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AN EVALUATION OF FAST REACTOR BLANKETS

W J Oosterkamp

ABSTRACT

A comperat ve study of different types of fast reactor radiat blankets 13 presented Inciuded are
blenkets ot fervie matwrar UO; THO: and Th metat biankets ot pure reflectors C. BeQ. N: and
combnat:ons of refiecting and tertie bienkers The results for 1000 MWe cores indicate that there s no
inCeNtve 10 use Other than ternis biankers The most tavorabie fertile mater al 15 thorsum due 1o the
pruspectve Nigher price of 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
obtsin larger burnups, farger structural material fractions based on safety considerations and
larger coolant fractions to accomodate the strutural material swelling Arother development in
recent years is the 1dea of symbiotic tue! cycles To produce U 233 in fast breeders and use this
in thermal reactors 1t hkealy that the HTGR will be used as a source of process hest long after
the introduction of the fast breeder reactor

The Insttute of Atomic Enevgy 'n Sdo Paulo 1s cooperating with General Atomics in the
evaluation of thorium blankets The scope of the study has been amplified n order to come to
an understanding of the effects that are invoived and to venify the conclusions reached fer the
first generation of fast reactors!” 5' He and sodium cooled reactors are include as are blankets
of thorium metal, thorium uxide and uranium oxide The results of this study are summarized
in table |

2. DESCRIPTION OF THE MODEL AND THE METHODS USED

We opted for a nominal 1000 MWe design to compare the performance of the different
blankets The basic paerameters are given in tabie |1 And the dimentions in fig 1 We feel that
the values ressonably reflect the present trends in tast reactor design and although one might
differentiate tatween 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 criticality of about 1 00 during burnup.
After each cvcls of 300 EFPD or y st 80% load factor 1/3 of the core was removed and
replaced with fresh material No blanket management has performed

Cross sections genersted with ETOX 111!8)based on ENDF/B IIl were used. The
self shislding factors of the core were applied for all 7ones and the resulting effective cross
sactions collspsed to 4 groups using the fundamental mode spectium of the central zone



Although this approach seems to be rather crude it yielded good ac. eements with the GCFR
benchmark case'S!

As an indicator tor the cconomic periomance of the blankets we have chosen the inverse
of the reactor doubling time '?' Thus is a physical return on investment and indcpendent of
mnflation

3. BURNUP EFFECTS

Birnup results in reactivity swings d.e to the depi. tion of the fuel 1n the core and the
buildup of tission products These reactivity swings wifl be compensated by control rods that
are of B-10, Ta or Eu0D; Neutrons absorbed by them are lost for breedin purposes. This effect
of the cortroi rods can be simulated by reducing the number of neutrons per fission in the way
this is done in the ditfusion codes according to the amount of excess reactivity

The reactivity swing due to the build.p of hission products 1s of the order of 2% for both
LMFBR and GCFR

The interna! conversion ratio 1s generally lower than one so that in the core a certain fuel
depletion can be observed This is compensated by the fissile material bred in the blankets The
breeding ratio must be well over to asset the depletion of the core since the worth of the fissile
material is lower in the blanket than in the core.

The resulting reactivity swing due t¢ Tission products and depletion 1s 2% for the GCFR
with a breeding ratio of 1 3and 1 §% for the | MFBR with a breeding of 1 2

The intial excess reactivity of the new core that is required to keep the system at ail
times critical beccmes 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 nced to increase the reectivay with at
least 4% to maintain the system at all times critical . nd observe th.t the reactivity swing
pbecomes 1 5% The treedings ratio of 1 22 for the new critical core drops to 1 17 The same
can be observed fur the GCFR.

4. REFLECTORS

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

The reflectors speciailly Nior clad BeO - tend to absorb ne .trons More neutrons will leak
out of the core due to the fact that the biankets are fairly thin and will thus not contrib.:te 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.;
fission bonus to the breeding ratio will be smaller The rcduced leakage from the core and the
lower energy of the neutrons that return to the core from the blanket soften the spectrum so
that 72-239 is reduced

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



in fact a sight positive rsactivity swing can be observed for the LMFBR the eftects balance
(tg 3}

The reducton 1n the overall breedng ratio 5 however 56 siurehicant that refiecting do net
form an economic proposition Attempts to reduce the trskag out 9 the reactor by fertiie
iraterial lasd 10 the same results for all fertde biankets as the refiectirg zone became very
thin {18 :m)

5 THORIUM BLANKETS

In recent years 't has become clear that a number ot reactor types will coexist It can be
envi-aged that the HTGR will still be buit for process heat applications a long time after the
fast breeder reactor has been comercially introduced for electricity generation There s thus a
longter m demand for ther mal reactor fuel U 233 is excellently suited for these purposes

Therewilibe plenty of plutomum at teast to the end of the century due to the rate at
which plutonium producing thermal reactors presently are buiit It 15 only atter the fast breeder
reactor reaches an economic breakthrough and :n conjunction with a high growth rate of the
energy secor that plutonium may become in short supply Thus the plutonium price can be
espected 10 be close 10 the nditference value with respect 1o other thermat reactor fuels This s
about 50% of the U 233 value

in view of the mecum and long term prospects it thus seems zdvantageous to breed
U 233 instead of Fu239 in the blankets'd’ We have restricted ourselves to radia' thorium
blanket elements as they are separate from the fuei element They can thus easly be
reprocessed in the HTGR reprocassing facihities (fig 4)

A problem 13 the buildup of U 232 as s daughter~ 81212 and T) 208, both dacay with
highly penetrating vy rays The U 232 countent is a hnear function of t\rme (fig 5) and for a
standtime of 6 years the concenration 1s of the same order of magnitude as in the HTGR 4!

The mor» advanced Th metat blanket! <’ is onty somewhat better than the conventiona!
ThO; blanket snd 't appears that secondary cons:derations will determine the acceptance of
thorium metalic blankets

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

6. POWER DISTRIBUTIONS

The power dstributions in the blanket for some typical cases are given in {fig 7) at the
ond of the tifth cycie 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 10sses of table 1 and the capture rate of the ron radial
reflector

7. STREAMING EFFECTS IN THE GCFR

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



so0lant channels, these +educe the breed'ng Esemann''’ caltulates that the incressed leakage
reduces c:ticabty by about 1% Et’ects an the blanker pertormance were however not
reported

As a fust step we therefore calculated drectional dependent dittusion coetficients using
the same methods as n'3' Here we obta:ined good agreeme it with sodium void experiments
with different plate orentat.ons These calculatons are very sensiive to the directional
dHusion coetticients

In a next step a moditied version of CITATION was used in which different diffusion
coeficients were used for the axal and radial drections K ,,, was reduced by 1% The axial
lsakage ncreased by 10% A 3% higher producton of U 233 reflects the increased radial
leakage

8 CONCLUSIONS

Thss study has confirmed that the concept of fertie blankets s stli valid Reflecting
blankets offer no prospects for 'mpoved breeding rato; or reactor doubhing times The
combination of reflecting and fertile blankets give the same oerformance as pure fertile
blankets Thorium blankets offer savings ot the order of 2 M $/a for the GCFRand 1 M $/3 for
the LMFBR Streaming effects «n GCFR s are smportant and should be a design consideration

SUMARIO

Um estudo csmparat vo anvo'vendo o-terenies 1pos de  brankers  radas de reatores rapdos for
rep''20d0. Dentre 08 blankers cons derados tquram os de matergt ferrt UG, ThO; tono metalico, os de
refietores puros C BeO N os const tu-dos de uMma combnacad de «21ierores o mater ais furtes Os resultados
pers rearores de 10300 MWe .ndicam que ndo ex:ste nenhum .ncentwd para blankets cue ndo sejam de
materas teaaes O marer-al mas tavorsvet € 0 100 dev do a3 perspictvas de altos precos para o U 233

RESUME

Une erude comparat.ve de ditfergnts 1ypes de couverture de -eacreurs rap des a3t presentés Elle inciue
des couvertures en marer.aux terries UD, ThO . et tho-um merainque des couvertures de reflecterus purs
C 8eQ N er des combinasons de mate-a.x rebiectey s er tersitay L es resultals pour des coeurs de 1000
MWe indiquen!t gu ¢ n y 4 Bucun avantage a ul & autre chose que des couver turas fertites

En ragson du prix de prospect.on eleve de 1 U 233 te marenau ferr.ie 1a plus favorable est le thorium
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TABLE N

Paramaeters of the Reactor Design

Peak linesr rating 500 w/cm
Average rating 350 w/cm
Peligt diameter 6 mm
Fue! volume fraction 3
Steel volume fraction 2
Coolant volume fraction 5
Core volume 10m’
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