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ABSTRACT 

This paper presents a comparison of radiation protection principle definitions in old and 

recent versions of EU Directive and BSS. The old definitions, also used in textbooks and 

training materials, are short, but deficient. Consequently, the background of the acronym 

ALARA, which has been in use as a substitute for the expression “optimisation in radiation 

protection” for decades and has a meaning that exceeds radiation protection, has been 

incompletely understood by majority of radiation workers. To illustrate the complexity of 

optimisation, cost-benefit analysis and dose constraints, two tools for practical implementation 

of optimisation in radiation protection are explained. 

Practical implementation of optimisation in nuclear facilities and in research laboratories 

is described. For nuclear facilities, optimisation starts with the design of the facility, when 

significant improvements can be done. During operation, effective management, different 

technical and administrative measures ensure that doses are well below dose limits. In research 

laboratories, optimisation is effective only where unsealed sources are used. For sealed sources, 

used mostly in analytical instruments, optimisation was already effectively implemented 

through proper design and construction of the instruments. 

In conclusion, comprehensive and objective explanation of radiation protection principles 

in radiation protection training requires a broader and more thorough approach than what is 

used now. The result of such an effort would be a better understanding of how radiation risks 

are positioned with regard to other types of risks, and would therefore eventually improve 

overall safety in facilities.  

1 INTRODUCTION 

The philosophy of radiation protection is summarised in the three basic radiation 

protection principles: justification, optimisation and dose limits. These principles had been 

established by the International Commission for Radiological Protection (ICRP) and were later 

built into IAEA International Basic Safety Standards (BSS), EU Directives and national 

legislations all over the world. The last revisions of IAEA BSS and EU Directive were 

published in 2014 [1] and 2013 [2]. The principles are also quoted in many documents related 

to practical implementation of radiation protection and in all textbooks and training materials 

on radiation protection.  

The short definitions of principles used in textbooks and training materials look simple 

and self-explanatory, but they are not. This is especially true for optimisation.  
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A more comprehensive explanation of principles can be found in definitions in the EU 

Directive [2]:  

(a) Justification: Decisions introducing a practice shall be justified in the sense that such 

decisions shall be taken with the intent to ensure that the individual or societal benefit resulting 

from the practice outweighs the health detriment that it may cause. Decisions introducing or 

altering an exposure pathway for existing and emergency exposure situations shall be justified 

in the sense that they should do more good than harm. 

(b) Optimisation: Radiation protection of individuals subject to public or occupational 

exposure shall be optimised with the aim of keeping the magnitude of individual doses, the 

likelihood of exposure and the number of individuals exposed as low as reasonably achievable 

taking into account the current state of technical knowledge and economic and societal factors. 

The optimisation of the protection of individuals subject to medical exposure shall apply to the 

magnitude of individual doses and be consistent with the medical purpose of the exposure, as 

described in Article 56. This principle shall be applied not only in terms of effective dose but 

also, where appropriate, in terms of equivalent doses, as a precautionary measure to allow for 

uncertainties as to health detriment below the threshold for tissue reactions. 

(c) Dose limitation: In planned exposure situations, the sum of doses to an individual shall not 

exceed the dose limits laid down for occupational exposure or public exposure. Dose limits 

shall not apply to medical exposures. 

These definitions of principles explicitly associate optimisation with individual and 

collective dose, and to probability for exposure. They also state that equivalent doses should 

also be subjected to optimisation. If we compare these definitions with wording from the 

previous version of EU Directive from year 1996 [3], which is a basis for current national 

legislations in EU, we can see that the 1996 definitions for justification, and especially for 

optimization, are much shorter and simpler. The statement related to optimisation in previous 

version of Directive was as follows: 

… each Member State shall ensure that:  

(a) in the context of optimization all exposures shall be kept as low as reasonably achievable, 

economic and social factors being taken into account; 

… 

The principle … shall apply to all exposures to ionizing radiation resulting from the practices 

referred to in Article 2 (1) (i.e. for “usual” practices that involve radiation sources). 

In the past, Directives (and also BSS) have used the optimisation principle also for all 

other exposure situations (not only for occupational but also for public, medical, and emergency 

situations), but this was never really extensively and clearly communicated to all workers, the 

public or patients. The first sentence in the upper quote was usually used as an explanation of 

the optimisation principle for all purposes. Even more, in the late 1970s the acronym ALARA 

(from As Low As Reasonably Achievable) became popular and is still in use as a substitute 

name for optimisation in radiation protection. 

Although this acronym contains key words related to optimisation, it is far from a 

description or explanation of the background of optimisation. Many people wrongly understand 

it as a requirement related just to (one) person’s exposure, or requirement for “As Low As … 

Achievable” exposure. For a certain time, the acronym ALARP (As Low As Reasonably 

Practicable), which probably better represents the “spirit” of optimisation in radiation 

protection, was in use in the UK but, unfortunately, it is not in use any more. 



214.3 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, September 8  ̶ 11, 2014 

An additional problem is that ALARA is assumed as an exclusive radiation protection 

approach or a method that affects only particular segments of radiation practice implementation. 

It is important to understand that the basic meaning of ALARA is related to the 

requirement that an “optimum” level of protection should be determined as an appropriate 

balance between protective efforts and benefits derived from such efforts in terms of reduced 

radiation harms to society. ALARA is therefore a holistic approach that ensures balance of input 

to radiation protection and gained general protection (related also to other hazards). 

1.1 Background of optimisation [4] 

The basic concept behind optimisation of exposures is proportionality between dose and 

probability of induced health effects. Although there is no strong practical evidence supporting 

this concept for low doses, it is practical and comprehensible. In addition, it is also conservative 

and even if non-linearity became a demonstrated scientific fact, linear assumption will still be 

the only practical option. 

The other basic assumption behind optimisation is socio-economic. When making 

resource allocation for protection, it is proper to carry out some balancing of the resources put 

into protection and the level of protection obtained against the background of other factors and 

constraints. Therefore, after having reached a certain protection level, further “improvement” 

works against the better allocation of safety and protection resources and even the protection of 

certain sub-groups (of workers or population) at risk. 

1.2 Dose constraints 

As a decision aid for optimisation, ICRP (and also BSS and EU Directive) uses dose 

constraints. The definition from the current EU directive [2] is as follows:  

"dose constraint" means a constraint set as a prospective upper bound of individual doses, used 

to define the range of options considered in the process of optimisation for a given radiation 

source in a planned exposure situation; 

The dose constraints are source related and are set up for each source to be used as an 

orientation when protection is optimised. It is up to authorities to decide on dose constrains 

taking into account characteristics of source and its use. Dose constrains should be defined for 

all planed exposures (occupational, public, and medical – for carers and comforters and 

volunteers participating in medical or biomedical research). ICRP recommends dose constraints 

in the range up to 1 mSv per year for public exposures (when individuals are exposed to 

radiation from a source that yields little or no benefit for them, but which may benefit society 

in general), and in the range from 1 mSv per year to 20 mSv per year (when the exposure 

situation – but not necessarily the exposure itself – benefits individuals). 

The dose constraint approach is also used by nuclear facility operators as an indication 

when the optimisation process needs to be triggered for a particular set of tasks. The indication 

used can be the individual or collective dose anticipated for the task. 

2 PRACTICAL APPLICATION OF ALARA 

2.1 Cost-benefit analysis 

Cost-benefit analysis was a tool developed for optimisation of the protection. As we have 

explained, optimisation is accomplishment of balance between radiation safety benefits 

obtained from resources allocated to radiation safety and benefits obtained by committing these 
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resources to other possibilities. The goal of the optimization is to maximize the net benefit of 

resource allocation. Radiation harm to group of persons (and descendants) as a result of the 

exposure is usually described as health detriment. 

The equation that describes the net benefit B of the procedure is as follows [5]: 

 

𝐵 = 𝑉 − (𝑃 + 𝑋 + 𝑌) (1) 

 

where 

𝑉 = gross value of the procedure, 

𝑃 = cost of procedure, exclusive of the cost of protection, 

𝑋 = costs of protection, and 

𝑌 = detriment cost. 

The detriment cost is expressed in the terms of collective dose multiplied with α, cost per unit 

radiation detriment (usually expressed in USD/man Sv): 

 

𝑌 = 𝛼𝑆 (2) 

 

where 𝑆 is collective dose of the group. 

If we want to optimise only protection and detriment for a certain benefit 𝐵, then we consider 

𝑉 and 𝑃 constant. Dependencies of the costs of protection 𝑋, detriment cost 𝑌 and sum of these 

two costs over collective dose 𝑆 are in Figure 1.  

 

 
Figure 1: Optimisation of radiation protection [5] 
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If we want to optimise protection, the sum 𝑋 + 𝑌 must be minimised. For example, if we 

want to optimise shield thickness 𝑍, then we should solve the following equation: 

 

𝑑

𝑑𝑍
(𝑋 + 𝑌) =

𝑑𝑋

𝑑𝑍
+

𝑑𝑌

𝑑𝑍
=

𝑑𝑋

𝑑𝑍
+ 𝛼

𝑑𝑆

𝑑𝑍
= 0 (3) 

 

This equation can be easily solved for thickness 𝑍, since the cost of protection 𝑋 depends 

on shield volume (and price per unit volume) and detriment costs could be calculated from dose 

rate, shield attenuation which depends on thickness 𝑍, number of people in shielded area and 

exposure time. 

The value of α, cost per unit radiation detriment, depends on the society. It is not used to 

put some value on human life; it simply represents the amount of funds allocated by society to 

avoid a unit of the collective dose. These values are quite different in different countries. For 

example, NPPs in USA use values from 360,000 – 4,700,000 USD per man Sv with average 

value 1,330,000 USD per man Sv, in UK 220,000 USD per man Sv, EDF in France uses 

4,400,000 USD per man Sv, and Swedish NPPs use value 450,000 – 2,200,000 USD per man 

Sv. All data are from 1994 [6], but recalculated to current USD with cumulative rate of inflation 

82.3% [7]. 

3 ALARA IN NUCLEAR FACILITIES 

Optimisation in nuclear facilities can be divided into two parts. One is optimisation as a 

part of initial design, and the second one is ongoing optimisation of the radiation protection 

programme. 

Optimisation during design is the best method of optimisation. It should start early in 

design with successful and efficient engineering controls. The goals are less work in radiation 

area and lower dose rates. Optimisation includes limitation of potentially contaminated areas, 

zoning (separation of potentially contaminated and clean areas, separation of different radiation 

areas), sufficient shielding (low dose rates on places where access and maintenance is needed), 

effective ventilation, containment of possible leaks as close as possible to the source, proper 

piping construction without possible traps for contamination, installation of equipment that 

requires less maintenance, easy access to equipment that requires maintenance, installation of 

windows and remote cameras for observation, separation of radioactive and conventional 

wastes, etc. Decommissioning must be also considered during design, since dismantling 

equipment and systems also results in considerable exposures. 

Optimisation in operation is the only method applicable to existing facilities. 

Optimisation consists of a managerial part and an implementation part. Assessment of existing 

situation, review of doses, information evaluation and recommendations, regular radiation 

protection appraisals, feedback mechanism, clear responsibilities and duties regarding radiation 

protection planning and implementation, and work planning are all elements of good 

management. 

The implementation part relates to personnel selection and training, and occupational 

radiation control. Occupation control can be divided into administrative and technical measures. 

Administrative measures include properly written procedure, access controls, radiation work 

planning, classification of areas, regular surveys, warning posts, mock-up and rehearsals of the 

work to be done, use of electronic/daily dosimeters, provision of radiation protection 

technicians whose function is dose control, assistance with protective clothing, etc. Technical 
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measures include removal of sources, temporary shielding, barriers to prevent entrance, use of 

protective clothing and respiratory protection, decontamination facilities to reduce potential 

airborne contamination and background exposure, local supplementary ventilation facilities, 

tents, fume hoods, etc. 

All these measures contribute that doses of workers in nuclear facilities are well below 

dose limits. For example, average annual dose in Krško NPP in the year 2013 was 0.99 mSv, 

and annual doses of all workers were below 10 mSv. 

4 ALARA IN RESEARCH LABORATORIES 

In research laboratories, either sealed or unsealed radioactive sources are in use. 

Typically, sealed sources are analytical instruments based on X-ray diffraction and X-ray 

fluorescence. All modern instruments of these types are closed in shielding enclosures. There 

is not much possibility for optimisation here, since the dose rates at the surface of enclosures 

are comparable to the natural background. 

In many laboratories, check sources or calibration sources for the instrumentation are 

used. These are usually low activity sources and dose rates are relatively low even at their 

surface. Nevertheless, unnecessary doses from these sources should be avoided using time and 

distance as protection. Handling of these sources should be limited to the necessary minimum, 

and, if possible, it should be done with some tool, e.g. tweezers. 

Use of unsealed radioactive sources is more demanding. Although activities are usually 

limited, work with unsealed sources requires thoughtful work planning, special workplace and 

equipment. A controlled area must be established for contamination control, work should be 

done in a fume hood or glove-box, protective clothing is required, zoning is required in bigger 

laboratories, regular surveys must be performed, necessary equipment for spill control should 

be at disposal. It is important to use the smallest possible activity of the selected radionuclide. 

Procedures for work with unsealed sources must be established and obeyed. It is also a good 

idea to use blind samples for training and procedure testing. External radiation from unsealed 

sources should be minimised with the use of distance and shielding. Work should be done fast, 

but here time is not essential for protection. 

5 CONCLUSIONS 

We have seen that: 

 The definitions of the radiation protection principles used in textbooks and training 

materials look simple and self-explanatory, but they are not;  

 Definitions of principles in new EU Directive and BSS are more complex, but also 

more precise. In new documents, optimisation is explicitly related to individual and 

collective dose, to probability for exposure, and to equivalent dose; 

 It seems that use of acronym ALARA as a universal expression for optimisation in 

radiation protection is not the optimal approach, since the real background of 

optimisation (balance of input to radiation protection and gained general protection) 

is not clearly communicated to workers and public; 

 Dose constraints and cost-benefit analysis are tools for practical implementation of 

optimisation. They are used by authorities and utilities, but have little value to the 

“average” worker; 
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 In nuclear facilities, optimisation of radiation protection starts with the design of 

facility. Optimisation at that stage can have a significant influence on exposures 

during operation and decommissioning; 

 Optimisation in operation is the only method for existing facilities. Good 

management, technical and administrative measures ensure that occupational doses 

are well below dose limits; 

 Optimisation of protection in research laboratories is possible mainly where unsealed 

radioactive sources are used. Thoughtful work planning, special workplace and 

equipment is required, and use of shielding and distance for minimisation of external 

dose. 

Based on these facts, we can conclude that comprehensive and objective explanation of 

radiation protection principles in radiation protection training (optimisation principle in 

particular) requires a broader and more thorough approach than what is used now. There would 

probably not be a significant improvement of radiation protection effectiveness due to such an 

effort but there would be other benefits: a better understanding of how radiation risks are 

positioned with regard to other types of risks, and an eventual improvement of overall safety in 

facilities.  
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