given requirements for quality.

Reactor Management
The members o f  the operating organization who have been delegated responsi

bility and authority for directing the operation o f  the research reactor facility.

Reactor Manager
The single member o f  the reactor management who has been delegated direct 

responsibility and authority by the operating organization for the operation o f  the 
reactor and whose duties comprise mainly the discharge o f  this responsibility.

Redundancy
Provision o f  more than the minimum number o f  (identical or diverse) elements 

or systems, so that the loss o f  any one does not result in the loss o f  the required func
tion o f  the whole.

Research Reactor
A  nuclear reactor used mainly for the generation and utilization o f  neutron flux 

and ionizing radiations for research and other purposes.6

5 The primary causes o f postulated initiating events may be credible equipment 
failures and operator errors (both within and external to the reactor facility), and man-induced 
or natural events. The specification o f the postulated initiating events is to be acceptable to 
the regulatory body for the research reactor facility.

6 In the context o f this publication, the term research reactor also includes associated 
experimental facilities and critical assemblies.
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Safety (or Nuclear Safety)

The achievement o f  proper operating conditions, prevention o f  accidents or 
mitigation o f  accident consequences, resulting in protection o f  site personnel, the 
public and the environment from undue radiation hazards.

Safety Function

A  specific purpose that must be accomplished for safety.

Safety Limits

Limits on process variables within which the operation o f  the research reactor 
facility has been shown to be safe.

Safety M argin

The difference between safety limits and operational limits. It is also some
times expressed as the ratio o f  the two values.

Safety Related Items or Systems

Items or systems important to safety which are not safety systems.

Safety System Settings

Those points o f  actuation o f  appropriate automatic protective devices which are 
intended to initiate action to prevent a safety limit from being exceeded in the event 
o f  anticipated operational occurrences and accident conditions.

Safety Systems7

Systems important to safety, provided to ensure the safe shutdown o f  the reac
tor or heat removal from the core or to limit the consequences o f  anticipated opera
tional occurrences and accident conditions.

Shutdown M argin

The negative reactivity provided in addition to that necessary to maintain the 
reactor in a subcritical condition without time limit with the most reactive control 
device removed from the core and all experiments which can be moved or changed 
during operation in their most reactive condition.

7 The functions of safety systems are initiated upon receiving a signal from the protec
tion system or manually. Some aspects o f safety systems are often referred to as engineered 
safety features, particularly in the context o f emergency heat removal and confinement.

5
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Amount o f  reactivity by which the reactor is subcritical with the control 
devices introducing maximum negative reactivity;

Shutdown System
That system necessary to execute the shutdown o f  the reactor by rapid reac

tivity reduction either manually or on the receipt Of a signal from the protection 
system.

Single Failure
A  random failure which results in the loss o f  capability o f  a component to 

perform its intended safety functions. Consequential failures resulting from a single 
random occurrence are considered to be part o f  the single failure.

Site
The area containing the reactor defined by a boundary and under effective 

control o f  the reactor management.

Shutdown Reactivity

Note on the interpretation of the text

When an appendix is included it is considered to be an integral part o f  the docu
ment and it has the same status as the main text o f  the document. However, annexes, 
footnotes and bibliographies are only included to provide additional information or 
practical examples that may be helpful to the user.

In this document the word ‘ shall’ is used to denote a firm requirement, the 
word ‘ should’ to denote a desirable option, and the word ‘may’ to denote permission 
(neither a requirement nor a desirable option).

In several cases phrases may use the wording ‘ shall consider...’ or ‘ shall...as 
far as a p p lic a b le .I n  these cases it is essential to give the matter in question careftil 
attention, and the decision must be made in consideration o f  the circumstances 6f 
each case. However, the final decision must be rational and justifiable and its techni
cal grounds must be documented.

6
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1. INTRODUCTION

BACKGROUND

101. The safety o f  research reactors requires appropriate siting, design, construc
tion, commissioning, operation and decommissioning. This Safety Standard deals 
mainly with operation. However, it also includes basic statements and recommended 
requirements on the regulatory supervision and quality assurance requirements 
associated with ensuring the safe operation o f  the facility.

102. The present publication is a revision o f  the Safety Standard entitled Safe Oper
ation o f  Research Reactors and Critical Assemblies, 1984 Edition, IAEA Safety 
Series No. 35. The present revision, besides updating the material, places the publi
cation within the new structure and categorization o f  the IAEA Safety Series and 
makes its content consistent with the rest o f  the publications being developed within 
the framework o f  the IAEA programme on research reactor safety.

103. This publication is one o f  two Codes (on design and on operation) that the 
IAEA has developed within the above mentioned programme for establishing the 
objectives, principles and basic requirements that must be met to ensure adequate 
safety in all stages o f  the lifetime o f  a research reactor. This programme also includes 
guidance in the form o f  a number o f  Safety Guides and Safety Practices in the IAEA 
Safety Series to ensure safety in the operation o f  research reactors. A  list o f  the 
Safety Guides and Safety Practices and other publications related to the safety o f  
research reactors is given at the end o f  this publication.

104. The Codes cover all the important areas o f  research reactor safety. Owing to 
the particular characteristics o f  research reactors, the safety aspects related to design 
and operation have been given special emphasis in comparison with those related to 
siting, regulatory supervision and quality assurance (QA). These characteristics 
include the large variety o f  designs, the wide range o f  powers, the different modes 
o f  operation and purposes o f  utilization, the particularities in siting, and differences 
among organizations operating research reactors. These characteristics require flexi
bility in the implementation o f  objectives and basic requirements. The details o f 
organizational structures and o f  siting adequacy are left more to a case by case judge
ment based on the general requirements given in these two Codes.

105. A  number o f  requirements for the safety o f  research reactors are the same as 
or very similar to those for power reactors. This fact is reflected in para. I l l  where

7
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it is suggested that for research reactors with a higher hazard potential the use o f 
codes for power reactors may be more appropriate. However, there are important 
differences between power reactors and research reactors that must be taken into 
account to ensure that the design and operation o f  a research reactor lead to adequate 
safety o f  the facility. For example, most research reactors have an obviously small 
potential for hazard to the public compared with power reactors but may pose a 
greater potential hazard to operators; also, the need for greater flexibility in their use 
for individual experiments requires a different approach to achieving or managing 
safety. Safety rules for power reactors would need to be substantially modified for 
application to research reactors and would inevitably still lack comprehensiveness 
and be open to differing interpretations. This difference between power reactors and 
most research reactors holds not only for design and operation but also for QA and 
regulation.

OBJECTIVES

106. The purpose o f  this publication is to provide the essential requirements and 
recommendations for the safe operation o f  research reactors, with emphasis on the 
supervisory and managerial aspects. However, the publication also provides some 
guidance and information on topics concerning all the organizations involved in 
operation. Because o f  the close relation between design and operation, the Codes on 
the two topics should be used in conjunction.

107. These objectives are expressed in terms o f  requirements and recommenda
tions for the safe operation o f  research reactors. Emphasis is placed on the safety 
requirements that shall be met rather than on the ways in which they can be met. 
The requirements and recommendations may form the foundation necessary for a 
Member State to develop regulations and safety criteria for its research reactor 
programme.

108. However, the mere fulfilling o f  the purely administrative requirements will 
not necessarily ensure the safe operation o f  the reactor. In addition to these require
ments, a safety culture1, i.e. a combination o f  good practices and attitudes in the 
conduct o f  operations, shall be maintained by the reactor management ^nd operating 
personnel. This is stressed in this publication by emphasizing the need for: full atten
tion to safety matters by the reactor management; the establishment o f  clear lines o f 
responsibility and communication and delegation o f  authority; the development o f 
good operating procedures that are strictly followed by operating personnel; the 
carrying out o f  reviews and audits; and personnel training and retraining.

1 See Safety Culture, IAEA Safety Series No. 75-INSAG-4. (See the Selection of 
IAEA Publications Related to the Safety o f Research Reactors at the end of this book.)
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SCOPE

109. The requirements and recommendations embodied in this publication shall be 
applied to the operation o f  all research reactors to the extent that is reasonably prac
ticable, taking into account the particular design and operating environment o f  the 
research reactor under consideration.

110. In principle, this Code is applicable to any type o f  research reactor. In the case 
o f  critical assemblies it should be applied to the extent appropriate to the given 
facility.

111. The requirements given in this publication form the basis for the safety o f  
research reactors with limited hazard potential to the public and typical characteris
tics. Research reactors with powers o f  several tens o f  megawatts, fast neutron spec
trum research reactors or small prototype power reactors, for example, may require 
additional safety measures and the use o f codes for power reactors may be more 
appropriate for a number o f  aspects. No specifications for such a transition to other 
codes are presented. These specifications should be agreed upon between the regula
tory body and the operating organization and should be acceptable to the former.

112. This Code is mainly intended to provide information and guidance to persons 
and authorities involved in the safe operation o f  research reactors. Thus, it is 
addressed not only to operating organizations but also to other authorities responsible 
for the operation o f  the research reactors, including the safety committees, regula
tory bodies, users, and organizations involved in the design, construction and fabri
cation o f  research reactors.

113. In the context o f  this publication, the term ‘ research reactor’ covers the reac
tor core, experimental facilities and all other facilities relevant to either the reactor 
or its experimental facilities located on the reactor site.

STRUCTURE

114. This Code has been structured in the light o f  its role in the overall programme 
o f  safety related publications for research reactors being prepared by the IAEA. In 
particular it covers all important areas associated with the safe operation o f  research 
reactors. It consists o f  nineteen sections and an annex.

115. Section 2 introduces the general objectives concerning the radiological and 
nuclear safety o f  research reactors and describes the approach used in this publica
tion for their achievement.

9
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116. Section 3 deals with general recommended requirements regarding regulatory 
supervision as far as they are related to the operation o f  research reactors.

117. The remaining sections include general and specific requirements on topics 
which should be addressed as appropriate by the regulatory body and by the operat
ing organization in order to ensure the safe operation o f  the research reactor in all 
operational states o f  the reactor and in accident conditions.

118. Where sections cover topics which will not be further developed in the set o f 
IAEA safety related publications for research reactors, other appropriate references 
are provided, particularly those o f  the Safety Series for power reactors (NUSS), 
owing to the similarity o f  many safety concerns. This is the case, for example, in 
the section covering QA. In addition, the Annex highlights a selection o f  important 
areas which should receive particular attention in the QA programme. However, 
care must be exercised in the application o f  the NUSS documents to research reactors 
because o f  their differences from power reactors.

2. SAFETY OBJECTIVES

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 protection 
objectives are:

to ensure that the operation and utilization o f  a research reactor are justified 
under radiation protection considerations (justification principle); to ensure 
that during operational states radiation exposure o f  site personnel and the 
public remains below limits prescribed by national authorities and is kept as 
low as reasonably achievable (A LAR A) (optimization principle and individual 
dose and risk limit principle); and to ensure mitigation o f  radiation exposure 
from accidents (intervention principle).2

2 See Basic Safety Standards for Radiation Protection, 1982 Edition, IAEA Safety 
Series No. 9, and the 1990 Recommendations of the International Commission on Radiologi
cal Protection, Publication 60, Pergamon Press (1991), for the radiation protection principles. 
See also Basic Safety Principles for Nuclear Power Plants, IAEA Safety Series 
No. 75-INSAG-3, for the technical safety objective.
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203. With respect to accidents the more detailed objectives are:

to ensure that accidents are generally prevented; to ensure that, for all event 
sequences taken into account in the design o f  the facility, including those that 
have low probability, radiological consequences are small; and to ensure by 
both prevention and mitigation measures that accidents with significant conse
quences are extremely unlikely (technical safety objective).2

204. In order to achieve these objectives a number o f  safety requirements and 
recommendations are provided to all those involved in finally ensuring the safe oper
ation o f  research reactors. These include provisions incorporated in the design as 
well as measures to be taken during operation. For both areas adequate regulatory 
supervision shall be applied.

3. REGULATORY SUPERVISION
301. In discharging its responsibility for public health and safety the government 
shall ensure that the safe operation o f  the reactor is subject to assessment and inspec
tion by a regulatory body. Such regulatory activities are embedded in the licensing 
process for the installation. The requirements which are detailed in paras 308-313 
o f  the Code on the Safety o f  Nuclear Research Reactors: Design, IAEA Safety Series 
No. 35-SI, particularly those covering siting, design and construction, shall be 
fulfilled by the relevant organizations, in addition to those for commissioning, opera
tion and decommissioning. Guidance on the development o f  such governmental 
organizations has been provided by the IAEA in relation to nuclear power plants3 
and this guidance may be adopted for research reactors.

302. The major areas in which the regulatory body is involved in carrying out its 
responsibilities for regulating the operation o f research reactors include:

(a) Establishing or adopting safety principles, regulations and guides;
(b) Reviewing, assessing and approving operational safety related documents, 

such as operational limits and conditions, emergency plans, etc.;
(c) Ensuring adequate control o f  reactor operation by, for example, licensing o f 

reactor operation;

2 See Basic Safety Standards for Radiation Protection, 1982 Edition, IAEA Safety 
Series No. 9, and the 1990 Recommendations of the International Commission on Radiologi
cal Protection, Publication 60, Pergamon Press (1991), for the radiation protection principles. 
See also Basic Safety Principles for Nuclear Power Plants, IAEA Safety Series 
No. 75-INSAG-3, for the technical safety objective.

3 See the Code on the Safety o f Nuclear Power Plants: Governmental Organization, 
IAEA Safety Series No. 50-C-G (Rev. 1).
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(d) Ensuring that only suitably qualified and experienced persons hold posts that 
can affect safety by, for example, the licensing o f  key operating personnel;

(e) Conducting inspections to ensure conformance with the requirements set by the 
operational limits and conditions and applicable regulations, codes and 
standards;

(f) Reviewing information concerning safety related incidents, such as violation 
o f  safety limits, non-conformance with limiting conditions for safe operation, 
and personnel exposure or radioactive discharge beyond specified limits;

(g) Reviewing and approving planned modifications which may have a significant 
effect on the safety o f  the reactor;

(h) Reviewing and approving experiments which may have a major effect on the 
safety o f  the research reactor and are beyond the scope o f  the existing limits 
and conditions and the safety analysis report (SAR);

(i) Enforcing regulations, including conditions attached to the licence and any 
necessary corrective actions;

(j) Monitoring that a safety culture, i.e. good practices and attitudes in the conduct 
o f  operations, is maintained by the reactor management and the operating 
organization.

303. To achieve their common objective o f  safe operation, the relationship between 
the regulatory body and the operating organization should be based on mutual under
standing, respect and confidence. Appropriate lines o f  communication shall be estab
lished with the operating organization.

4. RESPONSIBILITIES FOR SAFE OPERATION

OPERATING ORGANIZATION

401. The operating organization shall have the overall responsibility for the safety 
o f  the research reactor while the reactor manager shall have the direct responsibility 
and necessary authority for the safe operation o f  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 o f  public safety.

402. It shall be the responsibility o f  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 SAR is prepared and kept up to date;
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(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 persons;
(g) Persons with responsibilities related to safe operation are adequately trained; 

a training and retraining programme is established, implemented and kept up 
to date and periodically reviewed to verify its effectiveness;

(h) Adequate facilities and services are available during operation;
(i) Information on incidents, including an assessment o f  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 operat

ing environment are conducive to safe operation (see para. 108);
(k) An adequate QA programme is established and implemented;
(1) Sufficient authority and resources are provided to the reactor management to

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

procedures (see para. 703);
(n) Operational experience, including information from the operating experience

at other, similar facilities, is carefully examined to detect any precursor signs 
o f  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 estab
lished in order to advise the operating organization on the safety o f the operation o f 
the reactor and the associated experiments. Members o f  such groups should be 
experts representing different fields associated with the operation and design o f  the 
research reactor. It may be advisable to include in such committees experts from 
outside the operating organization. The function, authority, composition and terms 
o f  reference o f  such committees shall be set out in writing and, if required, submitted 
to the regulatory body.

REACTOR M ANAGER

404. The reactor manager shall clearly set out in writing the duties, responsibili
ties, necessary experience and training requirements o f  operating personnel, and 
their lines o f  communication. This information may be included in the general 
operating rules. Other personnel involved in operation or use o f  the reactor (e.g.
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technical support personnel and experimentalists) shall also have their duties, respon
sibilities and lines o f  communication clearly set out in writing.

405. The reactor manager shall be responsible for ensuring that the staff selected 
for reactor operation are given the training and retraining necessary for the safe and 
efficient operation o f  the reactor and that the training and retraining are appropriately 
evaluated. There shall be adequate training in the procedures to be followed in both 
operational states and accident conditions.

406. Notwithstanding the presence o f  independent health physics staff (see 
para. 1506), the operating personnel, including technical support personnel and 
experimentalists, shall be given appropriate training in health physics.

407. The minimum staffing requirements for the various disciplines required to 
ensure safe operation shall be specified for all operational states o f  the research reac
tor, in terms o f  both the number o f  personnel and the duties for which they are 
required to be authorized. The person with the responsibility for the direct supervi
sion o f  the reactor operation shall be clearly identified at all times. The availability 
o f  staff required to deal with accident conditions shall also be specified.

408. The reactor manager shall periodically review the operation o f  the research 
reactor, including the experiments, and take appropriate corrective actions with 
respect to any problems identified. It is recommended that the operating organization 
or the reactor manager call upon advisors or seek the advice o f  the standing safety 
committee to review important safety issues arising in the commissioning, operation, 
maintenance, inspection and modification o f  the reactor and experiments.

409. The detailed programme for the operation and experimental use o f  the 
research reactor shall be prepared in advance and shall be accepted by the reactor 
manager.

OPERATING PERSONNEL

410. The number and the type o f operating personnel required are dependent upon 
the power level, duty cycle and utilization o f  the reactor. The operating personnel, 
unless otherwise specified by national regulations, should comprise a reactor 
manager, shift supervisors as required, operators as required, maintenance personnel 
and radiation protection personnel.

411. Shift supervisors and reactor operators shall hold an operator’ s licence or 
certification issued by the appropriate body.

14

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



412. Any member o f  the reactor operating personnel or any experimenter shall 
have full authority to shut down the reactor in the interest o f  safety, using one o f  
the emergency shutdown buttons (or equivalent devices) provided for this purpose.

5. SAFETY ANALYSIS FOR OPERATION

501. An essential means for fulfilling the obligation o f  the operating organization 
according to para. 402 item (b) is the provision o f  the safety analysis report (SAR).

502. The information in the SAR which is used for the justification o f  the design 
shall also be used for the determination o f  operational limits and conditions. The 
development o f  operating procedures and emergency plans shall also be based on the 
SAR information and on the results o f  other analyses as necessary.

503. The SAR shall contain sufficient information to allow the regulatory body to 
make an independent assessment o f  the safety o f  the reactor. The SAR should be suit
able as the main source o f  information for the licensing o f  reactor operation.

504. The SAR also provides the basic information required by the operator, user, 
etc., for an understanding o f  the facility. Therefore, it shall include information 
regarding the facility and its siting, the type and the purpose o f  the reactor, details 
relating to the reactor structure and confinement and information relating to the core 
and its power. Detailed drawings, parts lists, materials lists, etc., shall also be avail
able to operators and users.

505. The need for updating the SAR shall be reviewed periodically by the operating
organization. .

6. OPERATIONAL LIMITS AND CONDITIONS

601. A  set o f  operational limits and conditions important to reactor safety, includ
ing safety limits, safety system settings, limiting conditions for safe operation and 
surveillance requirements acceptable to the regulatory body shall be established. The 
limits and conditions shall be adhered to by the operating staff throughout the life 
o f  the reactor. Operational limits and conditions for safe operation may include 
aspects relating to administration and organization.
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602. Safety limits shall generally be defined in terms o f  maximum and minimum 
values below or above which, as appropriate, the variables or parameters shall 
remain during all operational states.

603. Safety system settings (e.g. trip settings) shall include an adequate safety 
margin that would allow for, inter alia, system transient behaviour, equipment 
response time and inaccuracy o f  the measuring devices. I f a safety limit (e.g. fuel 
temperature) cannot be directly measured, safety system settings for other related 
variables shall be specified to prevent violation o f  the limit.

604. Limiting conditions for safe operation are administratively established 
constraints on equipment and operation which shall be adhered to in all operational 
states o f  the reactor. They are established to provide acceptable margins between the 
normal operating values and the established safety system settings. They include 
limits on operating parameters, requirements relating to minimum operable equip
ment and minimum staffing and prescribed actions to be taken by operating 
personnel.

605. Surveillance requirements cover the frequency and methods o f  performing 
periodic checks, tests, calibrations and inspections o f  safety systems to ensure 
compliance with limiting conditions for safe operation. The operating organization 
shall ensure that a suitable surveillance programme, including evaluation o f  results, 
is established and correctly implemented.

606. The selection o f  values for safety limits, safety system settings, limiting 
conditions and surveillance requirements shall be derived from the reactor design 
and safety analysis o f  the reactor and be demonstrated to be consistent with the SAR 
which reflects the current condition o f  the reactor.

607. Provisions shall be available to ensure that if  a safety limit is not satisfied the 
reactor is shut down and maintained in a safe condition. Under such circumstances, 
the regulatory body shall be promptly notified and a review shall be carried out by 
the operating organization and submitted for assessment to the regulatory body 
before subsequent startup o f  the reactor.

608. If a limiting condition for safe operation is not satisfied, the operating person
nel shall take appropriate actions to ensure safety. The reactor management shall 
conduct an investigation o f  the cause and consequences and take appropriate actions 
to prevent a recurrence. The regulatory body shall be notified in due time.
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7. OPERATING PROCEDURES

701. A  set o f  general operating rules, including administrative and organizational 
requirements, shall be issued by the operating organization after appropriate review 
and approval. These general operating rules shall be supplemented by specific oper
ating procedures on the safe operation and use o f  the reactor that are prepared and 
issued before initial fuel loading.

702. These procedures shall be developed by the reactor operating personnel in co 
operation with the designer and manufacturer and with other staff o f  the operating 
organization, including radiation protection staff. They shall be reviewed by the 
safety committee and approved by the reactor manager. Minor modifications to the 
operating procedures may be made with the approval o f  the reactor manager, follow
ing a review by the safety committee, provided that the general operating rules are 
observed. These procedures shall be available to the regulatory body.

703. The operating procedures shall include written instructions for the following:

(a) Startup, operation, shutting down and shutdown o f  the reactor and, where 
appropriate, experimental devices;

(b) Loading, unloading and movement within the reactor o f  fuel elements and 
assemblies or other core and reflector components, including experimental 
devices;

(c) Preventive maintenance o f  major components or systems that could affect reac
tor safety;

(d) The programme o f  periodic inspections, calibrations and tests o f  structures, 
systems and components that are essential for the safe operation o f  the reactor;

(e) The implementation o f  radiation protection procedures consistent with applica
ble regulations;

(f) The authorization o f  operation and maintenance and the conduct o f  irradiations 
and experiments that could affect reactor safety or reactivity;

(g) Operator response to anticipated operational occurrences and, to the extent 
feasible, accident conditions;

(h) Emergency actions;4
(i) Security;
(j) Handling o f  radioactive wastes and monitoring and control o f  radioactive

releases;
(k) Surveillance as required o f  the reactor and its auxiliary systems during reactor

shutdown periods.

4 In many cases emergency procedures are developed as a component of a separate 
emergency plan (see Section 16).
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For many o f  these operations, checklists may be useful.

704. These procedures shall be reviewed and updated periodically, or additionally 
if  need arises, in accordance with predetermined internal procedures. They shall be 
available in the control room.

705. All personnel involved with the operation and use o f  the reactor shall be 
adequately trained in the use o f  these procedures.

706. A ll procedures for operation and use o f  the reactor shall be consistent with 
the operational limits and conditions.

707. When operations not covered by existing procedures are planned, an 
appropriate procedure shall be prepared and reviewed and receive appropriate 
approval before the operation is started. Additional training o f  relevant staff in these 
procedures shall be provided.

8. COMMISSIONING

801. An adequate commissioning programme shall be prepared for the purpose o f  
demonstrating that the design objectives have been achieved. This programme shall 
be submitted to the safety committee and the regulatory body and subject to the 
appropriate review and approval before being implemented.

802. The operating organization, designers and manufacturers shall be involved in 
the preparation o f  the commissioning programme.

803. Commissioning tests shall be arranged in functional groups and in a logical 
sequence. This sequence includes pre-operational tests, initial criticality and low 
power tests, and power tests. No test sequence shall proceed unless the required 
previous steps have been completed successfully.

804. Documentation covering the scope, sequence and expected results o f  these 
tests shall be prepared in appropriate detail and in accordance with the QA 
programme. It should include the following:

(a) Purpose o f  the test and results expected;
(b) Safety provisions required to be in force during the test;
(c) Precautions and prerequisites;
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(d) Test procedure;
(e) Test reports, which include a summary o f  the data collected and their analysis, 

an evaluation o f  the results, identification o f  deficiencies, i f  any, and corrective 
action.

805. Close liaison shall be maintained between the regulatory body and the operat
ing organization throughout the whole commissioning process; In particular, the 
results and analyses o f  tests directly affecting safety shall be available to the safety 
committee and the regulatory body for review and approval as appropriate. .

806; Experimental devices shall be given adequate consideration during the 
commissioning o f  the reactor.

807. New experimental devices shall be subjected to appropriate additional 
commissioning procedures (see Section 12).

808. The commissioning process shall be a co-operative process between the oper
ating organization and the supplier in order to ensure an effective means for 
familiarizing the operating organization with the particular characteristics o f  the 
reactor.

809. All commissioning test results, whether produced by the operating organiza
tion or the supplier, should be available to the operating organization and maintained 
for the life o f  the facility.

9. MAINTENANCE, PERIODIC TESTING 
AND INSPECTION5

901. Maintenance, periodic testing and inspection shall’ be conducted to ensure:
(a) compliance with limits and conditions; and (b) adequacy o f  the safety status o f  
the reactor.

902. The decision to carry out maintenance work on installed equipment, to 
remove equipment from operation for maintenance purposes or to reinstall equip
ment after maintenance shall be: (a) the overall responsibility o f  the reactor manager;

5 Further guidance and advice may be derived from the corresponding published 
Safety Guides for nuclear power, plants: IAEA Safety Series Nos 50-SG-02, 50-SG-07 and 
50-SG-08.
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and (b) made with due regard to maintaining the level o f  safety o f  the reactor as 
specified in the operational limits and conditions.

903. There shall be written programmes based on the SAR for maintenance, peri
odic testing and inspection o f  the reactor equipment, in particular o f  all items impor
tant to safety. These programmes shall ensure that the level o f  safety is not reduced 
during their execution. In the development o f  such programmes due attention should 
be paid to the potential for creating common cause failures (e.g. systematic incorrect 
resetting o f  alarm points or trips).

904. The reactor manager shall have overall responsibility for all aspects o f  main
tenance, periodic testing and inspection. There shall be a clearly defined structure 
o f  authorization for the performance o f the work. The responsibility for co 
ordinating the work may be delegated by the reactor manager to the person in opera
tional control o f  the reactor.

905. A  system o f  work permits shall be used for maintenance, periodic testing and 
inspection, including appropriate check-off procedures before and after the conduct 
o f  the work in accordance with the QA programme. This is to ensure that all work 
is conducted with the knowledge and permission o f  the person in operational control 
o f  the reactor and that both the safety o f  the reactor and the safety o f  the personnel 
doing the work are ensured.

906. The results o f  maintenance, testing and inspection shall be assessed by 
properly qualified personnel in order to verify compliance with the limits and condi
tions. Comparison should be made, where appropriate, with the results o f  previous 
inspections and tests to determine potential failures and permit timely corrective 
action.

907. The frequency o f  maintenance, periodic testing and inspection o f  individual 
structures, systems and components shall be such as to ensure adequate reliability, 
taking into account: (a) their relative importance to safety; (b) the likelihood o f  their 
failure to function as intended; and (c) requirements established in the original SAR 
and any subsequent revisions. The frequency should be adjusted in the light o f 
experience.

908. Components important to safety may require special attention to prevent 
ageing effects from causing unexpected failures. In such cases a preventive main
tenance philosophy is one o f  the approaches which should be adopted.

909. When maintenance, testing or inspection reveals a non-conformance with the 
safety system settings or limiting conditions for safe operation o f  the reactor, this 
shall be rectified. Provided that the fault or non-conformance is such that the
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equipment can be placed in a state which does not reduce the level o f  safety o f  the 
reactor or that additional administrative measures can be taken to ensure safety, then 
operation o f  the reactor in this condition may be continued for a limited period as 
long as it remains within the approved operational limits and conditions. Otherwise, 
the reactor shall be shut down or remain shut down until the fault or non
conformance is rectified.

910. Following maintenance or repair, equipment shall be inspected and, where 
necessary, recalibrated, tested and shown to be adequate for its purpose.

911. Resumption o f  normal operation shall be permitted only after the person who 
is responsible for co-ordinating the maintenance work has approved the results o f  the 
inspection and testing.

912. Records o f  maintenance, periodic testing and inspection shall conform to the 
requirements o f  the QA programme.

10. CORE MANAGEMENT AND FUEL HANDLING

1001. Core management is the strategy used to produce safe operational cores 
consistent with the needs o f  the experimental programme. It involves the determina
tion, by calculations often using validated methods and codes, o f  the location for 
fuel, reflectors, safety actuation devices, experimental devices and sometimes 
moderators in appropriate positions in the core.

1002. Fuel handling is the process o f  movement, storage, transfer, packaging and 
transport o f  unirradiated and irradiated fuel. These processes shall adhere to 
appropriate safety requirements.6

1003. The reactor manager shall be responsible for and shall make arrangements for 
all the activities associated with core management and on-site fuel handling. For fuel 
handling off-site, arrangements shall be made according to national practices.

1004. In relation to core management and fuel handling, the operating organization 
shall prepare and issue specifications and procedures for the procurement, loading, 
utilization, unloading and testing o f  fuel and core components (see para. 703(b)).

6 Useful further guidance may be derived from IAEA Safety Series No. 50-SG-D10 
and No. 6.

21

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



1005. All core configurations shall be established in accordance with the design 
intent and assumptions as specified in the operational limits and conditions.

1006. Operational limits and conditions shall be established and procedures written 
for dealing with fuel element failures in order to minimize radioactive fission product 
releases from the fuel.

1007. Procedures shall be prepared to ensure quality, safety and security during the 
handling o f  fuel elements, assemblies and core components.

1008. The packaging and transport o f  unirradiated and irradiated fuel assemblies 
shall be carried out in accordance with national and international regulations and, as 
appropriate, in accordance with the Regulations for the Safe Transport o f  Radioac
tive Material (IAEA Safety Series No. 6).

1009. A  comprehensive records system in compliance with the Q A  programme shall 
be maintained to cover core management, fuel behaviour and fuel handling activities.

11. RECORDS AND REPORTS

1101. For safe operation o f  the reactor, die operating organization shall possess all 
essential information concerning the design, construction, commissioning and opera
tion o f  the reactor. This information shall be kept up to date during the operational 
phase. Such information includes site and environmental data, design specifications, 
details o f  equipment and material supplied, as-built drawings, operating and main
tenance manuals, and quality assurance documents.

1102. Information relating to the operation o f  the reactor and, where applicable, its
experimental devices, should also include records of:

(a) Routine operating data (e.g. logbooks, data sheets, checklists, automatically
recorded data);

(b) Performance evaluation o f  safety systems;
(c) Current operational status (e.g. components out o f  service);
(d) Maintenance, periodic testing and inspection;
(e) Modifications;
(f) In-service failures, safety related occurrences and incidents;
(g) Location and movement o f  radioactive sources and fissile materials;
(h) Radioactive waste storage, radioactive releases and environmental monitoring 

results;
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(i) Staff responsibilities and training;
(j) Radiation exposure and medical examinations o f  staff;
(k) Q A audits and reviews;
(1) Relevant commissioning records, including startup test reports;
(m) Records relevant to decommissioning;
(n) Communications with regulatory bodies.

1103. Information entries in logbooks, checklists and other appropriate records shall 
be properly dated and signed.

1104. The operating organization should prepare periodic summary reports on 
matters relating to safety and submit these reports to the safety committee and the 
regulatory body if  required by the regulatory body. The regulatory body should 
specify those categories o f  occurrences for which it will require special reports.

1105. The arrangements made for storing and maintaining records and reports shall 
be in accordance with the Q A programme. The document management system shall 
ensure that obsolete documents are archived and that only the latest version o f  each 
document is used by personnel. Off-site storage o f  some documents for access in the 
event o f  an emergency situation shall be considered. Adequate and reasonable reten
tion periods for certain categories o f  records and reports should be specified.

12. REACTOR UTILIZATION

1201. Research reactors may be utilized in such a way that:

(a) The reactor itself produces the experimental result;
(b) Samples and materials for production o f  radionuclides are irradiated;
(c) Experimental devices are introduced into the core or reflector region o f  the 

reactor;
(d) Neutron beams are extracted from the core for experimental purposes.

1202. If the reactor itself is utilized to produce experimental results, procedures 
shall be in place to ensure that operational limits and conditions are met.

1203. All experimental devices loaded into or directly connected to a reactor shall 
be designed to the same standards as the reactor itself and shall be fully compatible 
in terms o f  material used, structural integrity and radiological safety.
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1204. Where experimental devices penetrate the reactor boundaries they shall be 
designed so as to preserve the confinement and shielding o f  the reactor.

1205. Protection systems on experimental devices shall be designed so as to protect 
both the device and the reactor from any hazard arising from the experimental 
device.

1206. The reactor manager shall establish a procedure for dealing with proposals for 
experiments. The proposal for an experiment should include:

(a) A  description o f  the purpose and the intended conduct o f  the experiment;
(b) The means o f  integrating the device with the reactor system;
(c) The selection and justification o f  the criteria employed in the design o f  the 

experimental device;
(d) A  safety assessment o f  the device, both for the device itself and for its effect 

on the safety o f  the reactor and personnel;
(e) The requirements for the production and validation o f  any special operating 

and maintenance documentation;
(f) The requirements for any special training o f  operating and maintenance 

personnel;
(g) The commissioning and functional testing requirements;
(h) Decommissioning;
(i) The QA programme utilized;
(j) The suggested disposal o f  radioactive wastes generated by the experiments; 
(k) Procedures to ensure adequate communication between operators and 

experimentalists.

1207. Each new experiment shall be reviewed by an established internal procedure 
for its safety significance. If it is judged to be o f  major safety significance it shall 
be submitted to the safety committee and the regulatory body for review and 
approval. The criteria for safety significance are the same as those for modifications 
given in para. 1302.

1208. Any modification made to experimental devices shall be subjected to the same 
procedures used for the original experimental device.

1209. The use and handling o f  experimental devices shall be controlled by written 
procedures. These procedures shall take into account effects on the reactor, particu
larly changes in reactivity.

1210. The performance o f  experiments shall be optimized with regard to reducing 
the radiation exposure o f  the personnel involved (the A LA RA  principle).
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13. MODIFICATIONS

1301. Modifications o f  the reactor shall be categorized using a standard procedure 
into those which have safety significance and those which do not. It should be recog
nized that some installations o f  experimental devices or the reconfiguration o f  
the core for experimental purposes are equivalent to reactor modifications. 
They shall be treated, therefore, in the same manner as reactor modifications (see 
para. 1207).

1302. Modifications having major safety significance shall be submitted for review 
and approval by the regulatory body. These modifications will be those which:

(a) Involve changes in the approved safety limits;
(b) Involve changes in the approved limiting conditions for safe operation;
(c) Affect items o f  major importance to safety;
(d) Entail hazards different in nature or more likely to occur than those previously 

considered, or significandy reduce an existing margin o f  safety.

1303. Modifications having a major safety significance shall be subjected to safety 
analyses and design, construction and commissioning procedures equivalent to those 
described the Code on the Safety o f  Nuclear Research Reactors: Design.

1304. A  procedure for controlling modifications shall be implemented to ensure that 
design, manufacture, installation and testing o f  the modification can be satisfactorily 
completed. This procedure should include:

(a) A  description o f  the proposed modification;
(b) Justification o f  the necessity for the modification;
(c) Design requirements and criteria;
(d) Safety assessment supporting the modification;
(e) Manufacturing processes;
(f) Installation procedures;
(g) Commissioning process;
(h) Testing and inspection o f  the completed modification;
(i) Review o f  operational and emergency procedures;
0) Documentation updating;
(k) Any special requirements for training, and relicensing i f  necessary, o f

operators;
(1) QA requirements.

1305. Implementation o f  a modification shall be optimized with regard to reducing 
the radiation exposure o f  the workers involved (the A LA R A  principle).
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14. RADIOACTIVE WASTES7

1401. The reactor and its experimental devices should be operated so as to minimize 
the production o f  radioactive wastes o f  all kinds, to reduce releases and to facilitate 
the handling and disposal o f  wastes.

1402. Releases o f  radioactive effluents shall be monitored and recorded in order to 
verify compliance with the applicable regulatory limits and conditions.

1403. Releases o f  radioactive effluents shall be reported periodically to the regula
tory body in accordance with its requirements.

1404. The processing, storage and disposal or removal o f  radioactive wastes shall 
be carried out in accordance with the requirements o f  the relevant authorities.

1405. Written procedures shall be used for handling, collecting, processing, storing 
and disposing o f  radioactive wastes.

1406. An appropriate record shall be kept o f  the quantities, types and characteristics 
o f  radioactive wastes stored at, disposed o f  at, or removed from the reactor site.

1407. All activities concerning radioactive effluents and wastes shall be conducted 
in accordance with a QA programme.

15. RADIATION PROTECTION

1501. During all operational states, the main aims o f  radiation protection are to 
avoid any unnecessary exposure to radiation and to keep unavoidable exposure as 
low as reasonably achievable, social and economic considerations being taken into 
account, while respecting dose limits (A L A R A )8. The radiation exposure o f  site 
personnel and members o f  the public shall conform to the requirements o f  the rele
vant authority.

7 Further guidance may be found in IAEA Radioactive Waste Safety Standards 
(RADWASS) programme publications.

8 Basic Safety Standards for Radiation Protection, IAEA Safety Series No. 9.
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1502. For accident conditions the radiological consequences shall be mitigated by 
appropriate engineered safety features, by accident management procedures and by 
measures provided in the emergency plan.

1503. The operating organization shall establish and implement a radiation protec
tion programme to ensure that all activities involving radiation exposure are planned, 
supervised and executed to achieve the aims o f  paras 1501 and 1502.

1504. Under the radiation protection programme, established in line with regulatory 
requirements, the operating organization shall be responsible for:

(a) Appropriate control o f  radiation doses to persons present on the site resulting 
from the operation and utilization o f  the research reactor;

(b) Appropriate control o f  the amounts o f  radioactive substances released to the 
environment from the research reactor and o f  off-site radiation dose levels;

(c) Preparations for the management o f  on-site emergencies and co-operation with 
the appropriate authorities during off-site emergencies caused by the research 
reactor.

1505. The radiation protection programme shall include adequate administrative 
measures, which take account o f  the design provisions, for:

(a) Restricting the exposure o f  site personnel and o f  the general public within 
established limits and the A LA R A  concept;

(b) Ensuring that there is sufficient and appropriate instrumentation and equipment 
for personnel monitoring and protection;

(c) Ensuring that there is on-site radiological monitoring and surveying;
(d) Ensuring that there is co-operation between the radiation protection staff and

the operating staff in establishing operating and maintenance procedures when 
radiation hazards are anticipated, and that direct assistance is provided when 
required;

(e) Providing for environmental radiological surveillance;
(f) Providing for decontamination o f  personnel, equipment and structures;
(g) Controlling compliance with applicable regulations for the transport o f  radio

active material;
(h) Detecting and recording releases o f  radioactive material;
(i) Recording the inventory o f  radiation sources;
(j) Providing adequate training in radiation protection practices (see para. 1508).

1506. The implementation o f  the radiation protection programme shall include the 
appointment o f  qualified health physicists, knowledgeable about the radiological 
aspects o f  the reactor design and operation. These health physicists shall work in 
co-operation with the reactor operating group but should have reporting lines
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independent o f  the reactor management. If the health physicists report to the reactor 
management, they shall have a direct line o f  communication to the operating organi
zation to raise issues o f  safety concern.

1507. The health physicist in charge, who should be independent o f  the reactor 
management, shall advise the reactor management and shall have access to the levels 
o f  management within the operating organization which have the authority to estab
lish and enforce operational procedures.

1508. All facility personnel shall be individually responsible for putting into practice 
the exposure control measures within their area o f  activity which are specified in the 
radiation protection programme. Consequently, particular emphasis shall be given 
to training all facility personnel to ensure that they are fully aware o f  both the radio
logical hazards and the protective measures available. Special attention shall be given 
to the fact that personnel at the research reactor facility may include persons 
not permanently working there (e.g. experimenters, trainees, visitors, outside 
craftspersons).

1509. The operating organization shall verify, by means o f  surveillance, inspections 
and audits, that the radiation protection programme is being implemented and that 
its objectives are achieved, and shall undertake corrective action if  necessary. The 
programme shall be reviewed and updated in the light o f  experience.

1510. In order to assist the reactor management in ensuring that radiation doses are 
as low as reasonably achievable (A LAR A) and that individual limits are not 
exceeded, reference levels o f  dose, below prescribed limits for radiation doses, 
which take into account the particular characteristics o f  the reactor shall be estab
lished by the operating organization as action levels9. If a reference level is 
exceeded, the operating organization shall investigate the matter for the purpose o f 
taking corrective action.

1511. All personnel who may be occupationally exposed to significant levels o f  radi
ation shall have their exposures measured, recorded and assessed, as determined by 
the relevant authority, and these records shall be made available to the regulatory 
body or to any other body designated by the national regulations.

1512. Radioactive release limits which take account o f  the particular site charac
teristics shall be established for approval by the regulatory body. These limits should

9 INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Cost- 
Benefit Analysis in the Optimization o f Radiation Protection, Publication 37, Pergamon Press, 
Oxford and New York (1983).
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be included in the operational limits and conditions. Reference levels o f  releases shall 
be established by the operating organization for its own use to assist the reactor 
management in ensuring that radiation doses are as low as reasonably achievable and 
individual dose limits are not exceeded. If a reference level o f  release is exceeded, 
the operating organization shall investigate the matter for the purpose o f  taking 
corrective action10.

1513. If the limits for either personnel exposure or radioactive releases are 
exceeded, the regulatory body and/or relevant authority shall be informed in accor
dance with the requirements.

1514. The radiation protection programme should provide for the medical surveil
lance o f  personnel who may be occupationally exposed to significant radiation doses. 
It shall in any case provide for medical surveillance in cases o f  overexposure.

1515. The radiation protection programme shall be implemented at appropriate 
stages o f  commissioning.

16. EMERGENCY PLANNING

1601. Emergency planning is the process through which the operating organization 
makes arrangements for the identification o f  and response to the spectrum o f  acci
dents which may occur in a research reactor. Emergency plans for a research reactor 
shall be prepared to cover all activities planned to be carried out in the event o f  an 
emergency. The plans should allow for determining the level o f  the emergency and 
the corresponding level o f  response according to the severity o f  the accident 
condition.

1602. Emergency conditions originating from the operation o f  the reactor may affect 
to varying degrees the operating personnel and other persons on or o ff  the site. In 
response to an emergency, action shall be taken by the operating personnel. Depend
ing upon the nature and extent o f  the emergency, other on-site support service groups 
and off-site agencies shall be involved as determined in the emergency plan.

1603. Emergency plans shall be prepared by the operating organization, in accor
dance with the requirements o f  the regulatory body, and in co-operation, where

10 Principles for Limiting Releases of Radioactive Effluents into the Environment, 

IAEA Safety Series No. 77.
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necessary, with the appropriate governmental and local authorities or other bodies 
to ensure the effective co-ordination o f  all site services and external aid in the event 
o f  an emergency.

1604. The emergency plans o f  the operating organization shall be based on the acci
dents analysed in the SAR as well as those additionally postulated for emergency 
planning purposes.

1605. The emergency plan and arrangements prepared by the operating organization 
should include:

(a) Identification o f  the emergency organizations, including the responsibilities o f  
key individuals;

(b) Classification o f  emergency situations;
(c) The conditions under which an emergency should be declared, a list o f  persons 

empowered to declare it, and a description o f  suitable warning facilities;
(d) The arrangements for initial and subsequent assessment, including environ

mental monitoring o f  the radiological conditions;
(e) Provisions for minimizing exposure o f  persons to ionizing radiation and for 

ensuring medical treatment o f  casualties;
(f) Site action to limit the extent o f  any radioactive release and the spread o f 

contamination;
(g) The chain o f  command and communication, defining clearly the responsibili

ties and duties o f  persons and organizations concerned;
(h) A  description o f  facilities and procedures;
(i) Notification requirements for informing authorities;
(j) Notification requirements for calling for additional resources;
(k) The inventory o f  the emergency equipment to be kept in readiness at specified

locations;
(1) The actions to be taken by persons and bodies involved in the implementation 

o f  the plan;
(m) Provisions for informing the public;
(n) Provisions for termination o f  and recovery from the emergency.

1606. The emergency plan shall be implemented by emergency procedures in the 
form o f  documents and instructions that detail the implementation actions and 
methods required to achieve the objectives o f  the emergency plan. The extent o f  
detailed obligatory instructions in these procedures should be commensurate with the 
postulated scenario.

1607. All persons op the site shall be informed o f  what to do in the event o f  an emer
gency. Instructions should be prominently displayed.
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1608. The emergency response team shall include persons with up to date 
knowledge o f  the reactor operations and normally should be headed by the reactor 
manager or deputy manager. All personnel involved in responding to the emergency 
shall be instructed, trained and retrained periodically as necessary in the performance 
o f  their duties in an emergency. This requirement extends to persons both on and 
o f f  the site.

1609. Exercises shall be conducted, to the extent practicable, at suitable intervals 
and shall involve all those with duties in responding to the emergency. The results 
o f  the exercise shall be reviewed and incorporated into revisions to the emergency 
plan where necessary. The plans shall be reviewed from time to time and amended 
if  necessary.

1610. Instruments, tools, equipment, documentation and communication systems to 
be used in emergency situations shall be kept available and maintained in good condi
tion in such a manner that they are unlikely to be affected or made unavailable by 
the postulated accidents.

17. SECURITY

1701. A ll reasonable precautions shall be taken to prevent persons from taking 
unauthorized actions that could jeopardize safety, to prevent unauthorized removal 
o f  fissile material or other radioactive materials from the reactor, and to prevent 
sabotage to the reactor. Appropriate security measures shall be established and, to 
the extent possible, documented in a plan.

1702. Provision shall be made to detect and prevent unauthorized entry into security 
areas. Arrangements and appropriate liaison shall be established with relevant 
authorities to obtain timely assistance.

1703. Details o f  the security plan shall be kept confidential and shall be revealed to 
persons only on a need-to-know basis.

1704. Periodic auditing o f  fissile material and all radioactive sources shall be carried 
out by the operating organization.

1705. Any actual or attempted theft o f  fissile material or other radioactive materials, 
or actual or attempted act o f  sabotage to the reactor or other breach o f  security, shall 
be investigated by the operating organization and reported confidentially to the rele
vant authority.
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18. QUALITY ASSURANCE

1801. The establishment, management, performance and evaluation o f  QA 
programmes for the design, procurement, construction, commissioning, operation, 
modification and decommissioning o f  research reactors and associated experiments 
are important for ensuring safety. The extent o f  the detailed QA programme that is 
required for a particular research reactor or experiment will depend, however, on 
the hazard potential o f  the reactor and the requirements o f  the regulatory body.

1802. Quality assurance as applied to research reactor design and operation shall be 
a continuous process during all phases o f  a specific activity. It should be clear that 
quality control (the verification that the required quality has been achieved) is only 
a part o f  Q A. The basic responsibility for achieving quality in performing a particu
lar task shall rest with those assigned the task and not with those seeking to ensure 
by means o f  verification that it has been achieved.

SCOPE OF APPLICATION

1803. General Q A  requirements shall be applied to all research reactors during 
design, construction, commissioning, operation, modification and decommissioning.

1804. Existing research reactor facilities might not have been required to prepare 
Q A  programmes for previous stages. However, all operational activities, including 
maintenance, testing, inspection, modification, experiments and decommissioning 
should be covered by appropriate Q A  requirements.

QUALITY ASSURANCE PROGRAMME

1805. An appropriate QA programme shall be established and implemented by the 
operating organization.

1806. Guidance on the principles and objectives o f  achieving safety in establishing 
a QA programme is provided in the IAEA Safety Standard 50-C-QA (Rev. 1) and 
Safety Guide 50-SG-QA5 for power reactors. The intent o f  the QA principles and 
requirements in these publications, when utilized in graded application to research 
reactors, should be applicable in the development o f  a QA programme for research 
reactors. In addition, the requirements o f  the regulatory body shall be included in 
the programme.

GENERAL
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1807. The pperating organization shall identify the items, services and procedures 
important for safe operation, and these shall be covered by a QA programme (see 
also the Annex).

19. DECOMMISSIONING11

1901. Before decommissioning, the operating organization shall prepare a plan to 
ensure safety during decommissioning and thereafter. The decommissioning plan 
shall be submitted for review and approval by the safety committee and the regula
tory body before decommissioning activities are begun.

1902. The decommissioning plan should include an evaluation o f  one or more 
decommissioning alternatives appropriate to the given reactor and in line with the 
requirements o f  the regulatory body. Examples o f  alternative approaches to decom
missioning are:

(a) Protective storage in an intact condition after removal o f  all fuel assemblies and 
readily removable radioactive components and wastes;

(b) Entombment o f  radioactive structures and large components after removal o f  
all fuel assemblies and readily removable radioactive components and wastes;

(c) Removal o f  all radioactive materials and thorough decontamination o f  the 
remaining structures to permit unrestricted use.

In some cases it may be possible to disassemble the reactor or parts o f  the reactor 
in such a manner that it could be shipped to another site for further use.

1903. The decommissioning plan shall include all steps that lead to eventual 
complete decommissioning to the point that safety can be ensured with minimum or 
no surveillance. These stages may include storage and surveillance, restricted site 
use and unrestricted site use.

1904. During the operational life o f  the reactor, the operating organization and the 
reactor management should keep in mind decommissioning requirements. Up to date 
documentation o f  the reactor should be kept and experience from the handling o f  
contaminated or irradiated structures, systems and components during maintenance 
or modification o f  the reactor should be recorded to facilitate planning o f  the 
decommissioning.

11 Further guidance may be found in IAEA Radioactive Waste Safety Standards 

(RADWASS) programme documents.
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1905. The responsibility o f  the operating organization shall be terminated only with 
the approval o f  the regulatory body.
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Annex

EXAMPLES OF OPERATIONAL ASPECTS OF RESEARCH REACTORS 
THAT REQUIRE PARTICULAR ATTENTION IN A 

QUALITY ASSURANCE PROGRAMME

The general requirements for QA are given in Section 18 o f  this Safety Stan
dard. Various other sections (on maintenance, records, utilization, modifications and 
wastes) list specific QA requirements. This Annex highlights the operational aspects 
o f  research reactors which call for special QA considerations.

REACTIVITY AND CRITICALITY MANAGEMENT

Core configurations are frequendy changed in research reactors and these 
changes involve the manipulation o f  components such as fuel assemblies, control 
rods and experimental devices, many o f  which represent considerable reactivity 
value. Care must be taken to ensure that the relevant subcriticality and reactivity 
limitations for fuel storage and core loading are not exceeded at any time.

CORE THERM AL SAFETY

The frequent changes in core loading referred to above affect the nuclear and 
thermal characteristics o f  the core. Care must be taken to ensure that, in each case, 
these characteristics are correctly determined and that they are checked against 
the relevant nuclear and thermal safety constraints before the reactor is put into 
operation.

SAFETY OF EXPERIMENTAL DEVICES

Experimental devices used in research reactors may, by virtue o f  their techni
cal, nuclear or operational characteristics, significantly influence reactor safety. 
Care must be taken to ensure that such features are adequately assessed for their 
safety implications and that appropriate documentation is made available.

REACTOR MODIFICATION

Research reactors and their associated experimental devices are often modi
fied in order to adapt their operational and experimental capabilities to changing
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utilization requirements. Special assurance is needed to verify that every modifica
tion has been properly assessed, documented and reported with regard to its potential 
effect on safety, and the reactor is not restarted without formal approval after modifi
cations with major safety implications.

COMPONENT AND M ATERIAL MANIPULATIONS

In pool type research reactors, in particular, components, experimental devices 
and materials are frequently manipulated in the vicinity o f  the reactor core. Special 
assurance is needed that the persons carrying out these manipulations adhere strictly 
to the procedures and restrictions established in order to prevent any nuclear or 
mechanical interference with the reactor, to minimize the probability o f  fuel cooling 
blockage by uncontrolled foreign objects, and to prevent radioactive releases and 
excessive radiation exposures.

HUMAN SURVEILLANCE

Research reactors are frequently visited by guest scientists, trainees and other 
persons who have access to controlled areas and may be actively involved in the 
operation or utilization o f  the reactor. Care must be taken to ensure that all proce
dures, restrictions and controls which aim to verify that such visitors have safe work
ing conditions and that their activities will not affect the safety o f  the reactor are 
strictly observed.
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PROPOSED SAFETY SERIES PUBLICATIONS  
ON RESEARCH  REACTOR SAFETY

SAFETY STANDARDS
Code on the safety of nuclear research reactors: Design, No. 35-SI 
Code on the safety of nuclear research reactors: Operation, No. 35-S2

SAFETY GUIDES (planned for publication)
Safety assessment and safety analysis report for research reactors, No. 35-G1 
Utilization and modification of research reactors, No. 35-G2 
Emergency planning and preparedness of research reactors, No. 35-G3 
Commissioning of research reactors, No. 35-G4 
Decommissioning of research reactors, No. 35-G5

SAFETY PRACTICES (planned for publication)
Limits and conditions for research reactors, No. 35-PI 
Instrumentation and control for research reactors, No. 35-P2 
Radiation protection service for research reactors, No. 35-P3 
Maintenance and periodic testing for research reactors, No. 35-P4 
Operating procedures for research reactors, No. 35-P5
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SELECTION O F IAEA PUBLICATIONS RELATED TO  
TH E SAFETY O F RESEARCH REACTORS

SAFETY SERIES
9 Basic safety standards for radiation protection, 1982 edition

35 Safe operation of research reactors and critical assemblies,
1984 edition

49 Radiological surveillance of airborne contaminants in the
working environment

55 Planning for off-site response to radiation accidents in
nuclear facilities

57 Generic models and parameters for assessing the
environmental transfer of radionuclides from routine releases: 
Exposures of critical groups

67 Assigning a value to transboundary radiation exposure

72 Principles for establishing intervention levels for the 
protection of the public in the event of a nuclear accident or 
radiological emergency (being revised)

73 Emergency preparedness exercises for nuclear facilities: 
Preparation, conduct and evaluation

74 Safety in decommissioning of research reactors

75-INSAG-3 Basic safety principles for nuclear power plants

77 Principles for limiting releases of radioactive effluents
into the environment

81 Derived intervention levels for application in controlling
radiation doses to the public in the event of a nuclear accident 
or radiological emergency: Principles, procedures and data

84 Basic principles for occupational radiation monitoring

86 Techniques and decision making in the assessment of off-site
consequences of an accident in a nuclear facility

1984

1979

1981

1982

1985 

1985

1985

1986 

1988 

1986

1986

1987 

1987
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TEC H N IC A L R E P O R T S  S E R IE S

230 Decommissioning of nuclear facilities: Decontamination,
disassembly and waste management

237 Manual on quality assurance programme auditing

249 Decontamination of nuclear facilities to permit operation,
inspection, maintenance, modification or plant decommissioning

262 Manual on training, qualification and certification of quality
assurance personnel

267 Methodology and technology of decommissioning nuclear 
facilities

268 Manual on maintenance of systems and components 
important to safety

TECDOC SERIES

214 Research reactor renewal and upgrading programmes

233 Research reactor core conversion from the use of highly
enriched uranium to the use of low enriched uranium fuels: 
Guidebook

348 Earthquake resistant design of nuclear facilities with limited
radioactive inventory

400 Probabilistic safety assessment for research reactors

403 Siting of research reactors

448 Analysis and upgrade of instrumentation arid control
systems for the modernization of research reactors

517 Application of probabilistic safety assessment to
research reactors ,

PROCEEDINGS SERIES

STI/PUB/700 Source term evaluation for accident conditions

STI/PUB/701 Emergency planning and preparedness for nuclear
facilities

STI/PUB/716 Optimization o f radiation protection
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