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Envisaging high burn-up rates and fuel recycling in 

nuclear fission reactors leads to a significant generation 

of actinides other than fuel with implications for such 

different fields as radioactive waste disposal, fuel ele- 

ment fabrication and in-core neutron physics. 

Actinides and their daughters represent a special problem 

in the radioactive waste disposal because of the high ra- 

dio-toxicity of &-particle emitters and the long half-li- 

ves of many of these isotopes. This fact of matter is il- 

lustrated in Fig. la. While the relative radiotoxic risk 

coming from fission products decreases to acceptable le- 

vels within decay periods of less than 1000 years, actini- 

des would represent a hazard risk until 100.000 years and 

longer unless they will be extracted from the fission pro- 

duct waste. 

A probable future high-level radioactive waste dispo- 

sal policy could be to store waste in geological formations. 

However, since it is impossible to predict with sufficient 

reliability the tectonics of geological formations for such 
long periods as needed that actinides decay to innocuous 

radiation levels, the transmutation of actinides in power 

reactors themselves will. be studied as one of their possi- 

ble ultimate disposal techniques. The questions to be an- 

swered in this frame refer to: 



- the neutron-physical feasibility of burning actinides 
- the required extraction degrees of individual actinides 
from radioactive waste, in order to justify this pro- 
cedure 

- the technical implications for reactor operation and 
fuel cycle caused by recycling actinides. 

Recently, a study on the magnitude of the actinides 
problem has been completed at Ispra, giving a forecast of 
the actinides waste to be generated by the nuclear power 
industry of the member countries of the European Communi- 
ties until the year 2000,a first result for the accwnula- 
tion of actinides in the case of their homogeneous recycling 
through a lightwater reactor, and the effect of actinides 
separation from waste on the relative radiotoxic risk of 
the waste, respectively. The corresponding burn-up calcu- 
lations were performed by means of the computer program 
ORIGEN /I/. The nuclear cross section libraries for the 

natural uranium-fed graphite-moderated reactor (GGR), ad- 
vanced graphite-moderated reactor (AGR) and the steam-ge- 
nerating heavy water-moderated reactor (HWR) have been 
generated approximating mass flows for the individual iso- 
topes calculated at Berkeley (~ngland) by the program 
HYLAS-2 /2/. 

The characteristics of all nuclear reactor types used or 
scheduled for energy generation in the EC are reproduced 
in Table 1. The specific generation of -waste in grams 
per GWDe of energy produced is shown in Table 2, assuming 
that 0.5% of fuel and all other actinides go to the waste. 
It may be seen that the reactors behave differently from 
a point of view of .L -waste production. Looking at the 
column where the total & -waste without fuel is tabled, 
three classes of reactors can be defined. GGR, AGR and HWR 
have the lowest generation rate of higher actinides. In a 



second class, the uranium-fed LWR, the THTR and the 

MFBR can be gathered. The "worstn reactor is presented by 

the light water reactor with plutonium recycling. It pro- 
duces more than 10 times as much l. -waste as the reac- 

tors of the first class do. 
An other interesting result is the relatively high pluto- 

nium production in a thoriwn-fueled reactor. In order to 
reduce the hazard represented by the radioactive waste, 
the possibility of a recovery of plutonium in the thoriwn- 
uranium fuel cycle should be taken in consideration. 
Employing a forecast for the nuclear energy generation in 
the EC established by the Commission of the EC after the 
oil crisis of 1973/74 in collaboration with delegates of 
the member states, the yearly production rates of =,-wastes 
and the cumularive production until the year 2000 have been 
evaluated and summarized in Table 3 . It may be noticed 
that the cumulative generation of ~i -wastes other than 
fuel will be in the case of plutonium recycling through 
LFIR's about 4 times larger than in the case where no pluto- 

nium recycling through thermal reactors would be applied. 
The results of a homogeneous recycling of higher actinides 
through a LWR are given in Table 4 . After about 20 recy- 
cles an equilibrium concentration for the higher actinides 
is obtained, demonstrating so the neutron-physical feasi- 
bility of burning actinides in fission reactors. The quanti- 
ty of actinides within the reactor in the case of recycle 
would only be three times greater than in the case without 

recycling. 

A first indication regarding the effect of extracting 
higher actinides on the relative radiotoxic risk of the 
radioactive waste is shown in Table 5 . 
There, the relative radiotoxic risk of & -waste without 
actinides separation is compared with thatwhere 99.5% of 

' actinides have been extracted. The aim of a more detailed 



study will be to determine the needed extraction degrees 

for individual nuclides in order to get after a decay ti- 
me of 1000 year acceptable figures for the relative radio- 

toxic risk for all reactor types. 
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