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FOREWORD

In 1982 the International Atomic Energy Agency, in a joint undertaking
with the International Labour Organization, the Nuclear Energy Agency of the
Organization for Economic and Cultural Development and the World Health
Organization, issued revised Basic Safety Standards for Radiation Protection.
These were published as IAEA Safety Series No.9 . One of the main
features of these new Basic Safety Standards is an increased emphasis on the
requirement to keep all exposures as low as reasonably achievable (ALARA),
economic and social factors being taken into account; i.e. the optimization of
radiation protection. As a result of these developments, the IAEA is
currently preparing practical guidance on the application of the ALARA
principle to operational radiation protection.

Most current literature on optimization of radiation protection emphasize
quantitative techniques, particularly cost benefit analysis as a means of
determining when exposures are as low as reasonably achievable. These
techniques however have limited application to operational situations.

Optimization of radiation protection in operational situations requires
that the complete system be appraised in a systematic manner in order that all
factors that have an effect on individual and collective doses be examined
objectively to determine if they are appropriate. This appraisal will cover
not only the conventional radiation protection issues such as external and
internal dose control, waste management, radiation surveys etc., but also the
less tangible factors that have a significant bearing on radiation protection
performance such as training, staff selection and management control. The
guidance currently in preparation by the IAEA suggests that analytical tree
techniques be employed to accomplish systematic appraisals of operational
radiation protection programmes.

During the last twenty years, analytical trees, which had previously been
used solely in hardware orientated systems such as the aerospace industry
(where great reliability is required) have been increasingly developed for use
in systems involving a large degree of human performance. Such trees can be
used as a tool for investigating unwanted events (i.e. accident situations or
near misses) and for evaluating systems to assess their effectiveness and
appropriateness.



It is this latter application as a tool in the optimization process that
is the subject of the forthcoming guidance of the IAEA in the area of
operational radiation protection.

The use of analytical trees is a somewhat specialized subject that many
in the operational radiation protection community may not be familiar with.
As a result the IAEA has decided to publish this TECDOC in an attempt to
increase the familiarity with this technique and to encourage its use in
operational situations. As such the TECDOC should be considered supplementary
to the forthcoming guidance on the optimization of operational radiation
protection.

EDITORIAL NOTE

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

The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.
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l. INTRODUCTION
The purpose of this document is to give guidance to management and

regulators of organizations using ionizing radiations on a technique for
systematically appraising their operational radiation protection programme in
order that its adequacy and effectiveness can be objectively determined. The
appraisal technique is based on analytical trees and can be used to examine
either a whole programme, to determine its completion and adequacy or to
examine one component of a programme in considerable detail. This document
will not develop technical recommendations on particular radiation protection
programmes. These will be found in the appropriate Safety Series document on
operational radiation protection.

The complexity of operational radiation protection services in
industrial, research or medical facilities vary greatly depending on the
potential hazard. Since in many organizations, occupational and public
exposures have been considered to be acceptably low, and seldom have dose
limits been exceeded, radiation protection standards and methods, that have
been developed over many years have often been judged to be largely acceptable
and adequate. Many programmes or techniques are conducted in a manner based
on long collective experience. The expression "we have always done this this
way" is often used as a justification for continuing in a certain direction.
For example Organization A may institute a protection practice simply because
Organization B has done so, or worse, a regulatory body without adequately
examining the different conditions or needs of two organizations may require
Organization A to institute a particular protection practice simply because
Organization B has done so. Oversights, ommissions, and personal bias can all
contribute to a less than optimum operational radiation protection practice.

To help overcome some of these potential problems, a systematic appraisal
is recommended in order to:

(i) examine the total radiation protection effort in an organization to
determine that it is indeed complete and appropriate for the potential hazards
involved and that management has made the necessary commitment and provided
the resources to keep exposures as low as reasonably achievable; and

(ii) examine individual aspects of the programme in depth to determine
their effectiveness.



Responsibility for maintaining an adequate level of radiation protection
rests with the management of the organization. However the manner in which
management discharges its responsibility varies from organization to
organization. In some, the management may delegate this responsibility to a
trained Radiation Protection Officer who will develop and operate the
radiation protection programme. This may include such functions as:

specification of standards for protection,

purchase and maintenance of radiological instrumentation and
equipment,

formulation of radiation protection procedures,

operation of a personnel dosimetry programme,

training of workers in protection techniques,

conduction of radiation surveys,

approval of work techniques,

provision of personal protection assistance to workers in hazardous
situations etc.

In other organizations many of these functions will be carried out by the line
organization as part of the regular work programme with the Radiation
Protection Officer and his staff providing an expert advisory, training and
perhaps audit role.

Regardless of the particular organizational arrangements, managements are
increasingly examining their programmes to determine their adequacy and
effectiveness. Regulatory bodies in many Member States have progressively
increased their inspection and assessment activities to determine if licencees
are indeed meeting the required regulatory standards.

With the advent of the 1AEA/WHO/NEA(OECD)/1LO Basic Safety Standards Dose
Limitation System and its admonishment that 'All doses should be kept as
low as reasonably achievable' i.e. that radiation protection should be



optimized, many organizations are taking a fresh look at their operational
radiation protection programmes to determine if current or traditional
priorities are still appropriate.

The IAEA is currently in the process of developing a number of safety
series documents on the provision of operational radiation protection services
in a variety of applications e.g. Nuclear Power Plants, Use of Radiation
Sources in Industry, Research, Medicine and Teaching, Research Reactor
Facilities. This series derives from a Safety Series Guide provisionally
entitled: Operational Radiation Protection - A Guide to Optimization, also in
preparation. These documents all suggest that the key to the optimization of
operational radiation protection is the development and maintenance of an
adequate and effective radiation protection programme and further suggests a
methodology for accomplishing this. This methodology involves the appraisal
of an operational radiation protection programme both by, or on behalf of the
management and by, or on behalf of the regulatory authority. Analytical trees
are recommended to assist in the accomplishment of such appraisals.

2. ANALYTICAL TREES
2.1 Background

The use of analytical trees originated as "fault tree analysis" in the
early 1960s in the aerospace industry as an attempt to eliminate oversights,
particularly at system interfaces, which had previously resulted in costly
retrofits or unnecessarily short operational lifetimes for promising systems.
Fault tree analysis was strongly hardware orientated but showed promise as an
analytical tool for evaluation of systems involving a great deal of human

(2)performance. Development of the MORT concept a decade later made
application of a fault tree analysis to management systems a reality. Since
then analytical trees have been developed both as a tool for investigations of
unwanted events (e.g. accidents) and for the evaluation of existing systems
and programmes to assess their effectiveness.

2. 2 General Discussion
An analytical tree is simply a graphical display of information to aid

the user in conducting a detailed analysis of any system or programme
(hardware, human or environmental) to determine critical paths to success or
failure. It identifies the details and interrelationships that must be



considered to prevent the oversights and omissions or the unnecessary
redundancies that lead to less than optimum programmes. It also enables the
analyst to:

i) Systematically identify the possible paths from base events to the
predicted outcome.

ii) Display a clear visual record of the analytical process,

iii) Identify management system strengths and weaknesses.

iv) Provide a basis for rational decision making by management or
regulator.

In an analytical tree a top or major event is stated. It may be a
desired objective or goal (positive tree) or an unwanted or injurious event
(negative tree). The tree is developed by breaking down the top event into
components required to achieve the top event. Each of these components is
listed on a second tier. Similarly, for each of the components on the second
tier, the process is repeated so that each component on the second tier is
systematically broken down into its proper components, which are listed on a
third tier. The process is repeated until the components reveal all necessary
and sufficient items, events, procedures, equipment etc., required to achieve
the top event. The user must decide how far to pursue the construction of the
analytical tree. Construction of an analytical tree, therefore constitutes a
deductive analysis of a management or safety programme, proceeds from general
to specific, or outcome to source and answers the question "What is necessary
for this to happen"?

The main purpose of analytical trees is the modelling of complex
programmes. Once an analytical tree has been developed it can be used as a
tool to aid the assessment, investigation and improvement of the programme
both in normal and accidental situations. It can be used in connection with
appropriate indicators for the on-going control of the programme or a
sub-programme within it. The extent to which analytical trees may be used
will vary, depending on the type of facility or operation, on the need of the
user, on the type of assessment to be undertaken and on the problem to be
solved.
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The choice of the best construction method depends on the type of
assessment to be conducted. The present chapter should provide sufficient
practical guidance to enable the reader to construct a positive analytical
tree applicable to his own programme. A more detailed description of the
method is given in reference (3).

2.3 Logic Symbols used in Analytical Trees

2.3.1 Events
Logic symbols commonly used to denote events, components or conditions

are the rectangle, the circle, the diamond and the ellipse.

The rectangle is used to denote a
general component or condition, or a
gate output event resulting from a
logical combination of contributory
events, constituents or conditions
acting through a logic gate, and is
usually located in the upper tiers of
an analytical tree.

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

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

The ellipse is used to denote a
conditional component which applies
constraints on a logic gate or output.

1 1



2.3.2 Gates
Logic gates that are commonly used are the AND gate and the OR gate.

The AND gate produces an output only
when all input events occur.

The OR gate produces an output when
one or more of the inputs occur.

2.3.3 Transfers
A transfer symbol, denoted by a triangle, is used to reproduce tree

components located in one part of a tree, to other parts of a tree. It is a
shorthand notation used to repeat identical parts of a tree.

The in-transfer with a horizontal
arrow toward the triangle shows a
transfer from another part of the tree

The out-transfer with a horizontal
arrow shows a transfer to another
location in the direction to another
part of the tree

2.4 General Steps in the Construction of a Positive Analytical Tree

2.4.1 Define the top event. The top event is the condition or event that
is desired to be achieved.

2.4.2 Acquire a comprehensive understanding of the programme that is to
be depicted by the analytical tree. Only by fully understanding the
programme, its components and details, and their interrelationships and
interfaces can a logical and complete analysis be performed. All the
components which contribute to the production of the top event must be

12



identified. A 'brainstorming session' can be a useful aid at this stage of
the construction.

2.4.3 Construct the analytical tree. With the top event defined and with
the components identified for each tier of the tree, construct the tree using
appropriate logic symbols and proper logic. Only necessary and sufficient
components, are to be included in each tier of the tree, i.e. the components
identified must be the minimum necessary, and no more than is sufficient to
produce the output component located in the preceeding tier. Detailed
guidance on the construction of analytical trees will be found in Appendix I.

HUMAN SENSES
ALL FUNCTIONING

TASTE

I

SALT ) ( SOUR ) ( SWEET j

Fig.2.1 Simple Example of an Analytical Tree

2.4.4 Validate the analytical tree

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

the programme and its functions are fully covered.

components and their interactions are necessary and sufficient to
produce the desired output.

Validation has proven time and again to be essential for an accurate and
complete tree. Often consultation with others begins before construction is
complete, thus steps 2.4.3 and 2.4.4 overlap. In practice, use of a tree will
identify further modifications and improvements thereby providing additional
validation.

2.5 General Applications of Analytical Trees

2.5.1 The analytical tree is a tool for bringing clarity to a complex
programme by depicting all the necessary components of the programme in a
thorough and logical graphical display. Typical general applications follow
in the subsequent paragraphs of this section.

2.5.2 An analytical tree can provide a basis for the fact-finding stage
of the appraisal of a programme or sub- programme. This involves use of the
tree to identify a large series of questions, the answers to which provide all
the facts relevant to the appraisal. It is this application which is applied
to radiation protection programmes, and which is fully developed in chapters 4
and 5 of this document.

2.5.3 An analytical tree can be an aid to assist in the management
control of complex programmes. This application utilizes the tree to identify
the most appropriate indicators which are representative of the performance of
sub-programmes within a complex programme. Examples of such performance
indicators within a radiation protection programme are:

i) individual doses, collective dose, ambient dose rates,
contamination levels.

ii) instantaneous or cumulative rates of gaseous or liquid releases.
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iii) frequency of reportable incidents and failures.

iv) frequency of failures of radiation protection equipment or
instrumentation as a measure of their suitability for intended use
or adequacy of maintenance procedures.

2.5.4 An analytical tree can be constructed as a fault tree to assist in
the investigation of incidents or accidents. In this application the top
event becomes the incident and the tree aids the identification of possible
causes which may produce or contribute to the incident.

3. DEVELOPMENT OF A DETAILED BRANCH OF AN ANALYTICAL TREE

This section provides an example of the development of an analytical
tree. Figure 3.1 illustrates the major components of an adequate and
effective radiation protection programme. To help identify the subcomponents,
questions such as 'Vhat do they consist of"? and "what is needed"? must be
asked.

Adequate and Effective
Radiation Protection Programme

Normal
Operations

Emergency
Operations

Occupational
Radiation Control

Public
Radiation
Control

Fie.3.1
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Figure 3.2 develops one major component (the occupational radiation
control function) in more detail.

Occupational Radiation Control

Û

Personnel Facilities & Equipment Procedures Organization & Management

K1CUKK 3.2

Since this level of detail is not sufficient to develop appropriate
questions, it is necessary to continue to develop the tree in even greater
detail as shown in Figure 3.3.

The analytical tree is developed to lower and lower tiers until specific
elements can be identified. Examples of a basic element are, a specific
procedure, a specific type of instrument or a specific job description.

Next, a series of questions is formulated from components,
( subcomponents or elements in the analytical tree using the question words
"how"? "what"? "when"? "where"? "how often"? "by whom"? in combination with
the word in the element and the word in the component above. In general, the
more specific the component is, the more specific the question becomes, and
the more specific the answer that is obtained. Similarly, the more specific
the answer is, the easier it is to evaluate, or compare with pre determined
criteria or standards.

An example of the method of formulating questions is provided using the
(sub)component "development" which would come under the component
"procedures". By combining the question words "how"? "what"? "when"? "where"?

16



"how often"? "by whom"? with the two component and sub-component words,
questions such as the following are formulated:

How are procedures developed?
When are procedures developed?
By whom are procedures developed?
What criteria are used?
What is the justification?
What approvals are required?
What records are kept?

As illustrated in Figure 3.3, the tree has been developed in sufficient
detail that appropriate questions can be developed. Examples of such
questions are given in Appendix 2. The questions serve as a logical guide
which assists the user in the fact-finding stage of an appraisal. Often the
answers to the questions generate a series of other relevant questions, the
answers to which will eventually assist in the evaluation or assessment
process.

17
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4. THE TECHNIQUE OF APPRAISALS
4 • T- Introduction

An informal review of a small component of a programme or system can
amount to an appraisal. More elaborate appraisal techniques are available and
are used by management, regulators, and independent consultants. These
include techniques for day to day control such as performance indicators, or
techniques for the appraisal of complete programmes or sub-programmes, e.g.
audits and inspections. However, in the specific context of this document an
APPRAISAL means a detailed and thorough evaluation of a programme or
sub-programme in order to identify strengths and weaknesses. It should
provide a basis to enable deficiencies and omissions to be rectified and
unnecessary components to be eliminated. The objective of an appraisal is to
provide a full evaluation so as to verify the adequacy and effectiveness of a
programme or to identify necessary improvements. As a result appraisals can
serve as an aid in the optimization of an operational radiation protection
programme. This aspect is developed in a further Safety Series Guide. The
need for an appraisal depends on a number of factors, such as:

(i) the potential for further dose savings;

(ii) the potential for significant exposure, possibly under accident
conditions ;

(iii) the time that has elapsed since the previous appraisal, because a
gradual deterioration in standards can otherwise go unnoticed over
a long period of time;

(iv) the implementation of any major changes that significantly affect
individual or collective doses;

(v) the reaching of some pre-determined reference level that has
perhaps been chosen to reflect optimized radiation protection.

Less formal appraisals of parts of a radiation protection programme may
also be useful for assessing those parts.
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4.2 Content of an Appraisal
Appraisal techniques should enable the appraiser to:

(i) identify and document all the relevant components of an operator's
programme;

(ii) document these components in such a way that an evaluation can be
made of the adequacy of: (a) the overall programme, or (b)
individual components of the programme. This evaluation should be
able to determine whether the programme is adequate and effective
and can be used as an aid in optimizing the programme; and

(iii) help ensure that an adequate and effective programme is maintained.

The important components of an appraisal are shown in Fig.4.1 below:

1
FACT
FINDING

ANALYSIS
AND EVALUATION

1
CONCLUSIONS
& RECOMMENDATIONS

FIELD
INSPECTIONS

INTERVIEWS REVIEW OF DOC-
UMENTATION AND
RECORDS

F ig.4.1 Important Components of an Appraisal

4.3 Analytical Tools to aid the Appraisal
The appraiser should take advantage of suitable analytical tools designed

to assist in meeting the objective of the appraisal.
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At the fact-finding stage of the appraisal it is essential that scrutiny
be made of each and every relevant component of the programme or
sub-programme. Various tools are available but one that is ideally suited to
this stage of an appraisal is the analytical tree technique that was described
in Chapter 2.

The use of a well designed analytical tree can present information in a
manner which readily facilitates the subsequent analysis and evaluation. At
this latter stage of the appraisal the information gained must be subjected to
considerable professional judgement and comparison against regulatory
standards and requirements, and established principles of good radiation
protection practice. The more formal tools associated with the optimization
of radiation protection can assist in the assessment and provide an
attributable basis for the subsequent conclusions and reeommendations.

4.4 Conduct of an Appraisal
An appraisal may be conducted by or on behalf of the management, the

regulatory body or a third party. A schematic system for the conduct of such
an appraisal is depicted in Fig.4.2.

appoints

appointsJZ APPRAISAL BOARD

APPRAISAL TEAM

ANALYTICAL
TREE
TECHNIQUES

develops

Fig.4.2 Schematic Representation of the Conduct of an Appraisal
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This system is fully elaborated in Appendix 3, and the development of an
Appraisal Plan is given in Section 4.5.

k . 5 Appraisal Plan
4.5.1 A practicable appraisal plan comprises the following 6 stages:

(i) Identify the purpose and scope of the appraisal and commence with the
generic analytical tree appropriate to the type of work being undertaken.
Suitable generic trees can be found in the forthcoming IAEA series of
recommendations on operational radiation protection.

(ii) With a knowledge of the establishment and particularly of the scope and
scale of its operation, modify the generic analytical tree to produce a
tree that is entirely appropriate to the establishment being appraised.
(It may be necessary to visit the establishment before this element of
the plan can be undertaken).

(iii)Using the analytical tree appropriate to the establishment, construct
the detailed series of questions that will form the fact-finding stage of
the appraisal.

(iv) Obtain answers to the detailed series of questions.

(v) Evaluate the information so gained by comparison with pre determined
standards comprising regulatory requirements, accepted principles of
optimization and good radiological protection, and sound professional
judgement.

(vi) Identify the strengths and weaknesses of the programme and formulate
appropriate recommendations, if necessary employing available analytical
aids such as the more formal techniques associated with the optimization
of radiation protection.

4.5.2 The above appraisal plan is equally well suited either to the
appraisal of a complete radiation protection programme, or to the appraisal of
particular sub- programmes within a large programme.
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5. CONCLUSION
An appraisal of an operational radiation programme is facilitated by the

use of an appropriate analytical tree. Once a generic tree is developed and
validated it can be used to assist the appraiser in producing a series of
questions, the answers to which, together with field observations, will
produce an objective view of the current programme. This should uncover
ommissions, oversights and biases which contribute to less than optimum
radiation protection.
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Appendix 1
Guidancei for the Construction of Analytical Trees Applied

to Radiation Protection

The following guidance is provided to assist in the construction of an
analytical tree. It is important that the top of the tree (a programme, event
or condition) be stated clearly. The components that are necessary and
sufficient to achieve the top event are then identified with the aid of
deductive logic. These components should be separate and different from each
other and stated in as general terms as possible. Each of these components are
placed on the first tier. Subsequently, these first tier components are each
reduced into their necessary and sufficient ( subcomponents, which are placed on
the second tier. The process is repeated and the tree is developed through
lower tiers, proceeding from general to specific (sub)components. The following
questions "what is needed?", "what are the types?", "what do they consist of?",
and "what do they concern?" are then asked, although not necessarily in this
order, to help identify the components.

For example, if the top event is "an adequate and effective radiation
protection programme" then, in answer to the question "what does it consist
of?", the user may at first deduce that "personnel", "facilities and equipment",
"procedures", "occupational radiation control", "public radiation control", and
"organization and management" are all first tier components. However, under
closer scrutiny, it becomes evident that "occupational radiation control" and
"public radiation control" are different from the other components since they
better answer the question "what does it concern?" i.e. what does "an adequate
and effective radiation protection programme" concern? Since these components
answer two different questions, they do not belong on the same tier as the other
components, and since "occupational radiation control" and "public exposure
control" are more general concepts, they are placed on a tier above the other
components. Consequently, the following tree could be constructed:
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Adequate and Effective
Radiation Protection Programme

1
Occupational
Radiation Control

Public Radiation
Control

FiR.A.l

Since "personnel", "facilities and equipment", "procedures" and
"organization and management" answer the question "what is needed" for
"occupational radiation control" and also for "public radiation control", the
tree is further developed as illustrated below:

Adequate and Effective
Radiation Protection Programme

Occupational
Radiation
Control

Public
Radiation
Control

———— I1 Personnel I Procedures

Faci lit ies
and
Equipment

Organization
and
Management

1 ————
Personnel Procedures

Facilities
and
Equipment

Organization
and
Management

FÎR.A.2

For purposes of clarity, only one of these branches viz "occupational
radiation control" will be further developed. Consequently, the tree is
modified as follows:
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Adequate and Effective
Radiation Protection Programme

Occupational
Radiation Control

Public
Radiation
Control

Tier 1

Personnel Facilities
and
Equipment

Procedures Organization
and
Management

Tier 2

Fig.A.3

Subsequently, the user proceeds to ask the remaining question "what are the
types?" of "an adequate and effective radiation protection programme". The
user can answer that there are two different types of radiation protection
programmes viz one for "normal operations" and one for "emergency operations"
since different "facilities and equipment", "organization and management",
"procedures" etc. (tier 2 components) and "occupational radiation control" and
"public radiation control" (tier 1 components) are required. Since "normal
operations" and "emergency operations" are both more general than the
aforementioned tier 1 and tier 2 components it is necessary to place "normal
operations" and "emergency operations" above tier 1. The tree is then
modified as follows:
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Adequate and Effective
Radiation Protection Programme

Normal
Operations

Occupational
Radiation <^
Control

1̂
Personnel]i

I
Facilities Prc
and
Equipment

/PublicX
Radiation

\Control/

J I
»cedures Organization

and
Management

Emergency
Operations

Fig.A.

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

Grouping the components into "sub-programmes" may require certain
components to be repeated (e.g. "personnel selection, training and
qualification", "facilities and equipment") but they are included only if they
are required in the "sub-programme" component. In other words, the tree
components now require to be more and more specific, and eventually, in the
lowest (final) tier, the basic elements are identified. Examples of basic
elements are a specific type of instrument, a specific procedure, or a
specific job description.
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A "brain-storming" session with a group of radiation protection
specialists is another useful aid in determining which components are
necessary and sufficient to construct a particular tree and where these
components are to be placed within the tree.

Finally, it should be noted that analytic trees can be improved with
experience and by the lessons learned from using analytical trees during
appraisals, accident investigations etc.
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Appendix 2
Examples of Questions that could be Derived From a Generic Analytical Tree
for a Functional Assessment of an Ideal Surface Contamination Programme

The following questions were derived from the tree illustrated in
Fig.3.3, Chapter 3.

Obje ctives

1 Is there a document, or programme description which outlines the
surface monitoring programme at this facility?

2 Who has approved this document?

3 Are various criteria for evaluating the performance of this programme
presented, e.g. are administrative limits and action levels specified?

4 Does this document state the goals of this programme?

5 Is it reviewed on a periodic basis?

6 Is the scope of this programme adequate, e.g. does it address all
potential hazards to which workers are exposed?

7 Does the document outline how the programme is implemented and include,
for instance, the location, frequency and number of measurements?

8 Does the document state the limitations of the programme?

Personnel

9 What groups or individuals in the overall organization implement this
programme?

10 Are the responsibilities and duties of these groups or individuals
clearly stated?

37



11 Does the facility provide training that adequately meets the
responsibilities and duties?

12 Is the training programme adequately documented?

13 Is "re-fresher" training provided on a periodic basis?

14 Are the skills or qualifications required to perform the duties
adequately documented?

15 How is it ensured that the skills and qualification requirements are
met?

Facilities

16 Does the establishment have adequate containment facilities to control
sources of surface contamination?

17 Does the establishment have adequate facilities to control access to
potentially contaminated areas?

18 Does the establishment have adequate shielding facilities to control
radiation fields resulting from surface contamination?

19 Does the establishment have adequate ventilation systems in areas where
surface contamination may be present?

20 Does the establishment have adequate facilities for decontamination of
equipment and tools?

21 Does the establishment have adequate facilities for decontamination of
protective clothing?

22 Does the establishment have adequate facilities for decontamination of
its personnel?

23 Does the establishment have adequate change rooms for workers
potentially exposed to surface contamination?
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24 Does the establishment have adequate facilities for transportation of
contaminated equipment?

25 Does the establishment have adequate facilities for storage (and
disposal) of contaminated equipment?

26 Does the establishment have adequate laboratories for measurement and
analysis of surface contamination measurements?

Equipment

27 Does the facility have an adequate quantity of field equipment for
measuring surface contamination?

28 Does the field instrumentation have adequate range?

29 Is there an adequate repair and maintenance programme for defective
field instruments?

30 Is there an adequate preventative maintenance programme for field
instrumentation?

31 Does the field instrumentation have adequate sensitivity?

32 Is the field equipment calibrated with standards traceable to national
standards?

33 Is acceptance testing done on field equipment before use in the field
i.e. does the facility rely upon the specifications provided by the
manufacturer?

34 Is performance testing (constancy check) done on field instrumentation
before use in the field?

35 Does the field instrumentation have adequate accuracy?

36 Does the field instrumentation have adequate precision?
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NB Similar questions may be asked for laboratory equipment.

Procedures

37 Are procedures approved at an appropriate level of management?

38 How are the procedures developed?

39 Are the radiation protection procedures governing the use of laboratory
instrumentation and equipment adequate?

40 Are the radiation protection procedures governing the use of field
instrumentation and equipment adequate?

41 Are the radiation protection procedures governing the use of facilities
adequate?

42 Are the procedures reviewed on a periodic basis?

43 Are the procedures documented?

44 How are the procedures enforced?

Quality Assurance

45 Who verifies that the objectives of the surface contamination programme
are met?

46 Are audits, inspections or assessments done on an adequate basis?

47 What methods are used to perform audits, inspections or assessments?

48 How is corrective action undertaken when deficiencies are identified?.

49 Who ensures that the radiation protection procedures are being
implemented?
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Appendix 3
Method for the Conduct of an Appraisal

A3.1 The Appraisal Programme (or function)
A radiation protection appraisal should be designed in such a manner

that bias is precluded as much as possible. The systematic approach is an
aid in this regard. The findings resulting from analysis of analytical
trees should be presented factually and in their proper perspective. An
additional aid to ensuring that a factual unbiased appraisal is performed is
to carefully select the members of the appraisal board and appraisal team.
In general the appraisal board members should be representatives of
management,* (including the RPO in most instances). The appraisal team
should be composed of technical specialists familiar with the functional
areas of the appraisal plan.

The appraisal method described in this appendix may achieve some useful
results if less than the minimum requirements are used. However the results
of such efforts should be used with caution since they may not necessarily
produce an objective assessment.

A systematic management system for an appraisal is depicted graphically
in Chapter 4, Fig.4.2.

Although the specific details needed to perform an adequate appraisal
must be developed on a case-by-case basis, all appraisal programmes should
contain the following elements regardless of the size of the operation
involved or the depth or scope of the appraisal.

Appraisal Board
Appraisal team
Planning meeting
Appraisal plan

This appendix is written from the point of view of management. If the
appraisal is being conducted by a regulatory body or by an external
organization, the method would be similar.
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Appraisal
Draft report
Appraisal Board Review
Final report

These elements are described in the following sections of the appendix.

It is expected that the number of personnel involved and the overall
time spent will increase with the complexity of the appraisal. A minimum
Appraisal Board should consist of at least two individuals. The minimum
Appraisal Team should also be no less than two individuals. These
requirements are a necessary initial effort to reduce bias in the
appraisal. Additional steps in the appraisal process may be needed when
performing extensive or complicated appraisals. Some of the additional
steps that may be required are additional meetings to approve the appraisal
plan, multiple reviews of draft reports and re-examination of data for
confirmation.

A3.2 The Appraisal Board
This Board should be composed of two or more members of management or

representatives of management not directly responsible for the programmes
being appraised. The members may, however, have an indirect management
responsibility for the programme. The Board should have authority to make
decisions regarding the findings and recommendations resulting from the
appraisal. The Board is responsible for determining when an appraisal
should be performed, the scope, depth and purpose of the appraisal, and for
approving the appraisal plan. The Board is also responsible for the review
of the draft appraisal report submitted to it by the appraisal team and for
approving the final report. The Board may or may not possess the authority
to implement recommendations resulting from the appraisal.

A3.3 The Appraisal Team
The appraisal team should be composed of two or more individuals who

are technically competent to evaluate the functional areas assigned to
them. It is desirable to increase the number of personnel on the team if
the appraisal is extensive so that the appraisal may be completed in a
reasonable amount of time. Increasing the number of specialists involved
also permits the selection of individuals with more specific expertise in
the more technical areas of the appraisal.
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A3.4 Planning Meeting
It is important that the appraisal team conduct a planning meeting to

develop the appraisal plan. This meeting will normally consist of all of
the appraisal team members, and may also include a representative of the
Appraisal Board. During the planning meeting, an appraisal plan is
developed to meet the purpose, scope and depth requested by the Appraisal
Board. The draft plan is submitted to the Board for approval. After
approval of the plan the team is responsible for implementing the plan and
completing the appraisal.

A3.5 The Appraisal Plan
After the Appraisal Board has determined that an appraisal is needed

and has defined the purpose and proposed the scope and depth of the
appraisal, the Appraisal Team develops the appraisal plan. An analytic tree
that graphically depicts the programme is developed to an appropriate depth
and is used as a logic guide to develop a series of questions which serve as
the basis for the plan. The questions should be designed to guide the
appraiser into areas pertinent to a comprehensive evaluation of the various
aspects of the programme and should provide data that are necessary to
satisfy the purpose of the appraisal.

After the analytical trees are developed, the questions designed and
the number of site visits and interviews determined, a preliminary estimate
of the time required to perform the actual appraisal can be made. At this
time, any changes to the initial schedule should be made. The schedule and
the strict adherence to the trees and questions, however, should be somewhat
flexible to permit coverage of additional aspects that may have been
overlooked during initial planning but discovered during performance of the
appraisal.

A3.6 The Appraisal
In appraisals, both a review of documentation and recorded data and

site visits are required. During such site visits the appraiser may
personally observe and confirm aspects of the programme that could not be
gathered from a document review. These visits also permits the appraiser to
discuss and confirm details of the programme with the management, staff
members and production employees of the facility. Answers to questions
relating to each component that were developed from the tree should be
recorded. Answers may indicate that the component was satisfactory or
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requires further analysis. The need for further analysis of a negative
event finding is determined by the purpose of the appraisal. Records should
be kept by the appraiser to justify the resolution of each event. These
records may include references to specific procedures, data collected from
facility sources, including discussions with personnel, and written reports
of personal observations. After the appraisers have completed their
assignments, a meeting should be held to review the results. The purpose of
the review is to determine if any oversights were made in the overall
appraisal or if further evaluation is needed to fully justify any of the
findings.

A3.7 The Draft Report
A draft appraisal report is prepared by the Appraisal Team members.

The report should consist of sections covering each of the major functional
areas addressed in the appraisal plan and include an introductory summary of
the major significant findings. When the combined sections are completed
and organized, a section presenting preliminary conclusions and
recommendations should be added. The members of the Team should generally
agree to all the conclusions and recommendations in this section. Any major
disagreements that cannot be resolved by the Team should be highlighted so
that they may be resolved at the Board meeting. Usually, all data collected
to justify the appraisal findings is included in the report by reference or
in some cases as appendices to the report. When completed the draft report
is submitted to the Appraisal Board for review. A copy of the draft report
can be submitted to the management of the organization being appraised at
this time for their comments. This practice can reduce misunderstandings
and errors on the part of the appraisers at an early stage.

A3.8 Appraisal Board Review
The initial review of the draft appraisal report is performed by the

Appraisal Board. When all questions and comments on the report are
completed by the Board, a meeting is held with the Appraisal Team to resolve
the comments. If all comments are resolved, the Board requests that the
report be issued in final form. If there are issues that cannot be resolved
by the Board, the Board may request that further effort be made by the Team
to gather data to resolve the problem. If it appears that a significant
amount of time will be required to resolve the problem, a final report
should be issued containing a statement that clearly defines the unresolved
issue and the proposed action for its solution.
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A3.9 The Final Appraisal Report
The final appraisal report is the working document used by management

to make decisions. Having asked for the appraisal, management should
respond to the conclusions and recommendations resulting from the appraisal
in a timely manner. Management response should be directed to the Appraisal
Board with a schedule for action on each recommendation. If management
chooses not to act on a recommendation, the response should address the
reasons for the decision.
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