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ABSTRACT

Since the RERTR-Meeting in Newport/USA in 1990 recommended in
several papers to the research reactor community to agree upon a worldwide
unified technical specification for low enriched uranium (LEU) and high
enriched uranim (HEU) in order to facilitate supplies of LEU and HEU to
fabricators for acceptance and for fabrication of fresh fuel elements.

This target for unified and simplified specification has only been partially
reached due to different interests of the fabricators because they want to
receive the uranium as pure as possible.

As a result of various investigations, however, it became clear that both
LEU and HEU received from the United States since the late fifties had
different qualities which we have to deal with today due to the availability
of stocks.

We are now one step forward to know more precisely the properties of LEU
and HEU we have received in the past. This uranium was never virgin and
we have to cope with this situation.

Therefore in my present paper I have concentrated on the documentation of
analytical work performed on samples of LEU and HEU received in the
past. I propose furthermore a frame of unified specifications for socalled
virgin LEU and HEU including uranium from a Zero-experiment. In
addition I am giving a recommendation for specifications of LEU obtained
by blending of reprocessed HEU.

Finally I am touching the question of secure supplies of fresh LEU.



1. QUALITY OF LEU AND HEU SUPPLIED BY THE USA

In this investigation I do not refer to normal chemical impurities of LEU and HEU
because they could, if too high. always be reduced during a normal chemical
punfication process. With "normal chemical impurities" I refer to the usual standard
limit of less than 1500 ppm for chemical impurities and a boron equivalence of less
than 25 ppm I am referring moreover to the contents of the uranium isotopes,
transuranics and fission products.

As a major result of comprehensive analysis on samples it became clear that LEU and
HEU changed its quality depending on he time when it was received from the United
States. Material received in the late Cfties/early sixties compared with that received in
the late eighties was much purer.

One can observe a constant increase of the contents of the Uranium-isotopes U-232 and
U-236, transuranics and fission products as of the Seventies. This leads to the
conclusion that virgin uranium was mixed with reprocessed uranium during the
enrichment process in the USA as of the seventies.

Tables I and 2 show the development of the changed quality of LEU and HEU received
from the United States.

It is remarkable to note that 2 U-235 enriched uranium received in the early sixties
from the USA contained defacto no transuranics. This, however, changed later on.

In Table 3 propose a frame for the contents of the uranium-isotopes, transuranics and
fission products for so-called virgin LEU and HEU.

2. WHATARETHEPROPERTIESOFHEUREPROCESSEDINEUROPE
WITH REGARD TO A POSSIBLE LATER RE-USE IN THE FORM
OF LEU?

In 1993/1994 several hundreds of spent HEU fuel elements have been reprocessed at
UKAEA, Dounreay. Analysis on the reprocessed uranium reveal the properties of the
reprocessed uranium as per Table 4 Whether reprocessed HEU can be re-used for the
production of LEU fuel elements by blending down the HEU fully depends on the
readiness of manufacturers of fuel elements for research reactors to accept this fuel. In
addition manufacturers of fuel elements have to be licensed to handle such a fuel. In
table I recommend specifications for LEU obtained from reprocessed HEU.

In Europe UKAEA is licensed to accept and process fuel from reprocessing for fuel
element production and CERCA has also shown interest to offer to interested customers
the acceptance of said material for uel element production.



3. SUPPLY OF LEU AND HEU FROM SOURCES WITHIN THE EUROPEAN
UNION (EU)

There are large stocks of U.S. LEU in Europe sufficient to fuel research reactors
beyond the year of 2000. Moreover, there are stocks of U.S. uranium having U-235
assays above 20 stemming from reprocessing of spent fuel from research reactors
and fast beeders.

With regard to the supply of HEU having enrichments between 90 and 93 there are
also certain stocks available in the EU.

In addition, the French Cog6ma is offering to supply LEU of French origin and has the
capability to produce HEU.

The British UKAEA is offering also LEU obtained by mixing HEU from reprocessing.

NUKEM, being among others a Procurement - and Service House in the external fuel
cycle for research - and powerreactors is in the EU the largest supplier of LEU and
HEU for research reactors.

4. OTHER SUPPLIES OF LEU AND HEU

The USA will continue to supply LEU to recipient countries which have committed
themselves to "full scope safeguards".

The USA, however, cannot export further HEU due to the following US legislative:

Export licenses for HEU are based upon the publication of the US Federal Register,
Volume 58, No. 207 of October 28, 1993 under which conditions NRC may grant
further export licenses. US export licenses for HEU are based on the following criteria:

-If there is no alternative nuclear reactor fuel or target enriched in the isotope 235 to a
lesser percent than the proposed export, that can be used in that reactor; and

-if the proposed recipient of that uranium has provided assurance that, whenever an
alternative nuclear reactor fuel or target can be used in that reactor, it will use that
alternative in lieu of highly enriched uranium; and

-if the United States Government is actively developing an alternative nuclear reactor
fuel or target that can be used in that reactor.

NUKEM comments to this regulation are as follows:

The RERTR-Program was provided with adequate funding to allow support of the
development of silicide fuels with LEU with a density of 48 grams per cubic-
centimeter. There is, however, the need to develop fuels with densities above 48 grams
CM3 to allow further conversion of especially high flux reactors in Europe to replace
HEU by LEU.



Due to the absence of adequate funding of the RERTR-Prograrn to develop such fuels,
NRC was not able since 1993 to issue any export license for HEU.

Therefore I doubt very much that any US export license for HEU will be issued in the
future.

In addition to supplies of further LEU from the USA, it is Russia which is supplying
LEU to research reactors, provided that adequate governmental assurances about its
peaceful use shall be given.

Russia, however, does not offer return possibilities of the spent fuel of Russian origin.
Since the USA have the intention to take back again spent fuel of US origin under a
renewed Offsite-Policy, LEU of US origin represents a higher commercial appreciation
compared with LEU from Russia.

In Tables 6 and 7 would like to underline the potential market outlooks for LEU of US
and Russian origin.

5. SUMMARY AND CONCLUSIONS

The procurement of LEU for the production of fuel elements for research reactors is
secured in the future due to the availability of large stocks.

Also the re-use of reprocessed HEU in the form of downblended LEU is technically
possible. Fabricators of fuel elements are interested to cope with the challenge of re-
using this material. I will report on the further success with this task at the next
RERTR-meeting.
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