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Abstract. The National Atomic Energy Commission (CNEA) started its activities 50 years ago and obtained
significant results. At the present time, the CNEA is defined as an Institution of research and development in the
nuclear field. It is also responsible for the management of radioactive wastes and the dismantling of nuclear and
radioactive facilities. Mining and milling activities have been carried out during the past 40 years and at present
the CNEA is undertaking the Uranium Mining Environmental Restoration Project (PRAMU). The aim of
this project is to restore the environment as much as is possible in all places where uranium mining and milling
activities were developed when taking into consideration both economic and technical reality. First, the
characteristics of the problems in each site are determined through appropriate studies which identify the existing
or potential impacts, the possible pathways of contamination, etc. The sites being studied are: MALARGUE
(Mendoza Province), CORDOBA (Cordoba Province), LOS GIGANTES (Cordoba Province), HUEMUL
(Mendoza Province), PICfflNAN (Chubut Province), TONCO (Salta Province), LA ESTELA (San Luis
Province), LOS COLORADOS (La Rioja Province). PRAMU seeks to improve the current conditions of the
tailings deposits and mines and to ensure the long term protection of people and the environment. The CNEA is
required to comply with all legislation that is in force and is under the control of various national, provincial and
local State institutions. The main objectives of the project for the various sites are: (a) Malargiie site: to
implement the actions necessary for environmental restoration and management of the tailings derived from the
uranium ores processed in the industrial plant; (b) Cordoba and Los Gigantes sites: to design, engineer and
execute the activities required for closure of the sites; (c) Other sites (Huemul, Pichindn, Tonco, La Estela, Los
Colorados): to develop an environmental evaluation and, on the basis of the results obtained, to study
technological options for the mitigation of both current and future impacts. Some actions related to the Malargiie
closure are in progress.

1. INTRODUCTION

The National Atomic Energy Commission (CNEA) started its activities 50 years ago and obtained
significant results. At the present time, the CNEA is defined as an Institution of Research and
Development in the nuclear field, and it is also responsible for the management of radioactive wastes
and the dismantling of nuclear and radioactive facilities.

To achieve its objectives several companies which were linked to CNEA in different ways, were
created to carry out various roles such as UO2 production, fuel element production and heavy water
production etc. At present Argentina has two nuclear reactors generating electricity: Atucha I (340
Mw(e)) and Embalse (600 Mw(e)): A third is under construction: Atucha II (600 Mw(e)). These
reactors use natural uranium as fuel and heavy water as moderator and coolant. With a total installed
power of 940 MW(e), the annual consumption of uranium is about 150 t. When the third nuclear
power plant becomes operational, the installed power will reach 1640 MW(e) with a consumption of
250 tU/year. The percentage contribution of energy from nuclear sources to the Argentine
interconnected system is of 11.5%.

Mining and milling activities have been carried out in several provinces of the country during the last
40 years. Currently, the CNEA is undertaking the URANIUM MINING ENVIRONMENTAL
RESTORATION PROJECT (PRAMU). The aim of this project is to restore the environment as
much as is possible in all places where uranium mining and milling activities were developed while
taking into consideration both the economic and technical reality.

The sites being studied are:

— MALARGUE (Mendoza Province)
— CORDOBA (Cordoba Province)
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Los Colorados
Waste rock 937.000 t
Tailings: 155.000 t

La Estela
Waste rock: 1.143.000 t

Tailings: 65.0001

Tonco
Tailings: 500.0001 Los Gigantes

Low grade ore: 600.000 t
Waste rock: 1.000.000 t

Tailings: 2.400.000 t
Sludges: 101.360 ms

Effluents: 100.000 m3

Malar gue
Tailings: 700.0001

Huemul
Ore: 2.404 m3

Waste rock: 9.505 t

Pichiiian
Tailings: 60.000 t

Cordoba
Tailings: 31.500 m3

"'•*-_

FIG. 1. Location of sites.

— LOS GIGANTES (Cordoba Province)
— HUEMUL (Mendoza Province)
— PICHINAN (Chubut Province)
— TONCO (Salta Province)
— LA ESTELA (San Luis Province)
— LOS COLORADOS (La Rioja Province)

Fig.l shows the location of the sites.
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2. ENVIRONMENTAL ASPECTS RELATED TO URANIUM MINING AND MILLING

Uranium mining and milling produce large quantities of radioactive wastes which must be safely
managed. Uranium tailings and the associated liquids were produced from the ore treatment
operations.

Uranium tailings contain about 85% of the radioactivity of the original ore, while approximately 15%
of the radioactivity originally present in the ore is removed with the uranium. After decay of some
short lived radionuclides, the final radioactivity of the tailings before discharge amounts to about 70%
of the original values. However, the specific radioactivity of uranium tailings is fairly low and is
similar to the activity of the original ore.

In spite of its low level, due to the long half lives of some thorium and uranium isotopes in the
tailings, the radiological hazard will persist for long periods of time. Thus, to prelude adverse
consequences and to minimize environmental impact, actions must be taken to properly close the
facilities after ending operations. These actions will ensure that the facilities are kept in safe and
stable conditions, and that releases of radioactive or other contaminants are kept both as low as
reasonably achievable and below regulatory limits.

3. ARGENTINA: ENVIRONMENTAL POLICY

When implementing its activities the National Atomic Energy Commission (CNEA) is required to
comply with all legislation that is in force and is under the control of various state institutions
(national, provincial and local).

Fundamentally, all the activities that could generate any type of environmental radiological impact are
governed by specific regulations established and monitored by the Nuclear Regulatory
Authority (ARN). Based on this mandate, all ARN activities are framed within a philosophy of
protection of people and the environment and are directed towards establishing criteria for each
activity.

ARN policy strives to improve the existing situation by setting out objectives for continuous
improvement in the short term and to keep all involved populations informed of ongoing results. This
policy advocates the rational use of resources while pursuing protection of the environment, the
public health and the rights of the future generations. To achieve this objective, PRAMU seeks to
improve the current conditions of tailings deposits, which, although currently confined and controlled,
must be managed to ensure the protection of people and environment from potential future risks.

4. LEGISLATIVE AND REGULATORY FRAMEWORK

Nuclear activity is governed by the following legal regulations:

• Decree Law No.22.498/56, ratified by Law No.14.467.
• Law No.24.804 - National Law on Nuclear Activity - Establishes that "the National Government,

through the National Atomic Energy Commission (CNEA) and the Nuclear Regulatory Authority
(ARN), shall define the policy, and be responsible for research and development, regulation and
surveillance functions in the nuclear field". All activity that can be developed commercially might
be undertaken by the National State as well as by the private sector. In its turn, the Law No.24.804
assigns to the Nuclear Regulatory Authority (ARN), fundamentally, the faculty to "issue regulatory
standards referred to radiological and nuclear safety".

• National Mining Code, through Law No.24.498, consider nuclear ores as minerals of first and
second category as per article 205 of the Mining Code (Text enacted through Decree No. 456/96,
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(B.O. 30/05/97)). The above mentioned Code, compels in its article 207, those exploiting mines
containing nuclear minerals to present to the competent authority, a plan for the restoration of the
natural space affected by the wastes and to neutralize, conserve or preserve liquid or solid tailings
and other products having radioactive or acid elements.

• Law No. 25.018 establishes the regime of radioactive waste management, in order to preserve the
environment, and creates specific rules on the subject.

5. PLAN FOR ENVIRONMENTAL MANAGEMENT OF URANIUM MINING

The CNEA will conduct the PRAMU project through a Project Executing Unit (UEP), specially
created for this purpose. The project is staffed by professionals with experience in the mining and
environmental operations. This UEP will be integrated within the functional structure of CNEA and
will report to the top executive level.

To provide specific follow-up of environmental aspects, an Environmental Management Unit will be
created within the UEP. It is anticipated that during project implementation the UGA will report to the
UEP; afterwards it will be merged into the functional structure of CNEA to continue long term
environmental control and monitoring.

A Project Implementation Plan has been established which delineates the main line of Project
activities and estimates their duration.

6. REMEDIATION OF SPECIFIC SITES

6.1. Malargiie Site

The objective for Malargue Site is to undertake the actions necessary for environmental restoration
and the management of the tailings derived from the uranium minerals that were processed in the
industrial plant.

The Ministry of Environment of Mendoza Province has approved the CNEA Environmental Impact
Statement (Resolution 738/97). The approved plan for restoration of the Malargue site specifies
relocation of the tailings to an engineered on-site repository.

6.1.1. General information

The Complejo Fabril Malargue (CFM) is located in Mendoza Province. A conventional processing
plant was installed; the flow sheet was based on pilot-plant tests started in 1954. Ores from the
Huemul-Agua Botada deposits and Sierra Pintada were treated, and 759 tU were produced. The
production plant stopped operating in 1986.

6.1.2. Contam ination sources

The quantity of solid wastes at Malargue is about 700 000 t. The solid wastes are primarily tailings
but also include precipitates originating from neutralization of acidic effluents from the processing
plant. The wastes cover an area of approximately 6 ha.

The average concentration of radioactive elements in the tailings are:

— U: 155 ng/g
— Ra-226: 12 Bq/g
— Flux of radon-222 over the tailings: 6.1 to 10.1 Bq/m2s
— Radon concentrations over the tailings: 584 to 5062 Bq/m3

— Rate of dose over the tailings: 3.4 and 9.7 uSv/h
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6.1.3. Estimation of risk

— Background radiation outside the Site is approximately 0.1 uSv/h.
— The equivalent dose for a hypothetical group based on the tailings would be between 10 and

89 mSv/y person.
— A hypothetical population group located at the perimeter of the tailings would receive an

annual dose equivalent to 5 to 6 mSv/y.

As a conclusion:

• The wastes deposited at the CFM represent a potential radiological hazard which must be
mitigated. The radiological risk derives mainly from the wastes in themselves;

• At the present conditions, a hypothetical population group living permanently at the perimeter
of the CFM tailings could receive a higher dose than the limit recommended. In contrast, a
temporary presence does not imply receiving doses higher than the admissible ones;

• The effects of the radioactivity on the population of the city of Malargiie, due to the presence
of tailings, are so low that with the present control technology they are admissible.

6.1.4. Mitigation proposal

The approved plan for restoration of Malargiie stipulates on-site relocation of tailings into an
engineered repository. In 1996 the plant and auxiliary buildings were dismantled and demolished.
Presently, the first part of site restoration activities are in progress, and the construction of a
underground drainage line has been finished.

The drainage line has been installed upstream and along the edge of the proposed site. The objective
of the drainage system is to capture upstream groundwater flow in order to lower the water table
under the repository. According to the model used to design the underground drainage, ground water
would raise to 1.5 m below the bottom of the cell, only one time in 1000 years. Fig. 2 shows the
proposed location of the repository and also the location of drainage system. Fig. 3 shows
construction details of the drainage line.

The tailings and contaminated soils management work requires performing the following tasks:

— Conditioning of the floor of the new site: This task will be accomplished by (1) compacting
the base (2) placing a compacted layer of gravel (3) Adding a compacted layer of soil and
(4) placing a layer of compacted clay of low permeability.

— Tailings management: (1) Tailings will be accumulated over the layer of clay.
(2) Neutralization with lime and compactation will be completed (3) Contaminated soils and
demolition materials will be placed into the tailings.

— Waste material cover: (1) A layer of compacted clay, plus a layer of compacted top soil and
finally a layer of rocks will be put over the tailings (2) An additional layer of top soil, which
will serve as a base for an autochthonous pasture, will be put down over the rock. This cover
will reduce both radon emanation and gamma radiation. The cover will also prevent the entry
of the rainwater into the cell and will act as an erosion barrier.

— Decontamination and rehabilitation of the area: (1) Areas impacted by industrial activity
will be excavated and a top-soil cover will be added to meet regulatory requirements. The
contaminated soil will be deposited in the tailings impoundment. (2) The area will be
landscaped and reforested. (3) Limitations will be established to ensure continuity of the
protection barriers.

Fig. 4 shows a profile of the proposal repository.
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FIG. 2. Repository and underground drainage location.
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FIG. 3. Underground drainage construction.

6.2. Cordoba Site

6.2.1. Objective

The objective for Cordoba Site is to design the engineering and execute the necessary activities for
closure of the Complejo Fabril Cordoba (CFC) site.

6.2.2. General information

The Complejo Fabril Cordoba (CFC) site is located in the city of Cordoba. The complex covers 9.2
ha. The municipal rules specifies an urban use for the land where the Cordoba Site is located. The
Complejo Fabril Cordoba operation was started in 1952 as a pilot-plant to study the production of
uranium concentrates. In 1982, a UO2 plant (150 Tu/y) began production. Total production of UO2, up
to December, 1998, was 1506 tU.

The Cordoba Municipality has imposed, through Ordinance 9652, a series of legal limitations on
nuclear activities.
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FIG. 4. Repository profile.

This ordinance requires relocation of the Complex within a time frame agreed to by the CNEA. In
accordance, the CNEA has agreed to move the UO2 plant and to remediate the area, which will be
designated as a green space.

The Nuclear Regulatory Authority (RQ-85), has also requested the final management of mineral
tailings deposited at the site.

6.2.3. Contamination sources

There are 31 500 m3 of tailings deposited on the site. They come from experimental work on uranium
mineral processmg. The total quantity of material to be removed from the accumulation zone will be
approximately 36 000 m3, taking into account reclamation of the ground on which the tailings were
deposited.
The chemical composition of the tailings is:

— Average U concentration: 337 ug/g
— Average concentration of Ra-226: 11 Bq/g
— Average emanation of radon on the tailings: 6.6 Bq/m2s
— The average dose rate over the tailings is 4.94 uSv/h, with maximum values of 19.6 uSv/h
— The level of natural radiation or background out side the site is 0.11 ± 0,01 uSv/h

6.2.4. Mitigation proposal

CNEA has established closure procedures for the CFC. Demolition of buildings, tailings removal and
area rehabilitation will be performed. The site will be handed over to the Municipality of Cordoba in
accordance with the requirements of the national and provincial regulatory authorities.

The CNEA plans to move the tailings to an off-site location. Relocation of the tailing to the Camplejo
Minero Fabril Los Gigantes (CMFLG) area is being considered. The CNEA has previously
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undertaken uranium mining and milling activities at this location, which is about 100 km from the
CFC. Alternative sites within a 50 km radius of Cordoba will also be evaluated. Other contaminated
materials from the CFC will also be managed with the tailings.

6.3. Los Gigantes Site

6.3.1. Objective

The strategy for reclamation of the Los Gigantes Site is to first develop the engineering plan and then
proceed to closure of the CMFLG site. Dismantling of the facility, management of the tailings and
other wastes, and rehabilitation of the area will be undertaken.

6.3.2. General information

The Complejo Minero Fabril Los Gigantes is located in Cordoba Province, 100 km west of Cordoba
city. The land where mining activities were performed is rented by CNEA from a Religious Order.
The mining activities developed an open pit during the period 1982-1989. The mill produced
206.71U as ammonia diuranate. The plant closed in 1990.

6.3.3. Contamination sources

(a) Waste rock: 1 000 000 t
(b) Low grade ores: 600 0001
(c) Sludges: 101 350 m3

(d) Tailings: 2 400 000 t
U: 84 ug/g
Ra226: 1.2Bq/g
Emanation of radon: 0.33 Bq m2s

(e) Effluents: 100 000 m3

U: 0.05 ppm
Ra: 1 Bq/1
NH4+: 250 ppm
Mn: 70 ppm

The dose rates from external irradiation over the wastes, range from 0.39 to 0.45 uSv/h. Off-site
measurements, carried out to obtain back ground levels averaged 0.22 ± 0.03 uSv/h.

6.3.4. Mitigation proposal

For closure of the CMFLG, the following actions are proposed which will be submitted to national
and provincial authorities for discussion and approval.

Effluents: Chemical treatment procedures for removal of Ra-226, NH4+, and Mn have been
developed. Release of the treated effluents to Cajon River will be proposed.

Main dam: After treatment of the existing liquid effluents, the main tailings dam area will be used to
store the sludges and probably the tailings from the Cordoba Site. The height of the dam will be
lowered to ensure stability.

6.3.5. Tailings

To provide additional stabilization of tailings, construction of several contaminant dams is planned.
These dams will be placed in run-off channels to prevent the transport of the tailings downstream. The
potential impact of seepage from the tailings is being evaluated.
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6.3.6. Sludge dams (0, 1, 2, 3)

The management of these dams will be carried out by placing a layer of waste rock, which will protect
the existing mineral tailings and also diminish radon emanation.

6.3.7. Open pit

Stabilization of the open-pit slopes, cleaning and compacting the bottom of the pit will be undertaken
to achieve uniform run-off. This work will foster long term stability of the pit walls.

6.3.8. Low grade ore

Part of the low-grade ore will be moved to the main tailings dam area. Transferring this material will
improve the stock-pile stability by allowing the existing slope angle to be lowered.

6.4. Other sites (Tonco, Pichinan, Huemul, La Estela, Los Colorados)

6.4.1. Objective

The objective of PRAMU for these sites is to develop an environmental assessment and, on the basis
of the results obtained, to study various technological options for the mitigation of existing and
potential future impacts.

6.4.2. General information of the sites

Tonco Site
Located in Salta Province
Wastes:
Tailings: 500 0001

Pichinan Site
Located in Chubut Province
Wastes:
Tailings: 60 0001

Huemul Site
Located in Mendoza Province
Wastes:
Ore: 2404 m3
Waste rock: 9505 t

La Estela Site
Located in San Luis Province
Wastes:
Waste rock: 1 143 0001
Tailings: 65 000 t

Los Colorados Site
Located in La Rioja Province
Wastes:
Waste rock: 937 0001
Tailings: 155 000 t
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