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1. Introduction 
 
On October 20, 2001 the Main Commission of the International Commission 
on Radiological Protection (ICRP) approved the formation of a new Task 
Group, reporting to Committee 4, to develop guidance on the principle and 
application of the optimisation of radiological protection. As stated in the 
terms of reference, the objective of the Task Group was to review the prin-
ciple of optimisation and the requirements for its implementation in relation 
to the revised ICRP general Recommendations. In this perspective, particular 
attention had to be given to the role of constraints, the distribution of indi-
vidual exposures, stakeholder involvement and application in regulation and 
operation. 
 
The membership of the Task Group was as follows: 
 
Wolfgang Weiss (Chairman), Germany 
Mary E. Clark, United States 
Jean-Francois Lecomte, France 
Jacques Lochard, France 
Yihua Xia, China 
 
Ted Lazo, France, served as corresponding member. 
 
In early 2005, the Task Group produced a draft report which was issued for 
consultation on the ICRP website. A number of helpful comments were re-
ceived. Taking account of these comments, a revised report was prepared 
for consideration by the Commission at its meeting in March 2006. This pa-
per summarises that report. 
 
2. The Optimisation Principle and its evolution 
 
The optimisation of protection has been one of the fundamental principles 
of the system of radiological protection since the 70s (Publications 22 and 
26; ICRP, 1973 and 1977). While the definition of this principle has remained 
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relatively unchanged over time, its application has evolved with the feed-
back experience of its practical implementation. First focussed on quantita-
tive techniques, mainly cost-benefit comparisons of protection options, the 
optimisation process incorporated progressively operational procedures, 
good practices and qualitative approaches to become a more judgemental 
decision-making process. 
 
The principle of optimisation is defined by the Commission as the source re-
lated process to keep the magnitude of individual doses, the number of peo-
ple exposed and the likelihood of occurring exposure where these are not 
certain to be received, as low as reasonably achievable below the appropri-
ate dose constraints, economic and social factors being taken into account. 
According to the revised ICRP general recommendations, this process of op-
timisation below constraint should be applied whatever the exposure situa-
tion: planned, emergency and existing. 
 
The Commission recommendations specifically related to the optimisation 
principle previously published (Publications 37 and 55; ICRP, 1983, 1988) as 
well as the provisions about this principle in Publication 60 (ICRP, 1991) re-
main valid. The optimisation must be implemented through an on-going, cy-
clical process that involves the evaluation of the exposure situation to iden-
tify the need for action (the framing of the process), the identification of 
the possible protection options to keep the exposure as low as reasonably 
achievable, the selection of the best option under the prevailing circum-
stances, the implementation of the selected option through an effective op-
timisation programme and subsequently a regular review of the exposure 
situation to evaluate if the prevailing circumstances call for the implemen-
tation of corrective protection actions (see Figure 1). However, the way it 
should be implemented is now viewed as a broader process reflecting the 
increasing role of individual equity, safety culture and stakeholder involve-
ment in our modern societies (Publications 77, 82: ICRP, 1998, 1999). 
 
Figure 1: Schematic View of the Optimisation Process 
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The optimisation principle as presented in this report is a consolidation and 
an evolution, but not a fundamental change in the Commission’s recommen-
dations concerning this principle. The report addresses all exposure situa-
tions where radiological exposures are amenable to control, except patient 
exposures, which are dealt with separately by the Commission. 
 
3. Characteristics of the process 
 
The optimisation of protection is a forward-looking iterative process aimed 
at preventing exposures before they occur. It is continuous, taking into ac-
count both technical and socio-economic developments and requires both 
qualitative and quantitative judgements. The process should be systematic 
and carefully structured to ensure that all relevant aspects are taken into 
account. Optimisation is a frame of mind, always questioning whether the 
best has been done in the prevailing circumstances. It also requires the 
commitment at all levels in all concerned organisations as well as adequate 
procedures and resources. 
 
The process for assessing protection options, and for judging that no further 
dose reduction is reasonable, should involve the comparison of a number of 
feasible protection options to reduce the planned or potential doses to indi-
viduals and groups. A graded approach is needed to take into account both 
the level of exposure and the complexity involved. Because of its judge-
mental nature there is a strong need for transparency of the optimisation 
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process. This transparency assumes that all relevant information is pro-
vided to the involved parties, and that the traceability of the decision-
making process is properly documented, aiming for an informed decision. 
 
For the control of radioactive emissions to the environment the principle of 
the best available technology, not entailing excessive costs (BATNEEC), may 
be used. The principles of optimisation and BATNEEC complement each 
other. With a view to the consequences to human health, the control of re-
sidual exposures will be driven by the optimisation of estimated radiation 
doses. 
 
Procedures are necessary to clarify responsibilities for the implementation 
of the optimisation process. At the operational level, an organisational 
structure should be established to organise a dialogue between the profes-
sional disciplines involved in an operation, including co-ordinators, working 
groups, or committees, whether or not the resulting structure is dedicated 
solely to optimisation. 
 
Commitment from all relevant parties, ranging from authorities to exposed 
individuals, to allow for an effective implementation of optimisation im-
plies: 
 
- putting optimisation into regulation, willingness to enforce it, providing 

guidelines with proper balance between dialogue and control (Authori-
ties); 

 
- defining a radiological policy, setting general goals, developing and ad-

hering to procedures, delegating responsibilities, allocating means and 
resources, maintaining independence of radiological protection profes-
sionals from operation (Operating Management); 

 
- sharing information, maintaining vigilant attitude, training and retrain-

ing, and consciousness-raising in radiological protection (Individuals). 
 
The involvement of stakeholders (i.e. parties who have interests in and con-
cern about a situation) is seen as an important input to the optimisation 
process. It is a proven means to achieve the incorporation of values into the 
decision making process, the improvement of the substantive quality of de-
cisions, the resolution of conflicts among competing interests, the building 
of shared understanding with both workers and the public as well as trust in 
institutions. Furthermore, involving all concerned parties reinforces the 
safety culture and introduces the necessary flexibility in the management of 
the radiological risk that is needed to achieve more effective and sustain-
able decisions. 
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The decision maker (generally the operating management or a competent 
authority) have clearly-defined roles and responsibilities in the optimisation 
process. Other individuals and groups can also be considered as stake-
holders. Examples include institutional and non-institutional technical sup-
port to the decision-making process (approved dosimetric services, qualified 
experts, formal technical services, public expert organisations, private 
laboratories), the exposed individuals (either workers or members of the 
public) or their representatives (trade unions, local associations), and rep-
resentatives of the society, either by an elective process (elected represen-
tatives) or a participative process (environmental associations). The in-
volvement of stakeholders does not imply that operating management 
and/or authorities relinquish their responsibility to make the final decision, 
or their accountability for that decision. 
 
The best option is always specific to the exposure situation and represents 
the best level of protection that can be achieved given the circumstances. 
Therefore it is not relevant to determine, a priori, a dose level below which 
the optimisation process should stop. Depending on the exposure situation, 
the best option could be close to or well below the appropriate constraint. 
This means that the optimisation process may result in doses lower than any 
level that could be proposed as an “entry level” into the system of radio-
logical protection. 
It should be stressed that optimisation is not minimisation. It is the result of 
an evaluation, which carefully balances the detriment from the exposure 
(economic, human, social, political…) and the resources available for the 
protection of individuals. Thus the best option is not necessarily the one 
with the lowest dose. 
 
4. Optimisation and Exposure Distribution 
 
The comparison of protection options is a key feature of the optimisation 
process which must entail a careful consideration of the characteristics of 
the individual exposure distribution within a group of exposed population. 
Each group of population affected by a source can be described by different 
attributes, such as age, gender, and habits as well as by various exposure 
parameters, such as mean, minimum and maximum individual doses, the 
number of individuals exposed, the collective dose as well as the likelihood 
of occurrence of the exposure. A single exposure parameter, however, is 
generally insufficient to compare fully the various protection options. 
 
Additional aspects to be considered in the comparison of protection options 
are the social values, particularly the equity in the distribution of exposure 
among the concerned group of individuals. For example, different protection 
options for a group of workers may be characterised by similar average in-
dividual and collective doses but rather different profiles of the dose distri-
bution. In such a comparison, equity considerations will in most cases lead 



Page  6

to the discarding of protection options with the highest individual expo-
sures. 
 
When the exposures occur over large populations, large geographical areas, 
and long periods of time, the total collective effective dose (i.e. the summa-
tion of all individual exposures in time and space) is not a useful tool for 
decision aiding because it may aggregate information excessively and could 
be misleading for selecting protection actions. To overcome the limitations 
associated with collective dose, each relevant exposure situation must be 
first carefully analysed to identify the individual characteristics and expo-
sure parameters that best describe the exposure distribution among the 
concerned population for the particular circumstance. Such an analysis re-
sults in the identification of various population groups with homogeneous 
characteristics for which collective doses can be calculated within the opti-
misation process. 
 
For identifying the relevant population groups, the same approach as the 
one used for framing the optimisation process can be used. This includes 
asking when, where and by whom exposures are received. The result of such 
questioning may be presented in a multi-dimensional collective dose matrix 
(see Figure 2). Once this matrix is established, the relative importance of 
each element of the matrix, expressed as collective dose, can be weighted 
to reflect the economic and social considerations and values as well as the 
preferences of those involved in the optimisation process. 
 
Figure 2: Illustration of a collective dose matrix 
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Within the system of radiological protection both the operators and the ap-
propriate national authorities have responsibilities for applying the optimi-
sation principle. The implementation of the process of optimisation of pro-
tection is the responsibility of the operating management, subject to the 
requirements of the authority. Operating management makes decisions re-
garding the design, organisation, and ongoing implementation of the optimi-
sation process. The authority promotes and may require optimisation as a 
way to reach the level at which licence to operate, if any, can be granted. It 
may also verify that optimisation of radiological protection is effectively 
implemented during operation. The burden of proof of this implementation 
rests with operating management. The decision to authorise an exposure-
causing activity, or the implementation of exposure-reducing measures and 
their implied residual doses, rests with the authority. An active safety cul-
ture supports the successful application of optimisation by both the opera-
tional management and the authority. 
 
All aspects of optimisation cannot be codified; optimisation is more an obli-
gation of means than of results. Except in cases of regulatory violation, it is 
not the role of the authority to focus on specific outcomes for a particular 
situation, but rather on processes, procedures and judgements. A strong dia-
logue must be established between the authority and the operating man-
agement. The regulation should provide guidelines designed to build such a 
dialogue. The success of the optimisation process will depend strongly on 
the quality of this dialogue. 
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