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FOREWORD

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

Since the publication of Safety Series No. 13, there have been considerable 
developments in the principles and concepts of radiation protection. These were 
incorporated in the recommendations of the International Commission on Radio
logical Protection (ICRP), issued in 1977 as ICRP Publication 26, and in other subse
quent ICRP publications, and in the Basic Safety Standards for Radiation Protection 
published in 1982 jointly by the IAEA, the International Labour Organisation (ILO), 
the World Health Organization (WHO) and the Nuclear Energy Agency of the 
Organisation for Economic Co-operation and Development (OECD/NEA). One of 
the main features o f the new Basic Safety Standards is an increased emphasis on the 
optimization of radiation protection. As a result of these developments it was 
considered necessary to replace Safety Series No. 13 with a new document providing 
practical guidance on the application of the Basic Safety Standards to operational 
radiation protection, with special reference to the principle of optimization. The 
resulting document (Safety Series No. 101, Operational Radiation Protection — A 
Guide to Optimization) has recently been published. It recommends the use of 
analytical trees as a tool for the appraisal o f operational radiation protection 
programmes during the optimization process.

Safety Series No. 101 is necessarily very general and so a series o f more 
specific documents have been developed giving guidance on the provision of radia
tion protection services in various operational situations. The present book is one of 
this series. It can be considered as complementary to the NUSS Safety Guide 
“ Radiation Protection During Operation of Nuclear Power Plants” , Safety Series 
No. 50-SG-05.

An Advisory Group meeting held in Vienna in June 1986 under the chairman
ship of R.B. Pepper of the Central Electricity Generating Board (United Kingdom) 
considered a draft text prepared by R. Sparkes of Ontario Hydro (Canada). 
Subsequent redrafting was carried out in Vienna by R. Sparkes acting as a 
consultant. Technical editing and final compilation were carried out by F. Bland of 
th,e United Kingdom National Radiological Protection Board and by R.E. Utting of 
the Radiation Protection Section of the IAEA.
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1. INTRODUCTION

101. The purpose of this publication is to provide practical guidance on establishing 
and maintaining a radiation protection programme for a nuclear power plant that 
is consistent with the optimization process recommended in the Basic Safety 
Standards [1].

102. Significant emphasis has been given elsewhere to the optimization of radiation 
protection in nuclear power plant design. This publication extends that emphasis on 
optimization to radiation protection during plant operation. The text of the document 
provides general guidance on the various components of an optimized radiation 
protection programme but does not go into specific details.

103. The operation of a nuclear power plant requires a wide range of radiation 
protection services. There is frequently no obviously best way to structure and 
provide a particular service. This publication provides assistance in this regard on 
the basis of actual operational radiation protection experience. It is written with a 
view to providing guidance to every person associated with the radiation protection 
programme for a nuclear power plant and develops the theme that radiation protec
tion requires the commitment of all plant staff, including higher levels of executive 
management. Management is singled out for special guidance because the optimiza
tion of radiation protection can only be achieved with their fullest commitment to the 
Basic Safety Standards [1].

104. The current level of radiation protection performance in many nuclear power 
plants is such that it is difficult to justify large capital expenditures to improve perfor
mance. The improvements in performance must therefore be based primarily on 
management rather than technological factors and must be aimed at more effective 
use of investments already made in plant facilities. Sections 4 -7  provide a review 
of some important factors which can make a significant contribution to the optimiza
tion of radiation protection and many of these are management factors.

105. There is no absolute standard of excellence in radiation protection. The concept 
of excellence implies a continuous search for improvement in performance and full 
utilization of available resources. Attaining excellence requires an uncompromising 
approach to the setting of meaningful goals and then striving to achieve these goals 
through the effective management of resources. Managers must never accept 
complacency in the belief that their radiation protection programme is good enough. 
However, the ALARA principle (see para. 203) also implies that an ever increasing 
commitment of resources should not be made against ever decreasing benefits in 
terms of radiation protection.

PURPOSE

1
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SCOPE

106. This publication gives guidance on the radiation protection services that are
needed during the operation of a nuclear power plant to assist plant management to 
achieve acceptable performance in radiation safety and on the optimization process 
that must be applied to these services to comply with the ALARA principle that is
embodied in the Basic Safety Standards [1],

107. The role that design plays in radiation protection is not included. There is 
guidance, however, on the need for expert review of the radiation protection aspects 
o f in-service design changes and for feedback of operational radiation protection 
experience to designers.

108. This publication presents only a broad overview of off-site environmental
monitoring, off-site radioactive waste management, on-site and off-site emergency 
planning, the transportation of radioactive material and the analytical services 
associated with the assessment of internal and external radiation doses. Detailed
information on these subjects is available from other sources.

2. A REVIEW OF THE SYSTEM OF DOSE LIMITATION 
FOR RADIATION PROTECTION [2]

JUSTIFICATION

201. No practice resulting in exposure to ionizing radiation should be authorized 
unless its introduction produces a positive net benefit.

202. In relation to the operation of a nuclear power plant there is no doubt that 
electrical energy is o f benefit to society and that a positive net benefit may result 
when the benefit of the electrical energy is weighed against the total detriment from 
the occupational and public exposures that result from the operation of a modern 
nuclear power plant.

OPTIMIZATION

203. The optimization o f  radiation protection is synonymous with the provision that 
all exposures be kept as low as reasonably achievable, economic and social factors

2
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being taken into account (ALARA). This requirement implies that the detriment from  
a practice should be reduced by protective measures to a value such that further 
reductions become less significant than the additional efforts required fo r  their 
implementation.

204. In a nuclear power plant the optimization of radiation protection must be 
treated as a managed system with all persons associated with the process fully 
committed to making it work effectively. In some cases the optimization process will 
be applied to minimizing the exposures that will result from a planned work activity. 
This will involve planning, preparation and the use of appropriate protective 
measures during the execution of the work activity. In other cases the optimization 
process will be applied to developing some part of the radiation protection 
programme in ways that will prove effective with regard to both performance and 
cost. There are many components in a radiation protection programme (instruments, 
procedures, training, protective equipment, dosimetry, etc.) and the objective of 
optimization when applied to any of these components is to achieve optimum perfor
mance at acceptable cost. The measure of overall performance for an optimized 
radiation protection programme is collective dose.

INDIVIDUAL DOSE LIMITATION

205. The exposures to individuals from  all practices (except that due to medical 
exposure as a patient and that due to natural background radiation) should not 
exceed the applicable dose limits. The currently recommended dose limits are given 
in the Basic Safety Standards [1].

206. The individual occupational exposures experienced by workers during the 
operation of a nuclear power plant will generally be well below the applicable dose 
limits, with only a few individuals approaching the dose limits because of some 
special, high dose work which they perform. If the optimization process described 
above is functioning as intended, all significant exposures will be planned and 
authorized so that the likelihood o f doses in excess of dose limits should be small. 
This process should be designed to give special attention to the planning and authori
zation of work which carries a risk of very high exposures in relation to the dose 
limits. It should be noted, however, that optimization of an activity may not result 
in lower individual doses for all workers. There may well be tasks which when 
assigned to a few skilled and experienced workers will result in a lower collective 
dose than would be the case if the work was assigned to a large number of workers 
with the objective of limiting individual doses.

3
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3. DEVELOPMENT OF A GENERAL OPERATIONAL 
RADIATION PROTECTION PROGRAMME

INTRODUCTION

301. This section describes techniques for developing a comprehensive operational 
radiation protection programme. Such a programme can then be optimized by the 
application of the methods referenced in Annex I.

302. Reference [3] uses an analytical tree technique to develop an operational 
radiation protection programme that has general applicability to almost any use of 
ionizing radiations. This same technique is employed below to develop and display 
a much more detailed but still general operational radiation protection programme 
that can be applied to a nuclear power plant.

ANALYTICAL TREE TECHNIQUE

303. The analytical tree technique [4] is a means of graphically displaying a large 
and complex system or programme. It identifies all the elements in the programme 
and the interrelationships that must be considered to prevent oversights or omissions. 
Unlike a ‘flow chart’, there is no implied sequential relationship between the 
elements. A tree is developed by breaking down each top event into the constituents 
that are necessary to achieve that top event, and subsequently breaking down each 
of the constituents in a similar manner. Each stage takes the tree to a greater level 
of detail and the tree can be terminated at any stage depending upon the type or 
complexity of the system being undertaken.

304. The logic of the tree is that no element can be achieved until all its associated 
constituents have been considered.

305. Some constituents, although appropriate in the general tree, may be discarded 
as irrelevant in the specific programme under review; the value of the technique is 
that all individual constituents are considered so as to eliminate oversights and 
omissions, even though many may be subsequently discarded.

306. An explanation of some o f the symbols used in the trees can be found in 
Ref. [3].

GENERAL OPERATIONAL RADIATION PROTECTION PROGRAMME

307. The basic analytical tree, if  successfully developed, should include all the 
factors that are relevant to the stated objective, in this case an effective radiation

4
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protection programme. The upper branches of a general tree are developed in 
Ref. [3] and have been slightly modified to suit the present publication. The revised 
structure is shown in Fig. 1 and this has been taken as the basis for the complete 
development of all the lower branches associated with an operational radiation 
protection programme for a nuclear power plant.

308. The tree includes very many components, giving the appearance of significant 
complication. However, each successive branching in the tree is merely a breaking 
down of a particular requirement into its essential components, always relying upon 
no more than the basic principles o f good radiation protection and established 
practice. The tree should be regarded as simply a graphical representation of a 
complete programme that would otherwise be relatively difficult to depict in its 
entirety. As stated earlier, many of the components may be trivial or even irrelevant 
in certain applications.

Text cont. on p. 13.

EFFECTIVE RADIATION 
PROTECTION PROGRAMME

NORMAL EMERGENCY
OPERATION OPERATION

Section 4 Section 5 Section 6 Section

ORGANIZATION PERSONNEL OCCUPATIONAL PUBLIC
ANO SELECTION AND RADIATION RADIATION
MANAGEMENT TRAINING CONTROL CONTROL

FIG. 1. General analytical tree fo r  an effective operational radiation protection programme 
for a nuclear power plant.
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FIG. 1. (cont.)
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FIG. 1. (cont.)
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FIG. 1. (cont.)
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FIG. 1. (cont.)
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309. A comprehensive tree to cover all aspects of radiation protection associated 
with the operation of a nuclear power plant must cover both normal operation and 
plans to cope with various emergency situations. Provisions must also be included 
for the control and assessment of exposures to workers in the facility and to members 
o f the public outside the facility.

310. The scope of this publication, however, is restricted primarily to occupational 
radiation protection so that emergency planning is not included and the relevant part 
o f the analytical tree is not developed. Detailed guidance on emergency preparedness 
will be found in other IAEA publications, for example Ref. [5]. Similarly, public 
radiation control topics such as gaseous, liquid and solid waste management, 
environmental monitoring and the derivation of release limits are outside the scope 
o f this book. Nevertheless, the parts of the tree dealing with public radiation control 
have been developed and a brief description of these topics is included for comple
teness, since they do form a very important part of any operational radiation protec
tion programme. More complete guidance will be found in Refs [6, 7].

311. The following components o f a radiation protection programme are considered 
below:

Organization and management (Section 4)
Personnel selection and training (Section 5)
Occupational radiation control (Section 6)
Public radiation control (Section 7).

4. ORGANIZATION AND MANAGEMENT

401. An effective radiation protection programme in a nuclear power plant requires 
the fullest commitment of all persons in the organization who are associated with the 
programme, from executive management down through plant management, radiation 
protection personnel, supervisory personnel and individual workers.

EXECUTIVE (CORPORATE) MANAGEMENT

402. Executive managers have a very significant role in the optimization of radiation 
protection. They are in positions of authority where decisions on major monetary 
expenditure are made and where the policies which dictate how the organization is

13
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to function are formulated. Executive managers must make it very clear that they 
have a high commitment to radiation protection. This can best be done by:

(a) Preparing a documented policy statement on radiation protection. An example 
of a typical policy statement is presented in Annex II.

(b) Implementing the intent of the policy statement by:
(i) Communicating the policy on radiation protection together with any 

information on implementation to all employees.
(ii) Providing the resources that are needed for an optimized radiation 

protection programme.
(iii) Delegating responsibility for plant radiation protection to line manage

ment and monitoring performance. The monitoring of performance will 
require that executive management be given appropriate information on 
collective dose, plant effluent releases and any significant incidents, or 
deficiencies (doses in excess o f limits, abnormal plant conditions, major 
problem areas, etc.).

FIG. 2. Organizational options: (a) RPO reports directly to plant manager; (b) RPO reports 
directly to senior off-site manager and indirectly to the plant manager.
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SITE MANAGEMENT AND ORGANIZATION

Appropriate staff organization

403. The staff organization for handling responsibilities associated with the radia
tion protection programme must be appropriately structured. The organization that 
is adopted will require executive management approval and may be influenced by 
the type of organizational structure that is employed within the organization. The 
competent authority may also have some influence on staff organization.

404. The staff organization employed within the plant must be able to satisfy all the 
maintenance and operational requirements of the radiation protection programme. It 
is recommended that the radiation protection organization under the radiation protec
tion officer (RPO) be kept independent to the extent practicable from the production 
organization. This independence is needed to remove any possible conflict of interest 
between production and radiation safety and is usually achieved by having the RPO 
either report directly to the plant manager (in parallel with the production manager) 
or report directly to an appropriate off-site senior manager with an indirect line of 
responsibility to the plant manager. Figure 2 illustrates these two alternative 
organizational options.

Assignment of responsibilities and authorities

405. The responsibilities associated with the radiation protection programme must 
be clearly assigned and documented.

406. The overall responsibility for radiation safety in a nuclear power plant resides 
with the plant manager. Specific responsibilities must be delegated in an appropriate 
manner that is consistent with the site organization to various work sections 
(comprised of managers, supervisors and workers).

407. Managers and supervisors must use their respective management and super
visory skills and the authority associated with their positions to ensure that all 
assigned radiation protection responsibilities are effectively fulfilled within their 
work sections.

408. Individual workers must employ appropriate work skills to perform all radia
tion protection related responsibilities in an effective manner. It is the responsibility 
of individual workers to optimize their own radiation protection. This involves the 
proper use of protective equipment and dosimetry and the diligent application of all 
radiation protection procedures.

409. A specific authority which should be delegated to the RPO is the authority to 
halt any work activity on the basis of inadequate provision for radiation protection.
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Job descriptions

410. Documented job descriptions should be available for all staff positions. The job 
description should include an accurate description of all responsibilities for radiation 
protection. These radiation protection responsibilities contained in job descriptions 
will vary according to job functions (operations, maintenance, etc.). Employees 
should have access to their job descriptions and should be familiar with them.

Responsibilities o f  radiation protection officer

411. The following are typical of the responsibilities which may be contained in the 
job description for an RPO. They are not intended to represent a complete job 
description and are included here by way of example.

(a) Provides professional radiation protection advice to the plant manager in carry
ing out his or her responsibility for radiation safety.

(b) Reviews and approves all aspects of the radiation protection programme 
including:

— Radiation protection procedures and work practices
— Work plans and procedures involving significant radiation exposure
— Radiation protection instruments, dosimeters, protective equipment, etc.
— Proposed design changes which could impact on radiation safety
— Radiation protection training
— Effluent monitoring
— Environmental monitoring
— Radioactive waste management conducted at the site.

(c) Assists other managers and their staff to find appropriate solutions to radiation 
protection problems. This includes planning work which has a potential for 
high radiation exposure.

(d) Provides assessments of the radiation protection programme to ensure it func
tions as intended and is optimized.

(e) Provides radiation protection services for which responsibility has been 
delegated. This may typically include:

— External and internal dosimetry and dose assignment and dose records
— Environmental monitoring within the public domain
— Radiation protection training
— Radiological surveys, including radioactive effluent accountability
— Surveillance of waste management on site and radioactive shipping
— Calibration facilities for instruments
— Provision and surveillance of various protective equipment
— Radiation protection procedures
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— Emergency planning and preparedness
— Records maintenance.

Staff levels for assigned responsibilities

412. An important responsibility of management is to ensure that there is an 
optimized staff complement for the radiation protection programme responsibilities 
that have been assigned.

Effective line management

413. It is not possible to overstate the importance of effective management in main
taining an optimized radiation protection programme. Optimum performance in 
radiation protection can only be achieved when all employees with responsibilities 
for radiation protection are committed to doing their best. Managers play a key role 
in setting expectations for performance and in assessing performance to ensure that 
it measures up to established expectations. Managers have the authority needed to 
influence supervisors and workers to perform to expectation.

Acceptance of responsibility

414. The plant manager and other managers in the line organization must fully 
accept their responsibilities for radiation safety. Acceptance of responsibility implies 
that they will manage the areas of radiation protection for which they are responsible, 
using all o f their management authority and skills, in the same manner that they 
would manage any other high priority work programme. The management function 
will include the setting of objectives and targets for radiation protection performance 
and selecting appropriate performance indicators. The best overall indicators of 
radiation protection performance are collective dose and effluent emissions for 
occupational and public radiation protection respectively. Other indicators could 
include plant radiological conditions, abnormal incidents with radiation protection 
implications, individual exposures, the collective dose from maintenance or refuel
ling operations and many normal work performance indicators.

415. Managers must plan strategies for achieving the objectives and targets which 
they set. An appropriate information system will be needed to give timely indication 
of performance. In the case of information relating to occupational dose, the infor
mation should be provided in an appropriate format to all employees. In the interest 
of achieving good results, each manager should dedicate an appropriate fraction of 
regular working time to radiation protection. The experienced manager will gain 
acceptance of objectives and targets from supervisors. In this regard it is advisable
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to involve supervisors to the extent practicable in setting these objectives and targets 
and in monitoring performance so they will have a personal stake in producing the 
desired results.

416. Each manager must deal appropriately with any variations from the desired 
performance. In some cases the variations may be due to unavoidable causes. The 
supervisors must be able to explain such variations quantitatively and satisfy the 
manager that optimization had been effectively applied. Variations which cannot be 
explained in this way must be analysed for cause and appropriate corrective actions 
taken.

417. The results that are achieved by line managers and supervisors should be 
monitored and form part of their performance appraisal record.

Radiation protection programme documentation

418. The following types of documentation are required at the site for the guidance 
and direction of personnel:

(a) Site policies and instructions which specify in broad terms how the radiation 
protection programme is organized and expected to function. This type of 
documentation will generally be issued by the plant manager.

(b) Site reference documents which specify in fairly detailed terms how various 
components o f the radiation protection programme (e.g. radiation protection 
training) are to be organized and administered. This type of documentation will 
generally be issued by line managers.

(c) Radiation protection procedures which specify the manner in which various 
activities and work operations are to be performed. Some procedures will 
address activities which all personnel are expected to perform (e.g. personnel 
monitoring) while others will be specific to tasks which are performed by only 
a few persons. An optimized training programme will ensure that personnel 
receive training in those procedures which relate to the work they actually 
perform. Procedures are an extremely important part of radiation protection 
and should meet the following minimum criteria:

(i) The procedures must clearly specify the required performance and be 
understandable to the persons who will use them;

(ii) Responsibility for the review and approval of procedures must be 
delegated and should include review and approval by the RPO;

(iii) Procedures should be updated as required and should receive periodic 
review with a view to ensuring that:

— they address all safety requirements (both radiological and 
conventional)
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— the skills of users match the required performance and when the 
consequences of any oversights could be serious sufficient detail is 
provided to ensure that the required performance will be understood

— the procedures address user concerns with feedback from users being 
obtained

— the procedures are compatible with any equipment to which they 
relate

— the specified performance and its results are optimized
— the maintenance of the required records is clearly specified.

Quality assurance of operational radiation protection

419. All aspects of the operation of nuclear power plants, including the radiation 
protection programme, should be subject to quality assurance (QA). Further details 
will be found in the appropriate IAEA publications [8, 9]. In addition to the formal 
operational QA programme, the following types of activities can be employed to 
ensure that a quality programme is maintained:

(a) Ongoing monitoring of the operation of the radiation protection programme. 
Managers and supervisors should monitor those areas of the programme for 
which they are responsible or which affect their workers. The RPO should 
monitor performance in all areas of the programme. This can be done by direct 
observation of performance and by using various performance indicators such 
as collective and individual doses, the results of radiological surveys and 
measurements, investigations of incidents, personnel contamination, reviews 
of various reports and documentation, etc. The RPO will report the results of 
programme monitoring to the plant manager and to other managers as 
appropriate. It can be useful for managers and supervisors to obtain informa
tion on programme performance from their workers through periodic safety 
meetings or safety committees.

(b) Formal audits of components of the programme by specialized personnel (e.g. 
the RPO) or by others who specialize in the performance of audits. Formal 
audits generally involve a review of all documentation and procedures 
associated with a particular component to determine how it is intended to 
function. This is followed by observations of performance, reviews of records 
and interviews with various personnel to determine how the component is 
actually functioning. Any variations from intended performance are identified.

(c) , Independent assessment of the radiation protection programme by appro
priately selected experts to assess the current appropriateness o f  the 
programme and to recommend changes which would enhance programme 
effectiveness and optimization. Further guidance on the process is given in 
Ref. [9],
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Maintenance o f records

420. A major responsibility of management is the maintenance of records for 
regulatory, historical, litigation or other purposes. These records will include data 
on personal exposures, radioactive releases to the environment, details on incidents 
with real or potential radiological implications, investigation reports, etc. The nature 
and period of retention of this information will be dictated both by corporate policy 
and by the regulatory requirements.

5. PERSONNEL SELECTION AND TRAINING

501. It is important that all personnel be adequately qualified to carry out assigned 
responsibilities. This section addresses the selection and training process which 
ensures that site personnel are qualified in radiation protection.

SELECTION AND QUALIFICATION CRITERIA

502. Documented qualification criteria are required for each position. These will 
include education, experience, training and professional status. If there will be a 
requirement for further training within the position, which is frequently the case, any 
prerequisites for that training should be specified. A set o f criteria which can be used 
for the final selection from among qualified candidates can be helpful. Persons 
responsible for establishing qualification and selection criteria should ensure that 
there is adequate documentation of the criteria and that the criteria are relevant to 
the current responsibilities o f the position.

503. It is important to note that criteria which relate to managerial or supervisory 
positions should relate not only to the technical aspects of the position but also to 
the need to influence and motivate other people.

504. In the specific case of the RPO, the qualification criteria will typically require 
a university degree in radiation protection or other appropriate scientific area and 
several years of experience in power reactor health physics. The incumbent must also 
possess excellent communication skills, be persuasive in influencing other people to 
work in preferred ways and be able to maintain credibility in the eyes of workers. 
For an experienced health physicist with a very positive performance record, it should 
be possible to show flexibility concerning educational requirements — particularly 
when the selection criteria indicate that the person concerned is the best candidate 
for the position in other respects.
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505. The needs of extensive training programmes in radiation protection are 
referred to in paras 506-509. For this training, instructors will be required. Selection 
criteria for these will include, in addition to the required knowledge and skills, the 
ability to teach. This will include various intangible qualities such as the ability to 
motivate and stimulate interest in trainees.

RADIATION PROTECTION TRAINING

506. All plant personnel must attain and maintain an adequate level of capability in 
radiation protection in accordance with the requirements of their job functions. This 
requires a radiation protection training programme and the guidance which follows 
is intended to aid in developing such a programme.

Documented radiation protection qualification requirements

507. The first step in developing a training programme is to identify all positions 
which play some role in the radiation protection programme. It is then necessary to 
determine the qualifications (knowledge and skills) which the employees in each 
position must have. One method of accomplishing this is through a task analysis 
where all o f the work tasks related to the position are identified. The tasks are then 
analysed with the assistance of employees currently in the position and their super
visors to identify the radiation protection knowledge and skills that are needed to 
carry out each task in a safe and effective manner. The knowledge and skills become 
the radiation protection qualification requirements for the position and collectively 
form the basis of a radiation protection training programme.

Scope of the training programme

508. The radiation protection training programme must cover the qualification 
requirements of each position. It must also address the training needs of contract 
personnel and visitors. Contract personnel must possess adequate knowledge and 
skills for the work they are to perform. In cases where it is not possible or practicable 
to fully qualify them in radiation protection it will be necessary to have them directly 
supervised by personnel who are qualified. The scope of the training programme 
must also be adequate to cover the various backgrounds of the trainees — some will 
be new to their positions and require initial training and early practical experience 
while others will be already qualified and need only to maintain their qualifications 
and demonstrate that they have done so through a requalification (audit) process.
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Initial training

509. Initial training refers to the training that is required by a new (formerly 
unqualified) incumbent to a position. Developing initial training programmes may 
include the following:

(a) Performing a task analysis to identify qualification requirements for the 
position if this has not already been done.

(b) Developing appropriate training objectives for achieving the required 
knowledge and skills. Training objectives specify very explicitly the outcome, 
in terms of the capability of the trainee, that is expected from a course of 
training. For example, if the task analysis has determined that an operator will 
need to wear a respirator, while performing certain tasks, an appropriate 
training objective might read “ the trainee will be able to obtain, put on, use 
and remove a supplied air respirator in accordance with plant procedures.” 
It then becomes a matter of developing training methods which will achieve 
the training objectives. It may be convenient to,group training objectives which 
address similar subjects into training modules (e.g. training modules on the use 
of dosimetry, the use of personal protective equipment, etc.). It will normally 
prove beneficial in terms of efficiency to identify the training objectives (or

. modules of objectives) which are common to a number of positions. The 
training can then be presented to a larger number of trainees. Some training 
objectives may be specific to individual positions and these will be treated as 
job related and presented only to trainees who need the specific qualifications. 
For convenience these job related objectives can be grouped into training 
modules.

(c) Training objectives should be reviewed periodically to ensure that they take 
into account any changes in requirements.

(d) The actual training that is performed to achieve the various training objectives 
may be conducted by regular employees or by instructors from other sources. 
In some utilities, the presentation of radiation protection training is made as 
participatory as practicable with the participation of persons who represent a 
wide range of responsibility, interest and experience. Training resources of 
adequate quality will be required in terms of:

(i) Facilities (classrooms, laboratories, areas in the plant where training of 
a practical nature can be conducted);

(ii) Training aids and materials (audiovisual aids, training models, instru
ments, equipment, training texts or manuals, assignments, examinations, 
etc.); - ■

(iii) Training personnel who possess appropriate qualifications, including 
broad experience in radiation protection.
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(e) A trainee who has completed initial training will have acquired the knowledge 
and skills required for his or her position within a training environment. 
Opportunities must then be provided for the trainee to reinforce these qualifica
tions and apply them to actual work assignments. Supervisors should assist the 
trainee to gain this practical experience by making appropriate work assign
ments and ensuring that assistance and supervision are available whenever 
needed.

Requalification

510. The qualified worker must maintain his or her capability in radiation protec
tion. Some periodic refresher training will be needed to keep qualifications up to 
date. Training texts or manuals such as those used in initial training should be 
available to personnel for review purposes. A periodic audit (test) should be 
administered to test the knowledge and skills of qualified personnel. Significant 
deficiencies should be addressed through an appropriate remedial programme.

Universality

511. The training programme should address the training needs of all persons, 
including executive management. These needs will vary significantly for various 
positions but even executive management should have a sound appreciation of radia
tion protection to assist in making appropriate decisions. Contractors, temporary 
workers and even visitors will require some training, however rudimentary; the 
degree of training needed will depend on the scope for independent movement and 
action within the plant.

6. OCCUPATIONAL RADIATION CONTROL

601. Exercising effective occupational radiation exposure control in a nuclear 
power plant requires that the sources of potential radiation exposure are known and 
that appropriate measures are taken to control them. In devising ways to minimize 
radiation exposures from various radiological sources, the following safety prece
dence sequence (in descending order of preference) should be followed to the extent 
practicable:

(a) Design systems to eliminate hazards where possible
(b) Design systems to minimize remaining hazards
(c) Employ safety devices or exposure barriers to limit exposure to hazards

23

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



(d) Install warning devices to detect and warn o f hazardous conditions and changes 
in these conditions

(e) Establish procedures to control exposures to hazardous conditions.

EXPOSURE CONTROL

602. Guidance in this section will be offered under the following headings:

Source control, which will be equivalent to safety precedence items (a) and (b) 
and should be the preferred method whenever possible

Protective barriers and equipment, which will be equivalent to safety prece
dence item (c)

Administrative controls, which will be equivalent to a combination of the safety 
precedence items (d) and (e).

External source control

603. A number of methods can be employed to eliminate or minimize the sources
of external radiation exposure.

Physical removal o f  sources from  work places

604. Examples of source removal are:

— A job which requires the replacement of active components from a reactor 
system. Work plans should require that the active components be adequately 
contained and shielded and removed from areas where they would contribute 
to the external exposure of employees. In optimizing this method, careful 
thought must be given to the manner in which the sources will be handled and 
stored.

— Some components such as ion exchange columns and filters are designed to be 
collectors of radioactive material and there must be appropriate guidelines to 
determine the optimum time (in terms of exposure control versus cost) for their 
replacement. The procedures for handling, storing and conditioning these 
items must be carefully designed to minimize exposure.

— Radioactive waste material that is collected in the plant should be removed 
promptly to the appropriate storage areas. The procedures and facilities for 
collecting and storing waste material must be optimized.
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605. During the period immediately following reactor shutdown there will be a 
significant decrease in the magnitude of radiation fields from many active systems 
as a result o f the decay of short lived activation and fission products. The same type 
of decrease in radiation fields may be observed when a component is first removed 
from an active system with the reactor operating. Likewise, it may be possible to 
reduce the radiation fields from radioactive gases such as 41Ar or short lived fission 
product noble gases by allowing time for radioactive decay and/or ventilation 
purging. The possible use of radioactive decay to reduce exposures should be 
considered during the planning and scheduling of work.

Control on use o f  materials and reactor chemistry to minimize source production

606. The materials used in replacement components should be controlled to ensure 
that undesirable elements such as cobalt are not inadvertently introduced into reactor 
systems. Similarly, control o f make-up gases for reactor systems is needed to prevent 
undesirable impurities such as argon and oxygen entering these systems. Control of 
reactor chemistry is needed, among other reasons, to minimize the corrosion which 
can result in activated corrosion product contamination. Reactor chemistry can also 
play a role in fuel integrity (to minimize fission product contamination), in controll
ing the buildup of radioactive contamination in reactor systems, and in prolonging 
the lives of components such as steam generators.

Use o f  cleanup systems

607. Cleanup systems — permanent or temporary — can be used to remove activity 
from air and water (including primary reactor coolant water).

Use o f  decontamination

608. Decontamination can be very effective in reducing sources of external radia
tion exposure (contaminated hand tools, equipment or systems) but it must be 
carefully researched, planned and executed using methods and ingredients that are 
known to be effective for the case in question. In terms of optimization it should be 
noted that some decontamination can be costly to perform and' any attempts to carry 
out decontamination by inappropriate methods and with inadequate precautions can 
produce negative results such as high exposures to personnel, unwanted transfer 
(spreading) of contamination and damage to plant systems.

Use o f decay to reduce shorter lived sources
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Internal source control

609. In controlling internal radiation exposure it is necessary to focus attention on
radioactive material, in the form of contamination, which may enter the body via any
of the following pathways:

— Inhalation
— Ingestion
— Absorption through the skin (tritiated water)
— Contaminated wounds.

The following methods have been used to control radioactive contamination which
may act as a source of internal radiation exposure:

(a) The use of decontamination to remove loose contamination when this is neces
sary. Plastic bags or sheeting can also be used to contain contaminated items. 
There is probably no need to decontaminate all tools and equipment 
completely, particularly when they will continue to be used for similar work. 
Likewise, it may not be necessary to completely decontaminate components 
which will be reinstalled into active systems. Decontamination must be 
optimized.

(b) The use of ventilation to purge areas of airborne contamination. The use of 
purge filters or purge dryers (heavy water moderated reactors) may be 
appropriate.

(c) The use of ventilation control to provide containment for areas with loose 
surface and/or airborne contamination. Containment is usually a plant design 
feature; however, some local ventilation control may be possible through isola
tion of areas and regulation of ventilation rates.

(d) The use of temporary containment areas. For example, work on contaminated 
items can be performed inside a tent-like enclosure consisting of a metal or 
wood frame covered with a skin of plastic sheeting. Ducting to the main 
ventilation exhaust (via temporary filters if appropriate) would normally be 
used.

(e) The use of dynamic confinement. Such confinement has been employed with 
some success where a portable air extractor fitted with filters is positioned 
close to the source of contamination. Air is extracted from near the source at 
a high flow rate and, after filtration, exhausted elsewhere in the room or into 
an exhaust duct. A hood or other appropriately designed enclosure can be 
placed over or around the source.

(f) The use of cleanup systems such as HEPA filters, charcoal filter beds or dryers 
(heavy water moderated systems) to remove contamination from air through 
closed ventilation (recirculation). Radioactive iodine in reactor coolant water 
may be reduced by circulation through the reactor cleanup system prior to 
opening the reactor.
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(g) The application of reduced pressure to contaminated components such as pipes 
to provide local containment when they are opened.

(h) The use of radioactive decay to reduce the quantity of shorter lived activity 
(e.g. radioactive iodines).

(i) The use of fume hoods and glove boxes as containment for handling some 
sources.

(j) Careful attention to housekeeping with loose contamination being promptly
cleaned up in areas where work is in progress.

External hazard control

610. A number of protective barriers and special tools and equipment can be used 
to minimize external radiation exposure.

Use o f  appropriate shielding

611. Most shielding is part of station design; however, it is frequently possible to 
utilize temporary shielding to reduce external fields. This may involve the use of 
simple temporary shielding in the form of lead sheets, lead or concrete blocks, lead 
shot or other material that can be placed over or around sources or erected as a 
barrier (e.g. wall or enclosure) between the source and workers. Heavy gloves, 
including lead rubber and lead plastic gloves, are available for handling contami
nated items where contact beta fields would be very high. Water in tanks or systems 
also provides a convenient shielding method and water is used extensively when irra
diated fuel is handled. While the amount of shielding which is needed for a given 
application can generally be calculated, the actual amount of attenuation provided by 
the installed shielding should be verified by measurement. When shielding of a 
massive nature may be appropriate, consideration must be given to floor loading.

612. The removal of shielding and the resulting increase in external fields must also 
be considered when some types of work are being planned. This reduction in shield
ing may not be immediately apparent, for example when water levels are lowered 
in a system where the water has provided shielding or when components that have 
provided shielding are removed from a system. When a system is opened exposing 
beta-gamma emitting activity, the beta radiation fields can be expected to increase 
significantly close to the source.

613. Highly radioactive sources which have been removed from any system should 
be placed in shielded flasks which have been designed for that purpose.
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USE OF SPECIAL TOOLS AND EQUIPMENT

614. The use of remote handling tools will enable work to be conducted at some 
distance from the source and possibly from behind a shielding barrier. Remote 
handling tools and methods are usually designed for specific jobs and will vary 
greatly in complexity. Remote handling tools should normally be tried out on a 
mock-up to ensure their adequacy and then the workers trained in their use on the 
mock-up before any attempt is made to use them on actual jobs. Remote tooling is 
frequently used under water and attention must then be paid to the adequacy of light
ing and to water clarity (in particular* biological growth must be controlled). Other 
applications of equipment to maintain a certain distance between worker and source 
are the use of long spindle valves and of robotic (remotely controlled) equipment. 
Remote viewing equipment also comes in this category.

615. In some situations the geometry of the source in a system will produce a radia
tion beam of high intensity. In such cases appropriate physical barriers and/or 
appropriately designed tooling should be used to keep workers out of the beam.

Use o f  methods to reduce exposure time

616. All work that involves significant exposure to external sources of radiation 
must be planned and executed with a view to minimizing exposure time. All tools, 
equipment and procedures must be identified and the workers adequately trained in 
their application. When appropriate, workers should rehearse the work using mock- 
ups. These rehearsals should be fully representative of the way the job is to be 
performed and should be observed and timed by supervisors, assisted by radiation 
protection personnel if required, to optimize performance. Other innovative methods 
which have been employed to reduce exposure time include the installation of perma
nent work platforms and walkways, the design of scaffolding for rapid installation 
and removal, the redesigning of system or pipe insulation to facilitate rapid removal 
and installation, the rerouting of piping that had formed an obstacle to work, and the 
modification and/or relocation of equipment to reduce maintenance time.

Other methods

617. Other methods include the use of locks, interlocks and other appropriate 
barriers to ensure that unauthorized personnel cannot enter areas in which hazardous 
radiation fields exist, and the use of fixed area gamma monitoring systems with local 
area alarms to warn workers of changing radiation fields.
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Internal hazard control

618. The primary protection against internal radiation exposure should be directed 
to preventing, eliminating or controlling the sources of exposure. There will be situa
tions or work areas where sources of airborne and/or surface contamination will pose 
an exposure hazard. Appropriate protective barriers and equipment must then be 
employed. The following paragraphs provide guidance on this method of protection.

619. Protective clothing is used as a barrier to prevent contamination from reaching 
the body surfaces. Procedures associated with the wearing and removal of protective 
clothing are designed to control loose contamination. Some protective clothing — 
particularly plastic clothing — is generally designed to provide respiratory protection 
as well. The following are examples of typical protective clothing:

(a) Coveralls or laboratory coats for dry conditions worn with appropriate gloves 
and shoe covers and in some cases a cap or hood to protect hair and head 
surfaces.

(b) Ventilated plastic clothing worn with a full hood, rubber gloves and shoe 
rubbers for damp conditions and protection against airborne tritium contamina
tion. This type of clothing is also appropriate for work involving high levels of 
loose surface contamination. The body of the suit is ventilated with an adequate 
air supply to provide body cooling and purge contaminated air. Breathing air 
is supplied to the hood.

(c) Additional special items of clothing may be used as conditions require, for 
example, heavy rubber gloves and rubber boots when working with contami
nated water. Some items of protective clothing are available in either reusable 
or disposable form. Reusable clothing requires that laundry facilities are avail
able. It is important in this regard that clothing that is highly contaminated be 
segregated from normal clothing that will have little more than traces of 
contamination. Clothing procedures should allow for this requirement through 
appropriate contamination reference levels and monitoring requirements. 
There should also be reference levels and monitoring requirements for the 
reissue of clothing that has been laundered. The laundry process may increase 
the volume of low level waste water that must be handled.

620. Disposable clothing can be relatively costly when the rate of use is high and 
it contributes to the volume of solid radioactive waste material that must be 
processed. Such clothing is appropriate for conditions involving high levels of 
contamination.

621. The use of respiratory protective equipment must be carefully controlled. 
There must be assurance that users are medically fit to use the equipment and that 
they can and will wear it as intended (this may involve facial fit tests). The equipment 
must be capable of providing the degree of protection (protection factor) that is
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needed for the radiological conditions and should be compatible with the work that 
is to be performed. The respiratory protective equipment that is authorized for use 
varies somewhat from one country to another; however, the following are typical of 
the items currently in use:

(a) Supplied air respirators and hoods provide good respiratory protection for all 
airborne contaminants. It should be noted that if tritiated water is present no 
protection will be provided against absorption through the skin.

(b) Ventilated plastic clothing. This clothing requires breathing air and it is impor
tant to have an approved standard to control the quality of the air. The breath
ing air system must be capable of providing an adequate flow and should be 
conditioned for temperature and humidity. Compressors should be oil free 
types. To ensure that breathing air and instrument air are not interchanged it 
is recommended that different, non-compatible fittings be used on each system. 
When portable compressors are used the air intake must be from a contamina
tion free area.

(c) Oro-nasal or full face respirators with approved filter canisters may be used 
for conditions involving loose contamination and airborne particulates. They 
provide less protection than the supplied air equipment.

(d) Oro-nasal or full face respirators with approved impregnated charcoal canisters 
may be used for conditions involving airborne radioactive iodine. The charcoal 
canisters should have adequate removal efficiencies for all chemical forms of 
radioactive iodine. Exposures to radioactive iodine are infrequent in nuclear 
power plants and the conditions which may give rise to them can generally be 
recognized. It is recommended that personnel should plan to use supplied air 
equipment for these conditions whenever possible.

622. Decontamination facilities are needed for cleaning respiratory protective 
equipment and the reissue for use of the equipment must be closely controlled 
through the application of monitoring and reference levels.

623. It is very important to note for purposes of optimization that the use of any 
protective equipment as a barrier to internal exposure cannot be planned in isolation 
from planning for external exposure. The overall objective must be to achieve 
optimization. If the use of protective clothing such as a plastic suit or of respiratory 
protective equipment will increase exposure time to the extent that the total dose will 
be higher as a result o f external exposure, then the use of the equipment is not appro
priate. The guidance concerning reduction of exposure time for external exposure 
contained in para. 616 applies equally to internal exposure.

624. Signs and door locks or other appropriate barriers are often used to identify 
and physically control access to contaminated areas.

625. Fixed area and portable airborne contamination monitoring systems with 
alarms can be used to warn of increases in airborne contamination levels.
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ADMINISTRATIVE CONTROLS

626. A large number of controls of a procedural nature are needed to control 
external and internal radiation exposures. The following paragraphs offer general 
guidance on some of the more important administrative controls that are employed 
in nuclear power plants.

627. The movement of personnel, material and equipment must be controlled in 
order to limit the spread of contamination within the plant and to control the access 
of personnel to areas where radiation exposures may occur. These controls will 
include:

(a) Plant zoning to identify the areas in the plant where control on personnel access 
and contamination control will be needed. A typical plant will have the follow
ing zones or areas:

(i) Unclassified areas; these include all areas where there is a minimal risk 
of contamination or radiation exposure (such as the administration area). 
Since the unclassified areas are radiologically equivalent to a public 
place, no control is needed on the movement of personnel for reasons 
other than security.

(ii) Supervised areas, where there is a possibility of low radiation rates or 
traces of contamination but where it is most unlikely that annual dose 
equivalents will exceed three tenths of the annual limit for workers.

(iii) Controlled areas, which include most of the operating areas of the plant. 
They may also contain areas with radioactive sources that will be 
designated as contamination controlled areas or radiation controlled 
areas. Workers could receive annual dose equivalents exceeding three 
tenths of the limit in controlled areas. The movement of personnel within 
controlled areas is subject to control.

(b) Access control procedures to specify the authorization which is required for 
personnel to enter controlled areas. The level of authority may increase with 
increasing magnitude of exposure risk.

(c) Eating and smoking will normally be permitted only in unclassified areas. 
Provisions for drinking water, for example from fountains, may be permitted 
in controlled areas provided it has been determined that the risk of internal 
exposure from this source is small.

(d) The layout of lockers, change rooms, shower rooms and toilet facilities and 
the procedures for their use should be optimized to minimize the risk of inter
nal exposure from contamination. Monitoring equipment should be available 
as a final check before personnel change into street clothing.

(e) Administrative procedures are required to control the movement of material 
and equipment which may be contaminated from the plant site. These 
procedures should include monitoring and authorization requirements.
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(f) Personnel with open wounds should not be employed in places where the 
wound may become contaminated. Wounds which do become contaminated 
should be treated promptly by competent medical authorities.

628. The use of dose targets during shutdown or during individual jobs is useful for 
controlling doses. Typically, the work to be performed will be reviewed, and 
challenging but attainable limits should be set on collective dose. It will then be the 
responsibility of managers, supervisors and workers to observe these limits. This 
will require careful planning, monitoring of work arid close attention to dose trends. 
Timely dose information is very important. Work experience, including radiation 
protection considerations, should be documented for use in subsequent work of a 
similar nature.

629. Work control procedures or methods to control exposures during the perfor
mance o f work should be established. These should include the following:

(a) Careful planning of the radiation protection aspects of all work which may 
result in significant exposure. Planning should take into account the radio
logical hazards which are expected to occur and the protective measures which 
are to be employed. Work which may involve very high radiological hazard 
conditions should receive special planning, which should include:

(i) The use of mock-ups and rehearsals.
(ii) The use of special tools and procedures.

(iii) The extent of radiological measurements and monitoring that will be 
required.

(iv) The type of external and internal exposure control methods that will be 
employed.

(v) Dosimetry requirements.
(vi) Limits on individual dose, exposure rate, etc., which when reached will 

require personnel to leave the work area.
(vii) The provision of assistants to be responsible for making radiological 

measurements, checking direct reading dosimeters, etc., so that no 
protective requirements are overlooked while workers are engrossed in 
the work that is in progress. They may also be needed to assist with 
undressing and other contamination control measures.

(viii) Special work plans which should clearly specify all areas of 
responsibility.

(b) A work permit system to specify radiation protection requirements as well as 
other job safety requirements and authorize the work. The authority for 
commencement of work which may result in significant radiation exposures 
should be specified.
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630. Workers should be adequately supervised to ensure that unnecessary exposure 
is avoided. Supervisors must ensure that only the workers who are actually needed 
for work performance remain in the work area. The use of television monitoring and 
communication links between supervisors and workers can help to reduce exposure 
time. All personnel should be aware that the time that workers spend in a work area 
with radiological hazards should be minimized. Minimizing exposure time is 
generally synonymous with maximizing efficiency. A job that is performed correctly 
the first time and in a highly efficient manner will generally result in the lowest 
possible radiation exposure.

631. Work scheduling should be controlled with a view to optimization by consider
ing such factors as:

(a) Allowing time for radioactive decay when appropriate.
(b) The relationship between various jobs — one job may be a prerequisite for 

another.
(c) The radiological hazards that one job may create for other workers.
(d) Job priorities in terms of plant objectives, including radiation protection.
(e) The availability of all necessary tools, equipment and qualified personnel. The 

completion of all planning and preparation.
(f) The optimum number of persons that can work in a given area.

632. The posting of appropriate signs or notices to indicate to personnel the location 
of potential exposure sources may be necessary. External sources or areas of 
contamination should be roped off or otherwise delineated.

633. Personnel should use direct reading dosimeters or personal dosimeters incor
porating an audible alarm which operates above a certain dose or dose rate to track 
external exposure during jobs involving significant radiation fields.

634. It is common practice to specify a reference level for individual dose which 
is intended to minimize the probability of doses exceeding the dose limits. When a 
worker has reached the reference level (which will be a fraction of the dose limit, 
e.g. 80%), no further radiation exposures will be permitted without special justifica
tion and authorization. Other reference levels on dose are frequently employed to 
limit individual and collective dose. They normally relate to the expected doses for 
a job, both individual and collective, with the reference levels determining the level 
of authorization that will be required. Reference levels which relate to the radio
logical exposure conditions, such as dose rate or airborne concentration, are also 
used.

635. Reference levels to control the levels of contamination that may be permitted 
in clean and controlled areas can be useful. These contamination control levels will 
specify monitoring requirements and the actions that are required when the reference 
levels for surface contamination on personnel or materials or in areas are exceeded.
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Reference levels will be determined by policy set by the organization and the compe
tent authority.

SURVEILLANCE PROGRAMME

636. An effective surveillance programme is needed to provide information on 
radiological conditions in the plant and to monitor the radiological exposures 
received by workers. Additional guidance on occupational radiation monitoring is 
given in IAEA Safety Series No. 84 [10] and in ICRP Publication 35 [11],

Suitability and quantity of instruments

Types o f  instruments

637. Suitable instruments will be needed as follows:

(a) The following are typical of the instruments that may be required for external 
radiation dose rate measurements:

(i) Gamma survey meters, possibly capable of covering two or three ranges 
of measurement:
— Low range (environmental level), covering up to about 100 ^Sv/h
— Medium range, used for the majority of measurements in the plant and 

covering the range up to about 0.2 Sv/h
— High range, needed to measure the fields from very large sources and 

covering the range up to 100 Sv/h. They should have an extendable 
detector probe to minimize exposure of the user.

(ii) A gamma survey meter with a special detector probe for making under
water dose rate measurements.

(iii) Beta survey meters for measuring external beta fields from exposed 
surface or airborne contamination.

(iv) Neutron dose rate meters — a remmeter should be available for neutron 
surveys when required.

(b) External gamma radiation monitors, including:

(i) Fixed area gamma monitors with local alarms to indicate increasing 
radiation fields. Local dose rate indicators are provided with some 
systems. There should also be dose rate indication and alarms from all 
area monitors to the control room.

(ii) Portable gamma dose rate monitors fitted with alarms for external dose 
rate monitoring at a work location.
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(c) Surface contamination measuring instruments, including:

,(i) Portable contamination meters with beta-gamma detectors.
(ii) Portable contamination meters with alpha detectors.

(iii) Smear equipment and appropriate instruments for measuring loose 
surface contamination.

(iv) Special instruments or methods for measuring surface contamination 
characterized by low energy beta emitters such as tritium and 14C.

(v) Fixed beta-gamma contamination frisking probes at appropriate 
locations.

(vi) Personnel contamination monitors, including portal (pass-by type) 
monitors and hand and foot monitors.

(vii) Special purpose monitors such as laundry monitors, solid waste material 
monitors and floor monitors.

(d) Airborne contamination measuring instruments, including:

(i) Continuous air monitors — fixed or transportable. These are generally 
very susceptible to gamma background.

(ii) Portable tritium monitors.
(iii) Portable air samplers. These can generally be adapted to measure any of

the airborne contaminants. Since the measurement is completed in the
counting laboratory, they can be used in areas of high background where
continuous air monitors are unsuitable.

(iv) Liquid contamination measurement equipment. Appropriate laboratory 
instruments are needed for the contaminants in water that have been 
identified.

Human factors

638. Human aspects can be important in the optimization of instruments. The
following should be considered in assessing portable instruments:

(a) Ease of use and whether instruments are liked by the users.
(b) Ergonomic factors such as weight, balance, ease of carrying, readability of the

scale, design and location of switches, etc.
(c) Robustness for typical field use.
(d) Whether the alarms fitted will gain the attention of the user.

Technical performance

639. The technical performance in the following areas should be considered:

— Accuracy
— Appropriateness of instrument ranges and sensitivity
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— Energy response
— Linearity
— Time constant
— Effects of environmental factors such as temperature and humidity
— Adequacy of power supply and battery condition indication
— Adequacy of angular directional response
— Response of the instrument to other types of radiation
— Fail-safe features on dose rate instruments (e.g. meter remains at full scale 

reading in high dose rates beyond its normal range).

It should be noted that appropriate sources and methods must be available for 
performing functional checks on instruments.

Maintenance o f  instruments

640. The delegation of responsibilities within the plant organization should include 
responsibility for the maintenance of instruments, and a maintenance programme, 
complete with procedures, should be established. It is important for optimization that 
the instruments should be reliable and easy to maintain. The following factors should 
be considered:

(a) It is normally advisable for both user and maintenance purposes to limit the 
number of different types of instruments as much as possible.

(b) Instruments should have acceptable reliability. In-house assessment of relia
bility may be made or the experience of other users compiled.

(c) Ease of maintenance should be incorporated into instrument design.
(d) The availability of parts and service should be assured.
(e) Instruments should be sealed against the ingress of contamination and have 

surface finishes which are easy to decontaminate.
(f) Instrument calibration facilities should be available. The sources used in these 

facilities should be traceable to a national standard.

Quantity o f  instruments

641. The factors to be considered in determining the number of instruments required 
include:

(a) Characteristics of the facility, such as the size and number of controlled areas
(b) Frequency of use for each instrument type
(c) Fraction of instruments in for repair or calibration
(d) Need to dedicate some instruments for emergency use only.
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External and internal dosimetry

642. This section provides guidance on the personnel monitoring (dosimetry) that 
should be provided during the operation of a nuclear power plant.

Dosimetry programme documentation

643. A complete dosimetry programme should be developed and documented. It 
should include such aspects as:

— The external and internal dose monitoring that will be provided.
— Criteria for determining which personnel are to be monitored and at what 

frequency or for what reason.
— Procedures that site personnel are to follow to comply with dosimetry or 

monitoring requirements.
— Assignment of responsibilities for operating the dosimetry programme.
— The procedure that will be used by personnel in carrying out assigned 

responsibilities.
— The methods and procedures that will be employed to ensure quality in the 

dosimetry programme. This may include participation in national and inter
national test programmes established to maintain the quality of dosimetry 
laboratory work.

— Recording levels, investigation levels and other levels which may be appro
priate (these may be related to plant administrative controls to limit dose).

— The methodology for assigning dose.
— The recording and retention of dosimetry and other related data.

644. The dosimetry programme will generally require the approval of the competent 
authority. It should be noted that some of the laboratory type functions associated 
with dosimetry may not be conducted within the plant but be provided by off-site 
agencies. In such cases there must be assurances that a high quality service will be 
provided in all respects. In some countries dosimetry processing and the assignment 
of dose are the responsibilities o f medical authorities. In such cases the guidance 
offered in this section is directed to them. The dosimetry techniques should be 
optimized. Personnel who work principally in clean areas may not require personnel 
monitoring (this would be equivalent to Working Condition B specified in the IAEA 
Basic Safety Standards [1], for which individual monitoring is not required provided 
there is adequate monitoring of the work place). The requirement for monitoring of 
the work place for external radiation exposure can be readily satisfied by issuing 
personal dosimetry to some of the employees. Work place monitoring for internal 
radiation exposure can probably best be carried out through routine monitoring for 
contamination. It may also be appropriate to periodically check a few persons by 
whole body counting.
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645. Personnel who work in the controlled areas of the plant should be provided 
with appropriate means of dosimetry. Individuals who only occasionally enter the 
controlled area may not require dosimeters if they accompany persons who are wear
ing dosimeters.

External dosimetry

646. External dosimeters are issued to personnel for two purposes:

(a) To provide the dosimetry results that will form a part of an individual’s record 
of dose and be used to demonstrate compliance with dose limits. Dosimetry 
used for this purpose will be called authorized dosimetry.

(b) To provide dosimetry results that can be used for external exposure control 
during the performance of work. Authorized dosimetry may be used to cover 
a period of weeks or months and there will normally be some delay while the 
dosimeters are processed. Dosimetry devices which are issued to personnel to 
provide external dose information for exposure control purposes will be 
referred to as dose control devices.

647. The authorized dosimetry devices may include:

(a) A film or TLD dosimetry badge capable of measuring the penetrating dose 
equivalent from gamma radiation and the superficial dose equivalent to skin 
from gamma and beta radiation [12]. The normal location for wearing this 
dosimeter is the trunk. When it is anticipated that non-uniform exposure of the 
body will occur, additional dosimeters may be issued for wearing at other body 
locations, e.g. the head.

(b) A device or method for measuring neutron dose. Dosimetry such as albedo and 
tracking devices can be used successfully to monitor neutron exposure 
provided the neutron energy spectrum for the work area is known. Another 
method for measuring neutron doses involves performing survey measure
ments at the work location to establish the gamma/neutron dose ratio and then 
using the gamma dose to calculate the corresponding neutron dose. A different 
method involves the use of a neutron remmeter. The remmeter is fitted with 
an integrator to give a count of total meter pulses during the period of neutron 
exposure at the work location. An integrated count to dose equivalent conver
sion factor is then used to determine the neutron dose.

(c) A device for measuring beta and gamma dose equivalent to the extremities 
(usually the fingers). TLDs in special holding devices have proved satisfactory 
for this purpose. It is usual to issue extremity dosimeters only to personnel who 
perform work that could result in significant extremity dose in relation to dose 
limits.
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648. In addition, dosimetry devices of the direct reading type (quartz fibre electro
meters) may be appropriate. These can generally be read by the user during work 
and are read and recorded following a period of work. The results can be used to 
establish a worker’s current dose status. Dose control devices should be worn in the 
same location as the related authorized dosimeter.

649. A similar device which is gaining considerable acceptance is the electronic 
dosimeter. These devices generally display dose and have an alarm feature which 
results in the user being warned (by an audio or visual signal) when the set point dose 
is reached. Some of these devices now contain memories and microprocessors which 
extend the information that they can be programmed to provide. Some may be inter
faced to a personal computer during final readout.

650. Teledosimetry devices are also becoming available and enable the dose (and 
dose rate) registered by the device to be transmitted to a remote location where the 
information can be monitored by a person who is in communication with the wearers.

651. It should be noted that when very high energy beta radiation and/or very high 
energy gamma radiation occur, differences between the readings from direct reading 
dose control devices and from authorized dosimeters may be observed as a result of 
differences in characteristics, such as wall thickness.

652. Dosimetry devices of a direct reading nature are generally not available for 
skin and extremity exposures. When work involving significant beta exposure is 
planned it may be appropriate to arrange for more frequent readout of the authorized 
dosimeters.

Internal dosimetry

653. With few exceptions, internal dosimetry is more difficult to provide and 
subject to more uncertainty than external dosimetry. The types of internal dose 
monitoring that may be needed will depend on the radiological conditions in the work 
place. In addition to actual in vivo and in vitro dosimetry measurements there 
may be a requirement to maintain a record of the radiological conditions to which 
a worker was exposed and indications of exposure such as airborne concentration and 
exposure time.

654. The authorized dosimetry programme should allow for the criteria for deter
mining when internal dose monitoring will be required. For example, the chronic 
and acute exposures to tritiated water vapour that occur in heavy water moderated 
reactors will require that routine monitoring of tritium in urine be undertaken. This 
bioassay programme can also be used to screen urine samples for the presence of 
other beta emitting radionuclides.

39

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



655. The particulate contamination of air in a plant will normally be sufficiently low 
so that appropriate protective measures will ensure that only minimal intakes of 
radioactive material will occur. Under these circumstances, provided that plant 
monitoring indicates that radiological conditions are normal, it would be appropriate 
to undertake only periodic internal dose monitoring such as whole body counting 
and/or lung counting for verification purposes. If this monitoring detects internal 
contamination at the investigation level, more frequent monitoring and further inves
tigation will be required. When abnormal radiological conditions occur in a plant, 
more extensive internal monitoring may be required.

656. It is usually known when conditions in a work place may result in intake of 
radioactive iodine and thyroid monitoring can generally be readily provided for 
persons who may have been exposed.

657. Control devices for internal exposure are generally not available; however, it 
is sometimes possible to obtain the required information. An example of this is the 
provision in some heavy water moderated reactors of a self-service tritium bioassay 
capability with a liquid scintillation counter. In some other plants self-service thyroid 
monitors and/or self-service whole body detectors are provided. When a reading is 
recorded above a specified level, further assessments of an official nature are 
performed. In the absence of self-service monitoring capabilities, it is desirable that 
the results from authorized internal dosimetry measurements be made available as 
soon as possible.

658. In circumstances where significant levels of airborne particulates occur it may 
be appropriate to provide exposed workers with personal air samplers to measure the 
concentration of radioactive material in their breathing zone. These samplers may 
even be used to sample the air inside the hoods of plastic clothing in some circum
stances. Investigation levels should be established for the results from personal air 
samplers to indicate when further internal dose assessment is appropriate.

Recording, reporting, analysis and retention o f  data

659. The recording, reporting and retention of dose data should be performed in 
accordance with the policies and requirements of the organization and the competent 
authority. A record should normally be maintained of all dose assessments and of 
information relating to personnel exposure such as significant skin contamination. 
Dose assessments which yield a zero result should be recorded to show that the 
assessment was performed. The objective should be to have a complete exposure 
history record of each worker.

660. Dose information should be readily available to managers, supervisors and 
workers to assist in exposure control. In the appropriate format, it could be used by
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managers as an indicator of radiation protection performance. In addition, dose data 
should be routinely analysed for trends.

Work place monitoring

661. Work place monitoring is performed to provide information on radiological 
conditions throughout the plant and on the radiological conditions at specific work 
locations where work is performed. Optimization should be applied to this monitor
ing. In areas where the monitoring itself will result in radiation exposure, it should 
only be performed when the need for the results is justified.

Routine plant monitoring

662. The radiological conditions which are representative of normal operation can 
be established through an analysis o f the systems and operations associated with each 
area ahd through the results of monitoring over a period of time.

663. Clean areas and areas within the controlled area which are accessible with little 
risk of radiological exposure should be subject to monitoring on a routine basis to 
verify that conditions are still normal. The types of measurements and their 
frequency should be specified in procedures. Field check sheets are one appropriate 
method of recording the results of monitoring measurements. The frequency of the 
monitoring will be determined by the likelihood of changes in the radiological condi
tions and the potential for exposure. There should be reference levels which when 
exceeded indicate that further investigation is needed, possibly by further surveys, 
determination of the source of contamination and its removal.

664. Fixed area monitors (e.g. fixed area gamma monitors and continuous air 
samplers), personnel contamination monitors and effluent monitors should be used 
for determining overall plant conditions.

Monitoring acute exposure situations

665. When work is planned for a radiologically controlled area or for any situation 
where radiation exposure may occur, appropriate monitoring should be performed 
to establish the existing conditions. The likelihood of radiological conditions chang
ing should be considered during work planning and further monitoring may be 
required as the job progresses. In some cases very frequent measurement may be 
required and portable gamma monitors and gamma survey meters fitted with alarms 
used for monitoring gamma fields. Appropriate monitoring may be required for 
airborne contamination using either continuous air monitors or portable air samplers. 
If there is a high background it may only be possible to use portable air samplers.
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When loose contamination is present it will be appropriate to perform work place 
monitoring using smears or in some cases a beta survey meter or portable contamina
tion meter. The results of all measurements should be recorded and posted for the 
information of personnel.

Monitoring fo r  high radiation hazard work

666. Monitoring for special, high radiation area work should be carefully planned. 
It will normally be possible to predict potential radiological hazard levels and the 
work operations that will contribute to these hazards so that appropriate monitoring 
can be arranged. Reference levels should be established in terms of radiation 
measurements (e.g. dose rate) such that if they are exceeded specified actions will be 
taken. A report should be prepared for future reference describing the monitoring 
results, the doses received and all radiation protection aspects of the work.

Data from plant monitoring

667. All monitoring results should be analysed to determine trends and, where 
applicable, the causal relationship between them and plant conditions and work 
activities. The information should be available to plant personnel for use in work 
planning, and information concerning significant radiological trends should be 
provided to design agencies for further analysis. Monitoring programmes, parti
cularly those involving routine plant monitoring, should be regularly reviewed for 
adequacy in the light of trend analysis and revised when this appears necessary. In 
some cases it may be appropriate to decrease the frequency or extent of some routine 
monitoring.

668. All data from plant monitoring should be recorded and retained in ways which 
satisfy the requirements set by the organization and the competent authority.

7. PUBLIC RADIATION CONTROL

701. The normal operation of a nuclear power plant results in some radiation 
exposure of members of the public from the controlled emission to the environment 
of radioactive material in airborne and liquid effluents. There may also be some risk 
of radiation exposure to members of the public from the processing, transportation 
and storage of solid waste material. These sources of exposure or potential exposure 
must be monitored and subjected to appropriate optimization. Further guidance on 
the management of radioactive effluents and wastes can be gained from IAEA Safety 
Series Nos 50-SG-011 and 77 [6, 7],
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GASEOUS AND LIQUID RELEASES

Release limits and targets

702. Limits on the magnitudes of airborne and liquid releases are set by the compe
tent authority. These release limits are derived in accordance with a methodology 
approved by the organization and the competent authority.

Source control

703. A number of methods can be employed to control releases and assist plant 
personnel to achieve lower limit targets.

Gaseous releases

704. Contaminated air is generally exhausted from a stack. Provisions for source 
control include:

(a) High efficiency particulate (HEPA) filters for the removal of radioactive 
particulate activity

(b) Impregnated charcoal filter beds for the removal o f radioactive iodines
(c) Dryer systems to remove tritiated water vapour from air in heavy water 

moderated reactors
(d) Off-gas delay systems to provide for the decay of noble gases.

705. Systems that are used for source control must be regularly tested and main
tained to ensure optimum performance. The testing of filters ̂ should include in situ 
integrity testing of the filter assembly as a whole.

Liquid releases

706. Contaminated water from various plant operations is generally collected in 
storage tanks and subsequently diluted and dispersed to a lake or river. Provisions 
for source control include:

(a) Cleanup systems such as filters for the removal of activity from storage tank 
water prior to dispersal.

(b) Providing time for decay of short lived activity prior to dispersal.
(c) Procedural controls on dilution and dispersal. The concentration of activity in 

a storage tank must be accurately measured prior to discharge. There should 
be procedures with reference levels which control the dilution and dispersal 
process. Some systems have activity monitors on the release pipe with auto
matic shut-off if activity is detected in excess of a set level.
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(d) Segregation of water from the primary coolant side from the lower activity 
water from the secondary coolant side to facilitate treatment of the higher 
activity water.

(e) Retention of small batches of highly contaminated water for eventual solidifica
tion and processing as solid waste.

Monitoring of releases

Monitoring o f  gaseous releases

707. The categories of radionuclides that are to be monitored should be identified 
in accordance with policies and requirements established by the organization and the 
competent authority. It may not be necessary to monitor all categories of radio
nuclides if it can be demonstrated that releases under all circumstances will be small 
(e.g. the 14C which nuclear plants produce in small quantities).

708. The number of discharge points from a plant should be minimized and there 
should be agreement with the competent authority on the discharge points that are 
to be monitored. There may be secondary discharge points where the competent 
authority agrees that monitoring is not required because there is no possibility that 
a large release of activity could occur. Operating personnel should be aware that 
releases can occur from these secondary discharge points even though there is no 
monitoring and that these releases can generally be assessed and controlled through 
a knowledge of activity levels in the secondary coolant circuit.

709. The monitoring system should provide plant operators with information on air
borne release rates that will assist them to achieve optimization in the control of 
releases. The information should be in as near to real time as practicable and should 
be displayed and recorded in the control room. The monitoring system should 
contain alarms with settings based on reference levels derived from release limits and 
targets. Operators should be trained to take appropriate actions in accordance with 
operating procedures when an alarm occurs. Plant air exhaust systems may be 
designed to reduce the flow when a preset reference level of activity in the air is 
reached.

710. The monitoring system should provide an accurate measure of the quantity 
released for each category of airborne radionuclide that is monitored. These 
measurements of released activity will be made at specified intervals of time (e.g. 
daily or weekly) and will demonstrate that there has been compliance with regulatory 
release limits. They will also provide a measure of performance in relation to targets.

711. The monitoring system must meet the accuracy and sensitivity standards 
agreed to by the competent authority. The instruments used to make measurements
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should be appropriate for the radiation and energies to be measured and should be 
routinely calibrated.

712. The sampled air which passes through the monitor must be representative of 
the air that is being monitored. The sampling system should be designed and main
tained to minimize factors such as deposition of activity in sample lines, leakage of 
uncontaminated air into the system, leakage around the filters and excessive filter 
penetration.

713. The monitoring system must be designed and maintained to provide high relia
bility. There should be backup methods for assessing release in the event of system 
failure.

Monitoring o f  liquid releases

714. There should be agreement with the competent authority on the methods that 
will be used to measure the specific activity of various radionuclides in water. In 
some cases a sample of water is analysed for gross beta to determine discharge and 
dilution requirements, while a second, duplicate sample is submitted for a complete 
radionuclide analysis for reporting purposes. There may be monitoring of the liquid 
as it is discharged with alarms and/or automatic shut-off valves if reference levels 
are exceeded.

715. Samples of water that are collected for analysis must be representative of the 
storage tank contents. This means adequate recirculation of the water and purging 
of the sample line prior to sample collection.

716. The instrumentation that is used to analyse water samples must provide 
measurements which conform with standards of accuracy that have been agreed to 
by the competent authority and have lower limits of detection which are consistent 
with anticipated levels of activity. The instrumentation must be routinely calibrated.

Recording and reporting o f  data

111. Monitoring data should be suitably documented, reported and retained in 
accordance with the policies and requirements of the organization and the competent 
authority.

718. These data should be routinely analysed to establish trends in relation to radio
active releases and may be used for purposes of optimization. In addition, they could 
provide managers with measures of performance in relation to targets and act as 
useful feedback information to plant designers.
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SOLID WASTE

719. A great deal o f solid waste material results from the operation of a nuclear 
power plant. Any material which becomes contaminated must be treated as radio
active waste and this entails a great deal of time and expense in processing, trans
portation and storage at a radioactive waste management site. Significant cost 
savings may be achieved by optimizing the plant’s solid waste handling programme.

Reducing the quantity of radioactive waste

720. Boxes, containers and packing materials for tools, equipment, parts, etc., 
should be removed before the items are taken into radiologically controlled areas.

721. Control should be exercised over the use or storage of non-radioactive tools 
and equipment within contaminated areas. Tools or equipment which are used 
routinely in contaminated areas should be appropriately marked and retained for 
issue for radioactive work, and should not be mixed with non-radioactive tools and 
equipment. If it becomes necessary to use non-radioactive tools and equipment in 
contaminated areas, they should, if possible, be covered or sealed from contamina
tion and should be monitored and decontaminated following use.

722. Contaminated articles and clothing should not be mixed with items which are 
non-radioactive. Radioactive items should be segregated and sealed in properly 
identified bags.

723. Reusable protective clothing should not normally be subjected to high levels 
o f contamination. Disposable clothing which is contaminated should be segregated 
as radioactive waste.

724. The plant should have a system of marked containers and procedures for the 
segregation of solid waste material. Segregation categories may include:

— Low level radioactive waste which is compactable
— Incinerable radioactive waste
— Wet, flammable or corrosive materials which require special handling
— Higher level radioactive waste (filters, ion exchange columns, etc.).

Volume reduction of radioactive waste

725. Prior to disposal, radioactive waste should be reduced to a minimum volume 
by compacting or incineration. Incineration should, however, only be undertaken in 
a properly designed facility.
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Disposal of radioactive waste

726. Radioactive material must be packaged, labelled, marked and transported in 
accordance with the regulations of the competent authority. Personnel involved in 
the preparation o f radioactive material for shipment should be familiar with these 
regulations and the procedures which are used by the plant to comply with the regula
tions. The working conditions of these personnel should be monitored and reviewed 
to ensure the procedures are optimized. Although daily doses received in this type 
of work may not appear excessive, significant doses may be accumulated over longer 
periods of time.

727. There should be adequate on-site facilities for the temporary storage of 
material prior to its shipment for disposal. The storage facilities should be operated 
so as to minimize personnel radiation exposure and prevent the deterioration of 
containers.

728. Personnel involved in the transport of radioactive material should have 
appropriate training in the actions needed to handle a spill, leak or vehicle accident 
while en route. There should be an emergency plan with all necessary resources 
available to respond to any transport accident.

ENVIRONMENTAL MONITORING

729. An environmental monitoring programme should be established in accordance 
with the policies and requirements of the organization and the competent authority 
to assess the impact which the operation of the nuclear power plant has on the 
environment and members of the public. This programme should be started prior to 
first reactor criticality to provide background reference levels against which subse
quent measurements can be compared. The environmental monitoring programme 
results can provide some verification of the airborne and liquid monitoring data.

8. REVIEW OF MAJOR FACTORS 
AFFECTING THE OPTIMIZATION OF 

OPERATIONAL RADIATION PROTECTION 
IN A NUCLEAR POWER PLANT

INTRODUCTION

801. The development of an effective radiation protection programme to protect 
workers, members of the public and the environment is an essential requirement for 
the successful operation of a nuclear power plant.
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802. Moreover, an effective radiation protection programme motivates personnel to 
achieve their other work targets more efficiently and has a beneficial effect on all 
aspects o f work performance, particularly quality and cost.

803. In the previous sections, attention was drawn to many details concerning the 
optimization of radiation protection. This section contains a review of the main 
factors which radiation protection experts in many countries have found to have a 
major impact on the optimization of radiation protection in the operation of a nuclear 
power plant. The principal performance indicator which is used to judge the success 
of optimization of operational radiation protection is collective dose.

MANAGEMENT COMMITMENT

804. All levels of management must demonstrate a strong commitment to radiation 
protection. Managers should always set a very positive personal example in relation 
to radiation protection. In addition, a number of management strategies can contrib
ute to the optimization of radiation protection. These include:

(a) The establishment by executive management of corporate targets and policies 
for radiation protection (see Annex II for an example). Management through 
its policy documents or standards should define the various responsibilities in 
radiation protection, the organization of the radiation protection programme, 
and the corporate objectives or expectations for radiation protection. The 
resources that are needed for the programme must be provided.

(b) The establishment of an appropriate radiation protection organization with well 
defined roles and responsibilities.

(c) The establishment by nuclear power plant management, in line with corporate 
objectives, of annual objectives and limits for collective dose and other 
parameters which indicate performance such as individual dose, skin contami
nation, internal contamination, work place contamination, etc. These objec
tives and limits should be communicated to supervisors and workers who 
together with management will be held accountable for their attainment.

(d) The monitoring of radiation protection performance and provision of appro
priate information on this performance to all levels of management, super
visors and workers. This information will normally be provided by the RPO 
and will relate to current experience, particularly for collective and individual 
doses. It is desirable that the information provided to plant personnel be timely 
and identify how the dose is being expended — by job, system, etc. — so that 
the information can be used in planning further work. Radiation protection 
performance should be regularly reviewed at management and at general staff 
meetings. (Some nuclear power plant managers and RPOs find it beneficial to 
routinely make a tour of the plant to observe the operation of the radiation
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protection programme and discuss the subject of radiation protection with 
individual employees. This technique provides managers with direct feedback 
and may alert them to potential problems, concerns or issues which can then 
be addressed at an early stage.)

EMPLOYMENT OF PERSONNEL

805. Operational and maintenance workers in a nuclear power plant must be compe
tent and capable of performing quality work in an efficient manner. Inexperienced 
workers who are not familiar with the work environment and specific plant systems 
are at a disadvantage in this regard and are likely to take longer to do a job and may 
perform the job less well than experienced workers. Experienced workers will also 
have more training and experience in radiation protection. For these reasons 
experienced, well qualified maintenance workers will normally perform work with 
less collective dose and with fewer reliability problems than inexperienced workers. 
However, this implies that certain skilled workers may be subjected to a higher than 
average detriment.

806. Control on personnel activities should be optimized to ensure that there is no 
significant collective dose from sources that are not well identified or from activities 
that do not contribute positively to the plant’s work activities; for example:

— Visits by non-essential personnel to radiation areas should be discouraged, 
particularly when operations such as fuel changing are in progress;

— Personnel should leave a radiologically controlled area immediately following 
completion of their role in a job;

— Activities such as routine radiation surveys in radiation areas may not be 
justifiable if no work is scheduled to be performed in the area;

— Complete cleanup of a contaminated area or of contaminated components may 
not be justifiable if there will be no net saving in radiation exposure.

MOTIVATION OF PERSONNEL

807. Optimization of radiation protection requires optimum performance from each 
employee in all work responsibilities. Quality work that is performed efficiently by 
a staff who are committed to achieving good performance in radiation protection 
should be the goal of every nuclear power plant.

808. Personnel must be trained so they possess the knowledge and skills needed to 
perform work in a safe and effective manner. Plant employees, contractors and 
visitors should possess the knowledge and practical abilities needed to effectively
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implement all radiation protection practices which are applicable to them. Radiologi
cal protection personnel should receive appropriate specialized training.

809. Personnel should know how they are expected to perform. This is done through 
job descriptions, procedures and plant instructions and through communication 
among managers, supervisors and workers. They should be aware of all objectives 
and targets associated with radiation protection performance.

810. Personnel should be kept informed on how their actual performance is meeting 
expectations. This is accomplished by providing appropriate information on perfor
mance and through the supervisory process. Each employee should have ready 
access to personal dose information and to information which indicates the perfor
mance of various work groups and the plant in achieving radiation protection 
objectives.

811. Personnel should be encouraged to perform to expectation. Methods which can 
assist in achieving this desired result in radiation protection include:

(a) Providing personnel the opportunity to participate in the setting of radiation 
protection objectives, thereby creating a greater personal commitment to their 
attainment.

(b) Rewarding good performance. Good performance should be recognized in 
appropriate ways. This can entail personal written or verbal communication 
from managers and supervisors or may involve a more tangible recognition at 
corporate expense when plant personnel or members o f a work group have 
attained a target. Recognition from the corporate level should be given when 
major plant objectives are achieved.

(c) The use of employee discussion groups to promote awareness of and positive 
attitudes towards radiation protection. Such discussion groups should involve 
the participation of line managers and supervisors and will generally address 
conventional safety as well as radiation protection. Appropriate discussion 
topics may include:

— Analysis of working conditions and related safety topics
— Analysis of the mechanisms leading to incidents and accidents
— The results o f surveys or questionnaires concerning the working environment
— The results o f quality assurance appraisals or audits of the plant’s conventional 

and radiation protection programme
— Analysis of performance indicators in the field of hazard prevention, conven

tional safety and radiation protection.

812. In some organizations, specialists have been employed to lead group discus
sions in radiation protection and safety topics, and the results in relation to a decrease 
in accident rates, collective dose and a general improvement in quality and morale
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have been encouraging. Employees of other organizations attend regularly scheduled 
safety meetings where safety related topics and issues are discussed.

RADIOLOGICAL WORK PLANNING

813. Major radiological work, particularly during plant shutdowns, should be 
planned well in advance so that potential problems and delays can be eliminated and 
radiation exposure minimized. The following represent some important features of 
work planning:

(a) The advance planning should involve personnel from all related disciplines,
including radiation protection, so that all aspects of the job will be addressed
and integrated into the work plan.

(b) Detailed work plans should be prepared early enough to provide time to iden
tify all potential radiation hazards and develop special tools, equipment and 
techniques, prepare mock-ups and train or brief workers. The RPO and staff 
should work closely with maintenance personnel in developing these detailed 
work plans.

(c) The work plan should consider the radiation protection aspects of work
scheduling, the radiation measurements and monitoring that will be required 
and when they need to be carried out, the radiation protection measures 
(shielding, decontamination, protective equipment, etc.) that will be needed, 
dosimetry requirements and the reference limits on dose, dose rate, exposure 
time, etc., at which workers will withdraw from the work area. A knowledge 
of radiological conditions and exposure times will be used to estimate doses 
which will be authorized at a level o f responsibility which is consistent with
the magnitudes of the estimated doses. Any change in plans which could alter
the estimated doses must be similarly authorized. Some radiological work may 
be associated with very hazardous conditions due to radiation fields of 
abnormally high dose rates or other factors such as high temperatures, the risk 
of falling from a platform, etc. Such hazardous work must be subject to very 
rigorous planning to minimize the risk of harm to workers. All responsibilities 
must be clearly assigned and fully understood by all personnel. Monitoring of 
work progress by appropriate methods (closed circuit television, voice 
communication) should be employed while the work is being carried out and 
contingency plans should be ready in the event of an accident. Hazardous work 
plans should be approved by appropriate levels of management, including 
the RPO.

(d) Written reports, including the radiation protection aspects, should be prepared 
following major radiological work. Such reports will provide information for 
future planning and help to eliminate problem areas.
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MATERIALS CONTROL

814. Materials control is primarily a design consideration; however, the deliberate 
or inadvertent introduction of unwanted material such as cobalt-bearing alloys during 
maintenance can result in high dose rates from the production of activated corrosion 
products. The introduction of some chemicals into systems can lead to serious opera
tional problems. Control on the quality of new fuel is important in minimizing fuel 
defects.

CHEMISTRY CONTROL

815. Chemistry control is very important in minimizing the rate of corrosion of 
materials and the resulting formation of activated corrosion products. Inadequate 
chemistry control also contributes to reliability problems, particularly those due to 
the early failure of steam generator tubes — the repair of which can result in very 
high exposures. Strict control on primary water chemistry should be maintained 
during shutdowns.

DECONTAMINATION

816. A very effective method of reducing radiation exposure is to remove or reduce 
the source of the exposure through decontamination. Decontamination of tools, 
equipment and components can be effective when this results in a net reduction in 
dose. Major systems including the primary system can be decontaminated and plant 
operators in some countries have reported significant dose reduction as a result of 
this action. To be effective, the decontamination process must be controlled to ensure 
that there will be acceptable decontamination without problems such as non
compatibility of materials. When decontamination is performed by contractors it may 
be necessary to obtain assurances concerning the compatibility of materials and 
arrangements for the disposal o f the chemicals that are employed.

RELATIONSHIP BETWEEN OPERATION AND DESIGN

817. Design plays an important role in the optimization of radiation protection. 
Improvements in system design and plant layout have been responsible for the 
significantly lower collective dose that has been experienced in newer nuclear power 
plants. There should be good communication between plant designers and operations 
staff so that operating experience can be used to improve the design of new stations 
and introduce modifications which will effect dose reductions in existing plants.
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SUMMARY

818. The following is a summary of major factors which should be considered
during optimization of radiation protection:

(a) Radiation protection should be a well managed programme within which all 
levels of management accept and diligently strive to meet their responsibilities.

(b) To the extent practicable, the personnel employed for radiological maintenance 
work should be experienced, highly skilled and qualified in radiation protec
tion. The number of workers employed and their work schedules should be 
optimized.

(c) Complacency or inadequate performance must not be accepted within the 
radiation protection programme. Managers and supervisors should actively 
develop methods for maintaining high motivation among workers.

(d) Radiological work should be carefully planned, scheduled and executed, with 
planning carried out well in advance and with participation from radiation 
protection personnel.

(e) Careful control should be maintained on materials which may contribute to 
increased activity levels in the reactor systems and hence to operational 
problems.

(f) Careful optimization should be applied to systems chemistry during operation 
and shutdown.

(g) Decontamination should be carefully planned and an optimum should be estab
lished between reduced levels of activity and the dose received by personnel 
in achieving these levels.

(h) Design personnel should be provided with information on operating experience 
to assist in the optimization of radiation protection through design.

53

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



Annex I

PRACTICAL SEVEN STAGE FRAMEWORK FOR THE OPTIMIZATION 
OF A COMPLETE OPERATIONAL PROGRAMME

A 101. The purpose of the framework is to demonstrate practically how corporate 
management may optimize the radiation protection programme at a nuclear power 
plant (establishment). The full details may be found in Section 3 of Ref. [3].

Annex II

EXAMPLE OF A POLICY STATEMENT FOR RADIATION PROTECTION

Carolina Power & Light Company

CORPORATE HEALTH PHYSICS POLICY

In line with the overall policy of Carolina Power & Light Company to 
engineer, construct, and operate nuclear power plants without jeopardy to public 
health and safety, it is the policy of the Company to develop, implement, and 
maintain sound health physics programs at each Company facility where radiation 
producing equipment and/or radioactive materials are used or stored. The health 
physics programs shall be structured to ensure that the exposure to radiation of 
Company personnel, contractor personnel, and the general public will be maintained 
at levels which are as low as reasonably achievable (ALARA) and consistent with 
United States Nuclear Regulatory Commission Regulations in Title 10 of the United 
States Code of Federal Regulations. The health physics programs associated with 
activities licensed by state regulatory agencies shall be developed to comply with 
applicable state regulations.

The health physics programs developed by the Company shall ensure that 
personnel, the general public and the off-site environs are protected, and procedures 
and records systems are established to meet all applicable federal or state regulations. 
Each Company employee and contractor personnel working in a facility where 
exposure to radiation might occur shall make every reasonable effort to maintain 
radiation exposures and releases of radioactive materials to unrestricted areas as far 
below specified limits as reasonably achievable. Personnel who habitually or 
willfully disregard or violate health physics procedures and practices will be subject 
to disciplinary action.
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Health physics programs shall be developed which will be strictly adhered to 
by the Company and its contractors to limit occupational exposures at Company 
facilities in which exposure to radiation may occur to ALARA levels. The health 
physics programs shall be documented in writing and shall be reflected in written 
administrative procedures and instructions for operations involving potential 
exposure of personnel to radiation and for design activities associated with each 
facility. Instructions to designers, constructors, vendors, and facility personnel 
responsible for specifying or reviewing facility features, systems, or equipment shall 
reflect the health physics programs goals and objectives.

The goals and objectives o f the health physics programs shall be to maintain 
the annual dose to individual facility personnel to as low as reasonably achievable 
and to maintain the annual integrated dose to facility personnel; i.e. the sum of 
annual doses (expressed in man-rem) to all facility personnel, as low as reasonably 
achievable. The health physics programs shall identify the organizations participating 
in the programs, the positions involved, and the responsibilities and functions of the 
various positions in conducting the programs.

The design o f nuclear facilities shall be consistent with the goals and objectives 
of the health physics programs. Modifications to existing nuclear facilities shall be 
designed and implemented in compliance with the health physics programs to meet 
ALARA requirements. Design review shall reflect consideration of the activities of 
facility personnel such as operations, maintenance, refueling, in-service inspection, 
radioactive waste processing, and decontamination.

Adequate trained personnel shall be provided to develop and conduct all 
necessary health physics programs. The health physics personnel shall possess the 
necessary training and expertise to carry out the health physics programs in an 
efficient manner to assure that Company and regulatory requirements are met. The 
director of corporate health physics will make himself available to all Company per
sonnel for advice and consultation on matters relating to health physics.

All health physics programs shall require procedures, job planning, record 
keeping, special equipment, operating philosophy, and other support conducive to 
meet ALARA requirements. Proper preparation and planning shall be performed 
prior to entering radiation areas where significant doses could be received. Adequate 
supervision and radiation protection surveillance shall be provided during operations 
in radiation areas to ensure that the appropriate procedures are followed, that planned 
precautions are observed, and that all potential radiation hazards which might 
develop during the operations are considered in a timely manner. Results o f activities 
in radiation zones shall be analyzed to identify deficiencies in the program and to 
provide the basis for revising procedures, modifying facility features, or make other 
adjustments which may reduce exposures during subsequent activities.

Health physics facilities, instrumentation, and protective equipment shall be 
adequate to permit the staff to function effectively. The selection of instrumentation 
and equipment and the quantities provided shall be adequate to meet the anticipated
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needs of the facilities during normal operations, major outages, and accident 
conditions.

Appropriate training programs in the fundamentals of radiation protection and 
facility exposure control procedures shall be established to provide instructions to all 
facility personnel including contractors whose duties require working in radiation 
areas. Training programs for health physics personnel shall be provided to improve 
their performance in the health physics programs.

Appropriate health physics programs shall be established for all Company 
operations which deal with radiation. The programs shall be consistent with the 
corporate health physics policy and all applicable regulations. The director of 
corporate health physics shall periodically evaluate the various health physics 
programs and other Company activities which have impacts on the programs and 
report to senior management regarding the effectiveness and adequacy of the 
programs. The director of corporate health physics shall make recommendations to 
senior management as necessary to maintain effective overall health physics 
programs.

The director of corporate health physics shall review with the senior operating 
officer of the Company with the ultimate responsibility for the operation of all 
nuclear power plants on a regular periodic basis the overall effectiveness o f the 
corporate health physics programs. He shall be expected to communicate directly 
with corporate management up to and including the chief executive officer to resolve 
any concern in the area of corporate health physics if the concern cannot be resolved 
satisfactorily at a lower management level.
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