
THE CHOICE OF SITES FOR THE FIEST NUCLEAR POWER PLANTS IN BRAZIL

1. CONVENTIONAL REQUIREMENTS
In selecting the sites for nuclear power plants a decision has

to be taken as to (l) which area of the country is best suited for
the purpose - e.g. the area of Recife, Rio or Sao Paulo, etc. - given
the trend in energy requirements and the availability of resources,
and (2) where to site the plant or plants within that area. In this
paper I shall concentrate on the first of these problems and shall
be concerned with assessing the merits and demerits of installing
nuclear power plants in certain regions of Brazil which seem parti-
cularly well suited for the purpose.

Before doing this, however, I should like to review briefly the
criteria governing the choice of an adequate site within a given
area. They are as follows:

(a) The soil must have sufficient strength to support the
foundations. Nuclear plants include structures
weighing up to several tens of thousands of tons and
the ground has to be able to support stresses of up
to 13 kg/cm .

(b) The cost of land has to be reasonable. This is
generally not a large item of expenditure.

(c) There must be adequate facilities for linking up the
plant with consumer areas or the electricity grid.
Relevant factors are distance from consumer area or
grid, the configuration of the surrounding ground, the
absence of serious obstacles to the construction of
transmission lines, etc.

(d) There must be adequate facilities (road, rail, etc.)
for transporting heavy and bulky machinery during
construction and the materials required during
operation of the plant. It is useful to have an
airfield nearby.

(e) Drinking water must be available for persons working
in the plant and fresh water must be available for
certain services.
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(f) It is desirable to have facilities in the vicinity,
such as existing transmission lines,, to supply
electricity during construction (for the purpose of
telecommunication^ lighting, workshops, etc.).
Otherwise a diesel oil or other generator has to
be installed.

(g) For thermal plants only it is essential to have
abundant fresh or salt water for cooling of systems
in which water steam is condensed after having gone
through the electricity-generating turbines. The
thermal efficiency of nuclear plants of "proven"
types (about 30$) is lower than that of modern
oil- or coal-fired plants (over 40/£). Nuclear plants
require 50/£ more cooling water than conventional
plants of the same size (for 500 MW(e), 75 000 as
against 50 000 vr/h). Thanks to the higher
efficiencies achieved in the latest reactor concepts,
e.g. HTGR, the conditions for nuclear and conventional
plants are similar, use being made of the same turbines
and the same quantities of water for cooling. In any
case a lot of water is required. It is supplied by
siting plants by the sea, rivers, lakes, etc. If
water is insufficient cooling towers can be used to
disperse heat to the atmosphere. However, these are
expensive and reduce thermal efficiency.

Another factor to be mentioned is the "amenity", i.e. the adaptation
of power plants to the landscape *~ —'• In this respect nuclear plants
have a certain advantage over conventional thermal plants since they
do not require large storage facilities for fuel, bulky chimneys, etc.
2. SAFETY OF POPULATION

Of all the other factors affecting the choice of a site (existence
of mines, effect on local agriculture, etc.), the most important is
the protection of the population against radiation hazards. As a
result of internal causes (defects in installations) and external
causes (aircraft crashes, earthquakes, lightning) highly radioactive
material might escape from nuclear installations - in particular
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from the fuel elements containing the fission products - and expose
workers in the plant and persons in the vicinity to gamma and other
types of radiation. In such an eventuality a radioactive cloud .
could be formed and might migrate over considerable distances. The
public would then suffer external exposure to gamma rays or
internal exposure through the ingestion of radioiodine and other
radioactive elements.

The extent of these hazards depends on the amount of the doses
involved and thus on the size and proximity of the reactor. As a
general rule, nuclear plants should be as far away from populated
areas as possible. This safety criterion thus conflicts with the
economic desideratum of siting nuclear plants as near as possible
to consumer areas. Obviously the provision of containment vessels
and other safety devices offers reasonable guarantees against the
escape of fission products and experience has shown that the
probability of accidental releases of radioactive material is
very slight. Nonetheless, this factor is clearly an important one
for the siting of nuclear power plants.
3. TERRITORIAL ASPECTS

Two basic United States documents (Code of Federal Regulations,
10 CPR 100, 1961, and TIB-14844, USAEC, 1962) define the three
parameters that have to be borne in mind in considering the possible
hazards of a "maximum credible accident" (which assumes extensive
melting or vaporization of the reactor core)s

1. An exclusion area, restricted to persons whose work
is connected with the reactor or who have special
authorization to visit the establishment. The radius of
this circular area is obtained (in metres) by use of the

n /•}following formula: r • 11 P ' (P is the reactor thermal
power in megawatts). This formula has been established mainly
with a view to the dangers of radioiodine absorption in
the event of a maximum credible accident. Roads and canals
are permitted in this zone provided they are not so close
to the nuclear installations as to affect their operation.
People may live in the area only if they can be easily
evacuated in case of need.
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2. Low-population zone, a zone outside the previous area,
where the total number of inhabitants and the population
densi-ty are limited to ensure that immediate steps can be
taken to protect inhabitants (evacuation from the zone or
removal .to a shelter) in the event of a serious accident.
Population size and density are worked out as a function
of reactor characteristics, allowance being made for the
configuration of the ground, the situation of roads and of
houses, etc. The radius of this zone (ft), which is also
established on the basis of the radioiodine uptake hazard,
is taken as being fifteen times the radius of the exclusion
area*
3» Population centre distance, the minimum permissible
distance between reactors and the perimeter of the nearest
densely populated town of over 25 000 inhabitants. This
distance is taken to be twenty times the radius of the
exclusion area.
Table I gives values for these three parameters as a function

of the electrical power (MW(e)) of the nuclear plant| an overall
efficiency of 30$ is assumed. TABLE I

VALUES FOR THESE PARAMETERS AS A FUNCTION OF REACTOR POWER

Reactor
electric
(Mtf(e))

_
10
20
50
100
200
300
500
1000

power
thermal
(MW(th))

5
33
67
167
333
667
1000
1667
3333

r
Exclusion-area

radius
(•)

32
114
181
333
529
840
1100
1546
2455

R

Restricted-area
radius
(km)

0.5
1.7
2.7
5.0
8.0
12.6
16.5
23.2
36.8

D

Population
centre
di stance
(km)

0.7
2.3
3.6
6.7
10.6
16.8
22.0
30.9
49.1
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Studies have been made of methods tending to eliminate the
possibility of radioactive iodine and strontium release with a, view
to enabling power reactors to be placed nearer populated areas.
4. PLANT SIZE

Because of the so-called "economy-of--scale91, a nuclear solution
is ruled out for those cases in which plant capacities are small,
i.e. less than 20 or even 30 MW.

In the case of a comparison between plants possessing reactors
of the same type (both GCR or both HWR, etc.), the relationship
between unit costs of investment (U and U' in US $/kW) and
installed power (P and P1) can be represented approximately as

U/U» = (P'/P)0'3

The unit cost for a 250-1W plant would be about 23$ higher than for
a 500-MW plant8, for a 100-MW plant it would be about 62$ higherf in
the case of a 50-MW plant the cost would be twice as high.

The cost of the nuclear electricity (cost of the kilowatt hour
produced) is largely made up of the capital cost (62-75$ as against
25-38$ for operation, maintenance and fuel costs). In the case of
two GCR plants the k¥h costs for a 50-MW plant would be ?0$ higher than for
a 500-MW plant (both operating at an average load factor of 0«65).

The trend is therefore towards higher installed plant capacities
and higher-capacity reactors; Wylfa in the United Kingdom will have
two 590-M¥(e) units, Dungeness B will have two 600-M¥(e) reactors*
5. POPULATION SUPPLIED BY A POWER PLANT

The problem of plant capacity ia linked to that of population
size. Table II shows the relationship between plant capacity and
size of population supplied for three different mean per capita
consumption values, viz. 6010 kWh per annum (United States of
America, 1965)* 430 k¥h per annum (South-Central Brazil, 1965̂  and
80 kWh per annum (North-East Brazil, 1965). The load factor is
assumed to be 0.65 in each case? this is the figure applicable in
South-Central Brazil for hydro-eleotric plants.
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TABLE II
POPULATION SUPPLIED BY PLANTS OP DIFFERENT CAPACITIES

(load factor - 0.65)
Plant capacity Mean armual consumption (k\1/h per capita)

(MW(e)) for per capita consumption values of*
6010 kWh/a 430 k>Yh/a 80 k,Vh/a

2550
100
200
300
500

24 100
48 200
96 400
192 800
289 200
482 000

331 100
662 200

1 324 400
2 649 000
3 973 000
6 622 000

i 780 ooo
3 560 000
7 120 000
14 240 000
21 360 000
35 600 000

(The figures were obtained by the following formula: power of plant
(kW(e)) x load factor x 8760s mean annual tier catdta consumption.)
6. INTERCONNECTED PLANT SYSTEMS

The modern trend in power generation of building large-scale plants
and operating them as part of interconnected systems deserves special
attention. This implies the construction of long-distance transmission
lines to convey the electricity to the consumer centres and to link
up the various power plants. The main advantages of interconnected
power systems are cheaper electricity and greater flexibility.
Temporary shutdowns by individual units can easily be compensated for
with such systems. A combination of hydro and thermal plants is
particularly useful: in periods of drought the thermal plants can
make up for deficient capacity and vice versa. Greater flexibility can
be achieved in the distribution of the power load over various units
to meet peak demands.

It has now become a normal practice to link up generating units
in the same area when they have individual capacities of more than
several megawatts. In densely populated and highly industrialized
areas such integrated systems can supply several thousand MW. Even
in the case of small-capacity plants, the advantages of interconnected
systems are considerable. Brazil has already started to link large
generating units. The Furnas project, conceived in 1956, initiated a
process of gradually linking up the major electricity systems; this
constitutes the first step towards a broader integration of the whole
southern-central region into one very large system. In 1963 a
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150 MW). The main sources of energy supply are found along the Sao
Francisco river "between Sobradinho (in Bahia near Pernambuco) and
Piranhas, where there ia a hydro potential of about 12 000 Mtf.
However, the river is a long way from many of the populated centres
of the north-east, such as Recife, Gampina Grande and Fortaleza.
Transmission lines would seem to be called for but the position in
this respect is paradoxical. The area is unable to make progress
economically because of the lack of electricity« The provision of
electricity would require the construction of transmission lines but
these have not been built because the economic conditions of the
consumer market have not been considered suitable*

Moreover, there is no coal in the area and oil has to be trans-
ported from refineries situated far away from consumer areas.

Under these conditions it would seem that nuclear energy could
conceivably be used to provide an additional source of power, as
part of the thermal complement, and reduce dependence on transmission
lines. Dual-purpose nuclear plants might also help the area to solve
the problem of poor fresh water supplies.

Table III (figures from Aguas e TUnergia Eletrica, ¥0.49, January-
March 1965) gives data on the capacity of thermal and hydro plants
in North-East Brazil. The plants include those built by the end of
1964, those under construction and those planned to be completed
by 1971.

TABLE III
GENERATING SYSTEMS IN NORTH-EAST BRAZIL

Location

Maranhao
Piaul
Ceara
Rio Grande do Norte
Paraiba
Pemambuoc
Alagoas
Usina Paulo Afonso

Installed
In

operation

7.78.8
51-910.0
15.0
52.6
11.8
280*0

power M¥(eX i^ plants
Available in
the near future

3.0
106.0
4.4_
_
—
—

300.0

Total MW(e)

10.7
114.8
56.3
10.0
15.0
52.6
11.8
580.0

Total (round figures) 438 413 851
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Steering Committee for Power Studies was set up. At the same time a
start was made on the construction of large-scale generating plants
with capacities of several hundred MW designed to make full use of
good hydro reserves situated at considerable distances from consumer
areas (transmission lines several hundred kilometres in length)*
These include plants at Paulo Afonso (North-East), Tres Marias
(Minas Gerais), Purnas (South-Central Brazil) and Urubupungfi. (Sao
Paulo).
7. THE INTEGRATION OP NUCLEAR POWER PLANTS

The practice of setting up interconnected systems was established
by the time research and development work on nuclear electricity
started. Thus nuclear power plants have generally been designed
with a view to being fitted into existing electricity grids
supplied by hydro and conventional thermal plants.

Ideally, no individual plant or unit (either nuclear or convent-
ional) should have a capacity exceeding one-tenth of the total system
capacity. At the moment the contribution of nuclear plants is much
lower than this figure. In the United States the contribution of
nuclear plants is between 2 and 4f° of the systems to which the plants
belong. As more experience is gained, as for example in the United
Kingdom, this percentage tends to increase.

Thus nuclear plants, included in larger networks, will gradually
become larger and more numerous until they are eventually in a
position to play a preponderant role in the power industry of the
future. It is known, for example, that by the end of the twentieth
century nuclear power plants will represent over 50^ °^ n̂e power
installed in the United States of America. In time there will be
a large number of nuclear power plants in each system and, in the
more distant fu-fcure, networks may be supplied entirely from nuclear
plants.
8. SITUATION IN NORTH-BAST BRAZIL

North-East Brazil is considered a suitable area for the establish-
ment of nuclear power plants. There are only a fov places suitable for
building large hydro plants capable of operating at high load factors
throughout the year (like Boa Esperan?a with 240 MS7 and Jaburfi with
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Generating capacities of "between 20 and 50 MW(e) would thus lie
within the 10$ limit recommended for the integration of new plants
into existing systems. In view of the economic arguments in favour
of high capacities, a figure of 50 MW can be adopted as representing
the minimum capacity recommendable for a nuclear plant.

The problem of integrating any power plant into & system is
particularly critical in cases where per capita consumption is low.
The greater the capacity of a plant and the bigger the population
supplied, the more comprehensive must be the supporting technical
services (personnel and resources) so as to make it possible to
cope promptly with breakdowns. A breakdown, serious enough if it
lasted only for a matter of hours, would become a public catastrophe
if it resulted in closure of the power plant for whole days or weeks.
In North-East Braail a 50-MW plant operating at a load factor of
0.65 would be able to supply a population of 3 560 000 inhabitants,
which represents a large section of the population distributed
over an extensive total area. As average consumption increases this
figure will naturally decrease. A nuclear power plant built in
the next few years in Forth-East Brazil would therefore have to
supply a large number of localities. Great care would therefore have
to be taken in setting up such an establishment in the area.
9. SOUTH-CENTRAL BRAZIL

The construction of new thermal plants to complement existing
hydro plants in South-Central Brazil is currently being studied by
the various bodies interested in the development of the area. No
final decisions on this subject have yet been taken but the con-
struction of nuclear power plants is not ruled out.

It is perfectly feasible to link up power plants - including
nuclear power plants - in various areas of South-Central Brazil.
Large-capacity distribution systems are already available, each of
them totalling many hundreds and even thousands of MW. Economically
attractive nuclear power plants could be built having capacities of
over 100 and even 250 MW. The availability of considerable
industrial and technical supporting facilities would alleviate
servicing problems.
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Other arguments - quite apart from the desirability of providing
complementary thermal power - militate in favour of building a
nuclear power plant in the area very soon. Even if its main purpose
were not to supply electricity, such a project would be useful
from other points of view, in particular as a means of preparing the
way for technological and industrial progress in Brazil, which will
in any case have to resort to nuclear power in twenty years'time, if
not earlier. It would provide valuable experience in the designing,
building and operation of nuclear power plants, stimulate the interest
of Brazilian manufacturers in the production of nuclear components,
provide opportunities for training nuclear specialists, open up the
way for the utilization of Brazil's thorium and uranium resources,
and initiate the production of fissile from fertile materials.

Either a small- or a large-capacity plant could easily be fitted
into the existing power systems. It would even be possible to
integrate a 300-MW nuclear power plant into some systems without
exceeding the IOfo system-contribution limit. Views are divided on
the question of capacity of the first plant(s) to be installed. A
small-capacity plant would have a number of advantages? lower capital
investment (US $15-25 million for a 5<D-M¥ plant); less trouble in
connection with the shutdowns liable to occur with a new type of
plant? greater opportunities for checking equipment and changing
fuel elements without endangering the total power available within
the grid system; easier absorption of slightly higher nuclear energy
costs; possibility of dispensing with a special subsidiary enterprise
to distribute and sell the electricity produced. On the other hand,
the big advantage of a large-capacity plant would be to give Brazil,
from the very beginning, genuine full-scale experience in nuclear
power problems.

In any case it seems very probable that work on a nuclear power
plant for the area - either small or large - will be started within
the year 1966. This will have to be followed by the construction of
further plants in the same area or other areas of Brazil. Planners
in different governmental and private bodies, responsible for the
development of the country, must envisage the timely installation of
a whole series of nuclear power plants in Brazil.
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