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7. CONCLUSIONS

195. The main objective of this report has been the comparison of radiological impacts caused by
two fuel cycle options, of which one is based on the once-through fuel cycle and the other one on
the spent fuel reprocessing with the recycle of separated plutonium in the form of mixed oxide fuel
bundles. In the preceding chapters the exposures to the workers and the general public brought about
by these two spent fuel management options have been presented separately for each of the fuel
cycle step. To the extent possible, actual release and exposure data are used to represent the
state-of-the-art technology and current practices. Several assumptions are introduced to facilitate
comparison of radiological effects of two options and to reduce uncertainties: simplified fuel cycles,
long-term stability of mining and mill tailings, no use of depleted uranium from enrichment, no
reuse of depleted uranium from reprocessing, no release from waste repository, etc. The comparison
is made by using generic models.

196. Another important consideration is that all the public dose contributions are entailed with large
uncertainties. Doses to workers are measured individually; but doses to the public are calculated,
using scenarios and models. Important uncertainties affect scenarios and models as well as the basic
data.

197. Use of models to evaluate public doses are inevitable for many reasons. This situation is not
specific to nuclear energy. In particular:

• Doses to public are very small and the various contributions of different origin cannot easily be
identified and measured directly.

• The behaviour of radionuclides in the environment is very complex due to many variables and
the behaviour of population in question is also complex.

• The larger part of doses resulting from a specific discharge will be received much later in the
future, when radionuclides have migrated through the environment.

198. Detailed safety studies are carried out by regulatory authorities before authorising discharges.
Uncertainties on scenarios and models are being taken into account, often by taking conservative
hypothesis. It is important to note that discharges considered in this study are much below present
authorised limits. It is not surprising that resulting doses are also below regulatory limits.

199. The most important results of the radiological effects of the two options are summarised in
Table 21. One of the main findings of the study is that radiological impacts brought about by the two
fuel cycle options considered are of about the same order of magnitude for both the general public
and the fuel cycle facility workers. Only few radionuclides are important: 14c, 1291, Ruthenium are
significant both for power production and reprocessing. The exposures in the mining and milling
stage are caused by the daughter nuclides of the naturally occurring uranium decay chains.
Collective doses are composed of very small doses to a large large number of people over a long
period of time. Each contribution is also negligible compared with the level of natural background
radiation. Much of the collective dose is produced by 14C.
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200. The normalised collective radiation doses (manSv/GWa) to the public are dominated by the
"Mining and Milling", the "Power Production" and the "Reprocessing" stages. While the power
production causes the same radiological impacts for both the fuel cycle options, the other two main
stages are different for the options to be compared in this study. By the use of MOX-fuel the need of
natural uranium is reduced (by 21 %) and consequently the radiation exposures caused by the
mining and milling stage are reduced directly proportional to the amount of natural uranium feeded
into the the fuel cycle. On the other hand the use of MOX-fuel necessarily involves the reprocessing
of spent fuel and hence causes the radiological impact only in the case of the recycle option. The
differences between the compared fuel cycle options in mining and milling and reprocessing are
thus opposite and tend to compensate each other. Due to the uncertainties involved as concerns e.g.
the demographic conditions around the reference facilities as well the assumptions concerning the
calculation of collective doses, the total radiological impacts (collective dose per unit amount of
electrical energy produced) caused to the general public by the two fuel cycle options are very
similar.

201. It is interesting to demonstrate the complexity of dose evaluation. In the Table 21, the results
from the generic analysis of doses to the public are presented and they are significantly different
from those of more detailed site specific analysis. In case the results from site-specific analysis for
the La Hague reprocessing plant were employed instead of the generic results, the sum of public
doses over all fuel cycle stages in the recycling option would reduced to about 2.2 manSv/GWa; i.e.
only about 30 % higher than the sum for the once-through option. Uranium mining is very site
specific and doses caused by mining and milling tailings disposal are strongly influenced by
environmental conditions, mining and milling practices, characteristics of the uranium containing
rock and procedures for
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maintenance and remedial actions as well as long-term stability of disposed tailings. When a
different scenario for mining and milling tailings disposal is used, doses caused by this increase very
easily.

202. In view of limitations and uncertainties involved in the generic evaluation, it is not justifiable
to draw meaningful conclusions from those differences in the collective and individual radiological
effects. Consequently, it is not possible to straightforwardly favour either of the main option based
on the collective or individual radiological impact considerations only. Overall, the public
exposures in both options are low as compared to the pertinent regulatory limits also insignificantly
low as compared to the exposures caused by the natural background radiation.

203. Comparison between occupational and public doses is not straightforward. Therefore it is
hardly relevant to sum up these together. Based on the summary presented in Table 21, the
occupational doses over the whole fuel cycle are dominated (about 75 % of the total) by the doses
to the workers at the nuclear power plant. The occupational doses to NPP workers are not affected
by the type of fuel used (IJO2 or MOX). In the fuel fabrication stage there is a considerable relative
difference between the occupational exposures in the fuel cycle options However, the absolute
values are only a small fraction of the sum over the whole fuel cycle for both the fuel cycle options.

204. Occupational doses can be measured. Workers are administratively and medically controlled.
Therefore the estimates derived are involved with less uncertainties than the public doses which are
estimated by employing mathematical models and data representative for reference facilities and
sites.

205. Another aspect of radiological impacts remaining approximately the same in both fuel cycle
options is the transportation of radioactive materials. Although the types of material transported and
distances involved are somewhat different in the main options, it is not possible to make any clear
difference between the options as regards the public or occupational exposures caused by
transportation. Furthermore, the share of the radiological impact caused by transportation is small
compared to the total impact and to the dominant stages of the fuel cycle.

206. The power production stage at the PWR reactor is the same for both options. Based on
extensive measurements one can conclude that the introduction of MOX fuel has not had any
noticeable effect on either liquid and gaseous releases during normal operation or occupational
exposures of the workers at the power plants.

207. Discharges, hence also public doses, and worker doses have had a strongly diminishing trend
in the recent years. This is in particular true for releases from reprocessing plants and for
occupational doses in nuclear power plants.

208. It is probably possible to reduce further releases from a reprocessing facility, but difficult to
reduce the radon release during operating phase of mining. For long-term radiological impacts
caused by radon exhalation from the mining and milling tailings piles there are quite large
differences between alternative remedial actions applied to the tailings piles. With very
sophisticated remedial actions [give examples] the long-term releases could be reduced to
insignificant levels. On the other hand with only modest remedial actions the radiological impacts
could increase considerably.
209. In case of no-reprocessing option, all radioactive nuclides are confined in the geological media.
Certain long-lived radioactive nuclides such as I-129 will be leached in the groundwater when the
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integrity of spent fuel canister degrade and contact with ground water. Such nuclides will eventually
enter in the food chain and be a potential of exposure to the future generation in regional scale. In
case of reprocessing option, some long-lived nuclides such as Tc-99 and I-129 are released in the
marine environment in accordance with a radiation protection strategy and diluted in the
environment. They are measurable with modern technology. They will eventually enter in the food
chain. Their radiological significance to future population and environment is estimated nil but they
will be a potential of exposure in global scale.
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