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ABSTRACT

The use of reprocessed uranium for research reactor
fuel fabrication implies to keep operators safe from the
hard gamma rays emitted by 232U daughter products.

CERCA has carried out, with the help of French CEA and
COGEMA, a detailed study to determine the evolution of the
radiation dose rate associated with the use of this
material.

FOREWORD

One of the major problems of reactors operators is to get rid
of spent fuel, whose accumulation on reactor site leads to
technical and administrative problems and could, in some cases,
lead to reactor shutdown due to a lack of storage space on the
site.

Highly enriched fuel elements can be reprocessed, and the
recovered uranium can be converted by dilution into low enriched
uranium.

CERCA has carried out with the help of specialized teams of the
French CEA and COGEMA Pierrelatte a study to evaluate the
consequences of the introduction of such material in the production
lines. In this study, CERCA has also taken profit of the experience
of FBFC (the French PWR fuel Manufacturing Company) located on the
same site, which is currently handling reprocessed fuel in its
workshop.

The purpose of th' paper is to focus on the mechanism of
formation of 232U and its daughter products, and their importance
in radiation problems.
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232U PRODUCTION MECHANISMS AND AMOUNT IN REPROCESSED
URANIUM

There are mainly three ways for 232U production from 234U,
235U and 236U isotopes (slide 1).

The first two ways concern 234U and 235U

Before irradiation, these products are decaying with alpha
reaction to Pa and Th which build up in the metal. During
irradiation, by neutron capture and beta decay, these products lead
to 232U.

The third way concerns 236U

236U is formed by neutron capture of 235U which, by another
neutron capture, gives 237U whose decay leads to Np and 236pu.

236pu, by alpha decay with a half life of 28 years, leads to
232U.

As a consequence, there are three important periods in the life
of uranium since its conversion into metal

- Fresh metal life time
During the first period, between the last purification of
fresh uranium (which is usually corresponding to the
conversion into metal) and the irradiation in reactor, Pa and
Th are accumulating by decay of 234U and 235U.

- Irradiation
During the second period, irradiation in reactor occurs. Pa
and Th are transformed into 232U, and 236U into 236pu.

- Decay time
During the third period, between irradiation and
reprocessing, 236Pu decays into 232U.

Immediately after irradiation, the 234U way accounts for about
80 % of the 232U content.

But, after irradiation, 236U way (via 236pu) is increasing with
time and accounts for about a quarter of 232U after a cooling
period of ten years (slide 5).

After irradiation, the spent fuel has a final enrichment of 70
to 80 % assuming a burn up of 50 %.

As the uranium will finally be used as 19,75 material,
reprocessed U has to 'be blended with depleted uranium to an
approximate dilution factor of 4.

A study of French MTR fuel history performed by CEA with the
KAFKA code shows that, after reprocessing, the 232U content in HEU
stands between 2 and 18 ppb, depending on the reactor. Therefore,
after blending, the 232U content stands between 0.5 and 45 ppb.
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As a conclusion to this chapter, it has to be remembered that
the initial 232U content is depending upon the uranium history 
composition and storage time before irradiation, irradiation
conditions, storage time between irradiation and reprocessing.

CONTAMINATION AND RADIATION

Handling of U always induces a certain amount of contamination
and radiation, which is examined below for various kinds of
uranium.

Fresh Uranium

With fresh uranium, the major problem is atmospheric
contamination induced by 234U and its decay products which are
presented in slides 2 and 3.

As far as radiation is concerned " the corresponding activity
level is very low and comes from the 235U and 238U families and
their Pa and Th decay products.

However, usual fresh uranium, called "Virgin" uranium is not as
virgin as it is supposed to be, as it may have an 236U content as
high as 0.5%, and 23-2U content up to 02 ppb.

Uranium from Critical Experiments

For several years CERCA has been manufacturing fuel elements
with uranium coming from critical experiments.

This uranium, generally with a nominal enrichment of 19,75
has not produced much energy, but is nevertheless slightly
irradiated. Therefore, the quantity of fission products and
transuranic products is not neglectible as all these products are
not removed by any treatment since uranium is used as it is.

The amount of 232U in this uranium is generally almost
undetectable and in the order of magnitude of less than 0.01 ppb.

Provided additional radiation measurements are carried out at
the various working stations and production wastes are treated
according to a special procedure, this material can be used without
difficulty from atmospheric contamination and radiation dose rate
points of view.
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Reprocessed Urani=

Contamination associated with reprocessed uranium J s, as in
fresh uranium, mainly due to 234U to the condition that 241pu,
which is a powerful beta emitter, is kept below lBq/gU. Since the
234U content remains approximately constant during irradiation,
reprocessed uranium creates no particular difficulties from the
atmospheric contamination point of view.

Fission products and transuranic elements are a rather simple
matter, as they are chemically removed during reprocessing, and, if
a high degree of purification is reached, they should not appear in
LEU with a much higher level than the previous case. Therefore,
contribution to the radiation level should be of the same order of
magnitude as with uranium coming from critical experiments. For the
calculation of these dose rates, the following fission products and
transuranics contents have been taken into account 

240pu 6Bq/g U, i.e. 712 10-10 g/g U
239pu 6Bq/g U, i.e. 266 10-9 g/g U
238pu 6Bq/g U, i.e. 955 10-12 g/g U
237Np 23 Bq/g U, i.e. 893 10-12 g/g U
24lAm 22 Bq/g U, i.e. 173 10-10 g/g U
144Ce : 3150 Bq/g U
137CS : 160 Bq/g U
134CS : 75 Bq/g U
106Ru/106Rh 840 Bq/g U
103Ru : 210 Bq/g U
95Zr/95Nb 140 Bq/g U
60C : 42 Bq/g U

The major factor for radiation dose rate is the initial amount
of 232U after reprocessing because the activity level increases
with this amount which is directly depending upon the fuel history
from metal production to reprocessing (slide 5).

During reprocessing, 232U decay products are chemically
removed. But 232U remains untouched, and immediately after, the
build up of its decay products starts again.

As can be seen on slide 4 these alpha decay products lead to
212Bi and 208T1 which are very active gamma emitters with an energy
of 079 Mev and 263 Mev respectively.

These two are the most important oducts in radiation induced
by 232U. Knowing the half lives of ff2U and its decay products,
computation using the CHAINURA code developed by CEA in CADARACHE
shows that the build up of activity is maximum ten years after
reprocessing, but has reached half of its maximum level after only
three years (slide 6.
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CONCLUSION

This paperhas shown how 232U is formed and why it has a major
consequence on utilization or reprocessed uranium.

Further studies concerning the practical implications in the
workshop have been carried out, and their results will be presented
at the RERTR meeting in OARAI.
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CERCA
RADIOACTIVE BEHAVIOUR OF URANIUM ISOTOPES
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CERCA

URANIUM 235 RADIOACnVE FAMILY
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CERCA
URANIUM 238 RADIOACTIVE FAMILY
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CERCA

URANIUM 232 RADIOACTIVE FAMILY
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CERCA

232U EVOLUTION AFTER END OF IRRADIA
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CERCA
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