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FOREWORD

Virtually all Member States of the Agency utilize radioisotopes in research, medicine and
industry. The extent to which ionizing radiation practices are employed in Member States varies
considerably, depending largely upon social and economic conditions and the level of technical
skills available. All Member States do, or should, seek to achieve a level of safety for the use of
radiation sources which is at least comparable to the safety implied in the Agency's Basic Safety
Standards for Radiation Protection. How this can be accomplished in a cost effective manner
depends on a variety of factors including the available budget, the scope and size of radioisotope
practices employed, the number of personnel and depth of skills available to carry out the
notification, registration, licensing and inspection of the radiation sources. Depending on these
factors, there are a number of options available to formulate a cost effective regulatory programme
which achieves safety goals in a manner compatible with national resources and needs. The
purpose of this document, therefore, is (a) to outline parameters which influence decisions about
the structure of regulatory programmes governing the safe use of radiation sources; (b) to explore
combinations of alternatives to structure such programmes; and (c) to present some cost saving
techniques which can be employed.

The initial draft was prepared with the assistance of R. Cunningham (USA), acting as a
consultant, and the help of the participants of an Advisory Group meeting which took place in
Vienna in October 1990: Z. Abderrachid (Algeria), M. Abdul-Rahim (Syrian Arab Republic),
M. Barakat (Egypt), R. Chu (Canada), S. Coornaert (France), T. Coy (Germany), R. Cunningham
(USA), Fatimah Mohd. (Malaysia), C. Nollman (Argentina), A. Olombel (France), T. San Segundo
(Spain), P. Sutherland (United Kingdom) and P. Zuniga-Bello (IAEA).

The second draft was then widely distributed among Member States for comments. The
finalization of the document was then done with the assistance of A. Hudson (United Kingdom).



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States or
organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

Virtually all Member States have adopted practices involving the use of ionizing radiation

in industry, medicine, research and teaching. The extent of such practices varies considerably
among countries, depending largely upon social and economic conditions and the level of technical
skills available. An overview of the majority of practices to which this report refers will be found
in Annex I of IAEA Safety Series No. 102 [1]. All countries should seek to achieve a standard of
radiological safety which is at least comparable to that implied in the IAEA Basic Safety Standards
for Radiation Protection [2]. In doing so, they should adopt the three basic principles upon which
radiation protection is founded, namely the justification of the practice, optimization of protection
and application of dose limits. How this can be regulated in a cost effective manner depends on a
variety of factors including:

The scope of practices involving the use of ionizing radiation.

The resources available to operate a regulatory programme, in terms of personnel,
facilities and budget.
The level of training and degree of expertise within the available regulatory staff.

Depending on such factors, there are a number of ways available to formulate a cost
effective regulatory programme which achieves the necessary standards of radiological safety in a
manner compatible with national resources.

It should be noted that although the use of ionizing radiation is regulated by designated
authorities, the users have the primary responsibility for all aspects of safety and practical
compliance with regulatory requirements.

2. PURPOSE AND SCOPE

This report addresses the effective and efficient organization of the work of Regulatory
Authorities who are responsible to the public for assuring regulatory control of the use of ionizing
radiation consistent with national policies and objectives. Its purpose is:

to outline parameters which influence decisions about the structure of regulatory
programmes;
to explore combinations of alternative approaches for the structuring of such
programmes;



to present some available cost saving techniques.

It does not address specific safety requirements for the various practices involving ionizing
radiation nor does it address the operating management's responsibilities for radiological safety.

3. BASIC ELEMENTS OF A REGULATORY PROGRAMME

For the purposes of this report it is assumed that Member States have enacted legislation
which establishes authority to conduct a regulatory programme governing the safe use of ionizing
radiation. Starting from this point, an adequate regulatory programme must include four basic
elements: regulations, licensing or registration/notification, compliance monitoring, and
enforcement.

3.1. REGULATIONS

The primary legislation sets out the framework for a regulatory programme including the

basis from which regulations on specific aspects of radiation safety are developed. Regulations
define the principles governing the authorisation to use ionizing radiation and the criteria which
must be met during the use.

3.2. LICENSING, REGISTRATION, NOTIFICATION

Licensing grants authority to adopt a practice involving the use of ionizing radiation subject
to the conditions specified in the license and applicable regulations. Licences are issued after the
regulatory authority has reviewed a written proposal (application) and is fully satisfied that the
proposed use is likely to be conducted safely and in compliance with the applicable regulations.
The granting of a license may include the necessity for a pre-operational inspection by the
regulatory authority. Notification/registration (hereafter referred to as registration) is less rigorous
than licensing. Registration may involve the regulatory authority issuing certificates containing
conditions of use or referring directly to regulations.

3.3. COMPLIANCE MONITORING

Compliance monitoring is conducted by the regulatory authority to determine whether the
ionizing radiation are being used in accordance with the requirements or relevant regulations and
according to any license or registration conditions. Key elements may include on-site inspection,
radiological safety appraisals, incident notification and periodic feedback from users. The latter
may consist of all aspects specified in the licensing and registration documents.
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3.4. ENFORCEMENT

Enforcement is the action taken by the regulatory authority to correct noncompliance with
regulations. It may include one or more of the following:

(i) On-site instructions by the inspectors to correct problems,
(ii) Formal notifications to users which identify deficiencies or violations
(iii) Orders requiring corrective actions,
(iv) Demands for replies regarding corrective actions.
(v) Orders which revoke the user's authority to use ionizing radiation (generally only invoked

in extreme cases).

Provisions for sanctions might be incorporated in the regulations, and enforcement actions
might be taken by one or more regulatory authorities depending on the legal structure of a
country.

4. GENERAL CONSIDERATIONS FOR BALANCING

REGULATORY PROGRAMME ELEMENTS

Depending on the extent of the practices involving ionizing radiation within a Member State
and the resources available to regulate their use, the formulation of the programme elements of
regulation, licensing/registration and compliance monitoring involves trade-offs in order to
optimize programme effectiveness.

4.1. PERFORMANCE REGULATION VS PRESCRIPTIVE REGULATION

A performance oriented regulation is more general and simply specifies operational
parameters and requirements. A prescriptive oriented regulation is more specific and states how
to achieve safety. In practice most regulations contain both elements but can often be
characterised as being either predominantly performance orientated or prescriptive orientated. An
example of a performance oriented regulation would be one which requires the user to conduct
'adequate' workplace monitoring, using 'appropriate' instruments, for the purpose of restricting

exposure to ionizing radiation to as low as reasonably achievable. It would require the
maintenance of adequate records to demonstrate compliance. The equivalent prescriptive
regulation would be practice specific and so able to define exactly when and where to conduct
workplace monitoring, what type of instrument should be used, how and what records should be

maintained, and possibly values of measured parameters against which to judge the adequacy of
protection.



Performance oriented regulations have an advantage in that they are relatively simple to
develop, particularly since there is broad Agency guidance available. They can be made
applicable to a range of practices involving ionizing radiation and, if expertly drafted, do not need
to be changed frequently to keep up to date with changing technology. However, a principal
disadvantage is that they do need to be interpreted in relation to each different practice involving
ionizing radiation and this places a significant burden on the time and skills of the licensing and

inspection personnel.

Prescriptive regulations have to be practice specific and so have the advantage of providing
both the regulatory staff and the user with clearly defined requirements necessary to achieve the
safe use of ionizing radiation in respect of any practice. They reduce the time and skills necessary

to perform a licensing review or conduct an inspection, often enabling the licensing and inspection
process to be reduced almost to the verification of a 'checklist'. Prescriptive regulations have
disadvantages in that they are more difficult to prepare, requiring expert knowledge of the specific
practice in question and considerable experience of operational radiation safety. They are
narrowly applicable to a specific practice and may need to be regularly amended to keep pace with

technology changes within the practice. They are best suited to widespread practices where the
equipment and procedures do not vary widely between different licensees.

In practice, regulatory authorities will need a basic structure of performance orientated
regulations governing the general principles of radiation protection. These can be based on the
IAEA's Basic Safety Standards for Radiation Protection [2]. They will then have to develop more
prescriptive regulations directed at those practices which are most widespread and/or which have
the greatest potential for exposure of workers. The aim should be to enable the regulatory
authority to use its more scarce, highly skilled personnel for the preparation of good regulations,
to conduct the licensing and inspection of those practices for which only performance regulations
are applicable, and to undertake inspections in non-routine situations. Lesser skilled personnel can
implement the more precise prescriptive regulations in most routine situations. IAEA Safety
Series Nos. 102 and 103 [1,3] contain detailed operational radiation protection programmes
(depicted by the analytical tree technique) which provide a good basis upon which to construct

prescriptive regulations.

4.2. LICENSING VS REGISTRATION

Licensing is a more positive control procedure than registration. It enables the authority to
review and reach conclusions about the safety of the proposed practice before operations
commence. It is resource intensive and requires review by personnel who have technical training;
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the level of training is dependent in part on the mix of performance and prescriptive regulations

against which the application is evaluated. Registration is less resource intensive and ordinarily
requires only clerical staff to properly record and document the registration, but it does not offer
any pre-operational safety review.

As a general principle registration of the users is more cost effective than licensing in
situations where safety is predominantly dependent on the design and construction of the
equipment associated with the use of ionizing radiation. Registration then provides the all

important information concerning the location of users, enabling subsequent inspections to be
planned, probably oh a statistical sampling basis or on a relatively low priority. A typical
example is the use of industrial gauging devices where safety can be evaluated prior to marketing
the device and necessary safety instructions can be provided to the user. Where sufficient
resources are available the best solution in such a situation might be to license the device but only
require registration of the users.

4.3. REVALIDATION OF LICENCES AND REGISTRATION

The advantages of requiring revalidation after a set time interval are that licensing
conditions can be reviewed and registration details kept more up-to-date. The main disadvantage
for both the user and the regulatory authority is that revalidation can be resource intensive,
particularly in the case of the revalidation of licences.

Revalidation of licences enables the regulatory authority to check the user's radiation
protection programme against, for example:

current regulatory requirements;
changes in the user's own requirements or his provisions for radiation safety;
the findings of the regulatory authority's inspection programme.

Revalidation of both licences and regulations is a beneficial reminder to users that they have
statutory obligations to meet. This is particularly so in cases where formal inspections are
infrequent because the regulatory authority has resource limitations.

The frequency of revalidations is influenced by many factors, including:

the frequency of inspection by the regulatory authority;
the safety record within a practice;
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the stability of the user's operation;
the frequency of regulatory changes affecting the practice.

Typically licences are issued for periods ranging from 1 to 10 years, whilst registrations
can expire after shorter periods because revalidation is more simple. If a user only requires to
operate a practice for a short period then the license or registration should reflect this.

4.4. COMPLIANCE MONITORING

Compliance monitoring either provides the assurance that radiation safety requirements are
being met, or the opportunity to enforce corrective action if they are not. It can take the form of
on-site inspections or regulatory mechanisms which require the user to notify the regulatory

authority in specified situations e.g. equipment malfunctions and actual or suspected
overexposures. One of the most positive components of compliance monitoring is on-site
inspection which is often the principal means for direct personal contact between the users and
staff from the regulatory authority. Because it is the component of the regulatory regime closest
to actual operations, it is normally where the greatest proportion of regulatory resources should be

allocated.

Most regulatory authorities are resource limited in two ways:

(a) insufficient staff;
(b) staff with insufficient skills in relation to basic radiation protection knowledge and

operational experience.

Insufficient skills can be particularly limiting for regulatory authorities with small regulatory

programmes, such as in developing nations. In such situations the quality of inspection can be
greatly affected by:

the proportion of performance and prescriptive oriented regulations incorporated
into the regulatory structure;

the extent of training and experience of the inspecting staff.

An adequate inspection programme can be based on the use of technician level personnel, with
basic training in radiation safety and a knowledge of practices using ionizing radiation, inspecting
against 'checklists' which have been formulated from predominantly prescriptive regulations.

The priority and frequency of inspection will also be influenced by whether the operation is
licensed or registered. In general, pre-operational safety review for licensing can somewhat
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reduce the priority and frequency of inspection. The greatest influence on inspection priority and
frequency, however, will depend on the type and frequency of violations found during inspections.
In order to establish a priority system it is, therefore, necessary to compile statistical data on
performance within practices.

4.5. ENFORCEMENT

A strong and effective enforcement programme is a key component of the regulatory
infrastructure for assuring the success of regulatory objectives.

The regulatory authority must have sufficient authority to impose sanctions that will deter
deliberate or careless deviations from the regulatory standards. Voluntary compliance with safety
standards is normally quite high but pressures of time, economic competition, or worker
dissatisfaction, can result in serious violations of regulatory standards and harm or risk of harm to
workers. Training and high qualification criteria are unfortunately no guarantee against decisions
to bypass safety systems. Serious accidents have occurred because of such decisions by well
educated and highly experienced scientists and managers. Consequently, the deterrence provided
by a credible enforcement policy is a necessary component of the regulatory programme.

Enforcement is an activity which demands a high priority and dedicated effort. It can only
be accomplished by instilling the enforcement ethic within the staff of the regulatory authority.
Available enforcement mechanisms were identified in Section 3.4, but those selected by an
individual nation will vary depending on how it enforces its other laws and regulations. The
establishment of a published enforcement policy will put users of ionizing radiation on notice
about the possible sanctions and penalties for failure to comply with regulatory requirements. A
published policy also benefits the regulatory authority's staff by providing guidance and
justification for enforcing the standards and requiring prompt and effective corrective actions.
This is particularly true when prescriptive standards have been violated but there has been no
apparent or immediate harm to workers. Such standards are preventive and may be intended to
reduce the risk of accidents which might already have a fairly low probability of occurrence. A
lack of enforcement action because no harm was done, might indicate to the user that ignoring the
standard is acceptable, and this might lead to a gradual erosion of the margin of safety provided

by the regulations. A published policy, therefore, assures that any decision not to enforce a
regulatory standard will be reviewed and either accepted or rejected by responsible individuals at
an appropriate level of authority within the regulatory authority.
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5. CHARACTERISTICS OF PRACTICES HAVING A BEARING ON

SELECTION OF REGULATORY REGIME

5.1. GENERAL

The methods by which safety is achieved in any practice has bearing on the formulation and
balancing of the regulatory structure governing that practice. For all practices involving the use

of ionizing radiation, safety operation depends on some combination of:

(i) engineering controls incorporated into equipment and facilities, specifically to enhance
safety;

(ii) operating procedures;
(iii) instruction and training of personnel.

For the purposes of this report these are termed safety elements. The relative importance of each
of these safety elements varies depending on the characteristics of each practice and if the best
safety standards are to be realised it is important to achieve the correct balance between the safety
elements and to reflect this in the regulatory structure.

Whenever feasible, safe working conditions should be achieved through the provision of

engineering controls, including safety and warning systems, incorporated into the basic design and
operation of equipment and facilities. This reduces the effect of human errors that can occur even
with properly trained operators. Such features should always be supported by formulated
operating procedures, which should be as detailed as in consistent with clarity of understanding.
All personnel must receive adequate instruction but the need for training can vary with the
characteristics of the practice. In general the level of training should be greater when less reliance
can be placed on engineering controls and operating procedures. The relative role of the safety
elements can be illustrated by the following examples:

(i) For most industrial gauging systems, safety is predominantly dependent on the design of the
gauging device itself, supported by simple operating procedures.

(ii) In the case of industrial field radiography, the practice involves removal of the source from
the shielded device for radiographie exposures and there is significant potential for acute
exposure of personnel. Radiographers do not normally have an educational background in
science and engineering and, therefore, it would not be reasonable to expect them to be
trained to a level where they can make independent evaluations about safety conditions and
take decisions on appropriate actions. Consequently, having incorporated as much safety as
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is economically reasonable into the equipment, safety has to be finally assured by requiring
radiographers to follow a detailed set of step by step operating procedures and assuring that
they are trained to appreciate the need for strict adherence to these procedures.

(iii) At the other end of the spectrum, research work is liable to involve day-to-day changes in
the activities being conducted. While it is possible to specify some basic equipment
features necessary to facilitate safe operation, and to establish some general safety
procedures, day-to-day safety can be heavily dependent on the researchers and on
immediately available advice from the radiation safety officer. In such work reliance must
be placed on a good safety culture. The researchers must have sufficient training,
experience and an active approach to safety so that they instinctively evaluate the safety
implications of their working proposals and either make sound decisions or take advice on

essential safety procedures.

5.2. RELATIVE IMPORTANCE OF THE THREE SAFETY ELEMENTS GOVERNING
PRACTICES

Table I identifies the relative importance of the safety elements for some of the more
frequently encountered practices involving ionizing radiation. The relative importance applies
only to comparison of importance within a practice, not from one practice to another (i.e.,
horizontally, not vertically in Table I). It must be stressed that for each element it is essential to
achieve a satisfactory standard of safety.

To illustrate the rationale of Table I, the practices of fixed facility radiography and field
radiography are compared in more detail. While both practices should provide the same standard
of safety, field radiography is much more dependent on following more complex procedures and
opportunities for human failure are much greater than for fixed facility radiography.

In the case of a fixed facility, adequate shielding is provided for the exposure room so that
it is not necessary to conduct surveys to establish the restricted area each time an exposure is
made. Fixed area monitors indicate the condition of the source and interlocks should prevent
entry throughout an exposure. The facility can be locked during exposure so that surveillance is
not essential. If a malfunction occurs, the exposure room can be safely secured until appropriate
assistance is obtained. While the radiographer must be trained in, and follow certain safety
procedures, they are relatively few and straightforward. For these reasons, the relative
importance of facilities and equipment for fixed facility radiography is rated 'high', the
dependence on operating procedures is rated 'medium' whilst 'training', etc. is rated 'low'.
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TABLE I. RELATIVE IMPORTANCE OF THE THREE SAFETY ELEMENTS
GOVERNING PRACTICES

Practice

MEDICAL*

Radiopharm-
aceutical
Diagnostics
and Therapy

Teletherapy

Brachytherapy

Relative

Facilities and
Equipment

Medium

High

Medium

importance of safety

Detailed
Operating
Procedures

High

High

High

elements

Scope of Training and
Experience to Make
Radiation Safety
Decisions

Medium

Medium

Medium

INDUSTRIAL SEALED
SOURCES

Fixed Gauges and High
Control Devices

Portable Gauges High
and Measuring
Systems

Field Radiography High

Fixed Facility High
Radiography

Well Logging Medium

Commercial High
Product
Irradiators

Low

High

Very high

Medium

High

High

Low

Low

High

Low

Medium

Medium

OTHER INDUSTRIAL

Field Tracer Low
Studies

High Medium

Regulation of the medical uses of ionizing radiation is difficult because of the sometimes
conflicting requirements for staff and patient safety and the implications for patient care.
This chart relates only to the safety implications for staff.
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TABLE I. (conL)

Relative importance of satety elements

Practice Facilities and
Equipment

Detailed
Operating
Procedures

Scope of Training and
Experience to Make
Radiation Safety
Decisions

OTHER INDUSTRIAL (conL)

Radiopharma- High
ceutical
Manufacturing

Radioisotope High
Processing and
Sealed Source
Manufacturing

RESEARCH AND
LABORATORY ANALYSIS

Research Medium
Utilizing
Unsealed Radio-
isotopes

Analytical High
Instruments
Utilizing
Sealed Sources

Research High
Irradiators

SERVICES

Leak Testing Low

Instrument Medium
Calibration

Radioactive Waste Medium
Processing and
Packaging

Equipment High
Maintenance
and Source
Change (e.g. Tele-
therapy Units)

High

High

Medium

Low

High

High

High

Medium

Very high

Medium

Medium

Very high

Low

Low

Medium

Low

Medium

Medium
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In the case of field radiography, the radiographer must be trained in and follow more
complex procedures. He must conduct regular surveys to establish a restricted area, set up
barriers and keep the area under surveillance to prevent inadvertent entry. In the case of gamma
radiography a positive check must be made after each exposure to assure the source has returned
to the shielded container. In the event of equipment malfunctions, the radiographer must prevent
access to the restricted area while obtaining assistance. Production schedules, time constraints and
other human factors create pressures which can lead to a departure from strict adherence to
operating procedures, thus compromising safety.

For these reasons a 'very high' dependence is placed on following specific operating
procedures whilst the other two safety elements are rated 'high'. This reflects the need to
maintain the highest possible standards in a practice which has been historically prone to a higher
than normal incidence of accidental exposures.

5.3. BALANCING SAFETY ELEMENTS WITH THE REGULATORY FRAMEWORK

For any practice, the relative importance of the three safety elements may be reflected in
the formulation of a regulatory framework as illustrated by the following examples:

(a) When a practice is widespread:
(i) If safety is predominantly dependent upon the design of the equipment, consider a

combination of registration and prescriptive regulations.
(ii) If safety dependence on facilities and equipment is 'very high' and is also 'high' on

detailed operating procedures, it is appropriate to consider licensing to pre-evaluate
both operating procedures and the facilities and equipment, supported by
prescriptive regulations.

(iii) If safety is predominantly dependent on the level of training and experience to make
safety decisions, consider licensing to pre-evaluate the user's training programme
and its effectiveness, supported by performance regulations.

(b) If the practice is not widespread, general performance regulations are usually sufficient if
coupled with licensing so that safety provisions can be evaluated against the performance
regulations prior to operation.

The use of licensing guides and standard review plans as described in Chapter 6, can
facilitate the licensing process.
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6. COST SAVING SUPPLEMENTS TO THE REGULATORY FRAMEWORK

6.1. GENERAL

Before making decisions about the optimum combination of regulations,
licensing/registration and compliance monitoring techniques within a regulatory programme,
attention should be paid to efficiency aiding and cost-saving techniques that might be employed to
supplement the programme. These can be divided into three broad categories:

(i) guidance for users and the regulatory authority;
(ii) use of consultants and advisory committees;
(iii) generic safety assessments.

Throughout the process of implementing a regulatory framework and programme, a regulatory
authority should be aware of published safety and regulatory information. If some of this can be
adopted to meet national needs it can have a significant effect on the costs of implementation and
may usefully influence decisions about the chosen framework.

6.2. GUIDANCE FOR USERS AND FOR THE REGULATORY AUTHORITY

6.2.1. Licensing guides

Licensing guides are for the user and identify the details which should be submitted in an
application to obtain a license. A guide should be practice specific enabling the user to provide

appropriate and complete information. This improves the efficiency of the licensing process by
reducing the communications necessary between the regulatory authority and the applicant. Such
guides might also provide examples of at least one way to meet the requirements of the regulations
for a specific practice, and model procedures to accomplish specific tasks appropriate to the
practice, e.g. calibration of survey instruments, leak testing of sealed sources, clean up of spills,
record keeping. The applicant can adopt such model procedures or propose alternatives which
would require more detailed review during the licensing process. Licensing guides, specific to a
practice, provide an important supplement to performance oriented regulations which have general
applicability to more than a single practice. Licensing guides should not be considered as

regulations, but as guidance to assist users in meeting the requirements of regulations. They
should be flexible and can be periodically revised without the need to go through the more
elaborate and time consuming formal regulatory process.
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6.2.2. Standard review plans

Standard review plans are for the regulatory authority and identify the items which need to
be evaluated and addressed in reviewing applications to license specific practices. Simple review
plans may consist of a check list of items to be reviewed, whilst more elaborate plans give the
licensing staff guidance on what is acceptable and what is unacceptable. Standard review plans
not only add to the efficiency of the review by focusing attention on the important issues but also
enhance quality assurance for the regulatory authority by confirming that each element important
to safety has been considered. Additionally, they provide a mechanism by which lesser skilled
staff can conduct licensing reviews.

6.2.3. Inspection manuals

Inspection manuals are also for the regulatory authority and perform a function for
inspectors similar to that provided by standard review plans for licensing staff. A manual should
identify items to be checked during inspection for each type of practice. Again, the manual can
consist of simple check lists or it can give the inspector guidance on acceptable and unacceptable
performance criteria. Inspection manuals aid inspection efficiency, provide a measure of quality
assurance for the regulatory authority and enable lesser skilled staff to conduct inspections.

6.3. USE OF CONSULTANTS AND ADVISORY COMMITTEES

6.3.1. Consultants

Ionizing radiation is used in a wide range of practices, each of which has its unique
characteristics. The regulatory authority's staff complement will be governed more by the volume
of work than by the complete range of skills necessary to address all issues which need to be
resolved. The range of skills available within the regulatory authority will be centred on radiation
safety, supplemented by persons with other engineering and scientific disciplines to the extent that
these persons can be used efficiently as full time members of staff. It is unlikely that the staff of

any regulatory authority, however large, will be able to embody the full range of skills and special
expertise necessary to resolve all the problems unique to each and every practice that has to be
regulated. The use of consultants with highly specialised skills in particular subjects, (e.g.
meteorology, medical physics, metallurgy, geohydrology) is a cost efficient and effective way to
enhance the technical depth and breadth of the regulatory authority's staff. Consultants who are
expert in a particular practice can often be very helpful in drafting prescriptive regulations
covering that practice. To the extent practicable, it is desirable to identify well in advance of a
specific need, a pool of consultants with specific skills and to make appropriate arrangements so
that they are readily available on demand.
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There are, however, several points of caution to be noted concerning the use of consultants:

(i) The regulatory authority's staff must have sufficient technical knowledge to enable them to
identify problems and to determine when it would be cost-effective to seek assistance from

a consultant.
(ii) As a general principle, consultants can only advise and it is still the regulatory authority's

responsibility to evaluate this advice and to determine whether it can be appropriately
incorporated into legislation. This process is much easier if consultants are carefully
selected for the practical quality of their advice.

(iii) Ideally, consultants should be free of conflicts of interest so that they are able to provide

impartial advice. There is a danger that a consultant's specialist knowledge of the area in
which he is advising and his day to day responsibilities in that area, will create a bias which
is reflected in his advice.

6.3.2. Advisory committees

Advisory committees can support the regulatory authority in a variety of ways. Broad
based committees with membership drawn from other government departments, scientific
organisations and the regulated industry can bring broad perspectives to bear on the formulation of
regulatory policy and regulations. A well founded committee can provide valuable service to the
regulatory authority by helping to assure that policies and regulations are clear, practical and
complete. This should result in regulations which represent a good compromise between the
regulated industry's interests and the need for strict regulatory control. Normally, such
committees are standing committees which meet periodically to provide specific advice on
programme direction.

Another type of committee is the technical committee composed of members with a range
of technical skills needed to bear on complex technical issues. These are often ad hoc committees
or a sub-group of a standing advisory committee. They perform a function similar to consultants
but where a number of different skills are needed to address complex issues.

The cautions applicable to the use of consultants apply also to the selection and use of
advisory committees, but with one additional factor. If committees are not properly organised and
managed, they can be time consuming and their advice unfocused, not relevant or otherwise

unhelpful. To avoid this situation, it is necessary to prepare clearly defined terms of reference for
the committee and specific criteria for selection of its membership well before a committee is
established. This should reduce the chance of later controversy about the role of the committee
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and who should serve on it. After the committee is formed, it is necessary to have well focused
agendas for committee meetings and to place time deadlines on the need for decisions.

6.4. GENERIC SAFETY ASSESSMENTS

Co-operation between the regulatory authority and manufacturers/suppliers can lead to
generic safety assessments of specific components or complete items of equipment. Specialist
attention can be paid to a full and detailed assessment of the device prior to its availability in the
market place. This should achieve a much better standard of safety in a more cost-effective
manner than the alternative approach of less expert evaluations on each occasion that a potential
user applies for a license or for registration. The generic assessment should be documented along
with a summary of the conditions of use of the device and any appropriate limitations on the use.
If properly catalogued, the assessment is readily available on each occasion that a licensing or
regulation application is considered, and can also be of benefit to inspection staff conducting
subsequent appraisals in the workplace.

Generic assessments are particularly suited to relatively standard devices which are in fairly

widespread use. Some variations in the manner of use can be accommodated by the limitations
specified in the assessment report. Sealed source designs can be especially suited to this
approach.

6.5. USE OF PUBLISHED INFORMATION

There is a wealth of published information, based on years of experience of the regulatory
control of ionizing radiation. With appropriate modification, this can be of value to a regulatory
authority and used to save time and costs in developing up-to-date regulations and guidance.
Annex I contains a list of regulatory authorities that have developed, interalia, licensing guides,
standard review plans, inspection manuals, event analysis and information notices to licensees
about potential problems. Other referenced material [1-3] can provide guidance on ways to
formulate procedures and documentation to meet specific national regulatory needs. The list of
regulatory authorities presented in Annex 1 reflects those that have specifically agreed to provide
assistance to their counterparts in other Member States, however, there may be, in addition to
those institutions listed, others that will be willing to share their experience. At the time of
finalizing this document additional information was not available.

The Agency is developing [4] an international sealed source and device registration system
which could make safety information about sealed sources and devices much more readily
available. The success of such an international registration system will depend on member
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countries contributing to the system and following standard procedures for safety evaluation and
documentation. Some regulatory authorities already operate national sealed source and device
registration systems.

7. BASIC PROCEDURES TO ASSESS AND ASSURE PROGRAMME EFFECTIVENESS

7.1. MANAGEMENT

(a) General

In order to assure radiation safety, it is important to have mechanisms to assess the effectiveness
of the regulatory programme. This is a continuing effort which demands the constant attention of
management to its quality assurance programme. Management will often find it useful to have the
quality of the programme periodically assessed by an outside independent body. This aids the
recognition of problems or weaknesses not readily apparent under the pressure of day to day
activities, and also lends credibility and public confidence to the programme. A standing
regulatory advisory committee can often perform this task.

The quality assurance of a regulatory programme has many facets, including:

(i) Assurance that the regulatory authority is adequately resourced, in terms of both staff and

facilities.
(ii) Assurance that the staff are adequately trained and suitably experienced.
(iii) Assurance that there is adequate supervisory overview of the quality of licensing,

registration and inspection systems,
(iv) Assuring effective enforcement action,
(v) Assuring staff adherence to regulatory policies.

(b) Agency assistance

The Agency can provide assistance, upon request, in those situations where there are limited
sources available for an assessment by an independent body. This assistance takes the form of the
organisation of a visit by a team of experts to conduct detailed appraisals of facilities where
ionizing radiation are extensively used, including a review of the effectiveness of the regulatory
control programme. An added benefit of such an arrangement is the opportunity provided for the
regulatory authority's staff to gain valuable experience by direct contact with experienced
personnel on the Agency team.
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7.2. ANALYSIS OF PROGRAMME DATA

Statistical data about the type and frequency of non-compliance found during inspections
should be compiled and analysed. A good data base supported by an efficient analysis programme
might indicate, for example, the need to consider:

(a) clearer or more prescriptive regulations;
(b) more in depth licensing procedures;

(c) additional regulatory requirements to achieve adequate control;
(d) a re-assessment of inspection priorities.

It is also essential to require users to notify the regulatory authority of prescribed accidents
or incidents which occur on regulated premises. An accident data base can greatly facilitate the
collation and evaluation of data. The regulatory authority should analyse such events, particularly
with a view to determining whether there are generic implications for other users. This analysis
can involve equipment design, operating procedures and quality assurance programmes and the
results can have implications for either the user, the equipment manufacturers or both. Where a
generic problem is identified, follow-up action may involve:

(i) notifying the details to other licensees who are potentially at a similar risk;
(ii) mandatory withdrawal from service of the device at fault;
(iii) the placing of positive duties on the manufacture to assure corrective action;
(iv) modification of licensing requirements, or possible alterations to regulations.

7.3. FEEDBACK TO USERS

A useful supplement to the analysis of inspection data, accidents and enforcement actions is
a mechanism for the periodic provision of information to licensees about findings. This keeps

users alert to problems they may encounter and to the consequences if not properly addressed.
Information can be exchanged in meetings or by periodic mailing notices. This provision of
information is not a substitute for more rapid actions that need to be taken in the wake of a real or
potential accident or incident which might have significant and immediate safety implications for
others.
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8. EMERGENCY RESPONSE

It may be appropriate for the regulatory authority to become involved at an early stage of
an emergency, particularly if the accident is severe or its duration appears likely to be prolonged.
The regulatory authority constitutes a significant resource for radiation protection advice and it
will be familiar with the practices and types of material involved in an accident. In many
countries the role of the regulatory authority is to provide a source of expert advice both during
an emergency and in the post-emergency follow-up phase. Besides the user, groups seeking
advice may include police, fire authorities, medical authorities, national and regional governments,
public water suppliers and food and agricultural organisations.

Where the regulatory authority has such a role it is essential that channels of
communication are established, particularly telephone numbers for use in emergency. It is highly
desirable that emergency procedures are well documented and that any changes are made
formally. Periodic emergency drills using realistic scenarios, are an essential part of maintaining
an effective emergency response capability within the regulatory authority.

The role of the regulatory authority is not a substitute for the obligations of the user. The
authority must be satisfied that the user has made adequate arrangements for dealing with an
emergency; this should form part of the licensing or registration process and the extent of the
arrangements should reflect the potential consequences of an accident. The Agency has issued
detailed guidance on Emergency Planning and Preparedness for Accidents Involving Radioactive
Materials Used in Medicine, Industry, Research and Teaching [5J.

9. EXEMPTIONS FROM REGULATORY CONTROL

All regulatory bodies are faced with the problem of defining a level of radiological risk,
which is sufficiently small that it merits exemption from regulation, and relating this to specific
practices involving ionizing radiation. Principal candidates for such exemptions are consumer
products employing very small amounts of radio isotopes, the recycling of slightly contaminated
materials, and the disposal of very small quantities of radioactive waste. Evaluation of candidates
for exemption is demanding from a technical standpoint since it requires projection of radiation

dose through a variety of pathways during normal use and disposal, as well as misuse and
accidents. In some instances, the regulatory authority may need to use expert consultants to assist
in such evaluations. Since many exempted items will enter international trade, it is also important
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that exemptions granted by member nations be reasonably consistent with international criteria.
The Agency has issued guidance on the principles for exemption [6] and is now developing
implementing guidance for specific practices.

10. TRAINING FOR REGULATORY AUTHORITY STAFF

The training requirements for regulatory authority staff to enable them to operate an
adequate programme are difficult to prescribe specifically because of the many variables from one
programme to another. These variables include:

(i) the options in the regulatory structure as described in this report,
(ii) the size and scope of practices subject to regulation,
(iii) the general level of skills within staff available for recruitment into the regulatory authority,
(iv) the skills and experience already available amongst regulatory authority staff who will

conduct the training programme.

Clearly item (iv) above is a most important factor in determining the quality and
effectiveness of a training programme and regulatory authorities might consider the use of outside
consultants to supplement their own staff. Another approach is to send staff to specialist
organisations in other countries where suitable training courses are available. It should be noted
that the Agency sponsors training courses in appropriate circumstances and in Annex II there is an
outline of the content of a five week Agency course for regulatory authority staff. Annex II will
also prove useful to a regulatory authority in planning the content of an in-house training course.

The above guidance relates principally to initial training of staff. Additionally, there is a
need for an ongoing commitment to training to enhance and maintain the efficiency and
effectiveness of the regulatory authority's workforce. This is a general requirement but it
particularly important in relation to newly identified practices or when there are significant
changes in regulatory requirements.

In respects of all aspects of training, the following considerations are relevant:

Staff can be organised around a core group, or in smaller programmes around a single
individual, with undergraduate or graduate qualifications in radiation protection theory
coupled with practical experience. Depending on the application, the core group might
include individuals with specialist scientific or engineering degrees.
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More junior staff with scientific or engineering degrees can be trained in basic radiation
skills through courses having a duration of a few weeks to several months. These skills can
be enhanced by on the job training at locations where ionizing radiation are used, or by
temporary assignments to regulatory authorities in countries where the regulatory
programme is well matured.

Technician level personnel should have specific tasks assigned and then trained in those
tasks. This can usually be accomplished by "in- house" training provided by the core
group.

All staff should be trained in and have a thorough understanding of the regulations which
they administer including any guides, standard review plans and inspection manuals that
support the regulations.

Staff can be assigned to specialise in practices which are widespread. This narrows the
scope of training needed and enhances the level of skill as related to specific practices.

A cost effective training technique that has worked well in some regulatory programmes is
to assign a mentor to a new employee. Working relationships should be established
whereby the mentor has overview responsibility for the new employees work in an
atmosphere where the new employee feels free to ask questions, no matter how basic. It is
preferable if the trainee/mentor relationship is established outside the formal management
chain since this avoids the new employees feeling that they are constantly being judged by
their actions or questions.

11. INTEGRATION OF REGULATORY OPERATIONS

As previously discussed, there are four elements of a regulatory programme to which
balanced effort must be assigned: regulations, licensing or registration, compliance monitoring
and enforcement. The relative importance of these elements has been addressed, together with the
appropriate allocation of staff and skills. It is essential that the four elements are not operated in
isolation of one another since this will adversely affect standards and will ultimately be reflected
in lower efficiency and effectiveness. Consequently, a further consideration is the achievement of
a well integrated regulatory programme within which there is necessary interdependence between
the four elements.
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Within smaller regulatory authorities a significant degree of interdependence will inevitably
be achieved simply because staff will have duties within more than one element of the
programme. However, within larger programmes there will be a tendency to compartmentalise
duties in order to increase specialisation and so improve short-term efficiency. The following
examples illustrate the sort of considerations which are necessary to achieve an appropriate degree
of integration between the four programme elements:

(i) The development of regulations governing a specific practice should have the benefit of an
early review by staff with practical experience in the licensing and inspection of the
practice. An alternative approach is for staff who specialise in the licensing and inspection
of a practice to initiate the drafting of regulations by identifying those matters which are of
primary practical and operational importance.

(ii) Licensing and inspection should be closely coupled. Licensing is a "paper" exercise
conducted before operations begin, but it must practically reflect the true operational factors

that have to be satisfied in the field. Experience gained through conducting inspections can
enhance the quality of licencing and such experience can be gained in two ways. Licensing
and inspection duties can be rotated periodically, or staff can be assigned dual
responsibilities for both licensing and inspection. Should this latter approach be selected, it
may be preferable to avoid having the person who issues a license inspect the same
licensee.

Another useful procedure can be to have inspection and enforcement staff review the license
conditions for clarity and enforceability before the license is issued. This is particularly
helpful for more complex licences.

(iii) Enforcement often involves some combination of technical and legal skills. The technical
part of an enforcement action is to properly evaluate the safety significance of regulatory
violations and to identify the appropriate corrective action. While many violations,
particularly those of a minor nature, may be corrected through action by the inspector in
the field, those of a more serious nature are often subject to a higher level of review. At
this level of review it is essential to involve both graduate and technical staff who have
detailed practical experience of the practice in which the violation has occurred. Decisions

will include whether or not the practice should be allowed to continue whilst corrections of
substantial safety problems are being implemented. Staff with licensing and inspection
skills and experience would be expected to make major contributions to such enforcement
decisions.
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12. PRIORITY ACTIONS

The information contained in this document can be drawn together to provide a basic set of
priorities for a regulatory authority which is in the process of establishing or consolidating a
regulatory programme for the control of ionizing radiation.

Clearly an ideal course of action will be determined by circumstances but it should be
stressed that the introduction of a full regulatory programme must inevitably be staged. All
necessary features cannot be implemented at once and it is beneficial to identify priorities. The

following guidance provides a firm basis upon which to proceed:

(a) Establish basic regulations, almost certainly performance orientated, to provide a regulatory

structure and to establish the necessary authority for implementation and eventual

enforcement.
(b) Require registration to identify all users and to make them aware of the need to comply

with the regulations.
(c) As more resources become available, move towards the licensing of more hazardous

practices, possibly employing consultants to provide specialist advice in developing
licensing conditions.

(d) Develop prescriptive orientated regulations for the most important and widespread
practices, again looking to consultants for assistance if necessary. This should enable
inspection to be satisfactorily conducted by less skilled staff using 'checklist' procedures.

(e) Establish a system for the inspection of less hazardous practices against performance
orientated regulations.

(f) At each stage due regard should be paid to the need for QA provisions to routinely assure

the full regulatory programme.
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Annex I

LIST OF SOME REGULATORY AUTHORITIES WITH PUBLISHED PERFORMANCE
OR PRESCRIPTIVE REGULATIONS

Member State National Atomic Energy Authority

Argentina Comisiön Nacional
de Energfa Atomica Argentina

Departamento de Seguridad
Radiolögica
Avenida Libertador 8250
Buenos Aires - 1429
(Spanish)

Cable address, telex, telefax

PRESIATOM
BAIRES
Telex: 25392 PREAT AR
23458 CNEA AR
Telefax:
54-1-544-9252

Australia Australian Nuclear Science
and Technology Organization

Private Mail Bag 1
Menai, N.S.W., 2234
(English)

ANSTO
SYDNEY
Telex:
AA24562
Telefax:
02-543-9253

Canada Atomic Energy Control Board
270 Albert Street, P.O. Box 1046
Ottawa, Ontario, KIP 5S9
(English, French)

ATOMCON
OTTAWA
Telex:
053-3771
Telefax:
613-896-5066

Chile Comisiön Chilena de Energfa Nuclear
Amunâtegui no.95, Casilla 188-D
Santiago de Chile
(Spanish)

NUCLEARCHILE
SANTIAGO
Telex:
645471 COCHEN CT
Telefax:
56-2-6991618

France Commissariat à l'énergie atomique
31-33 rue de la Fédération
F-75752 Paris Cedex 15
(French)

ENERGAT
PARIS
Télex:
ENAT PARIS 200671

Germany Bundesministerium für Forschung
und Technologie

Heinemannstrasse 2
P.O. Box 200240
D-W 5300 Bonn 2
(German)

BMFT
BONN
Telex:
228 3628
Telefax:
59 36 01
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Member State

Italy

Mexico

Spain

United (a)
Kingdom of
Great Britain
and Northern
Ireland

National Atomic Energy Authority

Comité national
pour l'énergie nucléaire et les
sources d'énergie de remplacement

Viale Regina Margherita 125
00198 Rome
(Italian)

Comisiön Nacional de Seguridad Nuclear
y Salvaguardias (CNSNS)

Av. Insurgentes Sur 1806
Col. Florida
Delegaciön Alvaro Obregön
C.P. 01030 Mexico, D.F.
(Spanish)

Consejo de Seguridad Nuclear (CSN)
Cl Justo Dorado 11
28040 Madrid
(Spanish)

Safety in the Workplace
Health and Safety Commission
Baynards House
1 Chepstow Place
London
W24FT
(English)

Cable address, telex, telefax

ENEA
ROME
Telex:
610183-ENEA 1

Telex:
1773280
Telefax:
5341405

Telex:
45869
Telefax:
346 05 88

Telefax:
071-243-6630

(b) Holding and Disposal of
Radioactive Materials

Department of Environment
Radioactive Substances Division

Rommey House
43 Mar sham Street
London
SW1P3PY
(English)

Telefax:
071-276-8909

United
States of
America

United States Nuclear Regulatory
Commission

Washington D.C., 20555
(English)

Telefax:
301-504-3426
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Annex II

IAEA INTERREGIONAL TRAINING COURSE ON
SAFETY AND REGULATION FOR THE SAFE USE OF IONIZING RADIATION

LECTURE OUTLINES FOR A FIVE WEEK COURSE

MODULE 1 INTRODUCTION TO THE COURSE

Lectures

1.1 OBJECTIVES AND OVERVIEW OF THE COURSE

Objectives
Overview

1.2 OVERVIEW OF RADIATION SOURCES, USES AND RISKS

Medical uses
Industrial uses
Research uses
Overview of principal risks
Sealed and unsealed source risk in perspective

MODULE 2 BASIC SAFETY PRINCIPLES

Lectures

2.1 RADIATION SAFETY STANDARDS

ICRP Recommendations
IAEA Basic Safety Standards

2.2 PRINCIPLES OF RADIATION PROTECTION

Units of radiation and radioactivity
Units of radiation dose
Time, distance and shielding

2.3 RADIATION DETECTION AND MONITORING

Detection and measurement of radiation
Types of detectors and selection
Use of instruments
Maintenance and calibration
Personnel monitoring
Types of dosimeters
External dosimetry
Internal dosimetry

1 Based on the experience of interregional and regional training courses (Argonne, 111., USA,
1989; Dublin, Ireland, 1989; Argonne, 111. USA, 1990; Mexico City, Mexico, 1991; Kuala
Lumpur, Malaysia, 1991; Nairobi, Kenya, 1992; Rabat, Morocco, 1992)
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2.4 HEALTH AND MEDICAL ASPECTS OF RADIATION EXPOSURE AND
ACCIDENTS

Biological effects of radiation exposure
Case histories
Emergency planning and preparedness to provide medical care

Work Sessions

2.a PRINCIPLES OF RADIATION PROTECTION

Classroom exercise solving practical problems in the application of radiation
protection principles

2.b RADIATION SAFETY STANDARDS

Classroom exercise solving practical problems in the
application of radiation safety standards

2.c RADIATION DETECTION

Classroom exercise solving practical problems in the selection and
maintenance of detectors

MODULE 3 GENERAL BASIS FOR SAFETY AND REGULATION OF RADIATION
SOURCES

Lectures

3.1 THE ROLE OF IAEA IN THE CONTROL AND SAFE USE OF IONIZING
RADIATION

Radiation safety publications and guidance
Training courses
Fellowship training
Experts
RAPAT missions
TC projects
Experience with regional arrangements

3.2 GUIDANCE ON EFFECTIVENESS AND EFFICIENCY IN THE SAFETY
REGULATION OF IONIZING RADIATION

3.3 PRINCIPLES OF CONTROL OF RADIATION SOURCES

Development of general operational radiation protection programme
Elements of a regulatory programme for assuring safe use of radionuclides
(This lecture is to be based on Safety Series No. 102 'Recommendations for
the Safe Use and Regulation of Radiation Sources in Industry, Medicine,
Research and Teaching' [1]).
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3.4 LICENSING PROCEDURES FOR IONIZING RADIATION

Relative responsibility of applicant and regulator
Safety criteria used in review (regulations and guides)
Use of standard review plans
Documentation of safety review
Role of source and device registry
Safety experience feedback and its use in safety review

3.5 INSPECTION PROCEDURES FOR IONIZING RADIATION

The role of the inspector
Setting priorities for inspection
How to prepare for an inspection
Conducting an inspection
Writing an inspection report
Enforcement action

3.6 BASIC REQUIREMENTS FOR SAFE USE OF X RAY AND LINEAR
ACCELERATOR MACHINES

Training of personnel
Design of facilities
Safety procedures
Monitoring
Interlock safety mechanisms

3.7 BASIC REQUIREMENTS FOR SAFE USE OF UNSEALED SOURCES

Training of personnel
Design of facilities
Safety procedures
Monitoring
Control of contamination
Decontamination procedures

3.8 SAFETY REQUIREMENTS FOR THE SAFE USE OF SEALED SOURCE
- A SUMMARY REVIEW

Role of safety design
Role of safety procedures
Role of training
Role of management
Role of the regulatory organization

3.9 CONTROL OF RADIATION SOURCES IN COUNTRY A2

Responsibilities of the user and regulatory authorities
Regulations and guides

Countries examples will be selected according to the geographical areas represented or (if it
is a national course) to the needs of the country.
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3.9 CONTROL OF RADIATION SOURCES IN COUNTRY A (cont.)

Licensing, inspection and enforcement
Transfer controls
Export controls
Import controls
Accountability requirements
(Lecture will cover general regulatory programme applicable to all sources of
radiation. Lecture is to focus on substantive technical issues and
requirements as contrasted with local legal or procedural issues and
requirements.)

3.10 CONTROL OF RADIATION SOURCES IN COUNTRY B

Same as 3.9

3.11 REGULATION OF RADIATION SOURCES IN COUNTRY C

Same as 3.9

3.12 REGULATION OF RADIATION SOURCES IN COUNTRY D

Same as 3.9

Work Session

3.a PRINCIPLES OF CONTROL OF RADIATION SOURCES

A table top exercise in the practical application of the principles discussed in
lectures 3.9 to 3.12. Participants will work in teams to work on classroom problem
and report in plenary session to other participants on results of their work.

Discussion Session

3.b Lectures 3.2, 3.3, 3.4, 3.5

MODULE 4 SAFETY OF SEALED SOURCES OF RADIOACTIVE MATERIAL IN DESIGN
AND FABRICATION

Lectures

4.1 SAFETY IN DESIGN AND FABRICATION OF SEALED SOURCES

Types and uses of sealed sources
Chemical and physical form of material
Materials of construction
Methods of fabrication and sealing
Prototype testing
Quality control
Leak testing
Labelling
Case histories on integrity of sealed sources
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4.2 REGISTRY OF RADIATION SOURCES AND DEVICES

Orientation on IAEA's registry of sealed sources and devices
Purpose of the registry
Requirements for sources or devices to be listed
Role of registry in licensing
Safety analysis and other documentation available
Availability of registry information

MODULE 5 SAFETY IN DIAGNOSTIC RADIOLOGY

Lectures

5.1 SAFETY IN DESIGN AND TESTING OF DIAGNOSTIC EQUIPMENT

X Ray production
Parameters influencing the beam quality
Short description of the main components
Prototype testing
Quality assurance
Safety evaluation

5.2 CLASSIFICATION OF FACILITIES

Basic radiology
General radiology
Computerized tomography
Mammography
Paediatric radiology
Digital radiography
Special procedures: angiography

intervention Radiology
Dental X ray
Mobile equipment

5.3 RADIATION SAFETY IN THE DESIGN AND TESTING OF FACILITIES

Design criteria
Facility layout
Viewing system
Warning system and access controls
Testing of safety accessories
Interlock safety mechanisms

5.4 RADIATION SAFETY PROGRAMME FOR DIAGNOSTIC RADIOLOGY

Monitoring programme
Equipment calibration
Operating procedures
ALARA programme
Registry of diagnostic equipment
Licensing requirements
Regulatory inspection
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Work Sessions

5.a

5.b

Safety Review of an application for a diagnostic radiology license. A classroom
review of a typical application to conduct diagnostic radiology. Participants will
work in teams to review the application to determine if the information submitted
meets specified safety criteria for issuance of a license. Teams will report their
findings in a plenary session with other participants.
Simulated Inspection to a Diagnostic Radiology Facility.

MODULE 6

Lectures

6.1

6.2

6.3

SAFETY IN DIAGNOSTIC AND THERAPEUTIC USES OF UNSEALED
SOURCES

BASIC REQUIREMENTS

Classification of radionuclides
Classification of working places
Protective measurements
Storage and movement of radioactive material
Control of airborne contamination
Decontamination procedures
Management of radioactive waste generated in medical institutions

from diagnostic and therapeutic uses of unsealed sources

SAFETY IN DIAGNOSTIC APPLICATIONS

In vitro applications
In vivo applications
Facility design criteria
Diagnostic equipment
Qualifications and training of personnel
Operating procedures
Regulatory control

SAFETY IN THERAPEUTIC USES OF UNSEALED SOURCES

Facility design criteria
Equipment used in therapy
Quality assurance
Qualifications and training of personnel
Personnel monitoring
Safety procedures
Special precautions for patients leaving hospitals after

administration of radioactive substances
Case histories of misadministration events
Licensing requirements
Regulatory inspection
Radiation safety programme
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Work Sessions

6.a Safety review of an application for a therapeutic use of unsealed
sources license. A classroom review of a typical application to conduct diagnostic
radiology. Participants will work in teams to review the application to determine if
the information submitted meets specified safety criteria for issuance of a license.
Teams will report their findings in a plenary session with other participants.

6.b Field Visit and simulated inspection to a nuclear medicine department

MODULE 7 SAFETY IN MEDICAL TELETHERAPY

Lectures

7.1 SAFETY IN DESIGN AND TESTING OF TELETHERAPY EQUIPMENT

Teletherapy unit (Cobalt-60 and Caesium - 137)
Linear accelerators
Prototype testing
Quality assurance
Safety evaluation

7.2 SAFETY IN DESIGN AND TESTING OF TELETHERAPY FACILITIES

Facility layout
Viewing system
Warning systems and access controls
Beam stops
Shielding
Monitoring systems
Testing of safety devices

7.3 RADIATION SAFETY PROGRAMME FOR TELETHERAPY

Qualifications and training of personnel
Patient and personnel monitoring programme
Instrumentation
Calibration of survey instruments
Leak test programme (for radioisotopes)
Operating procedures
Emergency procedures
ALARA programme
Source accountability controls (for radioisotopes)
Transfer of sources (for radioisotopes)
Management of spent sources
Safety review procedures
Registry of teletherapy devices
Licensing requirements
Regulatory inspection

7.4 CASE HISTORIES OF ACCIDENTS AND INCIDENTS IN TELETHERAPY
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7.5 CASE HISTORIES OF ACCIDENTS WITH LINEAR ACCELERATORS

USA
Germany
Spain
Lessons Learned

7.6 CASE HISTORIES OF CONTAMINATION ACCIDENTS DUE
TO TELETHERAPY SOURCES

Mexico
Brazil (Goiâna)
Lessons Learned

Work Sessions

7.a Safety Review of an Application for Teletherapy License. A classroom review of
a typical application to conduct diagnostic radiology. Participants will work in
teams to review the application to determine if the information submitted meets
specified safety criteria for issuance of a license. Teams will report their findings
in a plenary session with other participants.

7.b Field Visit and Simulated Inspection to a Teletherapy Facility.

MODULE 8 SAFETY IN REMOTE-CONTROLLED AFTER-LOADING DEVICES

Lectures

8.1 SAFETY IN DESIGN AND TESTING OF DEVICES AND FACILITIES

Transport devices
Prototype testing
Quality assurance
Facility layout
Viewing system
Warning systems and access controls
Special structural requirements
Monitoring systems
Testing of safety devices
Licensing requirements
Safety evaluation

8.2 RADIATION SAFETY PROGRAMME FOR REMOTE-CONTROLLED
AFTER-LOADING DEVICES

Qualifications and training of personnel
Patient and personnel monitoring programme
Instrumentation
Calibration of survey instruments
Calibration and maintenance of devices
Leak test programme
Loading and exchanging sources
Operating procedures
Emergency procedures
Regulatory inspection
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8.2 RADIATION SAFETY PROGRAMME FOR REMOTE-CONTROLLED
AFTER-LOADING DEVICES (cont.)

Licensing requirements
Registry of devices

MODULE 9

Lectures

9.1

9.2

SAFETY IN BRACHYTHERAPY

SAFETY IN THE DESIGN AND USE OF BRACHYTHERAPY SOURCES AND
FACILITIES

Transport devices
Prototype testing
Quality assurance
Warning systems and access controls to the patient's room
Shielding requirements
Monitoring systems

RADIATION SAFETY PROGRAMME FOR BRACHYTHERAPY

Qualifications and training of personnel
Personnel monitoring programme
Instrumentation
Calibration of survey meters
Leak test programme
Sterilization and disinfection of sources
Loss or breakage of a source
Source accountability controls
Disposal of sources
Operating procedures
Emergency procedures
Licensing requirements
Regulatory inspection
Safety evaluation

Work Sessions

9.a Field visit to a facility with remote controlled afterloading device and
brachy therapy.
Participants will observe a broad programme of use of ionizing radiation in
medicine. Focus of visit will be on safety features of devices and facilities and
their use.

MODULE 10 SAFETY IN GAMMA RADIOGRAPHY

Lectures

10.1 SAFETY IN DESIGN AND TESTING OF RADIOGRAPHY EQUIPMENT

Cameras
Transport devices
Prototype testing
Quality assurance
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10.2 ORGANIZING AND OPERATING A RADIOGRAPHY PROGRAMME

Qualifications and training of personnel
Operating procedures
Safety rules for transporting sources
Storage and physical security of sources
Use of radiation instruments
Surveys, records and sources accountability
Leak testing
Disposal of sources
Licensing requirements

10.3 RADIOGRAPHY ACCIDENTS AND UNUSUAL OCCURRENCES

Case studies of safety problems in radiography
Lessons learned

10.4 SAFETY REVIEW OF APPLICATION FOR RADIOGRAPHY LICENSE

Introduction of objectives
Applicable regulations and safety guides
Filing an application
Contents of an application
Safety review and evaluation of an application
Criteria for issuance of a license
License conditions
Amendments to a license
Renewal of a License

10.5 INSPECTION OF RADIOGRAPHY PROGRAMMES

Inspection safety criteria for radiographers
Conducting the inspection
Problems encountered during radiography inspections

Work Sessions

10.a Safety in Design of Radiography Equipment
Safety Evaluation of Radiography cameras

Hands on examination of various designs of radiography equipment
Identification of safety features
Examination of favourable and unfavourable features of various designs

10.b Field Exercise Demonstration

Operating cameras and safety devices
Source exchange
Source recovery
Surveys
Area control

10.c Field Visit

Visit to a facility that uses gamma radiography
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lO.d Safety review of an application for a radiography license

A classroom review of a typical application submitted to a regulatory agency to
obtain a license to conduct radiography. Participants will work in teams to review
the application to determine if the information submitted meets specified safety
criteria for issuance of a license. Teams will report their findings in a plenary
session with other participants.

MODULE 11 SAFETY OF GAUGING DEVICES

Lectures

11.1 SAFETY IN DESIGN AND TESTING OF GAUGING DEVICES

Description of types of devices
Key safety design parameters
Typical design of portable device
Typical design of non-portable device
Typical design of transporting devices
Prototype testing
Quality assurance
Registry of gauging devices

11.2 SAFETY IN INSTALLATION AND SERVICING OF GAUGING DEVICES

Location of gauge within facility
Environmental conditions of exposure of gauge
Equipment to control environmental conditions
Maintenance of gauges
Survey instruments
Personnel monitoring equipment
Qualifications and training of personnel
Radiation safety programme

Work Session

1 l.a Safety Evaluation-Registry of Gauging Devices

A classroom review of a typical application submitted to a regulatory agency to
obtain a license for a gauging installation. Participants will work in teams to
review the application to determine if the information submitted meets specified
safety criteria for issuance of a license. Teams will report their findings in a
plenary session with other participants.

Discussion Session

ll.b Module?
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MODULE 12 SAFETY OF IRRADIATORS

Lectures

12.1 IRRADI ATORS-TYPES, FACILITY DESIGN AND CONSTRUCTION
PARAMETERS

Self-contained dry source- storage
Panoramic dry source - storage
Self-contained wet source - storage
Panoramic wet source - storage
Electron irradiation facility Category I
Electron irradiation facility Category II
Facility layout
Shielding
Controled area radiation level specifications
Points of access to irradiation room
Control devices, alarms and signals
Safety systems and interlocks
Radiation level detectors and measuring instruments
Fire control
Ventilation systems
Contamination control
Pre-operational testing
Quality control
Licensing Requirements
Pre-operational regulatory Inspection

12.2 RADIATION SAFETY PROGRAMME FOR IRRADIATORS

Operating procedures
Emergency procedures
Personnel monitoring
Leak testing (gamma irradiators)
Waste Management (gamma irradiators)
Qualifications and Training of:

Radiation safety supervisor(s)
Facility operators
Maintenance personnel

Safety experience

12.3 SAFETY REVIEW OF APPLICATION FOR IRRADIATOR LICENSE

Introduction - objectives
Regulations and guides
Filing an application
Contents of an application
Review and evaluation of application
Criteria for issuance of a license
License conditions
Amendments to a license
Renewal of a license
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12.4 INSPECTION OF IRRADIATORS

Criteria for inspection of irradiator licensees
Conducting the inspection
Problems encountered during irradiator inspections

12.5 CASE HISTORIES OF ACCIDENTS IN IRRADIATION FACILITIES

Italy
Norway
El Salvador (San Salvador)
Israel
France
Belarus

Work Session

12.a Safety Review of Application for Irradiator Licensee.

A classroom review of a typical application submitted to a regulatory agency to
obtain a license for an irradiator. Participants will work in teams to review the
application to determine if the information submitted meets specified safety criteria
for issuance of a license. Teams will report their findings in a plenary session with
other participants.

Discussion Session

12.b Lectures 12.1, 12.2, 12.3, and 12.4

MODULE 13 SAFETY IN USE OF RADIATION SOURCES IN OIL WELL LOGGING

Lectures

13.1 TECHNOLOGY OF OIL WELL LOGGING WITH RADIATION SOURCES

13.2 RADIATION SAFETY PROGRAMME FOR OIL WELL LOGGING

Discussion Session

13.a Safety in uses of radiation sources in oil well logging

MODULE 14 SAFETY OF MISCELANEOUS USES OF RADIATION SOURCES

Lectures

14.1 OVERVIEW OF SAFETY OF MISCELANEOUS USES OF SEALED SOURCES

Gas chromatography devices
X ray fluorescence analyzers
Static eliminators
Luminous signs and markers
Other devices
Safety experience
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14.2 SAFETY IN RESEARCH AND TRACER USE OF UNSEALED SOURCES

MODULE 15 SAFETY IN PACKAGING AND TRANSPORT OF RADIATION SOURCE

Lectures

15.1 IAEA TRANSPORT REGULATIONS, SAFETY SERIES No. 6

Lecures are to be based on IAEA Safety Series No. 6, Regulations for the Safet
Transport of Radioactive Materials [7], as well as experience gained in the
implementation of these regulations by Member States.

15.2 IMPLEMENTATION OF TRANSPORT REGULATIONS FOR RADIATION
SOURCES

Discussion Session

15.a Lectures 15.1, 15.2

MODULE 16 PLANNING, PREPAREDNESS, AND RESPONSE TO RADIOLOGICAL
EMERGENCIES

Lectures (The lectures in this module are to be based on IAEA Safety Series No.
91,Emergency Planning and Preparednesss for Accidents Involving Radioative
Materials used in Medicine, Industry, Research and Teaching [5], and other IAEA
publications dealing with radiation emergencies.)

16.1 EMERGENCY PLANNING - ACCIDENT ANALYSIS AND ACTION LEVELS

16.2 PROTECTIVE MEASURES

16.3 PRINCIPLES OF EMERGENCY PLANNING AND PREPAREDNESS

16.4 APPLICATION OF THE PRINCIPLES TO TRANSPORT AND RADIOACTIVE
MATERIALS ACCIDENTS

16.5 ROLE OF IAEA IN EMERGENCY PLANNING AND RESPONSE

16.6 EMERGENCY RESPONSE IN GOIÂNIA ACCIDENT - CASE REVIEW

Work Sessions

16.a Analysis of Case Histories
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16.b Table Top Exercise - Emergency Planning and Response

This is a Table Top Exercise of two work sessions and one discussion session on
practical problems of response to a serious radiological emergency. The experience
gained in Goiania accident, as well as the Mexico Teletherapy Source Accident,
will be used in planning this work session.

MODULE 17 ORGANIZATION AND IMPLEMENTATION OF A NATIONAL RADIATION
CONTROL PROGRAMME

Lectures

17.1 ORGANIZATION AND IMPLEMENTATION OF A NATIONAL RADIATION
CONTROL PROGRAMME

Work Session

17.a Table To Exercise. Organization and implementation of a national radiation control
programme.

Table Top Exercise. The participants will be divided into teams and will be asked
to plan a National Radiation Control Programme for a country with a defined type
and number of radiation sources being used in that country. The teams will report
on proposed programmes and problems that are identified in organization and
implementation.

Discussion Session

17.b Panel discussion on steps to effective national controls on radiation sources.

MODULE 18 WASTE MANAGEMENT

18.1 MANAGEMENT OF RADIOACTIVE WASTES

Management of liquid wastes
Management of solid wastes
Packaging and interim storage of waste
Radioactive waste burial

18.2 METHODS OF REDUCTION

Compaction
Decay in storage
Inciniration

18.3 TREATMENT, CONDITIONING AND DISPOSAL OF SPENT SEALED
SOURCES
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18.4 IAEA PROGRAMME ON TECHNICAL ASSISTANCE IN WASTE
MANAGEMENT IN DEVELOPING COUNTRIES

MODULE 19 PRESENTATIONS OF COUNTRY PROGRAMMES BY PARTICIPANTS

Participants will make presentations of about 20 minutes on the radiation control
programme in their country. Participants will be informed by letter, after their
selection, that they will be provided this opportunity. This will permit them to
bring material to prepare such presentation.

MODULE 20 SPECIAL LECTURES

20.1 SUMMARY FINDINGS OF IAEA RAPAT MISSIONS

20.2 IAEA RADIATION PROTECTION PROGRAMME

Outstanding Radiation Protection Issues
IAEA programme for addressing the issues
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