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Abstract

Argentina has an active nuclear program, started in the 50's, which includes two nuclear
power plants (NPPs) in operation and one under construction, providing 12% of power generated in
the country. Together with eight research reactors, complete facilities at the front and back end of the
fuel cycle such as, radioisotope production plants and supporting laboratories in four atomic centers,
with an extensive research and development (R&D) program and an independent nuclear regulatory
authority, constitute the backbone of the country's nuclear activities, employing in total approximately
4500 people. These activities, together with the future decommissioning of nuclear facilities, generate
a considerable amount of nuclear waste which needs to be treated properly according to international
practices and standards. The safe management of these wastes has being always one of Comision
Nacional de Energia Atomica's (CNEA) top priorities.

1. LEGAL AND SOCIAL CONSIDERATIONS

The management of Radioactive Wastes generated in Argentina must comply with the
provisions of the Nuclear Waste Law (# 25.018 / 98), approved by the National Parliament in
September 1998, and with the country's environmental policy which, in the case of waste
management, takes into consideration the concurrent jurisdictions of the federal and provincial
governments. This has created a legislative net, which causes difficulties, not yet solved, in the
implementation of the actions.

The primary objective of the radwaste program is the safe management of radioactive
wastes, guaranteeing the protection of environment and public health for present and future
generations.

All the activities, which could imply radiological risk, are regulated and controlled by the
Argentine Nuclear Regulatory Authority (ARN).

Argentina is a signatory party of the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management, adopted in Vienna on September
1997.

The major problems to be solved for radwaste management, as is the case in most countries
nowadays, are not technical but political. In the last ten years Green Groups are becoming increasingly
active in Argentina and, with their false and tendentious information, succeeded to create in the
population a negative perception of nuclear issues. It is our purpose to allow the community to judge
objectively the viability of the Program and to accept or refuse it, with a real basis and knowledge of
the truth, using a clear and transparent communication policy with different sectors of society.

2. ARGENTINE NUCLEAR PROGRAM

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.



The major activities, developed during the fifty years of the program are summarized in the
following subsections.
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2.1. Nuclear power

Argentina has two NPPs in operation and one under construction providing 12% of the
national electricity production.

The first NPP, Atucha 1 (CNA 1), located 100 km away from Buenos Aires, the capital City,
started operation in 1974. It is a 350 MW(e) pressurized heavy water reactor (PHWR) type with
pressure vessel. The natural uranium fuel elements are placed in coolant channels, and heavy water is
employed as moderator and for refrigeration.

The second NPP, Embalse (CNE), a 600 MW(e) 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 (CNA2), a 700 MW(e) 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.

The front end of the fuel cycle includes seven uranium mines along the Argentinean territory,
one UO2 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.

A 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.

The back end of the fuel cycle includes a 5 ton/year pilot reprocessing plant 80% built and
construction interrupted.

2.2. Medical and industrial applications

Radioisotopes for medicine and industry are produced either in the RA-3 5 MW reactor or in
two production cyclotrons, hot cells and laboratories complete the production and research facilities.

Argentina is one of the major producers of Cobalt 60, which is obtained from the control rods
of Embalse NPP and 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 sources 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.

2.3. Research & development

An extensive R&D program that takes place mainly in four atomic centers as well as in several
universities and research institutes supports the nuclear project.

Major R&D programs include: innovative reactors advanced fuel elements, materials, radiochemistry,
and radioisotopes, waste management, health physics, nuclear safety, etc.



Eight research reactors and several laboratories including hot cells and glove boxes facilities
support this research.

3. WASTE PRODUCTION

With only two nuclear power plants in operation, and no nuclear defense program, the
amounts of radwastes are small if compared with other industrialized countries. This reduced scale,
although beneficial in certain aspects, has negative consequences regarding funding because fixed
costs must be shared among few payers.

The major waste producers are NPPs which contribute with approx. 62 m7 year of low level
waste (LLW), 14 m7y medium level waste (MLW) and 140 ton/year of uranium as high level waste
(HLW).

It is expected that approximately 60 000 m3 of waste, without conditioning or recycling, will
be generated when the present nuclear facilities will be decommissioned. Around 90 % of this amount
will come from the dismantling of the NPPs, approximately 6000 m3 will be MLW and the rest can be
disposed off as LLW, (Table I). These volumes will be reduced when the Nuclear Regulatory
Authority will determine activity levels for clearance, recycling and reuse of materials from
decommissioning. Considering its design life, the Atucha 1 NPP, the oldest in Argentina, will cease
operation in the year 2015. As a three stages deferred strategy, ending in 2058, will most probably be
adopted for the decommissioning, the necessity to route wastes from this plant dictates the timing for
the MLW and HLW repositories. Embalse NPP is expected to cease operation in 2025 an its
decommissioning will end in the year 2065.

TABLE I. EXPECTED WASTE FROM DECOMMISSIONING ACTIVITIES

WASTE TYPE AMOUNT*

NPP OTHERS

HLW Spent fuel elements 10 000** N/A

MLW Resins, filters, liquids, metals. 5500 m3 500 m3

LLW Concrete, metals, plastics 50 000 m3 4000 m3

* Estimate amounts without conditioning or recycling
** Tons UO2, not considering reprocessing

Other waste producers including the front end of the fuel cycle, research reactors, R&D
laboratories, isotope production plants, industrial and medical application facilities. They contribute
about. 60 m3/y of LLW, 5 m3/y of MLW and 2.5 kg uranium per year as well as the HLW from spent
fuel. As can be seen, these amounts are negligible when compared with those arising from NPPs
operation and decommissioning. (Tables I and HI).

Uranium mining activities, to obtain the raw material for our autonomous fuel cycle, were/ are
carried on in 7 different ores, in Southern and Northern regions of the country. Tails resulting from the
mining and separation process, amounting approx. 6 millions tons, are confined and temporary stored
on-site. In the last decade, according to international practices, a program started to mitigate and
control the environmental impact produced by these tails. The remediation project is expected to be
finished by the year 2007. (Table II)



TABLE II: WASTE FROM MINING ACTIVITIES

SITE

Malargue
Cordoba
Los Gigantes
San Rafael
Tonco
Pichinan
La Estela
Los Colorados

TOTAL

URANIUM TAILS
Tons

700 000
57 600

2 400 000
1 900 000
500 000
145 000
70 000
136 000

5 908 000

4. WASTE MANAGEMENT

Waste generated in the activities described needs to be treated properly according to
international practices and standards, the safe management of the these wastes has being always one of
CNEA's top priorities.

Waste is being managed according to the following strategy:

4.1. Low level waste

Low level waste produced in the atomic centers, hospitals, universities and other minor
producers are collected at the Ezeiza Atomic Center where the following facilities are available:

4.1.1. LLW treatment plant

The facility has a sorting area, a 34 m / hour incineration furnace, a hydraulic compaction
press (average reduction rate 5:1), and equipment for immobilization and cementation of solid and
liquid wastes. Upon treatment wastes are packed in 200 liter drums.

4.1.2. Trenches for LL W disposal

Low level waste produced all over the country is disposed off, at present, in two trenches
engineered improved with concrete barriers in their sides and soil with a high hydraulic gradient to
allow liquids to drain to the collecting system. Trench # 1 is completely filled with 3500 drums and
was closed and sealed.

Trench # 2 (120 m long and 20 m wide) with a capacity of 6000 drums, was partially closed
and is still under operation with a remaining capacity of approx. 1000 drums.

Trenches were closed according to the following procedure: space between drums was filled with
sand and bentonite; successive layers of compacted soil, asphalt, sand, polyethylene film, loose soil
and soil with grass were deposited on top of the drums.

Solid LLW produced in the NPPs is compacted and cemented in-situ in special facilities built at
Atucha and Embalse premises, after conditioning in 200 liters drums they are shipped to the LLW
repository in the Ezeiza Atomic Center.

4.1.3. Semi-permeable trench for LLW liquid

Low level liquids, with short half lives, are finally disposed off in a trench, 20 m long, 10m
wide and 3 m deep, with a capacity of 2 m /day, which operates according to the classic principle of



retention through ionic exchange of liquids and soil. The area is controlled by surrounding monitors
and sampling.

The Ezeiza area where the present LLW repository is located is becoming increasingly
populated and, in the near future, operation of this site will be very difficult due to social pressure. In
consequence, it is foreseen that this repository will operate until the year 2017 when it will be finally
closed. From that date environmental remediation actions will start on the area and institutional
control will continue for 50 years.

It is planned that in 2020 a new near-surface, engineering improved trench type, LLW
repository will start operation in the same site where the future MLW repository will be erected.

4.2. Medium level waste

Medium level waste consists mainly in filters and ionic exchange resins from the nuclear power plants,
research reactors and radioisotope facilities, as well as activated or contaminated parts arising from
maintenance and repairs at the plants, (Table III).

TABLE HI: AVERAGE AMOUNT OF LOW AND MEDIUM
LEVEL WASTE PRODUCED BY DIFFERENT SOURCES

PRODUCER AMOUNT / Year
(Average in m )

LLW MLW

CNA1 37 4

CNE 25 10

FUEL CYCLE 6

RADIOISOTOPES 50 2

PRODUCTION

MEDICINE, INDUSTRY, R&D 3 3

TOTAL 121 19

Due to the short volumes produced up to date, medium level waste is temporarily stored either
at the NPPs (resins placed in tanks, large parts in the spent fuel elements pool), or in drums placed in
2x2x2 m concrete containers stored in a special building ( 60 x 20 x 10 m ) at Ezeiza Atomic Center.
The building has a controlled ventilation system and a remotely operated 30 Ton crane.

The amount of MLW that will be generated, specially the big amounts that will arise from the
dismantling of the nuclear facilities, indicates the necessity to have in the near future a definitive
MLW repository. It is planned to start the necessary studies for the siting of this repository in the year
2000 and conclude them around 2007. From 2007 to 2015 activities necessary to construct the
repository will take place. Starting from 2015 it is expected that all MLW generated in the country will
be dispose off in this site.

The repository will be a near-surface monolithic concrete type, similar to those erected at
L'Aube in France or El Cabril in Spain. The expected capacity will be of 60 000 drums, 200 liters
each. Drums will be placed in concrete containers (12 drums per container), which will be stored in
concrete covered vaults (23 x 22 x 7 meters). Each vault will contain approximately 4800 drums. At
the same site a near-surface engineer trench system will be constructed for the LLW.



4.3. High level waste

High level waste, consisting primarily of spent fuel elements from the nuclear power plants
and research reactors (Table IV), is managed as follows:

4.3.1. MTR spent fuel elements

The approx. 400 spent fuel elements from research reactors produced up to day are temporary
stored in a building (35 x 12 x 4 meters). Fuel is placed in 200 holes 0.15 m diameter, 2 m deep with
stainless steel lining, each bore can hold 2 fuel elements. Water circulates through the holes for
refrigeration.

Negotiations are underway to return to the USA 90% enriched fuel elements provided by them. In
such case a partial reconvertion to dry storage will be carried out in the facility.

4.3.2. Atuchafuel elements

Approx. 8100 fuel elements are stored temporarily up to date in the spent fuel pool. The pool
will complete its capacity by the year 2007 if a new rack arrangement is not decided before. A total
amount of 11 600 elements, with 2040 tons of UO2, are expected by the end of the operating life. The
last burned fuel will need to remain in wet storage for decaying up to the year 2025.

Starting in the year 2010a dry temporary storage will be erected on-site and fuel elements stored
in pools will be transferred there. Fuel will be kept in interim dry storage until a decision to reprocess
or final direct disposal will be taken, approximately in the year 2045.

4.3.3. Embalse fuel elements

The short CANDU spent fuel elements (0.5 m long), employed at the Embalse NPP, are stored
in the spent fuel pools (36 100), and in dry concrete silos (34 500). Each silo contains 9 sealed
stainless steel baskets with 60 fuel elements each. 80 silos were already built with a total capacity of
43 200 assemblies.

The strategy for the spent fuel elements of this NPP will continued to be the same as today.
New dry silos will be added to the existing ones, when needed, in order to temporary store the
expected 192 000 fuel elements that will be spent by the end of the plant life. Final disposal strategies
will be similar as those explained for Atucha 1.

TABLE IV: SPENT FUEL ELEMENTS

PRODUCER

CNA1

CNE

RA-3

CNA2

STORED*
(Qty)

POOLS DRY

8.167

36.091 34.560

440

EXPECTED A
(Qty)

11.600

192.000

N/A

23.200

t UO2)

2.040

4.100

N/A

4.080
* Status at 30 June 1999



4.4. HLW repository siting

In the 80 's CNEA decided to start feasibility studies for the siting and construction of a HLW
repository. The project was to identify a possible site to place the deep geological repository and
demonstrate that, with the available technology, HLW waste could be dispose off safely. After a
survey of different geological formations along the country a suitable granite formation, in the
province of Chubut, in the Southern Patagonia, was chosen to start with the first studies.
Several investigations were performed at the site, including photo-interpretation, geological and
geophysical characterization of the rock, seismic studies, geomorphologic and hydrogeologic analysis
of the area. Drillings down to 800 m. were performed and a conceptual engineering design was
prepared. Studies were interrupted in 1992, due to public opposition, and no other region in the
country was surveyed.

An extensive R&D program in vitrification, employing borosilicate glass by fusion and hot
pressing, and different materials for containers, was conducted in the last 20 years supporting the
Radwaste project.

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 the 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 that impedes
the necessary studies to select the siting for the repository. It is expected that a strong communication
program, together with negotiations with local governments regarding royalties and additional benefits
for communities, will allow the selection and characterization of an 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 schedule is tentative and depends strongly on technical, political and social
issues.

4.5. Financial considerations

Until September 1998, when the National Nuclear Waste Law was approved by Parliament,
there were no specific funds for radwaste management, money was appropriated from CNEA's regular
budget. The Law establishes that CNEA is responsible for the management of all the radioactive waste
produced in Argentina but the waste producers will pay for the disposal.

CNEA charges a fare for LLW and MLW disposal according to the volume produced. For the
HLW treatment, 1% of the nuclear 'Utility's' income is being separated in a trust fund.

Utilities are responsible for the HLW management, including temporary storage, during plant
operation. After ceasing operation the license will be transferred from the Utility to CNEA who will
be responsible for the waste as well as for the NPPs decommissioning process.

Separate trust funds for each nuclear power plant were also established to take care of money
needed for decommissioning, estimations were made for the amounts the utilities will deposit annually
considering estimated costs, plants end of design life, investment rates, and a three stages deferred
decommissioning strategy. Adjustments will be made every three years.

5. CONCLUSIONS

Since the beginning of the local nuclear program Argentina showed a clear an conscientious
radwaste management strategy according to international standards and practices.
The recently approved Nuclear Waste Law strengthens the program and provides clear responsibilities
and mechanisms to collect the money needed to deal with this issue.



The amounts of waste to be generated will come mainly from the decommissioning activities,
but it is clear that, due to the small scale of the country's nuclear power program, the Government will
have to subsidize the waste management projects. We still hope that maybe in the near future an
international, or regional, agreement could be politically and socially accepted and costs could be
shared.

As is the case in most countries, the major problems faced by Argentina to implement a
complete final program for radwaste are not technical but social and political. We believe that sooner
or later people will recognize that the solutions proposed for final disposal of nuclear waste are
environmentally acceptable with the same, or even lower, risks or damages than in any other industrial
activity.
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