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Abstract 
 
The Alpha value is an extremely important criterion because it determines 
the time that a country takes to achieve its proposals in order to decrease 
the workers doses involved with ionizing radiation sources. 
Currently the countries adopt a single value for alpha based on the annual 
gross national product, GNP, per capita.  The aim of this paper is to show 
that the selection of a curve for the alpha in place of a single value would be 
more efficient.  This curve would provide alpha values that would will be 
constraints to the biggest individual doses presented in each optimization 
process as applied both to designs and to operations.  These maximum 
individual doses would represent the dose distribution among the workers 
team.  To build the curve, the alpha values suggested are not based on the 
GNP per capita but on a distribution function of the maximum individual 
doses and on the time necessary to reach the proposal of 1/10 of the annual 
dose limit foreseen in the sequential optimization processes, that is to reach 
the region where the individual doses are considered acceptable. So, the 

differential equations will be ( )maxHα
dS
dX =− .  To clarify our sight about the 

alpha value we started using the uranium mine example presented in ICRP 
publication 55, adopting the decision-aiding technique known as extended 
cost-benefit. for right. Then we used the same example in a hypothetical 
curve with portions: constant, linear, quadratic and exponential.  
Eventually we discussed briefly the different shapes of the curves that the 
alpha value can assume in function of the individual doses.  Each of these 
shapes can correspond to the so called “risk neutral attitude”, “risk adverse 
attitude” or “risk prone attitude” suggested in the appendix B of the ICRP 
publication 55. 
 
1. Introduction 
 
For the quantitative decision-aiding techniques, differential cost-benefit 
analysis, integral cost-benefit analysis and extended cost-benefit analysis 
the alpha value is extremely relevant, because it determines the time that a 
country takes for an individual dose distribution reach the acceptable 
region. 
 
Even if the alpha values are different for each country, the risks associated 
to the practices involving ionizing radiation and the final objectives, that is, 
the decrease of individual doses to admissible levels, are the same in any 



place of the world.  Furthermore, the constant alpha value linked to the 
annual gross product, GNP, per capita introduces two inauspicious facts: 
 
* For partial fulfillment of  Ph.D. credit 
 
a) The constraint limits of each practice or workers class assume different 
values in each country in function of the   adopted alpha value, and 
different decrease speed of the individual doses in function of the time.  
This fact can produce international legal conflicts as, for instance, in 
workers interchange.  If the worker from an institution goes to another 
country where the constraint limits are higher than in its own country and if 
he acquires a cancer during the normal period of work, in a legal  lawsuit 
the first question asked to the employer will be: Why have you sent your 
workers to a country that does not offer  the  same protection conditions as 
its offered in your country?  

b) Using the equation α=cHdS
dY

,  and the death probability given by the ICRP 

[4],  everybody calculates the human life cost contrarily to what the ICRP 
and IAEA profess. 

The equation suggested in this paper, ( )max, H
dS
dX

cH α=− , prevents both 

problems. 
In our point of view, there should be uniformity in global terms in the policy 
adopted in order to decrease the individual dose, so that it could be 
justified by legal questions. 
 
It is known that the cost-benefit techniques are based on the collective dose 
and that, the individual doses distribution are not contemplated in this 
analysis.  But, we believe that, if we want decrease the doses by means of 
successive optimizations till we achieve the acceptable region, the 
individual doses distribution is very relevant.  In view of the exposed above, 
in the uses of the quantitative decision-aiding techniques known as 
differential, integral and extended cost-benefit analysis, we intend to 
introduce the highest individual dose belonging to a distribution as a 
variable. 
 
To do this and continuing the former papers [1, 3] we intend to use the cost-
benefit techniques based on the derivation of the protection and detriment 
cost functions but with a substantial change.  The alpha value is not a 
constant anymore, coming to be a variable function of the maximum 
individual dose, that is, alpha will be replaced by )(

maxHα .  In order to 
make its introduction clear, as in the former papers, we will use, initially, 
the publication [2] and apply the small mine example used in the ICRP 
publication [2] and we will apply the extended cost-benefit techniques, 
because for different individual doses the ICRP have used different 
detriment cost values introducing the beta factors whose values are added 
to the alpha value, making it variable in a discrete form.  For this reason, in 
this paper, instead of using the collective dose in a group of persons 
involved in a practice, we use an individual of this group that has received 



the highest dose.  For instance, for the small uranium mine presented in the 
ICRP publication number 55 [2] we see table 1, below. 
 
Table 1 – Data for options considered in the small uranium mine example 
 

Option 1 2 3 4 5 
Collective dose 
S (person-Sv) 

0,561 0,357 0,335 0,196 0,178 

 mSv mSv mSv mSv mSv 
I 

(4 workers) 
 

40,8 
 

28,4 
 

26,0 
 

17,5 
 

15,8 
II 

(4 workers) 
 

34,5 
 

22,3 
 

21,0 
 

12,6 
 

11,3 
III 

(9 workers) 
 

28,9 
 

17,1 
 

16,3 
 

8,4 
 

7,8 



2. Proposed policy for alpha value in the small uranium mine example 
 
As an example we will use the addictive alpha values suggested in the 
extended cost-benefit analysis technique. According to ICRP [2] different 
values were given to the collective dose unit in function of the individual 
doses values involved.  According to the small uranium mine example, the 
following additional criterion for the individuals doses distribution attribute 
was adopted: 
   �                          = US$ 20.000   (person-Sv)-1 
  �1  (     < 5 mSv) = US$          0   (person-Sv)-1 

  �2  ( 5 - 15 mSv) = US$ 40.000   (person-Sv)-1 

  �3  (15 - 50 mSv) = US$ 80.000   (person-Sv)-1 

  
Based on these values we can suggest the values presented in table 2 for 
alpha. 
 
Table 2 - Alpha values based on the additional criterion for the individual 
doses distribution, attribute proposed in the ICRP publication number 55 
[2]. 
 

Annual individual 
dosis ranges 

Sv y--1 

�lpha value 

US$ (person-Sv)-1

005,0≤H  20.000,00 

015,0005,0 ≤< H  60.000,00 

05,0015,0 ≤< H  100.000,00 

 
These are also shown in figure 1. 
 
Figure 1 – Alpha values based on the additional criterion for the individuals 
doses distribution, attribute proposed in ICRP [2]. 
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According to Perez et al [1], [3] we know that the protection annual cost 
can be approximated by  function XA of the fitted potential curve, as 
presented in table 3. 
 



 
 
 
 
Table 3 – Annual protection cost fitted for the options 
 

Option 

S  
(person-Sv) 

y-1 
XA 

(U$S) 
1 0,561 10535,27 
2 0,357 17047,48 
3 0,335 18242,04 
4 0,196 32281,00 
5 0,178 35767,94 

 
Table 4 shows the results, according to Perez et al [1], using the annual 
protection derivative technique. 
 
Table 4 – Options data considered in the small uranium mine example using 
the fitted curve and its derivative 
 

Option 
S  

(person-Sv)
XA 

(US$) 

dS
dX A−  

US$(person-Sv)-
1 

1 0,561 10535,27 19996,35 
2 0,357 17047,48 50846,36 
3 0,335 18242,04 57982,47 
4 0,196 32281,00 175371,45 
5 0,178 35767,94 213964,64 

 
As the focus now is no more on the collective dose but on the individual that 
receives the highest doses, we will select the alpha value adequate for each 
option using the data in table 1, as shown in table 5. 
Table 5 – Alpha values based on the additional criterion for the individual 
doses distribution, attribute proposed by ICRP publication number 55 [2] for 
each option 
 

Annual individual 
doses ranges 

Sv y--1 

�lpha value 

US$ (person-Sv)-1

Option 

005,0≤H  20.000,00  

015,0005,0 ≤< H  60.000,00  

05,0015,0 ≤< H  100.000,00 1,2,3,4,5 
 



As the highest individual doses in the small uranium mine example in each 
option are over 0,015 Sv y-1, the alpha value to be used is only US$ 
100.000,00 person- Sv y-1, according to what is shown in table 6.  In this 
table we can seen that option 4 is the analytical solution, what is in 
accordance to Perez et al result [1]. 
 
 
 
Table 6 – Option data considering alpha values proposed in the ICRP 
publication 55 [2] for each option 
 

Option 
S  

(person-Sv) 
XA 

(US$) 

dS
dX A−  

  US$ (person-
Sv)-1 

� 

  US$( person-Sv)-1 
1 0,561 10535,27 19996,35 100000,00 
2 0,357 17047,48 50846,36 100000,00 
3 0,335 18242,04 57982,47 100000,00 
4 0,196 32281,00 175371,45 100000,00 
5 0,178 35767,94 213964,64 100000,00 

The same solution is presented in figure 2. 
Figure 2 – Annual protection cost derivative and alpha curve 
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The analytical solution is option number 4. 
 
3. Differential cost-benefit equation modified to be used in our policy 
 
To simulate the small uranium mine example when the beta criterion is 
introduced, using constant value for the maximum individual dose attribute, 
we have used a constant value for alpha pertaining to the group of 
individuals that has the highest dose instead of the collective dose and have 
obtained the same result.  But this is not necessary, we can use the alpha 
values as a variable function of the highest individual dose of each option.  
To better understand our next discussion, we return to the differential 

equation preconized by the ALARA principle, that is: (1)          0≤+α
dS
dX

 



According to ICRP [5], alpha is a constant. Our proposal is a modification in 

the equation (1), that is: (2)          0)( ≤+ MáxH
dS
dX α  

Where alpha is a function of the maximum individual dose, Hmax. 

In the sequential optimization processes, the maximum dose will always be 
selected. As it belongs to a group of individuals exposed differently from the 
former groups, pertaining to the forming optimization process it can 
represent the current individual dose distribution. 
 
 
 
 
 
4. Assumed example, using the small uranium mine and different functions of 
alpha value 
 
As example, for the maximum individual doses we will assign alpha constant 
values in the range edge of the maximum individual doses.  The individual 
doses range edges were selected considering the same levels prescribed by 
ICRP: 

a)  for maxima individuals dose lower than 5mSv y-1, that is, the dose 
region considered acceptable by the ICRP [4], � = 0. 

b) Doses equals to 1/10 of the annual limits, that correspond to the 
record level threshold, � = US$ 10.000,00.  These doses also 
correspond to the annual mean value of all workers when the annual 
limit was of  50mSv y-1in place of 20mSv y-1 mean over five years. 

c) Doses between 1/10 of the annual limits and 3/10 of the annual limits 
the alpha value varies linearly and we assume the value of  S$ 
20.000,00 when H = 10mSv, that corresponds to the value adopted by 
the United States and the European Community, and assume the value 
of  US$ 30.000,00 when H = 15 mSv.  This last value was selected ad 
hoc. 

d) Doses between 15 mSv y-1 e 35 mSv y-1  the alpha value varies 
quadraticly assuming the value of  US$ 80.000,00 when  35 mSv.  This 
alpha value was selected ad hoc. 

e) Doses between 35 mSv y-1 and 50 mSv y-1 the alpha value varies 
exponentially assuming the value of US$ 200.000,00 when 50 mSv.  
This alpha value was selected from option five in the small uranium 
mine example, as Sordi [7] paper has showed. 

All these arguments are summarized in table 7. 
 
It is evident that table 7 values are only suggestions and can be changed, 
but it is necessary  to remember that the speed to obtain the wanted aim 
(acceptable region) is directly linked to the alpha values.  These alpha value 
can define the alpha function curve, which according to ICRP [2] can 



represent the “risk adverse attitude” , “ risk neutral attitude” or “risk 
prone attitude”, as shown in figure 3. 
 
Figure 3 – Examples of Alpha curves representing the “risk adverse attitude” 
, “ risk neutral attitude” and “risk prone attitude” proposed by ICRP [2]. 
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Table 7 – Values assumed to build the alpha curve  

Range for 
maximum annual 
individual doses* 

H  Maximum 
annual 

individual 
dose(Sv) 

� value 

US$ (Sv y)-1

Justification for alpha 
value selection 

10max
AL

H <  
005,0<  0 Subject ranged: acceptable 

value selection 

10max
AL

H =  

Recording level 

0,005 10.000 Annual individual mean 
dose in the world 

according to the ICRP [6] 

0,010 20.000 Alpha value for United 
States end European 

community 
10

3
10

AL
H

AL ≤<  

0,015 30.000 1,5 times the United States 
and European community 

alpha value 

0,035 80.000 4 times the United States 
and European community 

alpha value 

ALH
AL ≤<
10

3
 

Investigation 
level until the LA 0,05 200.000 10  times the United States 

and European community 
alpha value and also alpha 
value for the option 5 of 
the small uranium mine 

example according to Sordi 
paper [7] 



*AL - Dose annual limit 
Assuming that the table was accepted, from these values we can determine 
the equations of the proposed functions for the alpha value as shown in 
table 8 and define the alpha function curve shown in figure 4. 
Table 8 –  Suggested functions for alpha curve 

Range for 
maximum annual 
individual doses  

H (Sv) 

For ranges: alpha continuous functions

US$ Sv-1 

Curve that 
describes alpha 

functions 

005,0<H  0 Constant 

015,0005,0 ≤≤ H  H6102×=α  Linear 

035,0015,0 ≤< H  96,1273804,60447532,3763259 2 ++= HHα Quadratic 

050,0035,0 ≤< H He 086,6112,9431=α  Exponential 

Figure 4 – Suggested alpha curve 
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These functions were applied to the small uranium mine example and we 
have considered the dose distribution according to the extended cost-
benefit analysis, but we have used the derivation technique.  We have 
already seen that the annual protection cost can be approximated by the 
function XA, according to table 4 and from table 1 we can have the 
individual dose distribution. 

As, the aim now is no more the collective dose but the individuals group that 
receives the highest doses, we will select the alpha value for each option 
based on the group that receives the highest doses, as shown in table 9. 

Table 9 – Alpha values for each option 

Ranges for 
annual 

individual doses 
H (Sv) 

For intervals: alpha function 

 

Options 

005,0<H  0  



015,0005,0 ≤≤ H  H6102×=α   

035,0015,0 ≤< H  96,1273804,60447532,3763259 2 ++= HHα 2,3,4,5 

050,0035,0 ≤< H  He 086,6112,9431=α  1 

The alpha values results are shown in table 10 and using the equation (2) we 
see that the analytical solution is option 3.  The protection annual cost 
values and alpha values were also plotted in    figure 5. 

Table 10 – Alpha values in function of the maximum individual dose and cost 
derivation 
 

Option 
S  

(person-Sv) 
XA 

(US$) 

dS
dX A−  

  US$(person-
Sv)-1 

� 

  US$(person-Sv)-1 
1 0,561 10535,27 19996,35 114014,28 
2 0,357 17047,48 50846,36 60261,95 
3 0,335 18242,04 57982,47 53897,42 
4 0,196 32281,00 175371,45 34843,38 
5 0,178 35767,94 213964,64 31685,18 

 
Figure 5 – Annual protection cost derivative and alpha curve 
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5. Discussion about the different curves forms of alpha function ( )maxHα  
 
In our example in section 4 an alpha values curve was drawn and each 
interval there was a different equation to describe it: constant, linear, 
quadratic and exponential. 
 
Nevertheless, the policy exposed is valid for any kind of curve and, thus, we 
think that, besides the linear function, a concave or convex shape of 
function (see figure 3), representing the “risk adverse” the “risk prone” and 
the  “risk neutral” ; this last one corresponds to a linear function discussed 
by ICRP [2] can be used. .  In our opinion, the official curve would evidently 
be selected by IAEA, base on an agreement among all the countries members 
of UNO. They should decide how long the nations should take to reach the 



dose acceptable region, that is, below an annual maximum individual dose 
of 5 mSv y-1 [4]. 
 
6. Conclusions 
 
The idea to present several alpha values in place of only one is very 
interesting, because in this way in any optimization analysis the individual 
dose distribution, is always being considered variable always disregarded 
when the cost benefits analysis techniques both as differential and integral 
are applied. 
 
The annual protection cost analysis using the derivative linked to an alpha 
curve demand little work when compared to the cost-benefit techniques, 
that is:  differential, integral or extended. 
 
The alpha value is linked to the gross national product, GNP, and so, each 
country, theoretically must have its own value.  The conclusion is that, 
although the world adopts different values for alpha, the risks associated to 
practices involving ionizing radiation and the final objective that is the 
doses decrease to acceptable levels, are the same in any place of the 
planet.  Therefore we think that there should be, in global terms, some 
uniformity in the adopted policy to decrease the doses; which should a least 
be justified by legal questions. The alternative policy here suggested also 
presents the calculation of human life cost, attitude not quite approved by 
international organizations.   
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