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ABSTRACT

The reference design is an unmoderated, sodium cooled
reactor using a paste fuel of uranium monocarbide in sodium.
The core is a cylinder 5 feet in diameter and 5 feet in height.
An 18 inch thick breeding blanket surrounds the core, and an
18 inch thick graphite reflector surrounds the blanket. Various
dfenges were made in the reference core to urnidover any possibdble
godifications for cost reductione and to evaluate the conse-
quences of certain design modifications which might ooccur.
table shows all cases studieds

-

This

" Parameter Varied Range of Variation

1) fuel volume fraction in the core 0.2 - 0.6
?) fertile material volume fraction

in the blanket 0.2 - 0.6
3) blanket thickness 3 in - 24 in

4) fuel material UC,U metal,U0,,PuC-UC,

5) 1iquid carrier in the paste Na,Sn,Pb

Results showed that:
1) High fuel volume fractions are desirable. This is
based on available cost data.
2) Blanket composition affects only the conversion ratio.

The volume fraction of fertile material should be as
high as possible.
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3) The 18 inch blanket is near the optimum.

L) The fuels may be ranked in nuclear performance ast

Uranium Fuels Plutoniunm ls
I. Uranium Metal Plutoniun-Uranium Metal
iI. UcC PuC.UC
III. UO2 PuO2 - UO2

The main reason for this trend is that high uranium density is
favorable from a nuclear standpoint. However, physical
properties favor UC in the environment of this reactor.

5) Tin and lead may replace sodium ac the ligquid carrier in
thre paste with only very slight changes in nuzlear
performance.

Reference Régctog

The reference reactor in this study has an unmoderated core
using uranium monocarbide fuel in the form of a paste. Paste is
defined as & thick mixture of fuel particles in a liquid carrier such
as sodium. The fast core is surrounded by an unmoderated breeding
blanket of..natural uranium monocarbide whose form (paste vs. solid
rods) is unspecified. The blanket is surrounded by a graphite
reflector.

The important characteristics of the reference core aret

Power (Mwt) 704
Power (MWe) net 300
Fisgile Material
type life;
condition paste(50 v/o UC,50 v/o Na)
Pertile Material
type UC (natural U)
condition unspecified
Core
shape cylinder
height (ft) 5
diameter (ft) 5
volume fractions
uranium monocarbide 0.20
godium carrier in the paste 0.20
gsodium coolant 0.45
structure (stainless steel) 0.15

730-V-45 (REV 5-59) 923 03
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Radial Blanket

thickness (in.) 18
volume fractions
uranium monocarbide 0.40
sodium 0.49
structural(stainless steel) 0.11
Radial Reflector
thickness (in.) 18
material graphite

Modification n t Reference Core

Various characteristics of the reference design were altered
to find what changes might possibly reduce power costs and to
evaluate the effect of changes which might be dictated by engineering
considerations or materials limitations. These modifications were
studied:

1) Vary the UC volume fraction in the core from 0.2 to 0.6.

2) Vary the UC volume fraction in the blanket from 0.2 to 0.6.

3) Vary the blanket thickness from 3 in. to 24 in.

s -

4) Cﬁznge fuel from UC to uranium metal, UO PuC-UC,plutonium-
uranlum metal, and Pu0s~U0p.

5) CHange carrier material from sodium to tin and to lsad.

Since each change was made independently, no effects due %o
combinations of changes were determined. Increases in UC volume

fractions were accompanied by corresponding decreases in the sodium
volume fraction,

Method of Calculation

All calculations were made using the AIM-6 (Ref.{(1)) diffusion
theory code. An 18-group structure was employed, utilizing the
cross-gection library furnished wlth the code except for the case
of lead, which was not 1nc1uded in the library. Reported multi-group

cross-gections for lead (Rei 2)) were modified to fit the AIM-6
group structure.

730-v-45 (REV 5-59)
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The calculations were all made using a homogeneous model since
there is no intracell flux distribution to consider and becsuse the
fuel is dispersed enough to make self-shielding in U-238 unimportant.

The search option in the AIM-6 code was used. The auount of
figsile material was varied to give a k rf of 1.05., A consequence
of using thias search is that the final &6ficentrations do not
correspond exactly with the assumed volume fractions. Thus it was
necessary to make a good initial guess of the U-235 concentration,

For plutonium, an initial composition typical of dirty
plutonium from a reactor with 77% Pu 239, 10% Pu 240, and 13% Pu-241
was used. The plutonium was diluted with U-238 in the same chemical
form as the plutonium.

The densities used for the materials weres

Materiasl Densgit ce
uc 13.4

U Metal 19.1%

Uo 10.96

Pub 14, 0%

Pu Metal 20.0%

Pu0 11.46
Stagnless Steel 7,72
Sodium 817
Graphite 1.55

Ko assumptions were made concerning the properties of the
materials above and below the core. The axial effects were included
in an assumed reflector savings of 15 cm.

Fuel cycle cost estimates were made to determine the most
desirable volume fraction. This required that U-235 depletion and
Pu buildup be known as a function of volume fraction and burnup.

The burnup datae was obtained using a simple one-group model, Taking
the equations
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were obtained for cr ' Oa

Cross Section

28
Cc

25
Ca

49
Oa

25
Crf

25

o
4

_ﬁf_ [-& %ﬁ ¢f
25 ~ (J “’6

N, E S

where E is initlal atomic fraction of U-235 in fuel.

k9
’a’a

i ([¢dA)r

3(0up ]
29.00

’ and U.fzso

284.3
280.7

227.1

was obtained from earlier fast reactor

The values weret
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Thus the N49 equation becomes
49 -
25 ~ -
No E 280.7 I-e

bt

(5 oros)(1-< %)

To find the coefficients of the exponentis, the relation,

25, - P
S (IR

. 25 A -1
was used with the result that ¢ 0 .“” = 4.437 x 107" days.

This was normalized using the valiles of {fqtdﬂ)a‘ to give
the coefficients. The results weres qcoup
4)a~w-'2‘5 - 4,437 x 107 x 284,3 = 5.554 x 107 -
& 227.1
bo *9 L 4437 x 107 x 280,7 - 5.485 x 107
& 227.1

The isotope equations with the appropriate constants are:

-
st _5.554XI0”4 t

N“ZQ - €

#4 -5485%
N (o /oB)(*L:‘E"X/' €
N'z.S - ! E
0

The depletion costs for U-235 were taken as the differences
between the value of the fusl at its initial enrichment and the
value of the fuel at the end of its stay in the reactor. The
worth of the U-235 was based on the AEC press release dated November
18, 1956, The worth of the plutoniunm (pased on a value of Slz/g)
was subtracted from the U+235 depletion charge to give the net
burnup charge.

P
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The inventory charge was based on allesse char o o 4% of the
-~ . . -t ~ 3
value ol the fuzsl per vear. In addition, 1% of thoe fuel i the
P J ’ /
core ves assumed to be available in spores, four nont. cooling

time was included in the usc charge.
Results

The effects of changing the volune froction of UT in tue core
on enrichnent, luel nass, cnd initial conversion ratio are shoun
in Pivwures 1 and 2. BSince tic decrease in carichnent and incre.so
in conversion ratio is accomnanied br aa increasce in fu~l ness, .ue
econonic advantaces ol any veolume fraction ~re not obvious fron the
fabrication and recovery chirjes, burnu) ch.or.;or, 214 iuventory
charses. Becausc or the lacik of prior =2xperiznce vita nnste Tuels,
no good ostimate of fuel fabricatiosn and recover; coct is poscaidle,
However, the cosls should decrease wvitia hi ‘her volum .Jroctious and
the corresponding lover enricaoments. Thus, 17 the sut o th> brraup
and the inventory chor-es decreases witiu volume fractionr, ther the
total fuel cycle cost decrezcs2c with volume ‘'rrction,

The variation of the conceutration of U-235 and plutoniuw rith
fuel exposure is shown in Fisurc 3. Thesc result. verce used to
obtain the burnuvy charges.

The calculated variation of burnup costs, inventor:r cosis, and
the sum of these costs as a function of volume “ractio: a»nears in
Pisures %, 5, and 6 for three different tuel cuposures. These

curves show that hiher volums Jractions cause M™iecl c,cle costs to
decrease.

Blanket composition was found to have no eflcct oan the r.sit
core enrichment for the ranze of velunc iractions studied; »ut the
effect on the initial conversion ratio is shown in i, ure 7. Part
of the changye is due %o leaka ;e and non-U~238 capntures, but snectral
effects werc also encountered as are seen ia the veri.tion of the
reactor medicn fission energy in Figure 8., The variniion of the
conversion ratio with blanlket comwositious  ndicates that the
hi,hest possidvle volume {roction is desiradle, iovwover, i voluame
fraetion ol 2.4 used in the refercnce core i probadl ™ near tuae

S

or
upper linit allowed by space coansiderations Jor cooloat and structure,

730-V-45 (REV 5-58) 923 08
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The effects of blanket thickness were similar to the effects *
of blanket composition. The effeoct on fast core enrichment was
again negligible, and the effect on conversion ratio is shown in
Figure 9. The changes are again due to leakage, non-U-238 captures,
and spectral changes. The effert of thickness on the reactor
m&dian fission energy is shown in Figure 10. Figure 9 shows that
the conversion ratio seems to be approaching an upper limit., This
limit is the value which would be obtained with an infinite blanket.
The 18 inch blanket used in the reference core is a good chaice since
the effect is very close to the effect of an infinite blanket.

The effect of using uranium fuels other than UC is shown belows

Fuel Core Enrichment Initial Conversion Median Fission
a/o U=235 Ratio (keff = 1.05) Energy (kev)
= - .
Uc 21.2 .838 132
U Metal 16.7 946 214
U0 23,6 <779 102

2

Thus it was found that uranium metal, with its high density and

lack of moderating elements found in compounds, has distinct nuclear
advantages. Because of the high burnup and the high temperatures
required in the system, UC should remain the choice for the reference
fuel., However, if any unique features are devised which will permit
the system to tolerate the properties of the metal, then changes in
the reference fuel should be considered., The use of U0, impairs the
nuclear performance of the reactor., However, the changée is slightj
and UO,, with its proven physical properties, provides a suitable
alterngte fuel if UC should for any reason prove unsatisfactory.

The effects of using plutonium fuels is similar to the effects
observed with uranium fuel. The results are:

Fuel PK atgg ratio* U-238 captures* Median Pission
NI/ Pu~239 absorptions energy (kev)

PuC-UC .178 1.269 233

Pu-U Metal .115 1.589 307

Pqu-UO2 223 1.121 192

*These ratios were taken &e indicatiye of the same effects described
by enrichment and conversion ratio in U-235-W-238 systems. This

was done to avoid the necessity of introducing Pu-240 and Pu-241 into
the definitions of enrichment and conversion ratio.

P
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N
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The .affects of tin and lead as carriers for the paste were
very small. Tin was used to replace sodium in the reference case,
but a fuel volume fraction of 0.3 in the fast core was inadvertently
used in the case of lead. However, since the effect is so small,
the case was not rerun. The results are shown belows

Carrier in the Fuel Volume Enrichment Initial Conversion
Paste Fraction in (a/o0 U-235) Ratio
the Fast Core
Na 0.20 21.2 .838
Sn 0.20 20,3 839
Na 0.30 16.1 .940
Py 0.30 15.6 .94

Conclusions and Regommendations

The conclusions which wmay be drawn from this work are:

1) High fuel volume fractions are desirable.

2) Blanket volume fractions should be as high as possible.
3) The blanket thickness of 18 inches is adequate.

4) The fuels may be ranked in nuclekar performance asi

Uranium els Plutonium Fuels
I. Uranium Metal Plutonium-Uranium Metal
IT. UC PuC - UC
III. UO2 PuO2 - 002

5) Tin and lead may be used in place of sodium bond if
desired for other, non-nuclear,reasons,

Addition physics studies which will further aid in choosing
the optimum core aret

1) Examine unreflected systems.
3) Determine the physical requirements of the reactor
structural materials. If stainless steel is unsatisfactory,

determine the nuclear effects of alternate materials,

3) Examine the burnup charactaristics of the reference core.

T
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