
Facing the facts: The suspension of a design requirement applicable to 
nuclear power reactor effluents 
Valeria Amado , Alfredo Biaggio, Analia Canoba and Adriana Curti 

Autoridad Regulatoria Nuclear, Av. del Libertador 8250, 1429, Buenos Aires, Argentina. 

Abstract. A design requirement aimed at limiting the discharge of globally dispersed long-lived radionuclides 
released by nuclear power reactors was in force in Argentine since 1979 till recently. The practical result of such 
regulatory measure was the need to retain C-14 in the PHWR under construction, as well as in future heavy 
water reactors to be built in the country. This paper explains the basis of such requirement, which was 
formulated as a collective dose constraint per unit of energy generated, and the main assumptions that triggered 
it. The differences between the assumptions made at that time and the reality of nuclear power generation at the 
beginning of the 21 s t century, as well as their implications in relation to the requirement are described, including 
the Suess effect and its impact in the total dose due to C-14. Finally, the facts that made no longer reasonable to 
keep in force the above-mentioned requirement are presented. 
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1. Introduction 

By the end of 1979 a design requirement aimed at limiting the discharge of globally dispersed long-
lived radionuclides produced by nuclear power reactors was in force in Argentina [1]. Such 
requirement was formulated as a limitation of the collective dose commitment per unit of electrical 
energy generated by a nuclear power reactor and the practical result was the need to retain C-14 in the 
Atucha II power reactor, as well as in future heavy water reactors to be built in the country.1 

In 2005, the Nuclear Regulatory Authority (ARN is the Spanish acronym and will be used in what 
follows) decided to re-asses the basis of such requirement and an ad-hoc task group was created to that 
end. The report of the task group was presented to the Board of Directors by the middle of 2007 and, 
as result of such report, the ARN decided to suspend the application of the above mentioned 
requirement (i.e. it is not more mandatory, even for the nuclear power reactor under construction, 
Atucha II). 
This paper summarizes the main aspects of the task group report, addressing, in particular: 

• The original basis of the collective dose constraint per unit of energy generated aimed at 
limiting the discharge of radioactive effluents of nuclear power reactors, including the 
scenarios at the time the requirement was established and the main assumptions that triggered 
it. 

• The differences between the assumptions made by the end of 1970 and the reality of nuclear 
power generation at the beginning of the 21 s t century as well as their implications in relation to 
the requirement, including the limited contribution of nuclear power energy to the world 
demand of electricity during the last decades and the implication of the Suess effect on the per 
caput world dose due to C-14. 

• The limitations of the international radiation protection system regarding globally dispersed 
radionuclides and the conclusions that lead the ARN to the suspension of this requirement. 

2. Design requirements and C-14 retention 

Regarding the design of the radioactive effluent control systems of nuclear power reactors, the ARN 
required that such systems shall be optimized and two dose constraints were established. These dose 
constraints were formulated as follows (translation of point 6 of the ARN standard AR 3.1.2. [2]): 

"6. Retention should be such that the following dose constraints are fulfilled: 

Presenting author, E-mail: vamado(£>,cae.arn.gov.ar 
1 Heavy water reactors produce more C-14 per unit of energy generated than light water reactors. 
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a) The annual effective dose in the critical group due to the release of radioactive effluents shall not 
exceed 0.3 mSv. 
b) The collective effective dose2 shall not exceed 15 man mSv per MWey of electrical energy 
generated?' 

Both dose constraints are optimization boundaries and the first one refers to the dose that would incur 
the critical group of a nuclear power reactor as result of its normal operation. The second one, as will 
be explained below, by restricting the accumulation in the biosphere of globally dispersed long-lived 
radionuclides, intends to limit the future per caput dose rate of the world population, and then, if 
universally applied, the global contribution to the annual dose rate of all critical groups [3]. In other 
words, the collective dose constraint per unit of energy generated was not aimed at limiting the dose of 
the critical group of a given installation, but of all critical groups in the distant future. 

With this framework, the research carried out confirmed that regarding nuclear power reactors the 
only radionuclide of interest is C-14 since: 
- It has a not negligible production rate by unit of nuclear energy generated, particularly in the case of 
reactors moderated and cooled by heavy water.3 

- It is globally distributed. 
- Its inventory in the biosphere increases continuously due to its extremely long half-life (5.700 years). 

Consequently, a collective dose constraint of by unit of energy generated may imply the need to retain 
C-14 in a nuclear power reactor and, later on, to manage it as to assure its isolation from the biosphere 
during an appropriate period of time. Due to its long half-life, its disposal would have to be carried out 
in deep geological repositories, as it is foreseen for high-level waste. 

One of the reasons that triggered the re-assessment was the observation that in spite of the fact that no 
nuclear power reactor has systems specifically intended to retain C-14, including those under 
construction, 4 the concern for the generation of C-14 in nuclear power reactors persists [4], [5], [7], 
[8], [9] and several documents indicate the need to have in mind the phenomenon of accumulation of 
long-lived radionuclides into the biosphere [10], [11], [12], [13], [14]. 

3. Basis of the requirement 

The detailed explanation of the justification for imposing a collective dose constraint per unit of 
practice can be found in [3]. Some relevant aspects are introduced in this section, even though neither 
in the same order nor with the same wording. 
As indicated above, the collective dose constraint of per unit of practice was intended to limit the 
global contribution to the annual doses of all critical groups in the distant future, considering that the 
continuous discharge of globally dispersed long-lived radionuclides will result in their slow and 
constant accumulation into the biosphere. In other words, it was pointed out a limitation of the 
international radiation protection system that can be expressed as follows: In a world with a couple of 
thousands of nuclear power reactors and a dozen of reprocessing facilities in operation, critical group 
dose constraints and radiation protection optimization would not prevent the accumulation into the 
biosphere of extremely long-lived radionuclides5. 

2 Namely, the collective effective dose commitment truncated at 500 years. 
3 Although several nuclear reactions produce C-14 in a nuclear power reactor, the most significant is the one 
with the oxygen of the water, and heavy water reactors have more water per unit of power than light water 
reactors. 
4 However, ion exchange resins of the cooling/moderator systems retain certain fraction of C-14 [4], [5], [6]. 
5 This insufficiency was also recognized by the Nordic Countries in 1976 [15]. 

2 



Regarding the critical group dose constraint, it is technical and economically convenient to assure its 
fulfillment by retaining radionuclides of relatively short half-life, since those that contribute 
significantly to the dose have half-lives of up to some decades [7], [16], [17]. 
On the other hand, the insufficiency of the optimization principle to prevent the accumulation of 
globally dispersed long-lived radionuclides comes from the uncertainties associated to the use of the 
concept of the collective effective dose commitment with biological hypotheses, since such 
commitments only reach significant values as to justify the retention of globally dispersed long-lived 
radionuclides when extremely low individual doses are integrated in large populations during 
thousands of years [18], [19], [20]. In this context, it does not seem possible to establish a credible 
relationship between a calculated reduction of the collective effective dose commitment and the 
corresponding reduction of the health detriment6. 

In [3], Dr. Beninson's starting point is an ethical principle: the level of protection of the critical groups 
in the distant future should be at least the same as today. He also pointed out that such future critical 
groups would be exposed, in addition to the natural background, to three man-made exposure sources: 

(i) The operating facility, 
(ii) The locally accumulated long-lived radionuclides that will result from the world wide 
operation, during hundreds of years, of nuclear power reactors and reprocessing facilities, and 
(iii) Other man-made sources not related with the nuclear fuel cycle. 

After stating that, and in order to assure the same level of protection, the combined exposures of these 
sources should not result in a dose higher than the current annual dose limit for chronic exposure of 
members of the public, i.e. 1 mSv. Then, he postulated the following allocation: 0.3 mSv for direct 
exposure from the operating facility; 0.5 mSv for other man-made sources and 0.2 mSv for the global 
contribution or, in other words, the "man-made background", that will be produced by the massive use 
of nuclear energy. Regarding the last value, he indicates that it can be roughly assumed as equal to the 
future maximum per caput dose rate in the world population that will arise from the nuclear energy 
generation practice. 
The paper also explains the relationship between the future per caput dose rate in a population and the 
intensity of the practice, showing that the maximum per caput dose rate in the future can be estimated 
using, as calculation tool, the collective effective dose commitment without biological hypotheses. If 
the practice is carried out during a certain number of centuries, the incomplete commitment of the 
collective dose may be used to that end. Then, assumptions are made about the duration of the practice 
(500 years), the world population (10 1 0 inhabitants) and the expected per caput nuclear energy 
consumption (5 kWe/man) in order to calculate the collective dose constraint per unit of practice for 
the nuclear fuel cycle that will restrict the annual contribution to 0.2 mSv. The figure obtained, 40 man 
Sv/GWey, is further divided between reprocessing facilities (25 man Sv/GWey) and nuclear power 
reactors (15 man Sv/GWey) 
As C-14 is the radionuclide of interest for nuclear power reactors, it should be noted that for this 
radionuclide the calculation of the collective dose commitment in the world population can be made 
with a reasonably accuracy because: 
i) Even if the release is not uniform throughout the world, the radionuclide will enter the carbon cycle 
and will be globally distributed with tendency to homogeneity along the time. 
ii) Any diet of the world population in the distant future will incorporate carbon, since we are a 
product of its chemistry. 
iii) The per caput dose rate is proportional to the average ratio between C-14 and stable Carbon in the 
human body. 

In addition to the uncertainties associated with dispersion models, diets and habits in the distant future, it is 
necessary to take into account uncertainties on the dose-effect relationship at very low doses and the difficulty to 
estimate the radiological risk per unit of dose because of, for instance, the current cancer mortality and morbidity 
cannot be assumed as valid in the distant future. 
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4. Differences between the requirement assumptions and the reality 

Firstly, it should be noted certain arbitrariness in the allocation of the above described dose values. For 
example, values between 0.1 and 0.3 mSv/year for the annual dose constraint applied to direct 
exposure of the critical group seems to be appropriate and, consequently, values between 0.2 and 0.4 
mSv/year may be used for dealing with the global contributions. It seems also difficult to explain why 
nuclear power reactors have more severe restriction than reprocessing facilities7 and it seems hardly 
justifiable to allocate half of the annual dose limit (0.5 mSv) to other sources of exposure. 

Being already in the 21 s t century, in addition to the previous comment regarding allocation of doses, it 
is easy to identify that some implicit assumptions did not occur, in particular: 

• There was not a strong growth in the world use of nuclear power at the beginning of this 
century, necessary condition to increase significantly the rate of accumulation into the 
biosphere of long-lived radionuclides, and 

• No country has joined to the effort for retaining C-14, and therefore, the limitation of releases 
of globally dispersed long-lived radionuclides should be universally implemented to be 
effective. 

It corresponds to emphasize that, quite probably, the absence of international adherence to such 
initiative is a consequence of the non-occurrence of the expected growth in nuclear energy generation. 
Actually, such a strong growth is not foreseen even for the next decades [8], [21], [22]. 

From all the explicit hypotheses in [3], two of them are also relevant regarding the need to retain C-14: 
• The estimation of the increase rate of the nuclear electric energy generation in the region and 

in our country for the following decades; and 
• The estimation of the practice intensity in the far future8. 

After more than three decades, it is clear that the reality of nuclear energy generation is far from the 
estimation made and, even more, it seems that the estimated generation rate will not be reached also 
during the next decades. 

The second hypothesis has a direct influence in the selection of the collective dose constraint of 40 
man Sv/GWey (and indirectly of the vale of 15 man Sv/GWey). In effect, these values are directly 
proportional to the assumption that the contribution of nuclear electric energy in the world will reach 
(and it will remain) a figure of 5 kWe/man, and recent estimations indicate a value of 1 kWe/man 
[H] 9 . 

Finally, should be stressed that Beninson's paper did not consider that the generation of electrical 
energy have two effects on the future per caput dose rate due to C-14: 
- The use of fossil fuels injects stable carbon into the biosphere, increasing the entire inventory and 
reducing the C-14/C-stable ratio, with an associated per caput dose rate to world population 
decrease10. 
- C-14, produced by activation during the operation of nuclear power reactors, would increase the C-
14/C-stable ratio and as a consequence, the per caput dose rate to the world population, in this case 
without practically modifying the entire carbon inventory. This phenomenon corresponds to C-14 and 

7 If it is taken into account that there will be less reprocessing facilities than nuclear power reactors and that 
reprocessing is a chemical process, retention seems technically more viable in reprocessing facilities. 

Dr. Beninson affirms that in a few decades, the nuclear electric installed capacity will reach 5 kWe/man in our 
country and in the region, and that a similar value will be finally reached in the world. 

9 This reduction might be owing to the efforts that are being done to increase the efficiency in the use of energy 
[23]. 

1 0 The use of fossil fuels injects stable carbon into the environment and reduces the C-14 concentration. H.E. 
Suess identified this effect in 1958 and for this reason is called "Suess effect" [24]. 
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does not apply, for example, to 1-129 (released principally in reprocessing stage), which is other 
radionuclide of interest because of its extremely long half-life and global dispersion. 

Since several decades, the first effect predominates over the second one and then, the per caput dose 
rate diminishes. 

The C-14/Ctotal ratio began to diminish towards the end of the 19th century, with the beginning of the 
industrial era. If it were not considered the strong injection of C-14 produced by the atmospheric 
nuclear tests in the decades of 1950 and 1960, this reduction would be today extremely notable. At 
present, the ratio is practically equal to that of the pre-industrial era [4], [25]. In addition, current 
projections indicate that, at least until the year 2030, the fossil fuels consumption will increase at a 
greater rate than that one foreseen for the nuclear electric energy generation. On the other hand, 
nuclear energy generation had a lower growth rate than estimations made some decades ago [8], [21], 
[22]. 

Then, the need to retain C-14, and the time at which the above-mentioned retention should begin 
would be a function, principally, of two projections: the expected increase of fossil fuels consumption 
and the expected increase of nuclear electric energy generation. The time when isotopic equilibrium 
would be reached (i.e. Suess effect dilution exactly compensates the C-14 injection) seems to exceed 
at least the next decades. For this reason, perhaps, even though the international concerns remains and 
the research in this matter continues, there were not international or regional conventions with the 
target to promote specific actions to retain C-14 in nuclear power reactors. 

5. Conclusions 

The research seems to confirm that although the international radioprotection system does not 
contemplate quantitative criteria intended to prevent or to reduce the slow accumulation into the 
biosphere of extremely long-lived radionuclides, this fact does not still constitute a radiation protection 
problem.11 Nevertheless, a significant increase of nuclear electric energy generation in the world 
would show up this omission. In addition, it is stressed that this kind of global problem requires 
collective actions, for example through international conventions, in order that all the nuclear facilities 
retain sufficiently radionuclides of extremely long half-lives. 

Because of all the above discussed argumentation, the ARN decided to suspend the application of the 
collective dose constraint per unit of practice for nuclear power reactors. Argentina will follow the 
world evolution of the nuclear industry in order to be timely prepared to implement this requirement in 
the framework of international agreements intended to restrict the concentrations of extremely long-
lived radionuclides into the biosphere. 
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