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Abstract

Uranium exploration in Brazil was started in 1952 by the Brazilian National Research Council. This led to the
discovery of the first uranium deposits in Poços de Caldas and Jacobina. These activities was later continued by
the National Energy Commission/Comissào National de Energia Nuclear (CNEN), formed in 1962. The
founding of NUCLEBRAS at the end of 1974 marked the increasing effort of the country's uranium exploration
programme. At this time only the Poços de Caldas deposit was known with measurable resources. Due to the
reorganization of the Brazilian nuclear programme in 1988, all uranium exploration in the country was stopped.
By then, eight areas with uranium reserves has been identified. Brazil uranium resources in the RAR category at
< $80/kg U cost range are estimated to be 162 000 tonnes U, out of which 56 100 tonnes are in the < $40/kg U
cost range. Additional resources in the EAR-I category and the cost range < $80/kg U are in the order of 100 200
tonnes U. The first production of uranium in Brazil, at the Osamu Utsumi mine (Poços de Caldas deposit), started
in 1982. Because of escalated costs and reduced demand, this activity was put on stand-by status between 1990
and 1992. The mine was restarted in 1993, but was stopped again in October 1995. The cumulative production of
the mine to 1996 was 1241 tonnes U. The Lagoa Real deposit is currently being prepared as a new producing
mine.

1. URANIUM EXPLORATION

Historical review

Systematic prospecting for radioactive minerals, begun in 1952 by the Brazilian National
Research Council, led at that time to the discovery of the first indications of uranium at Poços
de Caldas (Minas Gérais State) and Jacobina (Bahia State).

This phase of activities depended initially on foreign know-how, hi 1955 technical co-
operation agreements were signed with the government of the United States of America for
the reconnaissance of Brazil's uranium potential. In 1962 the recently created National
Nuclear Energy Commission/Comissâo Nacional de Energia Nuclear (CNEN) sought the
collaboration of the French Centre d'Etudes Nucléaires (CEA) in organizing its Mineral
Exploration Department.

In the 1970s more financial resources were made available for radioactive mineral
prospecting exclusively through the CNEN. With the founding of NUCLEBRAS in December
1974, the Brazilian government's efforts received an impetus in the basic part of the nuclear
programme, namely, the exploration development and mining of uranium deposits.

When, in December 1975, Brazil and Germany signed the Agreement for Co-operation in
the Field of Peaceful Uses for Nuclear Energy, the Osamu Utsumi mine, in Minas Gérais, was
the only uranium deposit known and measured.

As a result of its efforts NUCLEBRAS has identified eight areas with uranium reserves,
namely, Poços de Caldas plateau, Minas Gérais; Figueira - Parana; Quadrilâtero
Ferrifero-Minas Gérais; Amorinopolis - Goiâs; Rio Preto/Campos Belos - Goiâs; Itataia -
Cearâ; Lagoa Real - Bahia; Espinharas - Paraiba. (investigated by NUCLAM).

Due to the reorganization of the Brazilian nuclear programme in 1988, all uranium
exploration activities were stopped in 1991.
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Recent and ongoing activities

Following the reorganization of the Brazilian nuclear programme in 1988, the uranium
activities were delegated to a special organization known as Urânio do Brasil S.A., which was
organized as a subsidiary of Industrias Nucleares do Brasil (FNB), the holding company
responsible for the planning, programming and execution of the nuclear fuel cycle. Due to
management adjustments, all the dependent companies were incorporated and presently there
is only Industrias Nucleares do Brasil S.A. taking care of the whole fuel cycle activities.

During the period 1990 up to 1992, the uranium production was in stand-by status. The
restart of production took place in the late part of 1993 and stopped again in October 1995,
with the production of 211 ton of U3O8.

Nowadays the uranium production in Poços de Caldas mine is in stand-by status.

In 1998, the uranium mining project Lagoa Real, in Bahia, should be in phase of operation,
with a production forecast of 300 tons of uranium concentrate per year-an amount which will
not only satisfy the demands of Angra I Nuclear Power Plant, but also Angra H, when this
starts operating. A modular mining - industrial project, Lagoa Real will carry an initial cost of
implementation of US$ 23 million with the objective of mining the uranium contained in 33
anomalies (points of high concentration of uranium) around the mineral province, located in
the area known as the Poligono das Secas (Poligon of Droughts), Center-South of Bahia, in
the Municipalities of Caetité and Lagoa Real.

Discovered in 1977, Lagoa Real has reserves of 100,000 tons of uranium concentrate.
Initially, anomalies numbers 13 and 8 will be mined, called respectively the Cachoeira Mine
and the Quebradas Mine, producing 300 tons of uranium yearly by open pit mining, for a
period of 15 years. During the implementation phase, the project will create 500 direct jobs
and will absorb 200 workers when it starts operation.

The ore from Lagoa Real will be processed using the method of in pile leaching. The
uranium concentrate will be extracted using organic solvents. This process eliminates the
phases of milling, agitating and filtering, reducing in about 40% the investments needed for
implementation and operating of the undertaking, comparing to conventional leaching.

During the last two years all the feasibility studies were concluded and the INB decided
starts the implementation of the project in 1997.

Known conventional resources (RAR and EAR Category I)

The conventional resources are located in the following deposits:

- Poços de Caldas Plateau (Osamu Utsumi Mine)

There are three principal types of uranium mineralization at Osamu Utsumi Mine, which
are superimposed on one another at certain locations:

- Primary mineralizations connected with hydrothermal phenomena;

- Primary mineralizations connected with chimneys of volcanic breccias;

- Secondary mineralizations connected with weathering phenomena.

The hydrothermal primary uranium mineralization is characterized by argillization
phenomena and by the presence not only of uranium, but also of pyrite, fluorite, molybdenum
and, in smaller quantities, zirconium and thorium. It occurs in orebody "A" of the Osamu
Utsumi Mine in the form of systems of large and small veins which can have thicknesses of
up to 5 m and be at depths of as much as 300 m.
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The primary mineralization in breccias is connected with the phenomena of pulsations in
volcanic chimneys. It occurs in body "B", which accounts for about 70% of the deposit. It has
essentially the same constituents as the hydrothermal primary mineralization.

The secondary mineralization is connected with the phenomena of leaching and oxidation
of the uranium nearer the surface by the infiltration water, transport and redeposition along the
oxidation- reduction front. It occurs in body "E" and in the upper parts of bodies "A" and "B"
of the Osamu Utsumi Mine. It can be subdivided into two types: (a) sub-horizontal
mineralization connected with the oxidation reduction front, and (b) mineralization in nodules
remaining in zones deeply altered by weathering.

Figueira deposit

By establishing a reference calcareous horizon at the top of the basal part of the Rio Bonito
Formation it was possible to characterize three stratigraphie units:

- Unit A, the sequence between the top of Itararé and a carbonaceous siltite, including coal;

- Unit B, the sandy sequence which extends to a siltite below the calcareous horizon;

- Unit C, comprising siltite and limestone.

The uranium mineralization is located in the sedimentary sequence between the coal seam
in unit A and the calcareous horizon in unit C. It is associated with sandstones carbonaceous,
siltites and coal seams. In sandstones the uranium mineralization is found in the form of
uraninite between the interstices of quartz, grains cemented by a calcareous cement; in
carbonaceous siltites and coal the uranium mineralization occurs in the form of
organo-mineral complexes.

Quadrilatero Ferrifero - Minas Gérais

- Gandarela and Serra das Gaivotas Deposits

The Gandarela syncline is located in the central part of the Quadrilatero Ferrifero, where
the thrusts were in the east-west direction. Tear faults, in the perpendicular direction, are
abundant, with variable displacements and angles. The eastern fringe of the syncline has the
largest surface expression.

The sedimentation in Gandarela syncline is typically fluvial with palaeo-current directions
from north-east to south-west.

Of economic importance are the oligomictic metaconglomerates from the basal section of
the Moeda Formation which show uranium mineralization, especially the horizons connected
with a paleodrainage of approximately N45°E direction. The conglomerate pebbles are almost
all quartz, rarely quartzite. It is a relatively immature conglomerate with an abundant quartz
sericite matrix of light green colour, generally quite pyritic with mineralization of uraninite
and pitchblende.

In some areas the sericitic pyritic matrix shows at least three types of pyrite, one finely
distributed in the matrix, generally with uranium; another, in large masses of the pebble type,
rounded oval in shape, occurring mainly in association with gold secondarily with uranium;
and a third being well-crystallized idiomorphic pyrite having no direct relation with the
mineralization.

Amorinôpolis deposit, Goiâs

The Iporâ-Amorinôpolis area where the uranium mineralization occurs is located in the
so-called Amorinôpolis horst. The area was subjected to tectonic movement of tensile nature
which caused gravity faults and injection of alkaline materials.
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The uranium mineralization of the Amorinôpolis deposit is of two types, a primary one
with uranium of valency +4, and a secondary one with uranium of valency +556. The primary
mineralization is composed of dark minerals, pitchblende (uraninite) and coffinite. The
secondary one consists mainly of autunite and sabugalite, which are alteration products of the
primary mineralizations.

The uranium mineralization is controlled essentially by the physico-chemical conditions of
the host arkosic sandstone and the hydrodynamic flow of the solutions.

Itatatia deposit, Cearâ

The uranium mineralization of the Itatatia deposit is associated with apatite or collophane.
Typical apatite occurs in generally idiomorphic millimetre crystals, filling fractures and pores
of feldspathic rocks (episyenites), gneisses, marbles, and calco-silicate rocks or even in
breccias. Even collophane or apatite of the second generation do not always show definite
crystalline forms; in some cases, however. There are botryoidal and can occur, filling pores,
fractures of rocks and breccia zones and also large-size cavities in marbles. In the last case,
the uraniferous calcium phosphate is of massive aspect. Minerals most frequently associated
with the phosphates are calcite quartz and chalcedony.

Two main types of mineralization were confirmed in the area:

- Massive collophanite filling cavities in limestone;

- Collophanite disseminated in marble, vacuolar feldspathic rock and gneisses
(impregnation).

The mineralization of collophanite intercalated with marble is restricted to a limited area,
in the form of a lens in sub-vertical position to a known maximum depth of 100 m, while that
of collophanite disseminated in feldspathic rocks, marble and gneisses (impregnation) is more
irregular and apparently does not form continuous layers.

Espinharas deposit, Paraiba

The uranium mineralization occurs in dykes of feldspathic rocks enclosed in gneisses in an
area of about 1,2 km . It is related to metasomatic phenomena of the sodic type (albitization).
The mineralized rock is composed of 80 to 90% feldspars, some biotite and smaller quantities
of apatite and carbonates. Its grain-size varies from very coarse pegmatite to microcrystalline.
In the proximity of dykes the enclosing rock (amphibolitebiotite gneiss) is infiltrated by
feldspathic material.

Various radioactive minerals, including uraninite, have been observed. The primary
radioactive minerals were for the most part fully altered, forming unidentifiable secondary
minerals at the surface.

Lagoa real deposit, Bahia

The uraniferous anomalies of Lagoa Real Deposit, are found in a zone Archaean basement
consisting of cataclastic granitoids, augen gneisses, microcline-gneisses, granodiorites and
albitites.

This zone is about 80 km long and varies in width from 30 to 50 km. To the south, east and
north there lays large areas of low relief which are underlaid mainly by gneisses and
greenshists of Archaean or Low Proterozoic age. Along its western margin, the massif is
frequently faulted against the metasediments and metavolcanics of the Espinhaço Super
Group. The region may have been subjected at least to three tectonic cycles during which the
rocks were rejuvenated. These include the Guriense (3,000 m.y. +), Transamazonian
(1,800-2,100 m.y.) and the Brazilian (1,800 500 m.y.) cycles.
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The microline-plagioclase-augen gneisses are the host to the albitites which often are
mineralized. They always exihibit strong cataclasis and granoblastic texture.

The uranium mineralization occurs in albitites. They are characterized by the presence of
sodic plagioclase (albite) and aegerine-augite. The country rocks are invariably microline -
ortho-gneisses. The foliation of these gneisses is essentially parallel to the regional trend,
which within the massif inscribes an arch. The fractures which also follow the strike are often
cataclastic and their dip directions, as well as that of the foliation, are helicoidal from south to
north. The mineralized bodies of metasomatic albitites surrounded by microline gneiss are
fusiform and likewise accompany the regional structural trends. The length of these varies
from 20 to 100 times the width.

The uranium enrichment is of brazilian age which is supported by absolute age dating
(U/Pb) of uraninite at 820 m.y. Solutions rich in sodium chloride and methane (found in fluid
inclusions) ascended pre-existing fracture planes and zones of weakness within the microcline
gneisses causing sodium metasomatism and the formation of the albite-pyroxene-rocks. The
uranium was mobilised and concentrated as fine disseminations in the mafic bands of sodic
pyroxene.

The uranium mineral is uraninite. P-uranophane can be observed on fractures planes at
surface. The grades of U3O8 are quite high and may reach 3.50% in exceptional cases. The
average grade of the mineralized zone is about 0.3 to 0.2% U3O8. The concentrations of
thorium are low (100 ppm).

Similar deposits and metalogenetic models have been described by Kazansky and Laverov
(1977) in the USSR

Besides the evident structural ore control uranium also follows a lithological control as it is
restricted to albitites.

But there is no mineralized albitites mineralogicaly and chemical similar to the mineralized
ones. The only conspicuous difference is the greater proportion of mafic minerals in
mineralized albitites.

Uraninite is associated with fine bands of mafic and opaque minerals (aegirinaaugite,
amphibole, biotite, garnet, epidot and magnetite).

During albitization of gneisses there is a relative loss of SiC>2 and K2O and a gain in Na2Û3,
AI2O3 and Fe.

Oxygen isotope analyses of quartz, albite and magnetite from gneisses and albitites
indicates that the metassomatic fluids were of ground-water nature.

REASONABLY ASSURED RESOURCES*
(Tonnes U)

Cost Ranges

<$40/kgU <$80/kgU <$130/kgU
56 100 162 000 162 000

* As in situ resources.
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ESTIMATED ADDITIONAL RESOURCES - CATEGORY I*

(Tonnes U)

Cost Ranges

<$40/kgU <$80/kgU <$130/kgU
0 100 200 100 200

* As in situ resources.

All of the above known resources recoverable at below $40/kg U as well as those
recoverable at costs below $80/kg U, are tributary to existing and committed production
centres.

Undiscovered Conventional Resources (EAR Category II and Speculative Resources)

The Rio Cristalino Project is located in south east part of Para state, and eleven anomalies
were detected until 1984, when the evaluation with the use of detailed radiometric,
topographic and geological mapping, trenching and exploration drilling were stopped.

Uraniferous anomalies were found in a association with quartzites/metaarkosic rocks and
metasandstones. The primary uranium mineralization occurs envolving grains of quartz and
feldspar on the metaarkosic rocks. The uranium mineral is uraninite. Chemical analyses in
samples collected in the first ground-check of these anomalies, had shown values up to 6,1 %
ofU30g.

At the moment, FNB is developing a programme of re-evaluation in this area. The estimates
of undiscovered uranium, resources and speculative resources are summarised in the
following tables.

ESTIMATED ADDITIONAL RESOURCES - CATEGORY IP

(Tonnes U)

Cost Ranges
<$40/kgU <$80/kgU <$130/kgU

0 120 000 120 000

(Tonnes U) *As in situ resources

SPECULATIVE RESOURCES*

Cost Range
$130/kgU
0

Unassigned
500 000

Total

500 000

* As in situ resources

Unconventional uranium resources

The identified unconventional uranium resources are, as indicated below, hosted in marine
phosphates and carbonatites.
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UNCONVENTIONAL AND BY-PRODUCT RESOURCES*

Deposit

Olinda
Araxa
Gandarela

Location

PB
MG
MG

Deposit type

phosphate
carbonatite
quartz pebble
conglomerate

Tonnes U

28 000
13 000
2 000

Grade (ppm)

120-140
80
250

Production Centre

for P205
for Fe-Nb
—

* As in situ resources.

URANIUM PRODUCTION

Historical Review

When, in December 1975, Brazil and Germany signed the Agreement for Cooperation in
the Field of Peaceful Uses for Nuclear Energy, the Osamu Utsumi mine, in Minas Gérais, was
the only uranium deposit known and measured. The Mining and Milling Industrial Complex
of the Poços de Caldas Plateau (CIPC), which started production in 1982, was owned by the
state owned company Nuclebras until 1988. At that time Brazil's nuclear activities were
restructured. Nuclebras was liquidated and its assets transferred to Uranio do Brasil S/A. With
the dissolution of Uranio do Brasil in 1994, the ownership of uranium production is 100 per
cent controlled by Industrias Nucleares do Brasil, a state owned company.

Between 1990 and 1992, the production centre at Poços de Caldas was on stand-by status,
because of escalated production costs and reduced demand.

Production restarted in 1993 and stopped again in October 1995, in function of a political
decision to implement the Lagoa Real Project.

Between the 1981 and 1995, the cumulative uranium production was 12411U.

Historical Uranium Production

(tonnes U contained in concentrate)

Production Method Pre- 1994 1995 1996 Total through 1996 Expected

1994 1997

Conventional Mining 964 124 125 0 1241 0
-Open-pit

Total 964 124 125 0 1241 0

STATUS OF PRODUCTION CAPABILITY

Poços de Caldas Plateau

During 1994 and 1995, uranium oxide was produced at Poços de Caldas Plateau -
mining/milling operations.

Nowadays the uranium production in Poços de Caldas mine is in stand-by-status.
Subsequent production is expected to come from the Lagoa Real deposit, or alteratively, from
the Itataia deposit, where uranium could be recovered as a co-product with phosphate. The
technical details of these current and future production centres are summarized in the
following table.
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Lagoa real project

A production facility with a capacity of 300 t U3O8 year is planned to start operation in
1998 at Lagoa Real. It will be sustained by known resources recoverable at costs of up to U$
40/KgU.

At the present moment it was concluded the Environmental Impact Statement and the
Public Hearings is scheduled for July 4th. The start of construction is foreseen for the
beginning of August 1997.

OWNERSHIP STRUCTURE OF THE URANIUM INDUSTRY

The current ownership in the Brazilian uranium mining industry is 100 per cent
Government represented by the State-owned company Indûstrias Nucleares do Brasil. This
company controls the Poços de Caldas operating company, referred to as Complexo
Minero-Industrial do Planalto de Poços de Caldas (CIPC).

URANIUM PRODUCTION CENTRE TECHNICAL DETAILS
(As of 1 January. 1997)

Name of production
Centre

Production centre class

Operational status

Start-up date

Source of ore
- Deposit names
- Deposit type(s)

Mining operation:
-Type
- Size (Tonnes/ore/day)
- Average mining recovery

Processing plant
-Type
- Size (Tonnes ore/day)
- Average process recovery

(%)

Nominal production (tU/year)

Plans for expansion

Other remarks

Poços de Caldas

Existing

Stand-by

1982

Cercado Mine
Collapse Breccia
Pipe

OP
2 500
80

AL/SX
2 500
90

425

No

Stand-by status

Lagoa Real

Committed

Feasibility

1998

Cachoeira
Metasomatic

OP/UG
350
80

HL/SX
350
90

300

No

—

Itataia

Planned

Feasibility

N.A.

Itataia
Phosphorate

OP
N.A.
N.A.

SX
N.A.
N.A

350

N.A.

—
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NATIONAL POLICIES RELATING TO URANIUM

The reorganization of nuclear activities in Brazil took place in mid 1988. The fuel cycle
related activities, formerly the responsibility of Nuclebrâs, were transferred to the newly
created company, Industrias Nucleares do Brasil (TNB), while related R-D (research and
development) activities are being conducted by the Comissâo Nacional de Energia Nuclear -
(CNEN), which reports to the President of the Republic. CNEN is also responsible for
licensing and regulation of nuclear activities.

Brazil's uranium supply policy is that all requirements will be met by fNB's domestic
production.

The policy regarding stockpiling of uranium provides for a minimum stock of fertile and
fissile materials equal to one year forward demand plus a safety margin of 10 per cent.

Nowadays Angra II final assembling is underway and the comissioning of the unit is
expected to take place at the end of 1999, which was the main fact concerning nuclear
activities in Brazil. It is expected to be the missing driving force need for stabilization of the
parameters governing at planning and investments in the nuclear fuel cycle in this country.
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