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SN physicict Pedro Donto de Caunwgo
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1. This is the third in a sapries of three alrgrans bearing the sane dabe,
dosipned to uale availeble to the Deparbinent snd to the UBARC materials
drawm together by the countery tsam on the burning topic of atonic encrpy
in Brazil tecday. The two prior mabers are concernsd with the status of
fucloar Bnergy Oevelopment in Bragil and Heudsphevic Noclesy Cooperation,
reapectively.

2. Pedve Bento de Cazarpo is Chief, Huclear Englneeping Division of the
Atasic Ensrgy Tastitute (IBA), 58c Paulo. He iz a good fdend of ours.
Som two ysars ago arrvancesondc vere wade for hin to do tmree mouths
speclal work ot Oak Ridgs Netional Isbowatory {(OREL). He hes uainteined
close contact since his setwn vith the fyiends ho made theye and has boeen
placad in charge of ope phase of the CNEN mucleoy powryy resctor shudy.
e text was opiginally publiched in Pordwmiese in the Dyuziliian wogasine
Pigesto Beandnico" garlise this year.

3. This is one of the noet straight-forwerd prosentations of the nroblen

and its cumplexities, snd vhat one Praszilian experd thinks netiovsl policy
ba, thal hoo eppeared wecently.
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Pedxo Bento de Cawmaroo

1. Fuels as an enerey source

In the :I.oml {ciP) the direet comtribution of
eneryy ceneration is small; nevertheless, inadeguate peneration
of eneyryy and pericdical broun-outs are yesponsible for mhstant:lal delays
in the cconomic rowth of the uation.

Ooviously, electricity is the most versatile and convenlsnt form
of eperiy. The cheaper and more abundani sources of electrieity are,
nowadays, hydraulic potentials amd foosil fuels (conl, oll, natural gas,
etec. ) Now being considered are the suclear fuels, which will become
prevalent in the near future.

The higtory of fuels in ome of successive displaccments of some.
fuels by newv cnes. The use of the nev ones become gradually prevalent,
depending on the abundagsce of its occurrence relative to the old onre, the
shippin: cost and the versatility of the poucr machivery. These factors,
depend on economic parametore od etratézié cituations.

A nou fuel rarely eliminstes an old ome but ccomonie and strateric
reasons lead t0 a now scetorsl distribution, where each one performe lts
vole in the econony and security of the nmation.

Bagides its use for auclear weapons, nuclear fuels alycady have s
definite place for submariae propulsion. Being a highly concentrated fuel
vhich does not need oxypren, it increases the sumarine®s range, wot load
and useful yoou.

Avother sector vhere nuclear fucls begin to show prasise is in
the ficld of electricity gemeration. In this case the high enewpy deasitcy
helps to reduce the fuel shipping cost and, therefore, the cost of
celectricity vill not increase appreciably if the power plants axe built far
fran the deposits of nuelear ninerals. 3Bepgides, for reasons peculiar %o
veactor design prénciples, the unit cost {$/K4) of the nuclear boilers
deereases as their size increases, even more than happeas with coaventional
boilers. Comsequently, the cost of eneryy semeration {($/KW) decrcases
this same vay. These two factors favour the “nuclear deecision™ in the
follouin: situatioms. G
«first, vhen the load center to be supplied is far from
natural resourcesd such that the shipping cost of fuel
or the mwstmenu on tranamission lines inercasen
substantially the: cost. of electricity;

TPyblicned in Portugese in tho Brazilian WAgezine 'Dijesto LEORGMiCO"
n® 19%, Febmuary 1907,
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« gecand, vhes the capaeity of the power system is such
that is allous the addition of new layre mits.

liwmever, the camplete wbilization of the euexrpy stoved in nuclear
fucls iz vexry difficult, end om proved veactors the degree of ubiliasaticon
iz very low. The best utilization of this potential depends on the success
of techuolonical research from which there should result improved naterials
and resctors of advanced consepls. Fhe forecasiters expect that sround
the year 1985 the problem of the paxirmm ulilization of the emermy concéne
trated in wuclesr feels vwill be solved.

By that tlme, nucleay waberisls vwill become the most iuportent
uokld resource of enerpy o be used by wankind.

Basides thelr roie as ererpy souree, fuels perticipate in the
developrment of other secbors of infdustry. Fusl oil, which is oniy one
of the products of ofl refimeries {(porhaps the least importaut ome), seyves
as vev material in the petyo«chemical industry; im the fubuve it uny bs
transferred campletely to this indvstzy. Huclear fuels yeguire 2
modezrnization of industry, for it naskes nccessary the introduction
of new techuigues in chenistry; metallurpy and electyomies. Besides;
radioisotopes countribute to development of pev pesearch and coatrol
wetbods vhich ave spplied succesafully in biology, medieive, industry
aud erriculture.

Thus; cuplopent of suclear fuel in the genersbtics of electwicity
will advence the modernizatice exd grouth of sane secapdary ssetors of the
industry and will cvcabte peu produckivity factors. The reault will s
the devsiopment of e wore sophisticsited tochumologicsl level, developusas
of wewr vescarch and coutrol methods, vhere vadioisotopes perforn &
Susdensctal role.

2o About the supply of elestrieiiy

Fuols perforn a ol tazry roie in the supply of elocteicity
whmhyﬂmulicpuheuﬁﬁsmwx&&mm,awﬁahamm@mmmammm
or uwesconaiice The abundanee of hydro resources for a certadn zopiom is
wivays yelative and temporaxy becavse the prouth of the populsticn and
the increaf g consmaption of elertricity per capite moy exioush evey
ebundant hydseulie poteuntials, in uhich cane the incrsasing demsnd of
Mmmmwmms, In this wvay, fusls uill pass fron the

o lenentas ¢ soyrse of electrielty socuer in some
i on the agize af the Lydso rerourees,
mhhmwwmmmmmmmmmmmmmcm

mmiﬁmfmmmla&am}ﬂmtwyw%amm souee
of elaciricity depsnds oa studied ouniths efficlewh ubilimation of hydro-
Yesources; o the characteristics of the navhkot., oa the operation of the
intercommacted hydro.iharmel powmr powcrvebing systar epd on nininizatiom
of blach-out riaks in the supply of cisstricity to large imjustriel cestars.

—
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(ace it has been decided to coustyuct o thermal perer penerating
plant, and the eapacity and a date for operaticn have been detemnmined, the
decigion rmust boe nade as to the kind of fuel unich shonld be used. The
choices ave restricted to fossil (coal, oil; natural yges, etce.) and
nuclear fucls. At this polnt, the nueclear enerpy experts are respounsible
- forr the feasibility studies of muelear fuels and reactors in oxder to
provide informstion to the plaoning officos oa the best nuclear
susten $0 be selested comeidering the present sbatus of their tech-
nology, their fubtwre develomaent, and their peliaticaship to national
secuvity and economic rowth.

3+ Myslear iuols

In the sane way a8 coal and oil are called fosall fuels, properly
made mixtures of fissicusble and fertile waterisls are called wuclear
fusls, Fextile materiels pyoduce nev fissiomable materials, a part of
uhich imediately contributes to heat pemeration, and the vast of which
may be used later to meke nev fusls or mclear weapoms.

Buclear fuels elweys have two sins: ane it 40 generate beat aud
tho other is to pwcduec nevw fissionable matevials.

ﬁmmhmmmwmwmmmwmmm
veapms; in the first cese they aro always mixed up vith fertile wmterials,
and in the secomd case they shouid be used az pure as possible.

U235, U233, Pu-239 and Pue2hl

=235 is the only naturs) fisgiconable material and appears associe
ated with B-238, ia the retla of 12190, Iz plsets fov X de Seporation,
(the most important cnes using the Gasscus Diffusion proseas) miztuves
are obtained coutaining more U=235 then in netural uranium.

¥ho othar fissile imctopes, U-235 and fissile plutcnium are pao-
ducsd fyan the fertile omss, Th-252 and U=2580 vespestively, iw the
seme yoectors thmb ere used fox emewyy geverasbiom o in reactors
dealmed end posvated spyecificelly for their yeoduction.

reriile lesterisle - Foovgh only fissile materials can genewalte heat,
Fartile neterial The252, =238, vhen deployed in the veastor with
fissiomable maliarials, produse U-235; Pu-230 sod Pu-2hl, vespectively,
vhich ere fissile end for this yeason nay gonerate heet.

-mmmmaofmmm.ls,
seurity 18 dus ©o two wain facta:
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1} The sveat enmcryy coascenbration in fissicnabie materials:

2) The sbundant and widespread cceurrence of fertile
materials in the worlid.

fron the preat enery coucentration in fissiomable materials,
it follows:

a) its importavce as explosives fur nuclear weapouns;
b} its importance as a sourcs of thernal povers

Fram the shuadsnse snd uidesrmad ogceurrence of fertile uaterials
in the world 1t follows:

a) the possibility of nuelsar weapons prolifevation;

©) the possibility of produsing thermal power by aluost
all nations from their own nabural rescurces.

At ths request of the parties coucerned, tho proliferation of
auclear veapons uay be inhibited by the application of Jutermatiopsl
Avomic Iaepny Avency Safe uvsrds Systen on contracits or o
‘arvenjerents whien rerar to “nuclesy material avd to the equient
for thelr produetiou.

The Jeneration of electricity from thelr cwn natural resousces is
vexy important to the ~rowih of underdevcloped matiocms, especialiy those
thet find Aifficulty in promoting their developrent because of the
abgence of fossil Tucis.

About Nuglear Pollcy

A Tueclear Policy should at.tsmd the peeds for the mation's desvelops
ment and mity in the broad sense; that is, it should reecoymize that the
economic grouth is a Pactor of szai;i.omal pecurity and that sseuvitcy

is uscessayy o support the developmant of the aabtion.

MWMWWSMﬁm&rhaamtimmmﬂa
Hetiomal Policy to suide the develomient of nuclesr teckmologys

1) the production of m??ar explosives for weapone;
2) the ;ewerstion of *shemal power Ffor civilian purposes.
Hucleay technoloyy willi sizppimeét the prowth and modermz&tim of

the industry exd develop vadioisctppes production end their applicaticas.
These secindary sectors will comcern a Nnelear Frogran even nore uhﬁ.'ﬁ
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these principles of a Nuclear Policy.

The orientation of Huclear Policy mey lcad to one or the other of
these particular purposes or to an assoclation of both; in the later case
the result will depend on the emphasis ziven to each couponent.

The two techmologies ave basicaly the seme. The technieal
mowlede necessary for the develomment of a mucleay industyy for eivilian
purposes is the 52 as the one mscessary for muclear explosives for
weapons. They differ mostly in <he design optinization and operatiom of
the reactor. In the first case, ome iries to penarate theyual pPOWEF On an
econcnicsl basis and the fissiongble material produced; as a by-produst; is
rick in nom-fissicnable isotopes. In the other cass, ome Uries to et
fissionable meterisl as pure as pessibie, that ig;, free from non-fissile

isotoges (therc is then s possibility to zenerate electricity as a by
product)s ¥

In short; any nation with a muclear technolozy and s incustry devel-
oped for civilian purposes is potentislly prepared to make explosives
for nuclear weapons.

A proninemt Canadisn political fiure, Ifr. Eric Kieran,¥ remarked
in a yecent speech that Canade is rick cnough to build an atomic bomb and
sensible emough to refuse te do s0. Ifr. Kierans weant by rich esious
that Canada has ravw material, teclmolony and is finaneially to
build, in s short pericd of time, the neceassary industzies to wake an atomie
bamb. By the word bla, he meant that the Canadian Nuclear policy is
dedicated to the proposit that mclear ensrpgy Bust serve mankind and
must not be ussed to produce boubs.

A Tuclear Policy oriemted tc the production of power on as ecomomical
basis will eontribute to the developaent avd the security of the nation; in

the following ways:

a) by gemerating, now or in the near fubuve, thermal power with
its oun natural resources)

b) by introducing modern technology in some sectioms of industzy,
by erveating new ipdustrial control and research methods and
by increasing the productivity in almost all patiomal
productica sectors.

¢) by elevating the techmologicel lovel and couseguently,
improving the natiomal l:nq_:m:. gk.i.ll;

a) bywdmﬁagthemﬁm'mththamtmtm capaeity of producing
melear weapons, which nay be realized in e short period
of time by convertiag eivilias industry.

mi;naa cf Camada - September 19L0e
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A Foligy owlosmtod townds the dizect productilon of muelcny veapons
oay Leing the follouin: psoblass to the sabica:

a) it uay comtyadict thoe natlon’s foreimm policy;

D) the produstion of nuelcer vcapons et de deweloped cubside
the IALAYs Dallcovamds Uyshan ond this vill roduce intor-
antional twoade possibilitics snd cehan o of Enosmbou
for oueltay purpoBus;

¢) the thornel pover suewynied by roachors optimized for the
prounction of ficsiomablic vstorinls for nueloay ueapoms
is nuech novre apensive thwm the one produced by ycachors
apeeialy uade for aner(y AATOOSS.

Thorofome, e movation of nuclear powoy will combeibute o the
nation’s yro o and scourily, creatin: vualth, iertivipatin: in the
national cifort to imyove the nmen akill apd cudoudn: the aotlom viih the
potential capoeity o produce uodem defonsa vearons, with oo additiomsl
¢ost ¢o the netion®s ccolinugy.

Uz toe othor side, tho diroct pwoduction of mucloar wsapous will
delay the dewologiont of tho notiowm, ineveasla: the cost of powee and
intyodmeisy difficuitico ip muclcar trade spd exchanre of infomamtion uith
other commerics well develdoped in thoe fDield of nuclear tochooloye This
situatios vill oot berdn: any opoeific advantase to the sabione

Dvoxythada;; xclated o the establisimcnt of a Daticani lucloar Foliey
for the introduciion of muclenr poucr in Brazil is the dizcet sesponsshility
af thoe President.

Taig policy wae not estebllohod Ly the soversment bofore tho i
Fovolution of tireh ook, cwcopt for the polnts nontioned in the law &lic/
G2, and the revolublionary (overncoct bns not vob eoktablisbed pov priesiples
for a uclcar FPolicy conoistont uvith the Bevolubion.

it 1o uavent for the overmont o asoumo o sevoluticnmsy poeiticn
ronwdin: the patiomal peoblens of nutlcay pomr. Fivst; Ly climfastin
ho nanks 1ef% by a policy vhich disoyees with the sewolutiomary 1desls,
and noxt by cotablishin: ite oum policy. | This will ot be g vory APFicult
tagk, foe the vealizaticns of the last covemmmont i tho wmselosr povos
£ield wore mob so dmportast as thooe in song other edoinistyative scctiocase
Bowover, it loft behind o yaophoble cwrircioent avd the ronincooueco of a
Sameiful proootion of the nerits of wmelonr yousr as compased vith kydres
pover end fossil fools in clestelelity oncvatiocs.

This onvivonscant and the conopollizin: of mweloay youow rsucyatios Ly

)
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i in > pouer in lvas wm pzmingwﬂeeammble
forthemcgrmlicyamithamtimcfeleatﬂcity.

The lau 418/62, vy giving exelusively to CHEN the privilege %o
study, desipn, build end opexute nuclser power plapsks, created a monopoly
of the someration of clectyicity by nmuclear fuels. This io o strenge -
priviisge beeauss nuciear fuels, es an enoyyy source, should be used
by utility cogpanies the same way s coal and oil. Ii would be egually
strange iL thevo vas o law ygiving Potrobrds the privilege to gemerate
electyicity by oil-fusllicd machines. NoG & ot cven the purpose of production
of Tissile materials for veapons would justify the mouopoly sivem to
ClEl, becemse nucleay pover plants optimized to panerste clectrieiity do
not produce flgeils meterials pure emcuph to be used in weapons. IMurbhers
more, the goverment will alweys impleneut national safeguards om the
production and use of the fissile materlals throurh CHEN inspections.

mmmmmmm seourity shonld alwsye work Gogather,
suprortad by all saticel forces and tbere is no reasom to exsiude
vbility companies by uaiotaining CHERI's privilepe couccrning elactricity
Eneration by melesr fuels.

Hucleay Pouey pronotion vwas nede by the cwageration of ths meyits apd
sopetines by mentiondng farcy figwes shost muelsar power in Brasil.
In this way, the authors praised their cum personelity and trief %o lead
the netion to & precipitous decisicn sbout the firet wmuelesr pover wmite.

Mmt&&m%&m,mm&imi&ﬁn&inmemw‘s
stateasnts such aag

Poscaroumd 1970 Prasi) will have 1.200.000 K from nucleoay SOUETAS
in the south ceatral reszion™(0 Estado de SHo Panlo, Maveh 10, 19h).

Yseethe efficiency of the Enclear Power plawnts is already bsyond
that of comventional electede plauts that use oil or ecal®. (Fllks da
Manhl, Februssy 23, 1g64).

Psvoan suthondty oo the patter poke wi ahmztmﬁ!mw
pilsmts. We have plenity of rew materiel and of the componconts mey be
produced in this cowtry™. (A Gaseba, Tebwusry 29, 29€3).

Xemophoblie, sowetimes a8 sabtiopalisa, did not gyperove the
adoption of Safepuards System (FARA}, o the false pusposs of yressyvivg
naticns) security by the produstion of wmusleay wespons. Truly, the wain
puEposs vas o maintein Drazil dlstawt fyom some $ileedly countries, bub
wkat it really achieved was the delay wmmmt&pmm
the real naticuzl sscurity chouid bs established.
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About Saferuards; tho emeral opiniom before the lareh Rovolubtiom
is briefly explained in the folloring test:

Yasulnee sure of the imcomveniemce of imporiting emriched uvanium
25 4 conscquence of the Safervards vhich would be imposed by the
supplyine eation, the first Brasilian pouer rsactor will be built
usiucgnatumluxanm Mismmmmmﬁm soil; ox
usinz impoyted petural uwrenium {(vhich i{s not comtrolled by safesuards)?
(ifanclsvte Augast 25, 1963).

The incomvenience of fmporting enviched ursnium is montioned
mostly becsuse of the requiresent by ths sugplier that the uraniusm
2ot bs used for miiitery muposs, aud boosuse inspoction voulid be
made through the IAEA Safeguaxds Systom. The stetoment that Snmporbted
patural wenlun ney be obisined without Safeguards ia mot alusys
txue; for imstence, if metural wenluwn wes bought fron Couada, it
showdd @0t be used for any military pusposs.

In reality, e fumdenentel peoblem iz oot vhether %o aeccept
or not the Safeqmumrds bub it i to decide wbkat is the best way 4o
3!.—.:-:3 mciery materials in pursulit of petional sccwrdity asd eeonomie
(owthy 1) %o sccept the charges of a musleay program with a
component divected to vespons produstice or; 2) to reeeive the
benefits of & meclesr progran oriented explusively to eivilian
mEposed.

If;, in the opimiom of the leaders of Fresilics edninistration, tha
uablonal interests wers Lotter abiended by the civilisn yrorram, the
acceptagce of Safepuanmis to lmporied muclear materials, instead of
being a stone in the vosd, will be like g catalytic agemt halping the
comsizustion of a mclear industyy fusils the coumtbry.

bo Tie Amismontal Froblem

Today, the fimdemcaticl prcbles of Muclisar Pover in Brazil i more
8 political problen thes a technicsl one. %o solve this zr'::c,::.-:; tha
Govermmant rmist evase the merks of an old-fashicmed policy, laft by the
previcus povernment and cstablish its oun Puelsar Power Poli

e establisgment of this Polisy ahould be congigtent with the
ideals of the Iarsh Rovolukion, chould have 5 pational sense and should
be supported by realistic facte and true hopes about muclear techmology.

1) to be consistent with the idesls of the Revolaticn iB
ehould be: .

a) inteorated in the Hational \Security Poliey;
bb)ecasistent with the coumbyry’s Fureiza Poliey

and with the Defuse and Fecaomic Development
Policy;

W IASSFIED
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c) planned topather with the Naticmel Inevay Progras
end with the plans for Industriel Develogment.

2} %o have e national semps, it shoulds

2) cathey together all the country’s wotivating forces
arcund & tWue nationalisa and the ceonomieal
integration of the naticnal territory. elimimveting:

= the marks of nenophobis owl of & fogry tesh-
nology, ©0 that the muclssr peoblems v Brasil
snd the yeopoesls for their solution might be
presamted to the matice and to obhor eowmtriss
with thsir real possibflities and true kopes;

- privileges of amy kind, 20 that the wiility
compemies mey have the opportunity to study. desime
bulld and operate their owm muelesr plants, imte-
grated in o wationel plom. Thus they would periiei-
rata, by their oum decision, v the affort to
build o meclear imdustry in Brazil;

b} in pegotisticns vith foxedge comtries, aseayt
vithoul fear, ths JAND'S Safegusris Susten, end
siyaagly proposs comditions that will favour the
development of a peticual mmeisar industsy;

3} o be based on yealistic fasts, 4% shonld vecogpisze the following:
aj that, somer or lster, Bvasil) will use pusisar or
fossil feels as a imsle alement, instead of a complesmentary
Gae, im oxder to aitend the imcressing dsmand for
sloctrieity;

b) that muelear fusls mey yrovide thesmal pover to
Brazil om an ecomcrical bhasis:

= ady in eortain geo-seonomle vepious;

= Ia the aser fuburs, in 8)l the tervitory end with
Wmﬁ‘mm&

c}Mmmmmﬁmmmmmumm

mmms,wmmwmm
suppiezent the combsy wilis







