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Abstract

The CAREM 25 reactor project is a small PWR nuclear power plant of 27 MWe, based on
advanced concepts: a self-pressurized integral primary with natural convection of the coolant and a more
simple and reliable general design. The CAREM concept has many advantages as a power generator in
small electrical grids. Besides, there are some non-electrical applications under consideration, since a co-
generation scheme seems very interesting from the economical point of view. In this category two
alternatives have been considered: a standard desalination facility and a process plant in the mining
industry. In this paper, a conceptual analysis of the second alternative is presented. Mining is a branch of
the domestic industry that has shown a remarkable growth in the past three years mainly due to a steady
inflow of foreign investments (about two billion dollars for that period). And one of the most attractive
markets is in the extraction and manufacturing of nonferrous minerals, coming from deposits in the
northwest of Argentina: sodium sulfate, lithium salts, and boron compounds. Nevertheless it faces an
unsolved problem in the energy high prices due to the fact that the production sites are located in remote
areas where the only achievable energy source is the transportation of fuel oil. In this scenario, a small
NPP may be a competitive source of process heat and electricity, with enough autonomy to uncouple fuel
requirements from production strategies. The present study analyzes the possible application of the
CAREM concept in the non-ferrous mining industry of the Northwest of Argentina, considering a co-
generation scheme. The main results of this analysis and the inherent advantages of the approach, show
that the alternative may be feasible both from the technical and the economical points of view.

Introduction to this alternative application

In the frame of CAREM project, a dual purpose plant for electricity and process heat is
evaluated, pointing to an alternative for the funding of the prototype construction by private investment.
The most straightforward dual applications for a small NPP are district heating and seawater
desalination, but these seem hardly viable in Argentina where district heating is not being used at all, and
fresh-water resources are quite evenly distributed.

As for process heat, the mining industry present blooming, and isolated conditions of some sites
suggests certain commercial viability for a small NPP. This report assumes the CAREM application for
mining / purification process for non-metallic mineral in the western regions of Salta and Catamarca
provinces, known as Northwest Puna. Among these minerals, the most relevant economically are
different compounds of boron and lithium, sodium sulphate, sulphur, and sodium chloride. The energy
requirements for such exploitation units are of several tenths of MWth and few MWe , with stringent
limitation of distance to the site.

As a first approach, this report will evaluate one of the alternatives of CAREM applications for
mining industry: the use of process heat for extraction and purification of sodium sulphate.
Some preliminary advantages

Without going to the detail of an economical evaluation, there are some preliminary features that suggest
the existence of comparative advantajes of this alternative application, and encourage a further study:

1. The design concept of CAREM is specifically suited for isolated sites.
2. Placing a NPP or any other important industrial Plant in the Puna implies an important

impulse to the regional development.
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3. There is presently a mining "boom" in the N-W provinces, and new energy supplies are
needed.

4. Traditional energy supplies (extension of natural gas pipelines or of national electricity
grid) imply massive investments, while in site generation alternatives imply high
transportation costs of fuel.

5. The construction of the prototype as a process heat application enables to simplify the
construction, reduces costs and schedules, for the evaporating devices are conventional
components much simpler than a turbine thermal cycle.

Argentine mining industry present boom

It must be pointed out that the country's mining potentiality has not been exploited in a way
according the known deposits. The contribution to the Argentine GDP of mining production is negligible
compared to bordering countries like Chile, or to geographicaly large countries like Canada, Russia,
Mexico or U.S.A.

1. DISTRITO QUIRON (BORON)

2. DISTRTO RAMADAS (BORON)

3. DISTRITO SUES (BORON)

4. MINA MAGGIE (BORON)

5. MINA CORAL (BORON)

6. DISTRITO TINCALAYU (BORAX)

7. SALAR DEL HOMBRE MUERTO (LITHIUM)

8. SALINAS GRANDES (SALT)

9. SALAR DEL RINCON

10. LA COLORADA (COPPER)

11. DIABLILLOS (GOLD, LEAD, ZINC, IRON)

12. INCACHULE (COPPER, GOLD)

13. SAMENTA (COPPER, GOLD)

14. LA CASUALIDAD (SULPHUR)

15. SALINAS GRANDES (BORON)

16. TACA-TACA (COPPER-GOLD)

17. SALAR DE RIO GRANDE (SODIUM

SULPHATE)
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This production profile is due to social-economical aspects of Argentine history, in which the
agricultural exports through the Buenos Aires harbour triggered a development centered in that city.
After that, the economical activity grew to certain diversity, but the connecting network left isolated
regions, and some industrial activities with a lack of support (among these, mining).

The trend subsisted from the colonial times till this very decade, and was reversed by two main
reasons: the settling of foreign mining companies with important investments; and the need to diversify
the exportable production (within a global economy model). At present there's a "boom" in the activity
in the provinces of Salta and Catamarca. As an example of this, the mining exports of Salta climbed from
10,7 MUSS in 1994 to 36,8 MU$S in the year 1995, mainly by boron minerals. Meanwhile there are
prospection activities being performed by 25 companies with a global investment over 30 MUSS for the
following three years.

Nevertheless, the most impressive example of the mining boom is given by the auriferous site of
Bajo de la Alumbrera, Province of Catamarca, where an Australian based holding (Alumbrera Limited) is
investing an amount close to 1000 MUSS.

Finally it must be said that this reactivation is strongly supported by the national and provincial
governments that have approved a legal framework that provides benefits for the investments in the N-W
region, including tax exemptions on land, labour, financial assets and imports.

Therefore the mining forecasts in the country (and specially in the N-W) are encouraging for
local and foreign investors, and new opportunities should arise from the vacancies produced by the
Mining Up-Dating Law (Ley de actualization minera).

Available non-metallic minerals in the region

Sulphur

Main deposits are located in the Los Andes department (Salta Province) at a height of
3700 m.o.s.l. near the border with Chile. The provincial company La Casualidad S.A. exploited the site
Mina Julia till 1979, and an important infrastructure remains (including a paved road access from the
Caipe station of Belgrano railway). The known deposits rise up to 2,200,000 tons, with an average
content of 20.4%. The internal market for Sulphur is of around 120,000 tons/year, presently covered by
imports in an 80%. A first order estimate of the price of international grade sulphur (minimum fineness
99.5%) is of 120 U$S per metric ton, placed on train wagon in Caipe station. Main use of refined sulphur
is for sulphuric acid production, that has an increasing demand.

Boron minerals

From the mineralogical point of view, there are two different areas: Sijes and Tincalayu. In the
first the most frequent minerals are hidroboracita, colemanita and ulexita, while in the latter the main ore
is of borax (locally known also as Tincal). Both cases are Open Pit exploitations, with the refining
process performed in urban sites close to Salta City. Though the borate production figures of the N-W are
significant, the relevant potential is in the magnitude of the deposits, for there are only two other
countries with comparable reserves: Turkey and USA. Argentine deposits have been estimated in
20,000,000 tons for the global of boron minerals, while the production is close to 70,000 tons/year. Price
vary strongly with the kind of borate, but an average value between 500 and 1000 USS per ton (FOB)
may be obtained in exports to Brazil, Australia, Spain, USA and Netherlands. The use of boron includes
the industries of enamel, ceramics, glass, detergents (as sodium perborate), agrochemical (as
oligoelement), pharmaceutical, cosmetics, etc.
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Lithium salts

Due to the increasing demand of metallic lithium the production is drifting from the methods on
pegmatite, towards the extraction from the brine of saltpits. Some studies have been made over the
possibility of recovering lithium and potassium salts from the N-W saltpits, including prospection on an
area of over 100,000 km2 (samples cover 14 saltpits). The analytical results were encouraging. At present
there is an important high technology Plant producing lithium at Salar del Hombre Muerto (placed at the
border of Salta and Catamarca provinces), with a staff of 500 skilled workers.

Sodium sulphate

Main deposits are located in the Salar de Rio Grande, Los Andes department (Salta Province)
that was in commercial production till 1992 by a private company (Altas Cumbres S.A.) with an output
of 20,000 tons/year. The historically settled working method was pumping the brine to surface pools,
where crystallisation took place under the change in environment conditions (not necessary the most
efficient method). The mineral obtained is called "mirabilita", and has a high content of water. The final
process of evaporating / drying in that project was performed in Guemes, 50 km from Salta, so the
transport cost penalised heavily on the enterprise revenues. The amount of sodium sulphate reservoirs as
dissolved in brine is of around 5,000,000 tons. Besides on the bed of the saltpit of Salar de Rio Grande
there are important mirabilita banks of high content (from .3 to 3 m deep).

There are other production sites in the area of Vega de Arizaro, Laguna de Socompa and Pocitos,
where the crystallisation takes place in saltpans by the natural conditions of height weather.
The use of sodium sulphate includes the industries of soap and detergent, paper, textile, and glass. The
market for this product is broad, with a world consumption of 4,000,000 tons/year (675,000 of which are
for USA, and 150,000 for Mercosur). Though price varies strongly, a first order estimate for international
grade sodium sulphate (minimum fineness 99.5%) is of 100 U$S per metric ton, placed on train wagon in
Caipe station.

Sodium Chloride

Even though sodium chloride (salt) is generally an unwanted by-product from the purification
process of sodium sulphate, it is a product with an assured commercial viability, due to the increasing
demand as a raw material and for human consume. The production of Salta Province leads the national
market supply with 50,000 tons/year of halite.

Sodium carbonate

Main deposits of sodium carbonate are placed in the surrounding of Cerro Rincon, in the saltpit
of Santa Maria. The low exploitation and fluctuating production rate hinder the possibility of estimating
the amount of the reservoir and life expectancy for the site.
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Figure 1. Location of main deposits in Salta Province.

How may a CAREM-NPP fit in the N-W mining?

Assuming the location of a CAREM reactor en the production site (saltpits), i.e. in the N-W Puna
at 3700 m.o.s.l. and 500 km from Salta city, two application schemes may be considered.

1. As an industrial Plant. Most of the energy production would be used to obtain and purify (by
evaporation) non metallic minerals dissolved in the saltpit water: sodium sulphate, sodium
chloride and lithium salts. A minor fraction of the energy would be transformed to electricity
for the operating consumption of the NPP, the industrial Plant and auxiliary facilities. A
slightly different scheme would include the use of electricity to obtain pure elements by
electrochemical methods, as it is shown in Figure 2. In both cases the electricity production
would be in a thermal cycle with higher turbine back-pressure, thus with a higher efficiency
compared to the standard thermal cycle.

2. As an electricity supplier. In this alternative the reactor would maximise the electricity
production, in order to supply the mining industries already located in the Puna region. This is
particularly adequate for the boron minerals exploitations, because an energy source near the
site, even at a price higher than the national market one, would reduce the overall costs
significantly because of the present transport costs. It should be recalled that the process of
concentration, refining and delivery preparation for export of the minerals are carried out in the
nearbies of Salta city.
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It should be pointed out that these alternatives do not exclude each other completely, but simply
define the design requirement for the thermal cycle and auxiliary devices for the coupling with the
mining industrial Plant.

CONVENTIONAL SUPPORT

FACILITIES

REACTOR

ELECTRICITY

ELECTROCHEMICAL PLANT

Refinement of Sodium.

Sulphate and Sulphur ores

PROCESS HEAT EVAPORATION INDUSTRIAL
PLANT

SODIUM

REFINED SULPHUR

SULPHURIC ACID

LITHIUM

SODIUM SULPHATE

• SODIUM CHLORIDE
(SALT)

Figure 2. Scheme of the CAREM utilisation in the "Industrial Plant" approach.

First Viability: possible no-go points

A first order approach must first go through all the "no-go" problems this kind of project could
meet (patrticularly the non-technical), that include the following points:

1. Siting alternatives. The location at Mina La Casualidad in Salar de Rio Grande, site of
main deposits of sodium sulphate and sulphur, is adequate for the CAREM application
as an industrial plant.

2. Access and communication. Though the site is at present nearly uninhabited, it has an
existing infrastructure that enables the integration with regional market: there's a paved
road to Caipe Station, from where the Railway connects with Salta, and through
Socompa with Antofagasta (Chilean harbour on the Pacific). Figure 3 shows the
communication network facing Mercosur market and exports, which are also the access
ways for components of the NPP construction.

3. Seismic risk. The area is a plateau surrounded by mountains and extinct volcanoes. From
the geomorphologic point of view, the region is formed by extinguished volcanic cones,
with slopes (hillsides) of lava and ashes washing. The volcanic bodies are generally of
the mixed kind, dated on Plio-pleistocene. The area has a relatively low risk, with no
seismic event detected in the last decades.

4. Heat sink. The supply of water as a heat sink is assured by the brook (Vega) La
Casualidad, though it is possible to use directly the water from the saltpit as operating
heat sink, for evaporation is part of the process.

5. Legal aspects. At present in the Province of Salta there is no legal restriction to the
location of nuclear facilities, in fact there are existing facilities under nuclear regulation
in the site of uranium mine Mina Don Otto. In the other hand there is legislation
promoting mining enterprises and an important government support to energy resources
that may enhance the economical performance of mining companies.

144



$•__ 3f IMOMTEVIDEOI

i •::'\.j>:^-A.;"':'::":,:-;•!';;'•;,:|BUENO&AIBES[?)

Figure 3. Main access ways of the Puna region towards Mercosur and Harbours (both Oceans).

Analysis case: sodium sulphate production by evaporation

Being this a preliminary study, an example case of a single-product Plant will be taken for the
economical evaluation . The sodium sulphate was chosen because of the simplicity of the production
process, and it may not be the most convenient in comercial terms. The single-product plant
assumption is clearly conservative since it is known that a multi-product Plant combining the production
of refined sulphur, sulphuric acid, sodium and lithium by electrochemical methods (see Figure 2) would
improve the economics allowing a permanent economical optimisation to market fluctuations. Therefore
the overall analysis case is strongly conservative.

The sodium sulphate (Na2SO4) is of broad industrial use as a pure chemical product also known
as "anhydrous". It is a non-toxic powder that looks like plain salt. In natural deposits the most frequent
occurrence is as an hydrate molecule (Na2SO4.10H2O) known as decahydrate, "mirabilite" or Glauber
salt. The most simple production method is starting with an hydro-thermal solution at a temperature
around 60°C, and then cooling it under 32°C obtaining a precipitation of decahydrate crystals. The
following refining to obtain anhydrous may be performed by centrifugation or by a drying furnace
(~200°C). Most common deposit are salt pits of the lake-bed type, where an hydro-thermal saturated
brine is pumped to man-made pools. Then the purification is achieved either by industrial evaporators or
by precipitation in the same pools. The advantage of industrial evaporators is that they allow to obtain
directly sodium sulphate without further furnace process. Therefore it is more efficient, but is very
dependant on local energy resources (price and availability). A conventional drying device consists of a
rotating gas furnace with an inner lining of stainless steel and an helicoidal axe that stirs the mineral. A
temperature of 200°C is enough to dissociate the decahydrate molecule and evaporate the residual water.
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The outlet is the mineral in irregular grains that must go through a mill to reach commercial requirements
on granulometry (powder) before being packed and delivered.

Production scheme

A nuclear reactor may take part in this production process as a heat source for the direct
evaporation of the brine containing the sodium sulphate. A basic scheme is presented in Figure 4, and is
based in the following items:

1. Tertiary loop. Besides the secondary circuit that would provide the steam generators with
the same boundary conditions than in the NPP case (inlet at 200°C, steam at 290°C),
there would be a tertiary loop operating at a higher pressure than secondary in single
phase. This loop would be the heat source for a set of industrial evaporators, working at
an average temperature around 210°C.

2. Evaporating loop. The industrial evaporators are set in parallel and fed with brine at a
temperature of ~60°C, coming from a conditioning/filtering stage. The brine pumped
form the saltpit has an average base concentration of 3.5%, that may be increased if
process pools are used. For the evaluation, the concentration will be taken in the range of
3.5 to 20 %.

3. Electricity generated by the reactor. Only part of the thermal energy available will be
transformed to electricity. Therefore, the turbine-group may work with a higher back-
pressure and the need of secondary loop cold leg preheating is lower.

4. Cold source for operating conditions. For the nominal operating condition the cold
source is the saltpit itself, for all the heat extraction of the secondary loop would be used
in the co-generation process. (In fact, the same industrial process provides destilled
water.)

5. Cold source for incidental conditions. In the case of loss (trip) of the secondary or
tertiary loops, the heat sink for the reactor would be provided by a small dam, with a
permanent availability of water. The coolant flow should be assured by level difference
between the dam and the reactor. In the case under analysis the dam would be supplied
by the brook Vega La Casualidad, and in case of seasonal decreases the supply could be
assured by process water production as a by-product.

Exhaust .

Steam

Secondary system

Ultimate cold source

EVAPORATORS;

Tertiary loop

Concantration Pool Y'":^/////^''.://///^
Process pools

(brine concentration)

Figure 4. Process loops necessary for the sodium sulphate production by evaporation.
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Preliminary economical evaluation

In order to make a preliminary verification of viability, the following energetic and economical
balances were performed. Based on the assumed hypothesis and physical properties of the sodium
sulphate solutions listed in Table I, the results shown in Tables II and III were obtained for different
concentrations in inlet brine.

Table I. Input parameters for balance

Thermal power
Evaporation heat
Anhydrous Molecular weight
Decahydrate Molecular weight
Anhydrous Solute heat at 18°C
Decahydrate Solute heat at 18°C
Cost of energy in process
Overnight cost of energy
Availability of the Combined Plant
Price of product

80.0 MW
2427 KJ/kg

142.05
322.21

280 (caVg-mol)
-18740 (cal/g-mol)

10.50 U$S/MW.h
7.25 U$S/MW.h

80 %
120.0 U$/ton

Table II. Balance with overnight costs

Cone.
Na2SO4

[% weight]
3.5

5.0

8.0

10.0

20.0

Solute.:
Na2SO4 10H2O
rgr/it]

35.45 44.96

51.35 65.12

84.40 107.04

107.38 136.18

233.40 296.0

Production
Na2SO4

[ton/year]
29500.

42600.

70100.

89300.

194100.

Prod, cost

[U$S/ton]
138.

95.

58.

45.

21.

Gross gain

[U$S/tonl
-18.

25.

62.

75.

99.

Gross
Revenue
[MU$S/year]

-.531

1.065

4.346

6.700

19.200

Revenue

[%/yearl
-.6

1.27

5.17

8.00

22.90

Table III. Balance with interest rate of 5%

Cone.
Na2SO4

[% weight]
3.5

5.0

8.0

10.0

20.0

Solute.:
Na2SO4 10H2O
rgrati

35.45 44.96

51.35 65.12

84.40 107.04

107.38 136.18

233.40 296.0

Production
Na2SO4

[ton/year]
29500.

42600.

70100.

89300.

194100.

Prod, cost

[U$S/ton]
200.

138.

84.

65.

30.

Gross gain

[U$S/ton]
-80.

-18.

36.

55.

90.

Gross
Revenue
[MU$S/year]

-2.360

-.770

2.520

4.910

17.400
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Comments on the evaluation

Regarding this evaluation, there are some comments to be made:

• The production cost does not include the process pools necessary to increase brine
concentration over 3.5%, and the weight of this simplification grows with the concentration
required for the evaporators input. Therefore the production costs for concentrations of 10%
or more may need further calculation.
• Cost of thermal power of 10.5 U$S/MW.h is composed by

* 3.5 U$S/MW.h corresponding to Operation and Maintenance costs
* 7.0 U$S/MW.h result from the capital investment of 84 MU$S in an amortisation
scheme of 40 years life-time, with an annual interest rate of 5% (viable in the provincial
industrial promotion frame).

Conclusions of the analysis

Regarding the particular case evaluation, there are some comments to be made:

• It is necessary to combine the traditional production method of evaporating in pools with the
final evaporation and drying in the industrial devices.
• The range of production up to 90,000 tons/year is adequate in terms of the following items:

* The fraction of National market covered by imports (96,000 tons/year).
* The Mercosur market.
* The size of standard industrial evaporators.
* The existing infrastructure for transport (already moving 70,000 tons/year).

Regarding the more general idea of applying a small NPP for the N-W mining activities, the
following may be concluded:

• As an overall result of the evaluation of the analysis case, it may be said that it is mildly
profitable, but it should be recalled that several conservative assumptions were made:

* The product chosen may not be the most profitable.
* The price was of 120 U$S/ton is quite conservative.
* A single-product Plant was evaluated, though a multi-product Plant would allow cost
optimization and a better economical performance.

• There are more than enough reasons to go further with the study of this alternative application
of CAREM design. It seems perfectly viable to find a particular production process (for someone
of the available minerals) that would justify a private investment, i.e. a revenue level and
payback rate according to international investors requirements.
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