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FOREWORD

The IAEA has provided guidance on the provision of operational iradiation pro
tection services for many years. In 1965 it issued Safety Series No. 13 entitled “ The 
Provision of Radiological Protection Services”  as a Safety Standard. This standard 
sets out the general requirements for radiation protection services, including both 
physical and medical surveillance.

Since the publication of Safety Series No. 13, there have been considerable 
developments on the principles and concepts of radiation protection. These were 
incorporated in the recommendations of the International Commission on Radiologi
cal Protection (ICRP) issued in 1977 as ICRP Publication 26 and in subsequent ICRP 
publications. As a result of these developments it was considered necessary to revise 
Safety Series No. 13.

The thorough revision was carried out with the help of two Advisory Group 
meetings, the first of which was held in November 1980 and the second in November 
1982, both under the chairmanship of P .F . Beaver of the United Kingdom Health 
and Safety Executive. The resulting document was circulated and reviewed and then 
revised by L.R. Rogers acting as a consultant. The scientific secretary within the 
IAEA responsible for the final text preparation was J.U . Ahmed of the Radiation 
Protection Section.

In 1982, the IAEA jointly with the International Labour Organisation, the 
World Health Organization and the Nuclear Energy Agency of the OECD published 
the revised Basic Safety Standards for Radiation Protection (IAEA Safety Series 
No. 9). These standards incorporated the recommendations contained in ICRP Publi
cation 26.

One of the main features of the new Basic Safety Standards is an increased 
emphasis on the optimization of radiation protection. The ICRP subsequently 
provided further guidance on the optimization process in Publication 37, with special 
reference to the technique of cost-benefit analysis.

In view of these developments, the IAEA considered it important to prepare 
a new document to provide practical guidance on the application of the Basic Safety 
Standards to operational radiation protection, with special reference to the principle 
of optimization.

A new Advisory Group was convened under the chairmanship of A. P. Hudson 
of the United Kingdom National Radiological Protection Board in May 1985. This 
Advisory Group considered a working paper developed earlier by F. Congel of the 
United States Nuclear Regulatory Commission, A.P. Hudson, and R.E. Utting of 
the IAEA. The text introduced the use of analytical trees as a tool for the appraisal 
of operational radiation protection programmes.
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Subsequent to the Advisory Group meeting, the analytical tree methodology 
was further developed with the assistance o f two consultants — J.P. Goyette o f the 
Atomic Energy Control Board, Canada and D. Sly o f the United States Nuclear 
Regulatory Commission — and an Advisory Group in January 1987 under the Chair
manship of T. Murphy of GPU Nuclear, USA, and finally published as an IAEA 
technical document (IAEA-TECDOC-430) in 1987. Material from this IAEA- 
TECDOC has been included in this Guide as Annex III.

Since the present Guide covers much of the same ground as the revised draft 
o f Safety Series No. 13, it was decided to withdraw the latter. Some of the material 
from the revised draft has been incorporated in Chapter 4 of the present Guide.

Technical editing and final compilation of this Guide were carried out 
by F. Bland of the United Kingdom National Radiological Protection Board,
A.P. Hudson and R.E. Utting.
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1. INTRODUCTION

101. The purpose of this publication is to provide practical guidance on the applica
tion of the dose limitation system contained in the Basic Safety Standards for Radia
tion Protection [1] to operational situations both in large nuclear installations and in 
much smaller facilities.

102. It is anticipated that this Guide will be useful to both the management and 
radiation protection staff of operations in which there is a potential for occupational 
radiation exposures and to the competent authorities with responsibilities for provid
ing a programme of regulatory control.

PURPOSE

ROLES AND RESPONSIBILITIES FOR RADIATION PROTECTION 

Competent authority

103. The competent authority is the authority designated or otherwise recognized by 
a government for specific purposes in connection with radiation protection or nuclear 
safety. The competent authority is responsible for: authorizing practices involving 
radiation exposure to man by means of a system of notification, registration or licens
ing; controlling such practices by means of regulations or guides and by making 
independent assessments of whether the practices are being carried out in compliance 
with such regulations and established norms; and taking enforcement action if 
necessary.

Management

104. The ultimate responsibility for ensuring adequate protection against radiation 
rests with the management of the organization. The management is responsible for 
ensuring compliance with the requirements of the competent authority. Although the 
ultimate responsibility in these matters cannot be delegated, the management, acting 
through the chain of command, may, for the purpose of meeting this responsibility, 
delegate certain of its functions to subordinates.

1
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SCOPE

105. This Guide contains information on the dose limitation system described in the 
Basic Safety Standards [1], and the principles underlying its application to opera
tional situations. The emphasis is on optimization and it is this concept that is devel
oped through the main text. Subsidiary background material is contained in three 
annexes.

106. Whilst operational considerations cover all aspects of radiation protection, 
including the control of occupational and public exposure during accident situations, 
this Guide concentrates mainly on the protection of workers during normal opera
tion. The IAEA provides guidance on the other aspects in separate publications (see, 
for example, Refs [2-4]).

107. This Guide is intended as a practical aid for all concerned with operational 
radiation protection, both regulators and users, and provides a structure within which 
decision aiding techniques can be utilized. More detailed guidance for specific appli
cations are contained in other proposed IAEA publications [5, 6]:

— Safe use and regulation of radiation sources in industry, medicine, research 
and teaching;

— Provision of radiation protection services in nuclear power plants.

2. DOSE LIMITATION SYSTEM

201. In order to meet the objectives o f radiation protection, the Basic Safety 
Standards have adopted a system of dose limitation which comprises justification, 
optimization and individual dose limitation.

JUSTIFICATION

202. The term justification is used to express the principle that no practices resulting 
in exposure to ionizing radiation should be authorized by the relevant competent 
authorities unless its introduction produces a positive net benefit. This recommenda
tion has little application at the operational stage because the practice is already in 
existence and the assumption must be made that due consideration was given to its 
justification. However, competent authorities should keep practices under review to 
ensure that the positive net benefit is maintained in the light of technological 
advances.

2
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OPTIMIZATION

203. The optimization of radiation protection is synonymous with the provision that 
all exposures be kept as low as reasonably achievable, economic and social factors 
being taken into account (ALARA). This requirement implies that the detriment from 
a practice should be reduced by protective measures to a level such that further 
reductions become less significant than the additional efforts required for their 
implementation.

204. In the context of operational radiation protection as considered in this Guide, 
optimization is interpreted in the widest sense. In relation to a radiation protection 
programme it means that ‘correct’ decisions must be taken for every component of 
the programme, and that these decisions must be capable o f implementation at 
reasonable cost. Only when all components are correct and economically viable, can 
the overall programme be regarded as ‘optimized’. Within this structure, some 
individuals components will be subjected to the more formal requirements o f quan
titative optimization.

INDIVIDUAL DOSE LIMITATION

205. The dose equivalent to individual from all practices (excluding medical 
exposure as a patient and exposure to natural background radiation) should not 
exceed the applicable dose limits. It must be recognized that many practices give rise 
to dose equivalents that will be received in the future and any system of individual 
dose control must take this into account. The dose limits are given in the Basic Safety 
Standards [1] and are reproduced in Annex I.

206. In a properly managed and optimized radiation protection programme, all 
work involving significant exposure will be planned so that there will be only a very 
low probability of inadvertent exposures in excess of dose limits.

3. OPTIMIZATION AND ITS PRACTICAL APPLICATION 
TO OPERATIONAL RADIATION PROTECTION

301. The general principles of the optimization of radiation protection, and some of 
the techniques available to aid this process, are summarized in Annex II. This Guide 
develops a qualitative approach to the optimization o f a complete radiation protection 
programme but encourages the use of more quantitative methods where these are 
appropriate to individual components within the programme.

3
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302. Within radiation protection, ‘optimization’ has conventionally been equated to 
the achievement of ‘ALARA’, which might be taken to imply that the components 
of an operational radiation protection programme cannot be optimized unless they 
can be directly related to the attainment of some particular level o f dose. However, 
many individual components are essential to the correct functioning of the complete 
programme but can only be related indirectly and collectively either to the attainment 
of doses that are ALARA, or to the mitigation of the effects of an incident or 
accident. For this reason the concept of ‘optimization’ must be broadly interpreted 
in relation to an operational programme.

303. A close interaction should exist between the optimization of a particular use 
o f radiation protection during the planning, design and operational stages of a parti
cular use of radiation. The scope of studies carried out at the operational stage may 
be significantly affected by optimization analyses made at the planning and design 
stages. Any optimization study at the operational level should include a feedback 
mechanism to ensure that future designs benefit from the lessons that are learned.

304. There are very large variations in the benefits to be gained from the optimiza
tion of the operational radiation protection associated with existing facilities. Older 
facilities, which are unlikely to have been subjected to optimization procedures at 
the design stage, but which still have many years of useful life ahead of them, will 
benefit most significantly.

305. The scale of operational studies varies considerably. In some instances it may 
be beneficial to apply optimization to a nationwide homogeneous set of operations 
that are part of a practice involving radiation exposure so as to arrive at recommenda
tions that have wide and general applicability. This would not however preclude 
more limited optimization exercises of a specific nature where there were local varia
tions in the general practice.

306. Optimization techniques in operational situations should reflect the scale and 
complexity of the situation under review, and particularly the potential for making 
savings in collective dose and reducing the probability of accidental exposures. The 
development and use of more formal quantitative techniques is to be encouraged but 
qualitative methods will often be more obviously applicable. For example, a quan
titative analysis may not be feasible or even required for changes in work practices 
and attitudes, and there may be no direct cost associated with implementing certain 
changes which produce a marked improvement in operational radiation protection; 
the only cost is that associated with carrying out the study that identified the changes. 
Indeed, examples can be readily envisaged whereby changes which improve radia
tion protection are accompanied by improved operational efficiency.

307. A major advantage of the application of formal optimization techniques at the 
operational level is in the structuring of the problem and the consequent provision 
of a more attributable basis for decisions.

4
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ANALYTICAL TREE TECHNIQUE

308. Many factors that play a role in operational radiation protection have a marked 
effect on the total radiation detriment and on the operational and protection costs. 
A successful operational programme fully identifies all such factors and ideally an 
‘optimized’ programme achieves the correct allocation of resources to the 
programme and the correct balance of resources between the many factors.

309. A successful programme consists of many interacting elements, each of which 
should be individually functioning in an effective manner. Such a programme may 
be illustrated by means of the ‘analytical tree technique’, which depicts the total 
system and helps to identify the logical interrelationships between various compo
nents. An analytical tree starts with a simple desirable condition, the component 
parts of which are systematically identified on successive lower branches, each 
incorporating an increased level of detail. The technique is described in Annex HI.

310. The basis for the development of an operational radiation protection 
programme utilizing the analytical tree technique is described in Section 4. The 
upper branches of a generic analytical tree are developed and guidance is given 
on the construction of the remainder of the programme. The generic example is 
applicable to all uses of ionizing radiation, but it is not productive to extend this 
generality directly to lower branches since the detailed content is dependent on the 
particular use. Indeed, it is often necessary in practice to modify even some of the 
higher branches of this generic tree. It should be noted that there need be no absolute 
rules governing the construction of an analytical tree to depict a radiation protection 
programme. As long as the construction is based on sound logic and the constructor 
is sufficiently knowledgeable in the area that the tree is to depict, it should be 
possible to use the resulting tree successfully. To further illustrate this point the tree 
developed in Section 4 is rather different from that in Annex III. The latter is devel
oped for the purpose of appraisals and the logic allows for considerable redundancy 
in the lower branches in order that all aspects are adequately covered; the objective 
of the tree in Section 4, on the other hand, is to clearly illustrate the interaction of 
the necessary and sufficient components of the programme.

311. Analytical trees depicting full radiation protection programmes are developed 
in the other publications associated with this Guide (see para. 107). The full pro
grammes developed in each of these other publications should themselves be 
regarded as generic to the particular use of radiation considered (e.g. nuclear power 
plants). The construction of a radiation protection programme directly applicable to 
a specific establishment will require further modification of the relevant generic 
programme. Such an approach should ensure that all relevant components are incor
porated into the programme and can provide a starting point for the practical optimi
zation of the programme as developed below.

5
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312. The analytical tree technique is not to be confused with ‘flow diagrams’ or 
‘flow charts’, since it is a technique for depicting a complete system and its interrela
tionships, without there necessarily being any sequential relationship between the 
components. Each element in the tree can be considered to represent a barrier to an 
unwanted event, in this case a radiation exposure. These barriers may be physical, 
as in the case of shielding or respiratory protection, or they can be more abstract as 
in the case of management control or administrative measures. In any real system, 
these barriers will not totally prevent the unwanted event from occurring but will act 
to reduce its impact. Thus, even with all appropriate barriers in place, there will be 
a residual detriment — the routine collective dose that results from normal operation 
and the accepted possibility of an accident. It is the ‘height’ of the barriers which 
should be subject to optimization.

SEVEN STAGE SCHEME FOR THE OPTIMIZATION OF A COMPLETE 
OPERATIONAL PROGRAMME

313. Whilst operational radiation protection programmes may vary widely in their 
scale and complexity, it is essential that the optimization of such programmes should 
always follow a comprehensive, clearly defined and, most important, structured 
approach.

314. To reduce doses to or to maintain them at the ALARA level the management 
o f a facility should, at intervals, carry out a systematic appraisal o f all radiation 
protection provisions to determine the relevance and adequacy of the existing 
programme. This review will enable those responsible for the programme to recon
sider the allocation of resources and to overcome management oversights, gradual 
changes in system conditions or activities, biases introduced as a result o f staff 
changes, etc.

315. The systematic framework developed below relies initially on a detailed 
appraisal of the operational programme. The fact finding stage o f the appraisal 
should examine all components o f the programme and the subsequent analysis should 
involve the systematic optimization of each of these components but strictly within 
the context of the overall programme and the available resources. Ideally, the optimi
zation of all the component parts should result in the optimization of the complete 
programme and this should represent the most efficient use of available resources. 
The subsequent stages of the framework provide for the maintenance of an optimized 
programme and a feedback mechanism to ensure that any lessons learned are eventu
ally reflected in future designs.

6
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316. The first step of the optimization process is structuring of a comprehensive 
radiation protection programme appropriate to the potential hazards o f the operation 
in question. The structure must include all the components that are relevant to the 
operational use of radiation at the establishment. Ideally this structuring would take 
place in isolation from the operation in question in order to avoid the introduction 
of any bias resulting from the establishment’s existing provisions.

317. A generic operational radiation protection programme appropriate to the use 
of radiation at the establishment provides the basis for the comprehensive structure. 
Modifications to incorporate possible special features at the establishment may be 
necessary, but should be undertaken with care so that bias does not result in a 
programme that partially reflects existing provisions. In particular, all relevant 
components of the generic programme must be retained even if they appear to be 
trivial, since it is the systematic and thorough nature of this approach that will facili
tate the eventual discovery of oversights, omissions and redundancies in the estab
lishment’s actual programme.

318. On completion of this stage the appraiser should have constructed an idealized 
radiation protection programme suited to the specific establishment being appraised. 
An ‘optimized programme’ will be the closest possible effective realization of such 
a programme, but subject to the necessary constraints of available resources.

Stage II: Examination of existing situation

319. The establishment’s actual provisions for radiation protection should be 
examined in detail and compared to the idealized programme developed at Stage I. 
Various methods can be employed to make this comparison, for example:

(a) The most rigorous method is described in Annex III and involves a detailed 
questionnaire designed to identify the presence, nature or omission of every 
component of the idealized programme. This method incorporates in-built 
redundancies which should ensure that nothing is missed and is particularly 
recommended for larger or more complex establishments.

(b) The idealized programme can be used to generate a checklist, against which 
the establishment’s actual provisions can be directly compared. This is a less 
rigorous method than (a) but may be appropriate for less complex systems. 
Care must be taken that this less rigorous method does not affect the quality 
of the appraisal.

On completion of this stage the appraiser should have discovered all the significant 
differences between the idealized and the actual programmes. In particular, all over
sights, omissions and redundancies should have been identified and in many areas 
it may have become apparent that a significantly different emphasis is required.

Stage I: Development of complete radiation protection programme

7
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320. The information gained at Stage II is analysed and compared against those 
provisions, actions and decisions that are most likely to optimize the radiation 
protection.

321. In practical terms, the effective modification and, therefore, optimization of 
each of the component parts of the programme involves different processes. In many 
cases confirmation of the existence and correct operation of a component is all that 
is necessary, and it is the systematic and thorough identification of all such compo
nents that contributes to the optimization of the programme. Some decisions in this 
area rely heavily on statutory or standards requirements and on the sound profes
sional judgement of the appraiser rather than upon any more formal principles of 
optimization. In a similar manner, elimination of redundant components also 
contributes to the overall optimization. The appraisal o f a relatively small establish
ment might involve no more than the considerations examined above. In other situa
tions programme components will be identified that require a more formal analysis, 
and in this case use should be made of the qualitative or quantitative optimization 
techniques mentioned in Annex II if it is practicable to do so. An example would be 
the decision to install additional shielding to reduce dose rates; here, different avail
able options might be resolved by a relatively simple, but informative, cost-benefit 
analysis. In yet more complicated situations, a major function involving many com
ponents within an operational programme might be found to be less than adequate 
and the resolution of the problem could involve a detailed and formal optimization 
study involving the comparison of several options in terms of their potential for 
reducing dose. The outcome of Stage III is a series of recommendations based 
entirely on the requirement to optimize radiation protection.

Stage IV: Decisions

322. At this stage, the recommendations deriving from Stage III will be presented 
to the senior level of management responsible for the overall operation of the facility. 
This level of management may be subject to economic, social and political factors 
not necessarily directly associated with radiation protection and will have to make 
decisions on the overall resources to be made available. In practice this stage may 
often be combined with Stage III but it should be realized that, conceptually, it is 
a necessary and separate part o f the decision making process.

Stage V: Identification of a database for future appraisals

323. The foregoing stages of the optimization process may have been hampered 
either by lack of information, or by information having been recorded in an incon
venient manner. The opportunity should be taken in this stage to establish a database

Stage III: Information evaluation and recommendations

8
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that will be suitable for future optimization appraisals, e.g. survey results, dose 
records, and data on task specific doses, collective dose per unit product and time 
spent to fulfil a specific task. This stage is particularly important since it greatly 
assists subsequent optimization appraisals at the same or similar facilities.

Stage VI: Regular radiation protection appraisals

324. If the standard of operational radiation protection is to remain close to that 
which is considered to be optimized, the ongoing situation must be subject to periodic 
appraisals. These should consist o f a full appraisal of all aspects o f the radiation 
protection programme, evaluation o f options for dose saving, the making of recom
mendations and the implementation o f subsequent decisions (i.e. a combination of 
Stages II, lH and IV above, but with the advantage of a more suitable database).

325. The frequency of such appraisals will depend on:

(a) the potential for further dose savings
(b) the potential for significant exposure, possibly under accident conditions
(c) the time that has elapsed since the previous appraisal (since a gradual deteriora

tion in standards can go unnoticed over a long period of time)
(d) the implementation of any major changes that significantly affect individual or

collective doses
(e) the occurrence of cases where doses exceed some reference level chosen to 

indicate a significant departure from an optimized programme.

Stage VII: Feedback proposals

326. An essential feature to conclude the optimization of a complete operational 
system is a feedback mechanism which ensures that the lessons learned and 
experiences gained are documented and positively reflected in any subsequent 
optimization studies. At this stage another link with design becomes apparent insofar 
as much o f this information can also be reflected in subsequent design studies.

DISCUSSION OF SEVEN STAGE SCHEME

327. Most of the ideas contained within the above seven stage scheme are no more 
than the established good principles of operational radiation protection, to which 
have been added the more recent concepts of optimization. It is the combination of 
these ideas within a structured and systematic framework that represents a useful 
approach to operational radiation protection, with the very specific aim of achieving 
the effective optimization of a complete operational programme.
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328. As is inevitable in a general approach such as this, the detailed provisions 
appear to lend themselves most directly to larger establishments with more complex 
uses of ionizing radiations. However, proper use of the generic radiation protection 
programmes introduced in Section 4 can result in the construction o f programmes 
that are entirely suited to any user of radiation, whatever the scale o f the operation. 
The seven stage framework is then applicable in all situations and should be of 
importance to either the major or minor user of ionizing radiation.

329. Some components of an operational programme may be based on statutory 
requirements and as such are probably not amenable to a formal optimization 
process. Ideally, however, regulations should only enforce requirements which 
result in a reasonable balance between safety and cost. Consequently, compliance 
with relevant statutory requirements should result in an operational programme that 
is close to the optimum. Use of the technique described in this Guide will assist 
regulatory bodies in meeting this objective.

330. The analysis of those components o f the programme that can be directly related 
to radiation dose will generally make use of the collective effective dose equivalent 
as the parameter which is assumed to be proportional to radiation detriment. It must 
be appreciated that whilst many optimization studies will indeed optimize on the 
basis of collective dose, it might also be necessary to reflect the magnitude of 
individual doses in the analysis. This can be achieved by introducing a factor which 
is not linearly related to radiation detriment, as developed in Annex II. If the optimi
zation is to be based on the cost-benefit analysis technique, all terms included in the 
study must be given a monetary value. This involves an assignement of values to the 
alpha and beta terms developed in Annex II and guidance on this can be found in 
some of the references.

331. It is worth noting that the optimization of a complete operational programme 
should involve a proper balance o f cost, detriment and allocation of resources within 
all components o f the programme. It is a particular feature of such a thorough 
approach that components which might not otherwise have been directly related are 
now required to be properly balanced within the overall optimization. For example, 
efforts to improve safety usually result in additional requirements affecting the 
design and operation of equipment or installations. These include in-service inspec
tion, preventive maintenance on safety related equipment, revised safety specifica
tions necessitating equipment modification and unscheduled special maintenance 
programmes. These requirements, formulated by designers and operators or imposed 
by regulatory authorities, may result in additional occupational radiation exposure 
as a result of installation, operation, maintenance and testing. Particularly in the case 
o f the nuclear power industry, the potential increase in occupational dose associated 
with these requirements should ideally be compared with the potential decrease in 
the dose to the public, and possible occupational dose, under accident conditions. A
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valid comparison would have to include changes in the probabilities o f accidents and 
the projected doses associated with these accidents. It should be noted, however, that 
the potential decrease in the dose resulting from accidents is probabilistic, while the 
increase in routine occupational dose is often a certainty.

332. It must be recognized that the use of the concept o f optimization, where proba
bility weighted doses are involved, requires considerable further development both 
conceptually and in terms of the necessary database.

4. MAJOR ELEMENTS OF AN EFFECTIVE 
OPERATIONAL RADIATION PROTECTION PROGRAMME

401. To be successful, optimization of an operational radiation protection 
programme must include consideration of all the protection factors that are relevant 
to the particular working situation. One way of illustrating the programme elements 
and their interaction is by means o f an analytical tree technique. The tree developed 
for the purpose of this section is intended to depict the total system and help to iden
tify the logical interrelationships between various components. It must be borne in 
mind, however, that each of the subparts may be of greater or lesser importance 
depending upon the specific needs of the organization in question. In addition, 
specific subparts may gain or lose importance as operational experience is fed back 
into the organization. Consequently, for this discussion, each subpart will be treated 
with equal emphasis. A more detailed description of the development of analytical 
trees will be found in Annex III.

402. An analytical tree starts with a simple desirable condition — in this case an 
effective radiation protection programme — and continues down in a systematic 
manner to lower branches, each with an increased level of detail. An outline of such 
a tree is shown in Fig. 1 (see inside back cover). However, this illustration gives 
only the first few tiers. More detailed analysis will be required for particular 
systems. For instance, in an enterprise with a potential for internal contamination of 
workers, the branch labelled ‘dose or intake limitation and control’ would be con
siderably expanded into such areas as: ventilation, contamination control, protective 
clothing and respiratory protection.

ORGANIZATION AND MANAGEMENT

403. It is essential for good radiation protection that all levels of management, 
including the senior levels of an organization, be committed to a policy of safety and
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good radiation protection, including a commitment to keep all exposures as low as 
reasonably achievable.

Headquarters management

404. In large complex organizations such as government establishments or corpora
tions, this commitment should commence with senior management in headquarters 
and it should be made manifest by written policy statements and by support for those 
with direct responsibility for radiation protection in the work place.

405. Management must provide appropriate resources for an adequate radiation pro
tection programme which will include provisions in terms of staff, facilities, equip
ment, training, etc.

Local management

406. Management of facilities engaged in the use and handling of ionizing radiation 
must make it clear to all concerned that radiation protection is an important objective. 
In large organizations, functions such as safety, radiation protection and quality 
assurance should be located in the organizational chart separately from production1 
functions. In this way, decisions affecting these areas can be reviewed independently 
of production considerations and are therefore less subject to undue economic 
influence.

Responsibility fo r  radiation protection

407. It is important that managers in the production departments are not relieved of 
responsibility for radiation protection and the safety of workers. Radiation protection 
performance should be part of the objectives o f all managers and supervisors and the 
radiation protection performance of the unit should be one of the aspects on which 
a manager’s effectiveness is judged. Once it is clear to all staff at all levels that the 
radiation protection programme is indeed a major commitment of management, 
implementation is greatly facilitated.

1 A lthough the w ord  ‘p roduction ’ in this context norm ally im plies the m anufacture o f  a com 
m odity by m eans o f som e industrial process, fo r the purposes o f  this G uide it should be  taken 
to m ean the activity fo r w hich a particu lar facility o r operation is prim arily  designed. It will 
include, for instance, the conduct o f  research  activities in a research  facility o r the provision 
o f  m edical services in a hospital.
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408. Subsequent to the issue o f the policy statement, a specific system for 
implementation of a radiation protection programme must be developed. It should 
provide for adequate resources for the programme, including both personnel and 
equipment.

409. The documentation required for the programme should be specified. It should 
also describe the communications network from management to the staff and the 
feedback system to management that will facilitate full staff participation.

Radiation protection officer

410. The management should appoint an appropriately qualified and trained person 
as a radiation protection officer (RPO) to review and advise on radiation protection 
issues. In larger organizations the RPO may be supported by a staff of appropriately 
trained assistants. The RPO should report to the senior management with overall 
responsibility for the operation.

411. The RPO and his staff must maintain close co-operation with those whose 
duties affect the management, design, training, operation and maintenance of the 
facility.

412. It must be made clear to all that, even though one individual or group is 
responsible for co-ordinating these efforts, all individuals in the organization are 
responsible for carrying out those aspects o f the radiation protection programme 
appropriate to their duties. It is particularly important that all first line supervisors 
of workers with a potential for radiation exposure recognize their responsibilities in 
connection with radiation protection and understand and support appropriate radia
tion protection aspects of the work.

413. Specific services may be the responsibility of the RPO and associated staff, or 
they may be performed by other staff groups or outside service personnel on a con
tract basis. This latter situation will be normal for small users of radiation sources 
for whom it would not be cost effective to set up their own service organizations. 
In the latter situations the RPO shall review and audit the performance. Such func
tions will include:

— provision and assessment o f personal monitoring devices (film, TLD, etc.)
— assessment of samples o f biological material containing radioactive substances 

as an aid to determining body content (e.g. faeces, urine)
— operation of whole or part body monitors
— preservation of individual records of exposure
— assessment of the radiological conditions in the workplace, by means of 

monitoring and survey
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— assessment of the safety features of articles for use at work, e.g. X ray sets, 
sources, containers

— calibration and checking of monitoring instruments
— provision of advice on radiation protection aspects o f plans and proposals, 

including siting and construction of facilities
— provision of advice, information and training on radiation protection
— interpreting of intervention levels, provision of advice on handling emergen

cies and assistance in the handling of emergencies
— assessment of doses to the public.

Individual workers

414. Individual workers should follow the rules and procedures designed to protect 
themselves and other persons who may be affected by their acts of commission or 
omission. It is the task of the individual workers to ascertain to the best of their 
ability the nature o f the hazards associated with the work and to attempt to perform 
this work in a manner which is in accordance with approved procedures and which 
is safe for themselves and for other persons. It is also the task of individual workers 
to inform their supervisors and the radiation protection section immediately of any 
unforeseen occurrences involving increased radiation risks. They should be 
acquainted with the established procedures for work with radiation sources and 
radioactive materials, insofar as such procedures affect them. Copies of these proce
dures should be made available to individual workers as part of their training and 
instruction.

Radiation safety committee

415. A radiation safety committee may be established by the management in order 
to advise, at its request, on the various aspects o f radiation protection. Formal radia
tion safety committees are usually established in organizations with a high potential 
for exposure, such as research establishments and large hospitals. The committee 
should contain one or more specialists in radiation protection, including the person 
in charge of the radiation protection section. The rules of procedure and the guide
lines for referring matters to the committee should be carefully considered, 
documented and brought to the attention of all persons likely to be affected.

PERSONNEL SELECTION AND TRAINING 

Qualifications and  experience

416. In the personnel selection process due regard must be paid to qualifications and 
experience for all levels o f employees. For example, all workers need to be able to
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understand and implement the special precautions that are essential for good radia
tion protection practice, not only to minimize their own radiation doses, but also to 
ensure that other workers are not exposed to unnecessary risk.

417. By paying due regard to the size and complexity of the radiation facility under 
consideration, it will be possible to recommend minimum levels o f qualifications and 
experience that are appropriate to each grade of employee in both the operational 
chain of command or the specialist protection staff. For example, in a large facility 
within the nuclear power industry, the senior RPO will need to be o f graduate status, 
or equivalent, with many years of direct operational experience and a position of 
influence within the facility’s management structure. On the other hand, in an indus
trial establishment that makes only a minor use of ionizing radiations it is most likely 
that radiation protection will come under a multidiscipline, general safety officer 
who cannot be expected to have a detailed knowledge of each of the specialist 
disciplines. In this situation the advice of an outside radiation protection specialist 
should be available to the management.

Post-appointment training

418. It is essential that all personnel have some knowledge of the risks associated 
with exposure to radiation of the type and magnitude that could be experienced at 
the establishment and how such exposure may be controlled. If a training programme 
is to be optimized it is essential that the needs of each group of workers, in terms 
of knowledge and skills, be identified in advance. This optimization process will 
have to include consideration of the organizational and management aspects and the 
assigned roles and responsibilities of the workers. For instance in some organiza
tions, some workers are expected to perform their own area monitoring prior to and 
during the work and make decisions accordingly, while in other organizations this 
responsibility will be assumed by the RPO.

419. In the case of an existing facility, the training that has been identified as being 
appropriate should be compared with that actually provided to the workers. It must 
be emphasized that proper training of staff makes them more efficient and their 
response to situations more effective, thus potentially reducing radiation exposures. 
It must also be pointed out that a high level o f training in the operational techniques 
of the job is of major importance in reducing the times that may need to be spent 
in areas of significant radiation dose rate or in reducing the need for repeated perfor
mance of the job. A special situation arises when work needs to be carried out in 
an area of exceptionally high dose rate — maintenance, for example, of a reactor 
component or activities related to dealing with an accident situation. Here, a major 
reduction in exposure may be achieved if detailed ‘mock-up’ training can be under
taken in advance.
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420. Those personnel who need to enter or work in controlled areas will require a 
higher level of training or direct supervision than those who enter or work in super
vised areas2. Proper records should be maintained to show the training received by 
each individual worker and the date on which it was received. Such a record provides 
an immediate review o f training received to date and so permits an assessment of 
the future additional training, or revision, required. It is essential that such a review 
be periodically undertaken so that the required level of competence be maintained.

OCCUPATIONAL RADIATION CONTROL 

Dose o r intake control and  lim itation

421. The dose or intake control programme can be divided into technical measures 
and administrative measures.

422. Technical measures in this context include all physical means o f controlling 
radiation exposure, such as temporary shielding to augment shielding included in the 
facility design, rope barriers or fences to keep people at an adequate distance from 
the source or locked doors to prevent people inadvertently walking close to a source 
or entering an area of high contamination. Technical measures will also include the 
use of protective clothing and respiratory protection to limit inhalation, ingestion or 
absorption of radioactive material, decontamination facilities to reduce potential air
borne contamination or background dose rates, and local supplementary ventilation 
facilities, fume hoods or glove boxes.

Administrative measures

423. Administrative measures include:

(a) Appropriately written operating procedures which clearly establish and convey 
required actions and action levels, e.g. operational limits.

(b) Access controls, e.g. key controls whereby only individuals appropriately 
qualified by virtue of their training or experience are allowed access to certain 
areas of high or potentially high dose rates or contamination levels.

(c) Radiation work planning, whereby work likely to result in significant dose is 
adequately planned and authorized by appropriate levels o f supervision.

(d) Classification of areas, such as controlled areas where individuals in the course 
of their work might receive doses greater that three tenths of the dose equiva
lent limit and supervised areas where individuals might exceed one tenth of the 
dose equivalent limit, but are very unlikely to exceed three tenths of the limit.

2 The term s ‘con tro lled’ and ‘superv ised’ areas in this context have the sam e m eaning as in 
the Basic Safety Standards [1].
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(e) Warning signs posted at the entrance and within areas of radiation hazard 
indicating clearly the nature and magnitude of the hazard. These signs should 
include the basic radiation symbol (see Ref. [1], para. 511) and such additional 
information symbols or colours as may be required to indicate in a manner 
understandable to all concerned the type of area and the magnitude and 
particular nature of the hazard.

(f) Mock-ups or rehearsals o f the work to be done.
(g) Provision of protection assistants whose function would be dose control for the 

workers, assistance with protective clothing, radiation measurements, etc.

Surveillance programme

424. Three basic elements constitute an adequate occupational surveillance 
programme: individual dose or intake monitoring; area monitoring; and maintenance 
o f records and data.

Individual dose or intake monitoring

425. This includes assessment and recording of individual dose equivalents, both 
external and internal, and individual intake assessment. The facility operation should 
be carefully reviewed to determine which types of radiation exposure, and hence 
which types o f individual monitoring, are required, e.g. penetrating and non
penetrating external dose, extremity, neutron, whole body, radon daughters, 
etc. Effective dose equivalents must be recorded and the information collected and 
stored so that analyses can be performed to determine trends and future needs. 
Further guidance can be found in IAEA Safety Series No. 84 [7] and ICRP 
Publication 35 [8],

Area monitoring

426. Procedures should be established for the systematic monitoring of work areas. 
Radiation and contamination surveys during operations should be carried out to 
effect adequate hazard control at the workplace and to build up a suitable data bank 
in order that future decisions regarding radiation protection actions can be made in 
an informed manner. Appropriate instruments should be made available for monitor
ing external radiation dose rates and contamination within the establishment under 
normal working and emergency conditions. These instruments may include fixed 
types, providing a continuous indication of radiation or contamination levels at 
selected points within the establishment, and portable types, suitable for the detailed 
surveying o f external radiation fields and possibly contaminated areas and clothing.
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427. Instruments provided with alarms may also be required to detect the accidental 
release of radioactive materials, and, where appropriate, instruments should also be 
available to detect the occurrence of criticality excursions, high gamma fields and 
high neutron fields.

428. Areas in which radiation sources are stored or used should be monitored at 
regular intervals in order to check the effectiveness of the precautions taken to reduce 
radiation levels and to prevent the spread of contamination.

429. Some of this monitoring should be undertaken by the individual workers. This 
practice avoids loss o f time in waiting for radiation protection personnel to perform 
simple measurements and develops in the workers an understanding of the hazards 
involved and confidence in their ability to work with them. The radiation protection 
personnel should ensure that such monitoring is performed effectively and should 
carry out the more specialized types of monitoring themselves.

430. When an operation is likely to lead to a significant release of radioactive dust, 
vapour or gas, air and surface monitoring should also be performed.

431. A schedule of monitoring, specifying the areas to be monitored and the 
frequency of monitoring, should be drawn up and incorporated into local rules.

Maintenance o f  records and data

432. Appropriate records and data of all monitoring should be preserved. From time 
to time a review should be carried out to assess working conditions in the establish
ment or plant as indicated by the monitoring programme and to .evaluate any trends 
that are occurring.

433. Individual and collective doses information resulting from all work operations 
should be collected and collated as an aid to informed decision making in the future. 
Collective dose budgets based on previous operating experience are helpful in 
ensuring that collective doses are not allowed to increase inadvertently.

PUBLIC RADIATION CONTROL

Control and limitation of releases into the environment

434. Control o f the doses to the general public includes the establishment of limits 
for such releases using the principles given in IAEA Safety Series No. 77 [4]. In the 
optimization process, a trade-off between worker and public collective dose may 
have to be made. This can be illustrated most vividly in the case of nuclear power 
plants where, in the interest o f public safety, increasing requirements of in-service
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inspections and increased preventive maintenance may have resulted in increased 
occupational collective dose. The problem of the balance between doses to workers 
and to the public may need to be investigated in the medical and industrial uses of 
radiation sources.

435. The management of an operation shall be responsible for identifying the path
ways by which members of the public may receive significant exposure. Realistic 
estimates of the magnitude of these exposures shall be made prior to the commence
ment of operations. The relevant competent authority should review these estimates.

Location and control of sources in the public domain

436. While a source is under the control of an authorized user exposures can be con
trolled using techniques similar to those used for external exposure to workers, i.e. 
controlling the duration of exposure and the distance between public access point and 
the source, and making use of appropriate shielding.

Transportation o f  radioactive material

437. Regulations for control of this source of exposure are given in IAEA Safety 
Series No. 6 [9, 10].

Storage o f  radioactive wastes

438. Althoughf radioactive wastes are a potential source of exposure of the public, 
properly designed and well controlled storage facilities should minimize the hazard.

Surveillance programme
}

439. An adequate public radiation surveillance programme might consist of:

(a) Source or release monitoring. When radioactive material is released into the 
environment, either in the gaseous or liquid form, the quantities and forms 
should be monitored. Where warranted, a pathway analysis should be carried 
out to estimate the collective dose equivalent commitment to critical groups of 
the population.

(b) Environmental monitoring. An appropriate programme of air, water and food
stuff monitoring may be appropriate to ensure that compliance with release 
limits is being maintained.

(c) Radiation field monitoring. Radiation fields should be monitored to ensure that 
dose rates in areas to which the public has access remain suitably controlled.
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Records and data

440. Appropriate records and data of all source monitoring and environmental 
monitoring should be maintained. From time to time a review of these data should 
be carried out to determine trends. The data should also be reviewed by the relevant 
competent authority.

QUALITY ASSURANCE

441. A quality ensurance programme is an essential element of any operational 
situation and should include consideration of the radiation protection programme. All 
operations with an impact on radiation exposure or potential radiation exposure 
should be documented, and a formal approval process should be established to ensure 
that they have been given adequate management and expert consideration.

442. Other aspects of the radiation protection programme, for instance dosimetry 
programmes, should be carefully audited in order that a high level of confidence can 
be placed in the results since these not only indicate compliance with regulatory and 
authorized dose limits, but are also used for future decision making with respect to 
radiation protection efforts. Other aspects o f the radiation control programme should 
be appraised in order to determine the impact of lower degrees of reliability. If the 
impact is judged to be small then the quality assurance efforts can be reduced accord
ingly. Further details on operational quality assurance can be found in Safety Series. 
No. 50-SG-QA5 [11], This deals primarily with nuclear power plants but the princi
ples it contains apply in order operations.

443. Periodic operational radiation protection appraisals should be made of the total 
operation in order that any management or administrative oversights are revealed. 
Ope confidence in their ability to work with them. The radiation protection personnel 
should ensure that rations.

444. Periodic operational radiation protection appraisals should be made of the total 
operation in order that any management or administrative oversights are revealed. 
Operational procedures and conditions can vary gradually with time, staff members 
can change, and individual biases can arise, causing an inappropriately high degree 
of attention to one aspect o f radiation protection to the detriment of others. The 
whole programme should therefore be appraised in a systematic manner from time 
to time so that these problems do not continue indefinitely. An analytical tree 
technique is useful for this purpose.
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EMERGENCY OPERATIONS

445. The radiation protection programme of any facility must have the capability of 
effectively responding to accidents, uncontrolled releases of radioactive materials or 
unplanned exposure of workers or the general public. Measures to control the conse
quences of an accident must be planned and practised by all concerned. Further 
guidance can be found in Refs [2, 3],
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Annex I

REVIEW OF SELECTED PARTS OF THE BASKTSAFETY STANDARDS 
WITH SPECIAL,.REFERENCE TO 

OPERATIONAL RADIATION PROTECTION

RATIONALE UNDERLYING THE SYSTEM OF DOSE LIMITATION

1-101. The detrimental effects of radiation are classified as ‘stochastic’ and ‘non
stochastic’. Stochastic effects are characterized by the fact that their probability of 
occurrence is a function of dose over a substantial range of doses. Their severity ,, 
on the other hand, is independent o f dose. Conversely, for non-stochastic effects the! 
severity depends on the magnitude of tire'dose and there is a threshold dose below 
which the effects do not become manifest.

1-102. Owing to the existence of a well defined threshold dose, the prevention of 
non-stochastic effects is conceptually easy to achieve by not allowing doses to «xcee6 
limits selected sufficiently far below the threshold. Protection in ' this case can be 
absolute for routine operations. '  " "  1

1-103. For stochastic effects the situation is'different.^For radiation protection 
purposes it is assumed that there is a linear relationship between dose and the proba
bility of a stochastic effect within the range of doses encountered in radiation work. 
A consequence of this assumption is that doses are additive in the sense that equal 
dose increments increase by equal amounts the probability o f a deleterious effect, 
independently of the previously accumulated dose.

1-104. The objectives of the protection of individuals exposed to radiation are the 
prevention of the occurrence of non-stochastic effects and the limitation of the risk 
of stochastic effects to levels deemed to be acceptable. This is achieved by limiting 
the individual exposures. The total detriment from a given practice must also be 
taken into account. It is then necessary to ensure that the implied harm is justified 
by the benefits obtained from the practice, and that no further improvement in 
protection is warranted because it would only achieve a detriment reduction which 
is less significant than the additional costs involved.

1-105. As defined by the International Commission on Radiological Protection 
(ICRP), the effective dose equivalent is directly related to the risk of stochastic 
effects and is based on a risk of 1.65 x  10“2 per Sv to reflect the induction of lethal 
malignancies or of important genetic defects in the first two generations. For optimi
zation purposes, the objective health detriment is assessed via the collective effective 
dose equivalent and so does not include the hereditary contribution to the detriment 
of generations subsequent to the second nor the contribution from non-fatal
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malignancies. Furthermore, the actual risk per unit effective dose equivalent depends 
on sex, age and other factors. The possible influence of these omissions and other 
effects on the optimization of radiation protection has been reviewed by the ICRP
[12] and it was concluded that for many practical purposes the use of the effective 
dose equivalent would not significantly underestimate the total detriment.

1-106. The primary dose limits are not intended to be objectives for planning or 
design purposes but the lower boundary of a forbidden region o f values. Values 
above the limits are specifically not permitted, whilst values below the limits are not 
necessarily permitted. In this sense, the limits are only constraints for the optimiza
tion procedures. ---------

JUSTIFICATION

1-107. The justification of a proposed practice or operation involving exposure to 
radiation shuld be determined by consideration of the advantages and disadvantages, 
to ensure that there will be an overall net benefit from the introduction of the prac
tice. Competent authorities need to ensure that the total detriment from a proposed 
practice is appropriately small in relation to the benefit expected. It is presumed that 
the justification process will take place prior to, or possibly in parallel with, any 
detailed design considerations. Consequently, by the time that practical operational 
protection becomes relevant, the activity should have already been justified and so 
further consideration in this document is not warranted.

INDIVIDUAL DOSE LIMITATION 

Limits

1-108. A limit is the value of a quantity which must not be exceeded in normal 
operation. The limits used in radiation protection are primary dose equivalent limits, 
secondary limits, derived limits and authorized limits.

1-109. The primary limits relate to dose equivalent, effective dose equivalent and 
committed effective dose equivalent (which is the effective dose equivalent accumu
lated during the 50 years following an intake of radioactive material into the body), 
or to the average dose equivalent and committed dose equivalent in an organ or a 
tissue. The limits apply to an individual or, in the case of exposure of the public, 
to the critical group.

I-110. The limit for the radiation protection of workers in relation to the proba
bility of stochastic effects is that the annual effective dose equivalent to any worker
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must not exceed 50 mSv. To prevent non-stochastic effects, the annual dose equiva
lent to the individual organs and tissues of workers must not exceed 500 mSv, except 
for the lens of the eye, where the limit is 150 mSv.

1-111. The dose limits for members of the public are intended to be applied to the 
effective dose equivalents to the members of the critical group. This group should 
be representative of those individuals in the population expected to receive the 
highest dose equivalent. The group should be small enough to be relatively 
homogeneous with respect to age, diet and those aspects of lifestyle and behaviour 
that affect the doses received. For stochastic effects, the limit for the annual effective 
dose equivalent is 5 mSv (but see para. 1-114), exposure from natural sources and 
medical exposures being excluded. If the exposure of the same individual extends 
over many years the average annual effective dose equivalent should not exceed 
1 mSv. This latter recommendation is considered prudent, but at the same time it is 
recognized that keeping doses to ALARA is of greater importance to radiation 
protection than is a reduction in the upper limit.

1-112. The annual dose equivalent limit for the individual organs and tissues of 
members of the public is 50 mSv. This value is chosen so that non-stochastic effects 
are avoided (see also para. 1-113).

1-113. It should be noted that the present view of ICRP [13] is that the principal 
dose limit for members of the public should be 1 mSv in a year. However, they also 
say that it is permissible to use a subsidiary dose limit of 5 mSv in a year for some 
years, provided that the average annual effective dose equivalent over a lifetime does 
not exceed the principal limit. The non-stochastic organ dose limit of 50 mSv then 
becomes unnecessary for most organs, but is retained for direct application to the 
skin and the lens of the eye.

1-114. In order to demonstrate compliance with the primary limits, secondary 
limits such as annual limits on intake (ALI) can be used. In the case of external 
irradiation the Basic Safety Standards suggest that the secondary limits could be 
expressed in terms of the deep dose equivalent index H[ d or the shallow dose 
equivalent index HI s.

1-115. The principles used in the calculation of secondary limits also apply in the 
case of members of the public. For radionuclides in the same physicochemical form 
as those found in the workplace, ALIs for adult members of the public can be 
obtained by dividing the ALI figures for workers by 10. In other cases, and espe
cially for optimization purposes, calculations should be carried out to derive values 
o f committed dose equivalent per unit of intake. These calculations should follow the 
same principles as used by ICRP Committee 2 to calculate ALIs for workers, but 
should be based on appropriate biological parameters and should take account of 
the physicochemical forms o f radionuclides likely to be encountered in the public
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environment. A full discussion of issues related to the derivation of secondary limits 
for members of the public can be found in the Washington Statement of the 
ICRP [14].

1-116. Derived limits are related to the primary limits by means of some defined 
model. They may be set for quantities such as dose equivalent rate in a workplace, 
contamination of air, contamination of surfaces and contamination of environmental 
materials. The accuracy of the link between derived limits and primary limits 
depends on the realism of the model used in the derivation.

1-117. Practical working limits for various quantities may be specified or accepted 
by the competent authority or by the management of an institution or facility. These 
are generally called ‘authorized limits’ if set by the competent authority or ‘opera
tional limits’ if set by the management. Where such limits exist they are usually more 
restrictive and take precedence over primary, secondary or derived limits, although 
exceptionally they may be equal to them. They may also include source related 
requirements such as values for rate of releases of radioactive materials, dose rates 
outside a shield, or collective dose per unit of practice. Authorized limits for workers 
may be general and of wide application or may apply only to well defined local 
circumstances. Authorized limits for the public are generally applied to control the 
doses to members of the critical group. Authorized or operational limits,may result 
from an optimization study or, exceptionally, be derived from the dose equivalent 
limits. Alternatively, an authorized limit may be used as a constraint to an optimiza
tion study.

Reference levels

1-118. Reference levels can be essential tools in the monitoring and maintenance 
of the optimization of practical operational protection programmes. Reference levels 
may be established for any of the quantities determined in the course of routine radia
tion protection, whether or not there are limits for these quantities.

1-119. A reference level is not a limit but is used to determine a course of action 
when the value of a quantity exceeds or is predicted to exceed the chosen reference 
level. The action to be initiated may range from simply recording the information, 
through investigations into causes and consequences, up to direct intervention. It is 
important to define the general scope of this action when defining the reference level. 
To date the most commonly used reference levels have been:

(a) Recording levels are levels defined by the competent authorities for dose 
equivalent or effective dose equivalent or intake above which the information 
is of sufficient interest from a radiation protection point o f view to be worth 
recording and keeping.
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(b) Investigation levels are defined as values of dose equivalent or effective dose 
equivalent or intake above which the results are considered sufficiently impor
tant to justify further investigations.

(c) Intervention levels are usually specified in advance by a competent authority 
or management of an installation for use in abnormal situations. If the value 
of a quantity does not exceed or is not predicted to exceed the intervention 
level, then it is highly improbable that intervention will be warranted.

1-120. Although not mentioned in the Basic Safety Standards [1] it should be noted 
that in practice the recording level has largely been replaced by a notification level, 
which is a level, defined either by the competent authority or by the dosimetry 
laboratory, for the dose equivalent or effective dose equivalent or intake above which 
information about the situation is of sufficient interest to warrant immediate notifica
tion to the operator. All dosimetric results for personnel working in controlled areas 
are now usually recorded, however small, because the retention of large quantities 
o f information is now simple and economical with the use of computers and because 
there is a need for information at low dose levels to aid optimization studies and also 
for epidemiological investigations.

1-121. The ICRP [15] and the IAEA [16] have introduced a three tier system for 
implementing intervention levels. This was developed with particular reference to 
planning for protection of the general public in the event of major accidents, but 
could have more general applicability. Since intervention can be expensive and 
involve risks, difficulties, disruption and distress, it is essential that intervention 
levels are chosen in such a way as to permit a significant degree o f operational flexi
bility. The ICRP therefore proposes that it should be possible, on radiation protection 
grounds, to set a lower level of dose below which intervention will not be warranted 
and a higher level above which intervention should almost certainly be required. The 
dose range between these two levels defines an area within which local considera
tions, pressure, etc., are able to influence the decision as to when intervention is 
required.

OPTIMIZATION

1-122. The optimization of radiation protection implies that the detriment arising 
from a practice should be reduced by protective measures to a value such that further 
reductions become less important than the additional efforts required. This balance 
can be achieved by the use of a wide range of techniques, some drawn from opera
tional research, some from economics and some from engineering.
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OCCUPATIONAL EXPOSURE

1-123. Two classes of working conditions are recognized under which workers are
exposed to ionizing radiation in connection with their work.

(i) Working condition A: conditions where the annual exposures might exceed 
three tenths of the dose equivalent limits. Workers under this working condi
tion shall be subject to ‘special health supervision’ and individual assessment 
of dose equivalent.

(ii) Working condition B: conditions where it is most unlikely that the annual 
exposures will exceed three tenths of the dose equivalent limit.

1-124. Areas of work shall be identified and classified aceording_to the potential
level of exposure. Two areas are specifically defined:

(i) Supervised areas: areas such that it is most unlikely that the aimq^l dose; 
equivalents outside the supervised area-wili exceed one tenth of the occupa
tional limits.

(ii) Controlled areas: areas where workers could receive exposures in excess of 
three tenths of the dose equivalent limits.
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Annex II

11-101. Optimization of radiation protection applies to all situations where radiation 
exposures can be controlled by protection measures. It is an important consideration 
in the selection and design of protection systems for installations and equipment, and 
in the performance of operations.

11-102. The selection of the level of protection that meets the optimization require
ment is a decision involving many components, some of which will almost certainly 
be in conflict with others. The process consists in principle o f an evaluation of all 
the alternative options of protection and their consequences.

11-103. The main features of the optimization procedure can be summarized as 
shown in Fig. II-1. The purpose of the procedure is to clarify the problem under con
sideration so that the main alternative radiological protection options are identified 
and their consequences properly assessed. These consequences may include impor
tant effects not directly associated with radiological protection.

11-104. This approach is general and may be applied, for example, to the overall 
optimization of a large radiation protection system or equally satisfactorily to a small 
individual component of such a system. The decision aiding techniques available 
include, but are not confined to, procedures based on cost-benefit analysis. These 
procedures have, to date, received the most attention in relation to radiation 
protection [17].

OPTIMIZATION OF RADIATION PROTECTION

FIG. II-l. Optimization procedure.
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11-105. Although, in general, an optimization procedure will tend to focus on the 
collective effective dose equivalent, it is important to realize that other considera
tions can take precedence. This may occur when the total detriment is dominated by 
a contribution arising from the exposure of large groups at low levels o f individual 
dose, thus effectively masking the contribution from a small group that is highly 
exposed at individual dose levels that are close to authorized limits. Better radiation 
protection may be achieved by obtaining an appropriate balance between the magni
tude of individual doses and the overall collective dose. Alternatively, it may be 
decided to restrict the individual doses to the most highly exposed group, such that 
the overall level of protection is more restrictive than would have been indicated by 
an optimization based only on collective dose. Such considerations may be appropri
ate when optimizing a practice that involves on-site exposure of workers and off-site 
exposure of large numbers of the general public, or when considering practices that 
may involve repeated exposure to a small number of particular workers with 
specialist skills.

TECHNIQUES TO AID DECISION MAKING

11-106. Several methods can be used to aid decision making. Some methods are 
limited to comparisons between options. For example, multicriteria methods 
compare the various options by pairs taking into account all the criteria to determine 
whether one option is better than the other, and then repeating the process to eventu
ally reach the final decision. The value of these methods is that they take account 
of many criteria and provide a simple procedure for dealing with qualitative aspects. 
However, the sophistication is often such that the methods only allow for the 
preselection of the better options rather than giving an absolute overall ranking.

11-107. Other methods, called aggregative methods, instead of comparing the 
different options in pairs, attempt to combine the values of the criteria in each option 
into a single value, ranking the results for the different options. Examples of these 
methods are multi-attribute analysis, decision analysis and cost-benefit analysis. An 
inherent requirement of all these methods is an adequate quantification of the various 
parameters. The most widely used aggregative methods rely on utility functions to 
provide this quantification. A utility function is a scale expressing the possible values 
of one parameter by numbers (called utilities) lying between 0 and 1 , assigned in 
such a way that if one outcome is preferable to another the utility of the first is greater 
than that of the second. Utility functions are not necessarily linear, and have no other 
foundation than preferences — usually those of the decision maker — regarding a 
given parameter. The final decision is based on the total utility of each option, 
obtained by combining the several utilities involved. Account is taken of the relative 
importance o f the various parameters by assigning a weight to each. The best option 
is the one that maximizes total utility.
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H-108. An important method based on utility functions is the special case of cost- 
benefit analysis. This method involves those parameters that can be expressed in 
monetary terms. The resulting utilities are linearly related to such monetarized 
parameters. Factors which cannot be related to monetary values have to be consid
ered outside the context o f cost-benefit analysis.

11-109. A simpler, but more limited, method for comparing options is that of 
incremental cost effectiveness. Here, the cost of various options is compared with 
the predicted or measured benefit arising out of the particular option, The benefit 
does not have to be measured in monetary terms; it might for example be the magni
tude of a direct saving in radiation dose. Cost effectiveness analyses are appropriate 
to the choice between options when a specific dose reduction is required, or when 
the amount of money available for radiation protection is fixed. In these cases, they 
may provide a relatively simple means for the a priori exclusion of certain options 
in preparation for a formal optimization analysis.

11-110. Some caution is necessary regarding these quantitative methods of decision 
making. The quality of the overall optimization depends heavily upon the quality of 
the judgements and data which went into the analysis. It is therefore necessary to 
evaluate the sensitivity of the solution to variations in some or all of the judgemental 
inputs and data. Such sensitivity assessment allows the identification of the crucial 
factors in the decision and helps in making the approach more meaningful, particu
larly when the problem is complex.

FACTORS INVOLVED IN THE OPTIMIZATION OF RADIATION 
PROTECTION

II- 111. The deleterious effects of radiation exposure have been quantified in terms 
of risk and detriment by the ICRP [18]. The risk associated with a given dose is the 
probability that a given individual receiving the dose will incur a particular radiation 
induced deleterious effect as a result. The detriment, on the other hand, is defined 
as the mathematical expectation of the amount of harm in an exposed group of 
people, taking into account both the probability and the severity of the different 
possible harmful effects. Harmful effects include the stochastic and non-stochastic 
effects (adding up to what is known as the objective health detriment), as well as the 
concern and anxiety of the individuals at risk and any adverse consequences due to 
restrictions imposed because of the occurrence of radiation exposures.

H-112. At exposure levels encountered under normal operational conditions, that 
is below the dose limits, the stochastic component of the detriment associated with 
a particular activity is proportional to the collective effective dose equivalent.
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II-113. The components of the detriment arising out o f the concern and anxiety of 
the exposed individuals should be a function (not necessarily linear and not necessar
ily the same for all exposed groups) of their individual effective dose equivalent, i.e. 
can be expressed as f(H). This idea incorporates the assumption that normal aversion 
to risk increases more than linearly with risk at higher risk levels. The form o f f(H) 
may also change, as do social attitudes, with time.

11-114. All the components of the detriment could be considered separately in the 
multicriteria methods of decision making. However, in cost-benefit methods a 
monetary value has to be assigned to the detriment. The assessment of the cost o f 
detriment can be controversial as it involves implicit or explicit judgements on values 
of health (and therefore of life) and in some cases of non-health harm. The cost of 
the detriment Y can conceptually be divided into components which can be treated 
separately:

Y  = Y h +  Yj + Y 2 + ...

where YH is the cost o f the objective health component o f the detriment, and Yj, 
Y2 ... are the costs o f the various other significant components o f the detriment.

II-115. In view of the above, the cost of the total detriment can be expressed in the 
general form:

Y ^  «  S +  0  ^  Njfj(Hj)
j

where

a  is a dimensional constant expressing the cost assigned to the unit collective 
dose equivalent for radiation protection purposes 

/3 is the monetary cost assigned to a unit of the other components of the detriment
S is the collective effective dose equivalent
fj is a function of individual dose equivalent which would depend on risk aversion

attitudes and national or managerial regulations 
Hj is the per caput dose equivalent to the Nj individuals in the j ’th group.

n-116. In the second term of the above expression for Y, the form of fj(Hj) and 
the factors that it encompasses are extremely varied and in some cases can be very 
complex. This function has to normalize each of the various components of detriment 
so that a single value of /3 can be employed. Conceptually it may be preferable to 
separate the various components and to assign to them their own specific value of 
/3, in which case the general expression for Y becomes

Y  =  a S  +  £  13j  Nj fj (Hj) 
j
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where /3j is the monetary cost assigned to the unit of the collective dose equivalent 
delivered to the j ’th group.

II-117. In ICRP Publication 42 [19], reference is made to a special case of this last 
equation where the additional components of detriment are proportioanl to compo
nents of the collective dose and the second term simplifies to 

£
j

11-118. The assignment of a minimum international value for alpha has been 
addressed by the IAEA with particular reference to transboundary radiation exposure
[20]. Otherwise values may be ascribed to alpha and beta by national bodies, or by 
individual decision makers in the light o f special local considerations. Care should 
be exercised in disaggregating values which include alpha and beta terms, and in 
particular it should be understood that values referred to in the literature loosely as 
‘values of alpha’ or ‘the cost of the man-sievert’ may contain an implicit beta term.

II-119. In cost-benefit procedures it is also necessary to compute the cost o f protec
tion. Any effort to increase the level of protection implies a cost to society in terms 
of work, time, materials and even risks. The monetary value of the cost of protection 
should be based on conventional economic techniques that take account of the actual 
expenses and their distribution in time. The two most commonly applied procedures 
are present worth evaluations and capitalized or annualized cost estimates. Both of 
these take into account the initial capital expenditures and the operating or running 
costs over the lifetime of the installation with allowance for discounting of costs 
incurred in the future for comparison with cost incurred at the start.

COST-BENEFIT PROCEDURES IN THE OPTIMIZATION OF RADIATION 
PROTECTION

11-120. The cost-benefit technique has been recognized by the ICRP to be particu
larly appropriate in the optimization of radiation protection, and indeed was the 
subject of ICRP Publication 37 [17]. The ICRP draws attention to the availability 
o f other techniques, and it must be remembered that cost-benefit analysis can be only 
one input to the decision making process, because it encompasses only those criteria 
on which a monetary value can be placed.

11-121. The net benefit B to society of a particular installation, source or practice 
can be expressed as:

B =  V - ( P  +  X +  Y)
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6q Col lect ive  dose
c o m m i t m e n t  S g  q

FIG. 11-2. Optimization o f  radiation protection; S0 represents the optimum level o f  
protection.

where

V is the gross benefit
P is the sum o f all production costs, but excluding protection costs
X is the cost of achieving a selected level o f radiation protection
Y is the total detriment cost associated with that selected level o f protection.

The objective is to maximize the net benefit, and if V and P are independent of the 
level o f protection w then the optimal solution arises when:

X(w) +  Y(w) — minimum

The process described by this equation can be represented graphically as shown in 
Fig. n-2.

Alternatively, if P does vary with w, then the optimal solution becomes: 

P(w) +  X(w) + Y(w) - minimum

CONCLUSION

H-122. In practice the particular circumstances under review will tend to limit the 
choice of available techniques. For example, a largely qualitative analysis will often
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be most appropriate to an existing operational situation, whereas a quantitative 
approach is likely to be advantageous at the planning or design stage. As the applica
tion of these techniques is developed, the aim should be towards a more quantitative 
approach whenever possible. This is particularly recommended to competent 
authorities in the formulation of guidelines for parameters such as authorized limits 
or reference levels.
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Annex in

TECHNIQUES FOR THE SYSTEMATIC APPRAISAL OF 
OPERATIONAL RADIATION PROTECTION PROGRAMMES

(This annex is based on the material contained in IAEA-TECDOC-430 [21])

ffl-101. An operational radiation protection programme should be critically exam
ined from time to time, both by or on behalf o f the management and by or on behalf 
of the regulatory authority in order to appraise its adequacy and effectiveness. It is 
suggested that analytical trees be used to assist in the accomplishment o f such 
appraisals.

ANALYTICAL TREES

HI-102. The use of analytical trees originated from ‘fault tree analysis’ in the early 
1960s in the aerospace industry in an attempt to eliminate oversights, particularly at 
system interfaces, which had previously resulted in costly retrofits or unnecessarily 
short operational lifetimes for promising systems. Fault tree analysis was strongly 
hardware oriented but showed promise as an analytical tool for evaluation of systems 
involving a great deal of human performance. Development of the MORT [22] con
cept a decade later made application of a fault tree analysis to management systems 
a reality. Since then analytical trees have been developed both as a tool for investiga
tions o f  unwanted events (e.g. accidents) and for the evaluation o f  existing systems 
(e.g. programmes) to assess their effectiveness.

I ll-103. An analytical tree is a graphical display of information to aid the user in con
ducting a detailed analysis o f any system or programme (hardware, human or 
environmental) to determine critical paths to success or failure. It identifies the 
details and interrelationships that must be considered to prevent oversights, omis
sions or redundancies that could lead to less than optimum programmes. It also 
enables the analyst to:

(a) Systematically identify the possible paths from base events to the predicted 
outcome

(b) Display a clear visual record of the analytical process
(c) Identify management system strengths and weaknesses
(d) Provide a basis for rational decision making by management or regulator.

ID-104. In an analytical tree the top or major event is given. It may be a desired 
objective or goal (positive tree) or an unwanted or injurious event (negative tree).
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The tree is developed by breaking down the top event into the components required 
to achieve it. Each o f these components is listed on a second tier. The process is then 
repeated for each o f the components on the second tier so that each is systematically 
broken down into its proper components, which are listed on a third tier. The process 
continues until the tree contains all necessary and sufficient items, events, proce
dures, equipment, etc., required to achieve the top event. The user must decide how 
far to pursue the construction. Construction of an analytical tree, therefore, consti
tutes a deductive analysis o f a management or safety programme, proceeds from the 
general to the specific, or outcome to source and answers the question ‘how would 
this happen’?

I ll-105. The main purpose of analytical trees is the modelling of complex pro
grammes. Once an analytical tree has been developed it can be used as a tool to aid 
the assessment, investigation and improvement of the programme in both normal and 
accidental situations. It can be used in connection with appropriate indicators for the 
ongoing control of the programme or a subprogramme within it. The extent to which 
analytical trees may be used will vary, depending on the type of facility or operation, 
on the needs of the user, on the type of assessment to be undertaken and on the 
problem to be solved.

I ll-106. A very detailed description of the method is given in Ref. [22], The aim 
of this annex is to give practical guidance on the construction of a positive analytical 
tree.

Logic symbols used in analytical trees

Events, components and condition

III-107. Logic symbols commonly used to denote events, components or conditions 
are the rectangle, circle, diamond and ellipse.

CD The rectangle is used to denote a general component or condition, or an out
pu t event resulting from a logical combination of contributory events, consti
tuents or conditions acting through a logic gate. Rectangles are usually 
located in the upper tiers of an analytical tree.

Q  The circle is a terminal basic or specific component, item or constituent
requiring no further development. It is located on the ends of the branches 
of analytical trees.

0  The diamond is an undeveloped terminal component which is not developed
for lack of information or resources, or to avoid redundancy.

o  The ellipse is a conditional component which applies constraints on a logic
gate or output.
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AND gates

0  The AND gate indicates that all the ‘inputs’ below have to be considered for 
a given ‘output’ above.

Transfers

III-109. A transfer symbol, denoted by a triangle, is used to reproduce tree compo
nents located in one part of a tree in other parts o f the tree.

A — The in-transfer with a horizontal arrow towards the triangle shows a transfer 
from another part of the tree.

A — The out-transfer with a horizontal arrow away from the triangle shows a 
transfer to another part of the tree.

General steps in the construction of an analytical tree

III-110. The top event is the condition or event that is desired to be achieved.

HI-111. Only by fully understanding the programme, its components and details, 
and their interrelationships and interfaces can a logical and complete analysis be 
performed. All the components which contribute to the production of the top event 
must be identified. A ‘brainstorming session’ can be a useful aid at this stage of the 
construction.

I ll-112. With the top event defined and the components identified for each tier of 
the tree, the tree should be constructed using appropriate logic. Only necessary and 
sufficient components should be included in each tier of the tree, i.e. the components 
identified have to be the minimum necessary and no more than is sufficient to 
produce the output component located in the preceding tier.

m-113. Once construction of the analytical tree has been completed, one or more 
knowledgeable persons should review the components and logic for accuracy and 
completeness. The purpose of the validation review is to confirm that:

— the tree meets the intended objective
— the programme and its functioning are fully covered
— the components and their interactions are necessary and sufficient to logically 

produce the desired output.

Validation has repeatedly proved to be essential for obtaining an accurate and com
plete tree which identifies programme weaknesses and strengths and leads to a proper

III-108. A commonly used logic symbol is a gate:
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assessment. The practical use of a tree will identify further modifications and 
improvements, thereby providing additional validation.

General application of analytical trees

III-114. The analytical tree is a tool for bringing clarity to a complex programme 
by depicting all the necessary components in a logical graphical display.

HI-115. An analytical tree can provide a basis for the fact finding stage of the 
appraisal of a programme or subprogramme. This involves use of the tree to identify 
a large series of questions, the answers to which provide all the facts relevant to the 
appraisal. It is this application which is relevant to radiation protection programmes.

HI-116. An analytical tree can be an aid in the management control of complex pro
grammes. This application utilizes the tree to identify the most appropriate indicators 
which are representative of the performance of subprogrammes within a complex 
programme. Examples of such performance indicators within a radiation protection 
programme are:

— individual dose, cumulative dose, dose rate
— instantaneous or cumulative rates of gaseous or liquid releases
— frequency of reportable incidents
— frequency o f failures o f radiation protection equipment or instrumentation as 

a measure of their suitability for intended use or the adequacy of the main
tenance procedures

— adequacy o f personal performances as a reflection of the effectiveness of 
training programmes.

m-117. An analytical tree can be constructed as a fault tree to aid the investigation 
o f incidents or accidents. In this application the top event becomes the incident and 
the tree aids the identification of possible causes which may produce or contribute 
to the incident.

Construction of analytical trees for radiation protection

in-118. The following guidance is provided to assist in the construction of an 
analytical tree. It is important that the top of the tree (a programme, event or condi
tion) be stated clearly. The components that are necessary and sufficient to achieve 
the top event are then identified with the aid of deductive logic. These components 
should be separate and different from each other and stated in as general terms as 
possible. Each of these components is placed on the first tier. Subsequently, these 
first tier components are each reduced into their necessary and sufficient subcompo
nents, which are placed on the second tier. The process is repeated and the tree is 
developed through lower tiers, proceeding from general to specific subcomponents.
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F I G .  1 I I - 1 .  F i r s t  s t a g e  o n  t h e  d e v e l o p m e n t  o f  a  g e n e r a l  a n a l y t i c a l  t r e e  f o r  o p e r a t i o n a l  

r a d i a t i o n  p r o t e c t i o n .

F I G .  I I I - 2 .  S e c o n d  s t a g e  i n  t r e e  d e v e l o p m e n t .

F I G .  I I I - 3 .  T h i r d  s t a g e  i n  t r e e  d e v e l o p m e n t .
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F I G .  I I I - 4 .  F o u r t h  s t a g e  i n  t r e e  d e v e l o p m e n t .

The questions “ what are the types?” , “ what do they consist of?” , “ what is 
needed?”  and “ what do they concern?*1 are then asked, although not necessarily in 
that order, to help identify the subcomponents.

III-l 19. For example, if the top event is ‘an adequate and effective radiation protec
tion programme’ then, in answer to the question “ what does it consist of?” , the user 
may at first deduce that ‘personnel’, ‘facilities and equipment’, ‘procedures’, 
‘occupational radiation control’, ‘public radiation control’, and ‘organization and 
management’ are all first tier components. However, on closer scrutiny, it becomes 
evident that ‘occupational radiation control’ and ‘public radiation control’ are differ
ent from the other components since they better answer the question ‘what does it 
concern?’, e.g. what does ‘an adequate and effective radiation protection 
programme’ concern? Since these components answer two different questions, they 
do not belong on the same tier as the other components, and since ‘occupational 
radiation control’ and ‘public exposure control’ are more general concepts, they are 
placed on a tier above the other components. Consequently, the tree shown in 
Fig. ni-1 is constructed.

m-120. Since ‘personnel’, ‘facilities and equipment’, ‘procedures’ and ‘organiza
tion and management’ answer the question “ what is needed?”  for ‘occupational
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radiation control’ and also for ‘public radiation control’, the tree is further developed 
as illustrated in Fig. HI-2.

III-121. For purposes of clarity, only one of these branches, namely ‘occupational 
radiation control’ will be developed. Consequently, the presentation of the tree is 
modified as shown in Fig. n i-3 .

I ll-122. Subsequently, the user proceeds to ask the remaining question “ what are 
the types?”  of ‘an adequate and effective radiation protection programme’. The user 
can answer that there are two different types of radiation protection programmes, 
namely one for ‘normal operations’ and one for ‘emergency operations’ since dif
ferent ‘facilities and equipment’ and ‘procedures’ (tier 2 components) and ‘occupa
tional radiation control’ and ‘public radiation control’ (tier 1 components) are 
required. Since ‘normal operations’ and ‘emergency operations’ are both more 
general than the aforementioned tier 1 and tier 2 components, ‘normal operations’ 
and ‘emergency operations’ must both be placed above tier 1 and the tree must be 
modified as in Fig. HI-4.

HI-123. In a similar fashion, subsequent tiers o f the analytical tree are developed. 
As the tree progresses through lower tiers, however, it becomes important to group 
the components into subprogrammes or units which perform discrete functions or 
have discrete purposes within the overall radiation protection programme. Examples 
are ‘internal dosimetry programme’, ‘gaseous effluent monitoring programme’, and 
‘routine surveillance programme’. Such grouping of components helps ensure that 
the tree is useful in the appraisal process.

HI-124. Grouping the components into subprogrammes may require certain compo
nents to be repeated (e.g. ‘personnel selection, training and qualification’, ‘facilities 
and equipment’) but they are included only if they are required in the subprogramme 
component. In other words, the tree components now need to be more and more 
specific, and eventually, in the lowest (final) tier, the basic elements are identified. 
Examples of basic elements are a specific type of instrument, a specific procedure, 
or a specific job description.

Development of a detailed branch of an analytical tree

III-125. This section provides an example of the development of one detailed branch 
of an analytical tree. The example describes a positive analytical tree method for 
determining the elements necessary to an adequate and effective surface contamina
tion control component of a radiation protection programme. The analytical tree is 
considered in sufficient detail to allow the user to develop specific questions which 
can be answered by document review, personnel interview or direct observation. The 
answers to such questions help in determining the facts needed whilst conducting an

41

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



P
ro

ce
du

re
s

42

F
IG

. 
II

I-
5

. 
F

in
a

l 
s

ta
g

e
 

in 
tr

e
e

 
d

e
v

e
lo

p
m

e
n

t.

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



F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



44

F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



45

F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



46

F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



47

F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



48

F
ig

. 
II

I-
5

 
(c

o
n

t
.)

.

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



49

F
ig

. 
11

1
-5

 
(c

o
n

t
.)

.

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



appraisal. Subsequent verification and analysis of these findings assist in determining 
the strength and weaknesses of the programme component under review.

HI-126. The tree depicted in the last section, which illustrates the major components 
o f an adequate and effective radiation protection programme, together with some of 
the more detailed components of ‘occupational radiation control’, can be developed 
to lower and lower tiers until specific elements can be identified, by which time the 
tree might appear as in Fig. HI-5. This detail can then be used as the basis for a 
surface contamination control programme since it identifies all the elements that need 
to be addressed. A series of questions is formulated using the question words 
“ how” ? “ what” ? “ when” ? “ where” ? “ how often” ? “ by whom” ? in combination 
with the word in the element and the word in the component above. In general, the 
more specific the component, the more specific the question, and the more specific 
the answer that is obtained. Similarly, the more specific the answer, the easier it is 
to evaluate, or assess or compare with predetermined criteria or standards.
I ll-127. In the case of only a minor use of radioactive materials, many of these 
elements may be safely omitted from the programme. However, it is the thorough
ness of the approach that is the strength of the technique.
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FIG. 1. Upper tiers o f  an analytical tree depicting an effective operational radiation protection programme.
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