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By increasing its capabil

FUEL CTORS anil
targets far use in the production of radicisctopes are made
with highly enriched uranium (HEU), that is, above 20% in
tp assay content uranium-235, This matarial has been
supplied mainly by the USA and Russia from miltary
suralus, under the International Atamic Energy Agency's
[EA's) Nuclear Non-Proliferation Treaty safeguards. But
HEL use has became sulect 1o sdditanal palitical and
Iegal restrictions and no new HEW has been produced,
which makes future supplies unceraln,

In supgpart of non-praliferation, most IAEA Member States.
are comimitted 1 Conveing reseaich resctes ful and
targots far radinisotape producticn to high-assay baw-
anriched uranium [HALEU) below 19.75%.

arazilian resnarch ractors — including the largest
radieisotepe producer in the country. which is IEA-RY, at the
S0 Paulo Institute of Enengy and Nuclear Research {IPEN)
= have already successfully made the transition to HALEU.

HALELs long:-term availability and accessibility is a key to
&nsuring the continued operation of ressarch reactors and
the production of radisisotopes. Currentiy, the anky
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gsé Sugusto commercial supplier availzole s Russia and this offers a

risk o security of supply for both fuel and Largets. Political

imilar to thase affecting HEU supply may
alsa affect the future supply of HALEU at 19.75%. If no action
s taken, thare is  risk that the supply of this critical
material will not b2 guaranteed for some time afer 2030,
according o 2 May 2009 repart from the Euratom Supphy
Agercy (ESAL

This presents 2 great apportunity for Brazil, which has
alrozdy produced batches of HALEU far 1EA-R1 (Uk with
19.75% uranium-235 enrichment). They were initially
produced at the enrichiment facilities of Aramar, at the
Brazilian Mavy Technology Center (CTMER] in 530 Peulo in
t parly years of this past decade. Mon: recontly, in August
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Brazil looks to HALEU

ties to produce high-assay low enriched uranium fuel or
HALEL, Brazil is hoping to position itself for a leading role in the global nuclear industry,
Leonam dos Santos Guimardes and José Augusto Perrotta examine the oppartunity

2017 CTMSP produced batches of HALEL for the manufaciure
o fuel and targets for the production of molybdenum-59, a
radiaisata pe widely used in medscine, far the fure
Arazilian Multi-purpose Aeactor (RME).

CTMSP has also provided HALEU for manufacture of 19
olave-type Tuel lemems by IPCN for its MO-07 ressarch
neactor.

This experience makes domestic praduction possible as
an altemartie that will guarantes 1he futuse availability of
HALEU for Brazil's om needs and, eventually, be avall
Tor expost,

Advanced reactor opportunity
£unn marn impartantly, soveral nuclear power developmont
strands an0 cansideing 1he use af HALELL New ful
CenCApts Ane emerg ng for small modular reactors (SMes)
and advanced reactors, and slmest sl eonsider the use of
HALEL.

The demand far nusclear fuel can raughly be Sraken damn
nta the fodlowing categories:
* small modular reactors based on LWRs that mainly use
U0, WAl enrichment <5%;
Small modular reactors based on high temoerature
reacsars that mainly use HALEL,
Small modular mactors based on moten salt wactors
that mainly use HALEL;
Sall modular reactors with sadmm or lead coolant that
mginly use HALEL ar mixed oxides (MOXE and
Advanced reactors with capacity > 300Mite. These are
mainly fast reactors, conled with sodium or lead. Most
uase MOZ: fusel but s0me use HA

.

The lack of HALCU production capacity far these
applications could delay or even completely prevent
douelopment of new typos of SME. Kaw the nucloar industry

will power the next generation of reactors and advanced
commential nuclear techaologies is an important tpic of
discussion amang industry experts. fin expanded national
production capacity may 24ow Brazil ta play a global
Inating rota.

In oeder to ansure A securn supply of HALEL, the curran
i fthe nuclear fusel cyche aimed at nuckear
commertial rsact ing lew-envi iurn {LEL) o
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Building on 60 years in the fuel cycle
Braail i in a uniqus position 1o develop HALEL, scoording o Jos fugusto Perrott,
RMEs at the Enargy and Resaarch Insttute (IFEN). [FEN
is part of Brazils Katonal Nuckar E I
has mere tham B0 years’ expenence weeking m the fael sycls

This work started i the 1960s with studies on obtaining and purdying wianium

up to 6% = mining. processing, comversion, fuel enrichment
and manufacturing — will hivee te be futher developed and
made meee robust. New transpart sclutians will 2ise have
0 e developed

And compared with the materisl needed for research
reactors and Langets for radicisotope produdtion, the
indugsrinl imvestment required in infrastrueture for the
producticn of HALEU for commarcial reactors would be
susstantial, It is only malistic it thee is sufficiont demand
and if peices are both high enpugh for sellers and
acceptable to patentisl customers.

Itis very difficult to make reliable oredictions of HALEU's
demand for future commerrial mactors based on the
infarmatian cumrently available:

Currently, there is no consolidated assessment of HALEUS
needs, burt the patential projects would imply an increasing
demand for commercial reactors using this type of fuel
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Thisse wete disperssan f U0,-Al with L0, powder enriched at 20% by weight
imported froem the USA. [PEN improved this technique and manubactured fuel reloads
o its LEA-HL reacter in the 19605, when it was not possible 1o impart fusls from the
UISA dise 15 restricsions

Pilat anvarsian plar ped, and the r wasuged
dleveloging technckay in wilh the Brazilian Favy in the
19805, Uranium recavery high purity d i
COnvErsion i uranyl d the fU,0, and
g, po ed A3, e o IFENY
MEOL This Deso- facility was Brazil and

reactor, which achieved fizst 1988 This fuel technology wes

transfegred by IPEN to the Drazilian My Technology Center in Aramar.
EPEM eveluped a technique to corvest UF, to UF, and produce metallic uranium by

Acearding ta b 200 tby e
Econamic Cooperation and Davelopmant [ Nuclear Engegy
Agency (OFCD/NEA), up to 21GWe of SMRs could be added
by 2035 In 39 opUmistic scenario. This represents 3% of the
total global installed nuckear capacity. Hawever, the
projections did not take into account the potential for
fsrther development of S48 techaalogies and regulatory
framawarks that might lead to major charges in the nuckear
power plant market. SMR designs can be based on
Araditional’ LWRs or advanced reactor technology
{Generation W) such as HTRs or MSRs, or fast reactors. Many
SMiks emdsage longes Fuel eyeles o very loag-Ife cares,
whih requires furiner enrichment of the fissile material,
The demand for HALEU for use In advanced reattors is
becoming an ineresting aspect of the global nuclear fuel

developing safer, so-called accident-talerant fusts.

1t will prabatly still be some tim before these
douplopments result in significant demand for HALEU. But
prototypes of lead test assemblies (LTAs) will b required in
smaller volurmes in the near future. If these LTA programmes.
are successful, the volume of HALEU needed to support
retoad quantities far 2 large kang-term LVR will be
significant — around 01 per reboad with 6% uranium-135
enrichment.

The U5 Huckear Enengy Instilule assessed its national
demand for HALEL in 2018, The KEN surveyed advanced
meactar dovelopers and fise! designors using HALEY to
idgriify their annual noods by 2030 The annual demand for
Ipss than 15 0f HALE in 2008 is expected ta increasa ta
araund 185t/yr af HALEU by 2030, in endichment ranging
from 139 1o .75,

Of course, these figures should be treated with caution,
bt they show that the naclear industry may need HALEU in
the shart term far new developmants. The expected
volumes would quickly exceed the current requirements
established for research reactors and other purpasss such
as medial isotope production. That reguires investment in
production infrastructure.
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With this develop
thye powider masallurgy techiikque 1o martacoare plase-type fuels using HALELL
Inciuding U5 -AL UAL- AL UMa-Al and merallic uranium shests
[PEN has alteady prodiced more than 100 el elements for the [EA-BL reacior,
Peprotts says. In 2019, i produced 19 U5 -Al plate-1ype luel elemenis Jor the [PEN?
ME-01 reactar ta simul; 1 i Aeactar (RME] It can.
produce UAlc-Al targsss h will b usod by AMEn
producing o 99
The RME reactar core i=a 5x8 matrix contaiming 23 MTR fuel elements, with twa
1 Il £ i In the heavy water reflecior tank,
there are positicns for radicisotope produntson, peutzon beam extraction and fuel
irtadintion testing The fuel shements comprize 2L U5 -Al fusl plates, with 19.75% by
webght of Thi Jates 1o L7kg ol el elemmenit. The uranum
targets for preducing Mo-99 are UAL-A] dispersion mind plates, with 19 75% by weight
of ensichmen, containing around 7 Sg of uranium pes mini plste. Both fuels and

FIMEE is axpacted to need G0 fusl elemants per year to oparate, and 100C-2000
uranium targats will be readad to peodiss Mo-an
, seheculed for 2034 subj fandimg, the
il comtribeate o the HALEL system with its use Lot fuels and materials
irradiation testing for nuclear reactors.

[: f several i fuel cycle that could
help in producing HALEL!

Puchesr Inedugiries of Brasd (INE) can produce vellowcake and pusily i e naziean
arsde fa convarssan o UF, However i doss not v o UF, conversion plant and is
wurrenlly i wrvices, B himenl plant,
whick can enrich up to 8% by weight 1t has the technology 1o manufacture UO, powder
amd sintered UG, pallats, and o fused for the Angra i and
AIGER 2 PWRS

CTMSF heks & Bl PIATE In the ecmenl sssening piess, for peedusing UF, 1thas

Iaboratovies, one ik 7o 5% by wetght
that enriches up to 20% by wesght. In December 2006, CTMEF inaugurated a new
the nesds oE UIF, 3t 2%
amd uranium targess for the RME It alss has alabaratoey for canverting UF, to Lo,
pawdar and manufacharing smsered UG,

Combining these capanities, Brazil bas he knowledge, technalogy and

HALEU fuels oo h it for
small modular reatoes in the future. @
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