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Abstract. The strategy of the back-end nuclear fuel cycle for Argentina is presented in this paper.
Although one may consider Argentina's current policy on spent fuel management as "wait and see",
Argentina is continuously directing her efforts towards the development of technology and human
resources for the future demand of the closure of the nuclear fuel cycle.

1. INTRODUCTION

Argentine nuclear programme

The Nuclear Program started formally in Argentina with the creation, the 31st of May 1950,
of the National Atomic Energy Commission (CNEA), and was always focused on the
peaceful applications of nuclear energy

Nuclear power

Argentina has two Nuclear Power Plants (NPP) in operation and one under construction
providing 12% of the national electricity production. The first NPP, Atucha-1 (CAN-1),
located 100 km away from Buenos Aires, the capital city, started operation in 1974. It is a 350
Mw Pressurize Heavy Water Reactor (PHWR) type with Pressure Vessel, the Natural
Uranium Fuel Elements are placed in coolant channels, Heavy Water is employed as a
moderator and for refrigeration. The second NPP, Embalse (CNE ), a 600 Mw CANDU type
plant, located in the province of Cordoba at the central part of the Country, was connected to
the grid in 1984. A third plant, Atucha-2 (CAN-2) , a 700 Mw PHWR similar to Atucha-1, is
80 % completed but its construction was interrupted , for economical reasons, due to the
deregulation and privatization process in the power sector currently underway in Argentina.

Previous ambitious nuclear deployment plans have been delayed due to more economic
exploitation of abundant gas reserves. Nuclear energy, however, remains a valid option for the
main political groups recognizing its strategic and ecological importance and is expected to
expand in the next decades, accompanying world's growing consciousness of harm climate
changes by continued combustion of fossil fuels. The front end of the Fuel Cycle includes
seven Uranium Mines along the Argentinean territory, one U02 conversion plant, and a
factory for Fuel elements production, including manufacturing of Zircalloy tubes, Uranium
pellets, and assembly of fuel bundles for both NPPS. A 200 Ton/year Heavy Water Plant is in
operation in the province of Neuquen, in the southern part of the Country. An Uranium
Enrichment Plant was designed and built in order to produce slightly enriched fuel elements
for the NPPS, as well as enriched fuel for the research and radioisotope production reactors
operating in the Country and built for export.

Medical and industrial applications

Radioisotopes for medicine and industry are produced either in the RA-3 a 5 Mw reactor or in
a production cyclotron, hot cells and laboratories complete the production and research
facilities. Argentina is one of the mayor producers of Cobalt 60, which is obtained from the
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control rods of the Embalse NPP and is encapsulated for export or for the radiotherapy
equipment locally manufactured. Nuclear medicine, employing radioisotopes for diagnosis
and treatment, is applied in hospitals and medical centers along the country.

Industrial applications include sealed source for gammagraphy and gauge meters, sterilization
and food treatment facilities, a plant for sewage sludge treatment as well as various
applications in agriculture and farming.

Research development

The nuclear project is supported by a Research and Development program that takes place
mainly in four atomic Centers as well as in several Universities and research institutes . Major
R&D programs include innovative reactors, advanced fuel elements, materials,
radiochemistry, radioisotopes, waste management, health physics, nuclear safety, etc. Eight
research reactors and several laboratories including hot cells and glove boxes facilities
support these researches.

2. ACTIVITIES IN THE BACK END OF THE FUEL CYCLE

2.1 Spent fuel management

Argentine policy regarding SF is to consider them as an asset and not as a waste, because of
their fissile remnant. The present day scale of NPP park does not justify the deploying of an
industrial reprocessing plant. In this sense, we may consider the Argentine policy regarding
this issue to what is called "wait and see". But this must not be taken as a passive delay in
decision making. Meanwhile we carry on with research and development programs in this
fields in order to maintain and provide the necessary technical and human resources to be
ready when times arrives.

2.1.1. Atucha NPP spent fuel elements

The NPP CAN-1 began operating in 1974. As we have already mentioned this is a PHWR
that uses natural uranium as a fuel. During the first years it operated with a burnup of 6500
Mwd/t and rapidly reached 7000 Mwd/t. The average discharge rate with natural uranium for
this burnup is of 1.4 SF/day. The arising spent fuels were stored in the original decaying water
pool. Some years later towards the end of the 70's the need to increase the storage capacity of
the existing pool was foreseen. This was achieved by using the "double-tier " technique which
duplicated the existing capacity. At the same time the possibility of storing these long spent
fuels (5.5 m) under the concept of dry storage was considered , a very new concept at that
moment. Finally the chosen option was not to innovate and to increase the storage capacity by
means of adding a second pool to the existing one. If natural uranium would have been
continued to be employed , the present day storage capacity would only be enough to store the
SF until 2003. Since 1995 experimentation began in Atucha-1 NPP by using slightly enriched
uranium (SEU) as a fuel. The first trials with 0.85% enriched uranium were successful and
this lead to implement a series of stages in order to operate with SEU in homogeneous
nucleus. It is expected to achieve this goal by mid-2000. The use of SEU, besides achieving a
burnup of 11.000 Mwd/t also produces a decrease of SF discharge, from 1.4 to 0.7 SF/day.
With this 50% decrease in the arisings and a partial re-racking of the pools, it is expected that
all the fuel arising until the EOL will be stored.
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2.1.2. Embalse NPP spent fuels

La NPP-EMBALSE began to operate in 1982. It is a PHWR CANDU 600 type, that uses
natural uranium as fuel. It produces an average discharge of 13SF/ day. It has a decaying pool
that initially had a storage capacity of 44688 SF (30% of the arising until EOL). At the
beginning of the 90's the Argentine energetic situation as already mentioned, did not favour a
rapid growth of the nuclear park that would justify reprocessing and facing the need to have
more storage capacity the decision was taken to search for an economical and safe alternative.
This alternative is the dry storage of SF under the concept of silos (ASECQ), an On-Site dry
storage system. After 5 or 6 years of cooling in the water pool the SF are loaded in basket
under water. Then each basket containing 60 is transferred to a cell where they are dried, after
that the basket is covered with a hood and welded hermetically. Afterward it is carried in a
transport flask to the dry storage field and loaded into a silo. The silos are cylindrical metal
container (tubes) imbedded in concrete that works as a biological shielding. Each silo loads 9
baskets and once completed it becomes hermetic by locking it with welded lid. It is important
to remark that the possibility of using SEU as fuel also in this NPP is being studied at present.
This would decrease the discharge of SF and the number of silos to be built.

2.1.3. Production and experimental reactors spent fuel

The reactor RA-3 is a pool type reactor used for the production of radio isotopes for medical,
industrial use and for testing materials. It began operating using fuel with highly enriched
uranium (95%). It worked in this way until 1989 Later on the reactor RA-3 was converted to
work with uranium 20% enriched (LEU). The rate of discharge of SF is variable and may
reach 20 SF / year as a maximum. Up to now 227 MTR type is the total amount stored of
spent fuels. The spent fuels discharged by the RA-3 are stored in small pool next to the
reactor and they are rapidly transported to the facility DCMFI which is an AFR on-site
storage for MTR spent fuels. This facility consists of a grid of vertical underground channels
of SS AISI 316 ( 2m long and 0.144 m diameter). The whole system is filled with processed
and controlled water. Each channel can accommodate 2 SF. The total capacity of the facility
is for 396 SF MTR type. The storage facility has a water demineralization system with closed
circuit for recirculation, a single track bridge crane and a shielded transportation cask for fuel
elements and control rods . In order to remove impurities from the water ion exchange resins
are used.

2.2. Reprocessing

The first Argentine reprocessing plant operated successfully in 1969 processing MTR type
fuel elements belonging to the core of the RA-1 research reactor It was recuperated 12Kg of
enriched uranium 12% and 450mg of plutonium. The uranium was reused to elaborate new
MTR fuel elements for the reactor RA-3. A larger facility, with a capacity of 50Kg/day of
oxide fuel, is 80% completed but its construction has been interrupted for economic reasons.
This plant includes a mechanical head end for the chop-leach process and three
decontamination cycles for uranium and plutonium by solvent extraction with TBP. Solid
liquid and gaseous storage and treatment facilities are also provided. Research and
development work is going on both wet and dry technology. The IMPUREX one cycle
solvent extraction process is being developed for its application to the TANDEM fuel cycle.
By this synergetic fuel cycle, codecontaminated uranium and plutonium from spent LWR fuel
is re-elaborated and fed into HWRS. A laboratory scale facility equipped with mini-mixer-
settlers is being installed in the LFR hot cells to test the IMPUREX flow sheet. Experiments
are performed on pyroelectrochemical reprocessing including chlorination of oxide fuels and
recovery of actinides by electrolysis in fused salts. Partition and transmutation is also subject
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of research and development. Simulated high level waste is being chlorinated and partitioned
by pyro electrochemical means.

2.3. MOX fuel development

Since 1973, when a laboratory conceived for safe manipulation of a few hundred grams of
plutonium was built, Argentina was involved in the small scale development of MOX
technology. The plutonium laboratory consists of a glove box facility featuring the necessary
equipment to prepare MOX fuel rods for experimental irradiations and to carry out studies on
preparative processes development and chemical and physical characterization. Irradiation of
first prototypes Of (U,Pu)02 fuels prepared in Argentina began in 1986 in the Petten High
Flux Reactor in Holland. Post Irradiation Examinations were performed in KFK Laboratory in
Germany and in the Joint Research Laboratory in Petten. In the period 1991-1995,
development of new laboratory methods of co-conversion of uranium and plutonium were
carried out: reverse strike co- precipitation of ADU-Pu(0H)4 and direct denitration using
microwaves. The reverse strike process produced pellets with a high sintered density,
excellent microhomogeneity and good solubility in nitric acid. The microwave direct
denitration process was optimized with uranium alone and the conditions to obtain high
density pellets, with good microstructure, without using a milling step, have been developed.
At present, new experiments are being carried out to improve the reverse strike
co-precipitation and direct microwave denitration processes.

2.4. High level waste repository

Although a final decision, regarding reprocessing or direct disposal, will be taken in the
future, nevertheless independently of this decision, a final repository for HLW will be needed.
The plan is that the spent fuel elements, or the vitrified waste arising from reprocessing
process, will be finally disposed off in a deep geological repository. The major problem at
present, regarding this option, is the adverse public opinion which impedes the necessary
studies to select the siting for the repository. It is expected that a strong communication
program, together with negotiations with local government regarding royalties and additional
benefits for communities, will allow the selection and characterization of appropriate site by
the year 2030. Between 2030 and 2040 a deep geological laboratory will be erected on the
selected site, to gather the necessary information for the engineering stage, and in the year
2045 the construction of the HLW repository will start. This is tentative and depends strongly
on technical, political and social issues.

3. CONCLUSION

Argentina has an important record on the development of back end of the fuel cycle
technology and continues directing her efforts towards the development of the technology and
human resources required in case the future demands the closure of the fuel cycle.
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