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AN EVALUATION OF FAST REACTOR BLANKETS

J Oosterkamp

ABSTRACT

A compt'at'Vt itudy of d'fte-eot types of fast teaoc» '*)•& b'antcets is presented Included are
b'»nket» of fernie matt"»' UOj THO; and Th meta1 b'ankets o* pure reflectors C. BeO Ni and
comb>nar<ont of reflecting and fert»e blanker* Th» -ewiti for tooo MWe cores indicate that there is no

to U M o'he» than ferti'e b'anken The mor favorable fertile matcai is tho"um due to the
h>gn«r pt'Ct 0» U 233

1 INTRODUCTION

The first fast reactors were designed as very compact cores with a high power density
They were high leakage cores and the blanket was important to obtain a high breeding ratio
The present designs have more dilute and large cores This is caused by the use of oxide fuel to
obtain larger bumups. larger structural material fractions based on safety considerations and
larger coolant fractions to accomodate the st'uturai material swelling Another development in
recent years is the idea of symbiotic fuel cycles To produce U 233 in fast breeders and use this
m thermal reactors it likely that the HTGR will be used as a source of process heat long after
the introduction of the fast breeder reactor

The Inst'tute of Atomic Energy m São Paulo is cooperating with General Atomics in the
evaluation of thorium blankets The scope of the study has been amplified in order to come to
»n understanding of the effects that are involved and to verify the conclusions reached for the
first generation of fast reactors17 5 ) He and sodium cooled reactors are include as are blankets
of thorium metal, thorium oxide and uranium oxide The results of this study are summarized
in table I

2 DESCRIPTION OF THE MODEL AND THE METHODS USED

We opted for a nominal 1000 MWe design to compare the performance of the different
blanket» The baste parameters a>e given in table II And the dimensions in fig 1 We feel that
the value* reasonably reflect the present trends in fast reactor design and although one might
differentiate between LMFBR and GCFR we preferred to have the same dimensions for a
simpler comparison between the two

The enrichment was varied to achieve a minimum cnticality of about 1 00 during burnup.

After each cycle of 300 EFPD or y at 80% load factor 1/3 of the core was removed and

replaced with fresh material No blanket management has performed

Cross sections generated w«th ETOX lll (8lbased on ENDF/B III were used The

self shielding factors of the core were applied for all rones and the resulting effective cross

sections collepned to 4 groups using the fundamental mode spectrum of the central zone



Although this dpproacb seems to be rather crude it yielded good a«j.e*ments with th« GCFR

benchmark case161

As an indicator to» thi? economic p»rlomance of the blankets we hove chosen the inverse
of the reactor doubling time 1C" This is a physical return on investment and independent of
inflation

3 BURNUP EFFECTS

Birnup results m reactivity swings d e to the depl tion of the fuel in the core and the
buildup of fission products These reactivity swings will be compensated by control rods trwt
are of BIO, Ta or EuO. Neutrons absorbed by them are lost for breed m purpose* This effect
of the control rods can be simulated by reducing the number of neutrons per fission in the way
this is done in the diffusion codes according to the amount of excess reactivity

The reactivity swing due to the buildup of fission products is of the order of 2% for both
LMFBR and GCFR

The internal conversion ratio is generally lower than one so trwt in the core a certain fuel
depletion can be observed This is compensated by the fissile material bred in the blankets The
breeding ratio murt be well over to asset the depletion of the core since the worth of the f iisile
material is lower in the blanket than in the core.

The resulting reactivity swing due to fission products and depletion is 2% 'or the GCFR
with a breeding ratio of 1 3 and 1 5% for the LMFBR with a breeding of 1 2

The inttial excess reactivity of the new -ore that is required to keep the system at ail
times critical becomes an important factor The reactivity swing of the third cycle is only 1%
when we start off with a critical new system (fig 2) We need to increase the reactivity with at
least 4% to maintain the system at all times critical * nd observe tfv t the reactivity swing
becomes 1 5% Tf.e breedings ratio of 1 22 for the new critical core drops to 1 17 The same
can be observed for the GCF R

4. REFLECTORS

It was thought that reflectors can minimize the reactivity swing The enrichment can be
reduced somewhat due to the lower leakage from the core This results in a higher internal
conversion ratio as the bred fuel is in the core rather than in the reflector

The reflectors specially Ni or clad BeO tend to absorb ne trons More neutrons will leak
out of the eve due to the fad that the blankets are fairly thin and will thus not contribute to
the breeding The neutrons that return to the core have a lower energy caused by elastic and
inelastic moderation They will not contribute to the fast fissions of U 238 and thus the fa.f
fission bonus to the breeding ratio will De smaller The reduced leakage from the core and the
lower energy of the neutrons that return to the core from the blanket soften the spectrum so
trwt 77-239 is reduced

The overall result is an improvement of 0 5 in the internal conversion ratio for the GCFR,



in fact a sl<ght positive 'eacttvity swing can be observed for the L M F B R the effects balance
(fig 3)

The 'eduction «n theove'a" hreed'ng rat>o i* howeve' so vimitc-wt that refiecttng do not
form an economic proposition Attempts to 'educe the lfuW,*| out of t*ie reactor by fertile
materiel laad to the umc '«ul t j for ad fe*t>ie blankets as the >eüvc\ir<q zone became very
thin 0 5 cm)

5 THORIUM BLANKETS

In recent yea's <t has become c 'w that a number of reactor types wilt coexist It can be
envi'nged that the HTGR will st'H be bu'M for process heat applications a long t*me after the
fast breeder reactor has been corierciaHy introduced for elect'ioty gene* at ion There is thus d
longterm demand for thermal reactor fuel U 233 is excellently suited for these purposes

There will be plenty of piutomum at least to the end of the century due to the rate at
which piutomum producing thermal reactors presently are built It is only after the fast breeder
reactor reaches an economic breakthrough and <n conjunction with a high growth rate of the
energy src*or that plutomum may become m short supply Thus the plutomum price can be
espacted to be close to the indifference value with respect to other the*ma* reactor fuels This ts
about 50% of the U 233 value

In view of the medium and long te?m prospects it thus seems advantageous to breed
U233 instead of Pu 239 m the blankets'9' We have restricted ourselves to radia' thorium
blanket elements as they are separate from the fuel element They can thus easily be
reprocessed <n the HTGR r«proc*ssmg fad'ties i*<q 4)

A problem is the buildup of U 232 as its daughter-. Bi 212 and Tl 208. both dacay with
highly penetrating 7 rays The U 232 content 1$ a ''near function of time (fig 5} and for a
standttme of 6 years the concentration is of the same order of magnitude as in the HTGR ( d l

The mor» advanced Th metal blanket'2' <$ on>y somewhat better than the conventional
ThOj blanket and <t appears that secondary cons'deiations wHI determine the acceptance of
thorium metade blankets

The economic advantage of thorium can be estimated to be of the order of 2 M $/a for a
price difference of 8 $/gm between U 233 and Pu 239

6 POWER DISTRIBUTIONS

The power distributions m the blanket for some typical cases are given m (ftg 7) at the
end of the fifth cycle It can be noted that a factor of two exists between the power generated
at the outside of the blankets demonstrating the excellent attenuation properties of Th metal
It can also be observed in the leakage losses of table 1 and the capture rate of the iron radial
reflector

7. STREAMING EFFECTS IN THE GCFR

The low scattering cross sections of the coolant leads to sifmficantstreaming effects in the



channels these 'educe the b»eed"-K} E'semann1'' calculate* that the moaned leakage
reduces cticai'ty by about 1 ., Et'ects on the blanket performance we»e however not
reported

As a first step we therefore calculated dnectionai dependent d'Hus»on coefficients using
the same methods as >rV 3> He*e we obtained good agreemeit with sodium >*o>d exp«fiments
wth different plate O"entai-ons These caicuiat-ons a>e ve»y sensitive to the directional
diffusion coefficients

In a next step a modified ve*von o' CITATION was used m which different ditfuston
coefioents were used for the ax>a> and 'adiat directions K,M was «educed by 1% The axial
ibikag* increased by 10% A 3% highc production o< U 233 reflects the increased radial
leakage

8 CONCLUSIONS

Th»s study has confirmed that the concept of fe>tii« blankets is sM) valid Redecung
blankets offer no prospects to- improved breeding ratio» o' reactor douDhng times The
combination of reflecting and fe*He blankets give the same performance as pure fertile
blankets Thorium blankets offer savings of theo-der of 2 M $/a for the GCFRand 1 M S/a for
the LMFBR Streaming effects m GCFR s are important and shoutd be a design consideration

SUMÁRIO

Ltm M'urto c-impa-ai no «nvo'vpodo d'eif>nift< ipcn de fc'a'ikei". -3d<a'S de -eato'w rápido* fo-
<W<l*iO Denut os blanket? con^ dcado* t'qu>arti OTdemjifrMi le't'i U O . ThOj tono metai<co, ot dt
r«f leto'CT pufOí C BeO N o» construdos de uma comb'nacao de ' i i ' « ' O ' « e ma»er a<% ieti&s 0» retuitadot
para 'two'ti de lOOO MWe 'nd'cam que nào exsie nenhum nctnuvo pa'a blankets C J « não Miam da
ma!*"a ' i <í'ie'> O ma'a"«i m«<t tavo'svet e o TO-o devdo a> p«'MXcr-vai dea'tcnp'ecos pa'a o U 233

RESUME

Une e>ude compa'aive do diHe-ertn types de cOuwS'iu't de 'eacteu'i >ap d»* e»t p>e»«nit# Eli« rnclue
de» couwe'tu'»» en mafe^aux te't.ios uO,. ThO r' i h c urn merai'^que descouve-'u'W dfl refiacteruf port
C BeO N1 er de* comb'na>son< de maie-'a-x '«' '«í ieu-í er fe'«>'si Le* reiuifai* pmu' d « coeu'i d« 1000
MWe md'Queni qu >* n y d aucun avantaqe a ui'>«e< aui'e chose que de« couve'tu'es tct^e»

En '3iion du P"x de p'O^peC'On eieve de I U 233 ie marenau *«>» '« *a p<u$ 'avorab'e m *e thorium
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Paramatars

Peak linaar rating

Avaraga rating
Pallatdiamatar
Fu«l voluma fraction
Statl voluma fraction
Coolant voluma fraction
Cora voluma

TABLE II

of thaRaactor Dasign

500
350

6

10

w/cm
w/cm

mm
3
2
5

70

L

Axial blanket

Core I

100

Fig I Core Model

unit ; cm
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