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CONCEITO DE UM REATOR NUCLEAR DE
POTENCIA PARA O BRASIL

FARHAMNG SEFIDVASH?*

RESLIMO

Com o fim de desenvolver uma tecnologn nuclear nacional indepen-
dente ¢ transfene tal tecpologia de modo eficiente e a0 mesma lempo
desenvolver um reitor moedemo propde-se um povo conceito de reutor de
energia nuclear. Esle se apresenta como um projeto adequado ao Brasil
que podera elaborar todas suas fases e acabar consiruinde seu protoipo
como empreendimento (otalmente nacionsl.

ARSTRACT

A NUCLEAR POWER REACTOR CONCEPT FOR BRAZIL. By
Farhang Sehdvash

For the purpose of developing an independent national nuclear techno-
logy and eltective manner of transferring such a technology, as well as
developing a modern reactor, & new ooclear power reactor concepl 1%
proposed which i1s considered as o suilable and viable project for Bragil
te suppore its development and finally construct its protetype as an ndi-
RETEOUS VENBILrE.

INTRODUCTION. The economic wealth of a nation is the result of three factors
namely natural resources, manpower, and lechnological knowledge. In order 1o
effsctively utilize the natural resources and manpower to the best mmterest of the
country, the development of technology 15 essential.

In today’s world, a nation such as Brazil cannot simply be the buyer of the nuclear
power plants 10 supply ils increasing energy demands and stay dependent on other
naton's nuclear technology, Histoncally viewing, the manners by which a country
has been exploited by other nations have been in the forms of military, economic,
political, and technological dependencies. It is widely agreed that the technological
exploitation is the most harmful and destructive to the dependent nation, For this
reason, the realization of the transfer of nuclear technology is considered as an
important and integral part of the Brazilian nuclear program.

In this paper, a new nuclear power reaclor concept is discussed which its deve-
lopment can gain us safe and simple reactors for the supply of the lulure energy
demands. This will also provide practical means for transfer of technology,
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TRANSFER OF TECHNOLOGY. In today’s world, where individual nations consi-
der their own interést above the interests of all olhers, and a world which is often
described as spiritually destitude, morally bankrupt, politically disrupted, socially
convulsed, and economically paralvzed, one canmot expect o accomplish a transfer
of nuclear technology in its trie sense of meaning and purpose, The nuclear technology
15 such a compilicated technology that should the good will of the doner he wanling,
the receiving pariner may even have dilficulties in defining the details ol necessary and
needed technological knowledge. Therefore, it is unenensely dificull 1o accomplish the
true transfer of technology under the worlds present conditions,

The ideal of transfer 1o technology, as expected and desired, can only be truly
realized in the world of the future when the basic concept of Unity of Mankind i
aceepted and practised by all, That world unity is the goal towards which a harassed
humanity is striving and as, for example, expressed in the Baha'i vision, implies “the
establishment of a warld commonwealth in which all nations, races, creeds, and
classes are closely and permanently united. (.. .) This commonwealth must COMSIEL
of & world legislature, a world executive backed by an international force, and a
world judicial. {...) The enormous energy dissipated and wasted on war, whether
cconemic or political, will be consecrared ta such ends as will extend the range of
huran inventions and technical development, to the increase of 1he productivity
of mankind, 1o the extension of scientific rescarch. 1o the sharpening and refinement
of the human brain, 10 the exploitation of the unused and unsuspected resources of
the planet, and to the furtherance ofany other agency that can stimulate the ntellectual,
the moral, and spiritual bfe or the entire human race™ {1).

Therefore, until such a time comes, the nced in today's world remains far the
development of an independent national technology possibly only sssisted by other
nations. We cannot expect, in this competing world, 1o receive the technalogy on a
good will basis and hope that everything needed will be given to us, Fven though it
15 given, we can have difficulties in utilizing jt. The fact is that scienes may be transfered
and acquired through literature and instructions, but technology is not transferable
in that manner, Technology is only aguired through actual invelverment in rescarch,
development, and finally construction of the syslems and components; Therclore, the
sclentists and engineers in Lhe counlry need 1o involve themselves in aciual projects
in erder to pain technological know-how.

A careful analysis of presently EXIstNg nuclear power reactor Coneepts, in the
light of the knowledge accumulated over two decades, can lead vs o a better cemcepl
Incorpotating the best features aof existing nuclear power reactors while trying to
avoud the faults. This will result in 1 cancepl suitable 1o the needs and conditions
of the country and worthy of development while the technology related to variows

THE PROPOSED CONCEPT. The conceplual design of the proposed nuclear
power reactor utilizes the Muidized bed concept, The concepl attempls to utilize
the best known features of different reactor | ¥pes. A cylindrical stainless steel calandria
contains the moderator and reflector. The spherical fuel elements or the fuel pellets
Moating in the light water or organic coolant are contained in the vertical calandria

146
e .



FRewrir Sravdera de Tecnalogia  Vialeme 7T 1350

tubes made of zircaloy. The coolant flows upward through @ hed of solid fuel pellets
which then become borne or fluidized but not transported. The velocity of the coolant
can be maintained over 4 wide range, The lower limit is thal necessary 1o just bouy
L]:_: fnl:lrg:i;ﬂ'l'he upper limit 15 that which would just transport or carry the salids out
of e bed,

FLLIDIZED BED HLKLEAR REACTOR COMCEPT

Figure 1 — Fluidized bed nuclear reacton conuepl | L calandria tubes, (2)calandria, (2) reflector,
(4} emergency core cooling syslem valves, 3] accumulalors, 16) coolun! pumps. {7) stenm
generators, (81 automabic reflueling machine, (Y} borated water tunk. (L0) emergeney redcios
shutdawn valve, and {11} reflector cooling
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The bed is in 4 state of webolence, and the Tuel pellets are i constant molion,
resulting in good mixing and high heat transfer rates, In the collapsed condition, when
the fuel pellets are in the packed, unfludized state, the physics ol the core is such that
the ratio of the fuel o the moderator is not critical. The reactivity control could be
sccomplished by the change of buckling through the contral of coclant flow velocity
and also by changing the level of moderator i calandzia. An emergency salety sysiem
would consist of 2 number of tupes in the reactor core in which borated water conld
be rushed n. A system [or clean-up of the fission preduct release 15 cavisaged. T the
case af loss of coolant accident (LOCA), the emergency core cooling system (RCCS)
far the removal of decay heal would spray borated water rom the top of the calandria
tubes suppled from the accumulators,

The intimate mizing and agitation result i a umform temperature distribution
throughout the bed, thus redocing hot spot factor. For the same reasons. a uniform
bura-up of all the fuel pellets irrespective of the shape of the neutron Mux distnbubon
witl he obtained. Each calandria tube has a perforated-plate bottom and a fMared
tap. Thes plate s designed 10 cvenly distribute the flow into the fucl bed so that propee
Awidization can be oblained. The top of the tube is (ared (¢ reduce the velocity of
Now there and to ensure apainst the escape of any fuel elements that may reach that
henght. However. as an added safety feature, an adjustable top sceeen s provided
which definitely limits the expansion of Lthe core

The height af the active core resulting from the heights of the top-maost fuel
pellets in each tube above the perforated plates vanes with coolant rate of Now, The-
refore, the contral of the reacior may be achieved without control rods and only by
varying the coolant flow rare within the wide range of lwidization. An increase in
Mow increases the height of the active core and therefore the distance between the
fuel pellets, and thus the moderator fuel ratio 15 increased. The reactor could be
designed to have a laree negative lemperatuce cocfficient of reactivity, thus providing
stability and safety against power surpes. The [uel elements for the reaclor are simple
spherical pellets made of natural or low ennched uranium metal or raniem dieaide
that may be cluded by coating with gircaloy or stainless steel. Thorium could he mixed
with the fugl for the purpose of having a thermal bresder reaclor.

Light water ar orgamc compounds may be used as coolants. Among arganic
compounds, the polyphenyls are the most ressstant to the decomposmg elfects of
high temperatores and nuclear radiations present in the reactor core. They have
pood heat transfer propertics combined with low vapor pressures, thus ceguinng
thin calandriz tubes. One of such choices conld be a Monsanto product called HB-30
which i a hvdrogenated terphenyl i the [orm of higquid similar Lo lubricating il

Refueling s performed continuously and while the reactor is in power, Fuel i
introduced nto, or extracted from, the core while it 15 0 a Muidiced condition by the
wse of a tube that enters the core top. Te add fuel to the core, slurned luel is simply
pumped through this tube and nto the core. To remove fucl. the Now direcuen is
reversed, the tube is lowered into the Mwdized core and the slurriel fuel flows out of the
core. The particular sctivity of the spent fucl s then measured and thus the burn-up
of fuel pellet is determined. IF the fuel’s burn up is below the expected value, the tuc
is retumed inte the reacior, but when the fuel has suffered sufficient burn up it is
sjected into the decay heat removal system. The contmuous process of refuchng allows
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