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FEASIBILITY OF Pu"'-U"»-FUELED CORES TO 
PREDICT Pu"'-FUELED CORE DIMENSIONS 

by 

D. Meneghetti and H. Ishikawa 

ABSTRACT 

Use of Pu"'-U^"-fueled fast critical assemblies to 
estimate properties of Pu"'-fueled assemblies is of interest 
because of safety considerations and limited plutonium 
availability. 

Bare and reflected homogeneous cores and reflected 
two-region cores are considered. The fuel, 5% by volume, 
is assunned to be Pu^" and U"* of various fuel composition 
ratios for the homogeneous cores. For the two-region cores 
the 5% fuel volume is Pu"' in the central region and U*" in 
the outer core region. Core diluents, simulating fertile, 
structural, and coolant materials, are assumed identical in 
all cases . 

It is estimated that construction of the reflected two-
region core with ratio of central core region volume to total 
core volume of 0.1 will theoretically decrease the calculated 
error in prediction of the critical size of a corresponding 
solely Pu"'-fueled assembly by a factor of about 10 to 20. 

I. INTRODUCTION 

Critical assemblies representing Pu -fueled dilute fast breeder 
reactors require large quantities of Pu"'. Because of safety considera­
tions and limited Pu^" availability it is desirable to determine the 
feasibility of en^ploying composite Pu"'-U^"-fueled criticals to predict 
properties of analogous Pu"'-fueled criticals. 

For prediction of critical size, from an operational point of view, 
cross-section parameters for an analogous U*"-fueled critical can first 
be adjusted to force agreement of calculated with experimental critical 
size. A cross-section parameter of Pu"' can subsequently be adjusted 
to force agreement of calculation with the observed size of an analogous 
Pu"'-U^"-fueled critical. The critical size of an analogous Pu"'-fueled 





cr i t i ca l might then be predicted with unproved accuracy by use of the a d ­
justed c r o s s - s e c t i o n p a r a m e t e r s . The improvement in a c c u r a c y depends 
upon the extent to which compensat ion adjustment at the intermediate 
Pu (Pu + U^") core compos i t ion ratio continues to compensate for the 
unknown c r o s s - s e c t i o n e r r o r s as P u " ' r e p l a c e s the U^". Ideally, if the 
functional re lat ions of the deviat ions in cr i t i ca l s i ze as a function of 
Pu / { P u " ' + U"') ratio are proportional for all c r o s s - s e c t i o n var iat ions 
then the compensat ion adjustment will remain exact upon extrapolat ion to 
the all Pu" ' - fue l ed c o r e . 

A calculat ional study to determine the extent to which compensat ion 
o c c u r s upon extrapolat ing to the Pu^" s y s t e m has been carr ied out. Bare 
and ref lected homogeneous c o r e s and ref lected two-reg ion c o r e s were c o n ­
s i d e r e d . The fuel. 5% by volume, was P u " ' and U^" of var ious compos i t ion 
rat ios in the homogeneous c o r e s . For the regional c o r e s the 5% fuel vo lume 
was P u " ' in the central core region and U"' in the outer core reg ion . Equal 
v o l u m e s of U*'* and P u " ' are a s s u m e d to contain equal numbers of a t o m s . 
Exchange of a volume of U*" by an equal volume of Pu^" is then equivalent 
to an exchange of equal number of a t o m s . Core diluents were 45% U^", 
16-'^% iron and 19.3% aluminum in all c a s e s . The r e f l e c t o r s , 58 cm thick, 
contained 40% U"' , 20% iron and 23.27o aluminum by vo lume. Effects of 
P u " parameter var iat ions of capture, ine last ic t ransfer , i . e . , Oi — j . t r a n s ­
port c r o s s - s e c t i o n p a r a m e t e r s , and number of neutrons per f i ss ion were 
cons idered . The mult igroup a n a l y s e s employed four neutron energy groups 
having lower energy l i m i t s 1.35, 0 .3 , 0.067, and 0 Mev. Except for buckling 
calculat ions the d i s c r e t e SN, i . e . , DSN, IBM-704 c o d e ' ' ' ^ ' in S4 approx ima­
tion was used for the a n a l y s e s . 

It should be noted that the exchange of I^"" and U '̂* throughout this 
study has been made a s suming that the average fuel density in the c o r e s i s 
a lways 5% by vo lume. Cri t ica l i ty in the ca lculat ions were obtained by 
varying the d i m e n s i o n s of the core reg ions . An effect of this is the large 
inventory of U^" required for cr i t i ca l i ty of both the compos i t e s y s t e m and 
the corresponding U*"-fueled s y s t e m . For example cons ider 10% of the 
total fuel volume in the c o r e of 5% is the P u " ' in the compos i t e s y s t e m . 
Then the ref lected t w o - r e g i o n c o r e of the present study would require about 
60 kg of Pu^". This compos i t e s y s t e m would be used to extrapolate to a 
fully P u " ' - s y s t e m of about 200 kg of Pu^". The fully U^"-fueled s y s t e m , 
which would a l s o be required, would require about 1240 kg of U^'^. 

II THEORETICAL CONSIDERATIONS FOR HOMOGENEOUS MIXTURES 

An orientat ion into the e f fec t s of compensat ion for the unknown c r o s s 
sec t ion e r r o r s by ^ hoc adjustment of s o m e suitable c r o s s - s e c t i o n p a r a m ­
eter may be obtained by one -group c o n s i d e r a t i o n s . The mater ia l buckling 
B = (vZf - ZQ ^ p) SZ'pn. ZQ + f is the sum of capture and f i s s ion c r o s s 
s e c t i o n s . 





With N ^ the atomic densi ty of P u " ' in the c o r e , N U the atomic 
dens i ty of U " ' in the c o r e , and N P t- N ^ = N s a constant, the buckling 
b e c o m e s 

B* = [ V U O U ( N - N P ) ^ V P O P N P - O ^ ^ J , ( N - N P ) - O P ^ ^ N P - J : ^ ] X 

3 [ O ; ^ R ( N - N P ) . O P ^ N P . Z D J 

where Z^ re fer s to the c r o s s sec t ions of all m a t e r i a l s other than U^" and 
P U This may be rewrit ten as the product of two l inear functions: 

B* = (ax + b)(cx + d) 

where 

N P . a = - v " o " + v P o P +0 
F F C +F • ° C + F 

V " O " N - O " N - Z ^ . c = - 3 o " + 3 a P 
F C + F C TR TR 

and 

d = 3 0 " N + 3 2 ° 
TR TR 

If c = 0. then B* = const , (ax + b). Thus if o^j^ = °TR' ''^^" ^^ '^ ^ 
l inear function of N P . 

Variat ions of c r o s s s ec t ions give B'* = (a'x + b')(c'x + d'). With 
Aa = a' - a, Ab = b' - b, Ac = c' - c, and Ad = d' - d is obtained 

A(B*) S B ' * - B* = (cAa +aAc + A a A c ) x ' 

+ (dAa +cAb +bAc + aAd + AaAd +AbAc)x 

+ (dAb+bAd • AbAd) 

In order that A ( B ' ) = 0 when x = 0, n o n - P u " ' c r o s s sec t ions are adjusted 
so that b' = b and d' = d. B ' ' - B ' then b e c o m e s 

A ( B * ) = ( c A a + a A c + AaAc)x' + (dAa+bAc)x 

Now if c - 0, and Ac = 0, then A ( B ' ) ^ (dAa)x. Therefore if oljj^ = 
Ojf^ and if ^^Tj^ - ^ ^ E j , , then A ( B ' ) i s a l inear function of N P for variatic 
in the P u " ' c r o s s s ec t ions in the quantity Aa. 





As 

U instead c = 0, andAa = 0, then 

A ( B * ) = (aAc)x* + (bAc)x = xAc(ax + b) so that the quantity 

A(B*) _ x A c ( a x i b ) xAc 
B' ' (ax +b)(cx +d) ' d 

A(B^) _ B^' - B^ ( B ' - B ) ( B ' + B) 

then 

so that 

(B' - B ) , xAc 
B ^ d 

AB -. xAc 
B • 2d 

Therefore for variat ion of only the transport c r o s s sect ion of Pu^" from 
the c a s e of o^fj^ = '-'xft *^* quantit ies A ( B * ) / B ' and A B / B are approx i ­
mate ly l inear functions of N P . Furthermore the one-group a n a l y s e s shows 
that if e r r o r s irv i /ansport c r o s s sect ion are negl ig ible in addition to the 
requirement ^Vo = '^TR then compensat ion adjustment for other c r o s s -
sect ion e r r o r s will be exact when subsequently extrapolated to the all 
Pu" ' - fue l ed s y s t e m . The extent to which this will occur for actual U^" 
and Pu^" fueled c o r e s has been carr i ed out in the present study by m u l t i -
group a n a l y s e s of representa t ive c o r e s . 

III. BARE AND REFLECTED HOMOGENEOUS CORES 

A. Bare Homogeneous C o r e s 

Material bucklings for var ious P u " ' / ( P u ^ " + U"') fuel compos i t ion 
rat ios were obtained by mult igroup fundamental mode ca lcu lat ions using 
the four-group fast neutron c r o s s - s e c t i o n p a r a m e t e r s given in Appendix I. 
The mater ia l buckl ings , B^, using diffusion theory leakage are shown in 
Fig. 1. Values of B' by transport theory are about 1 to 2% larger than by 
diffusion theory. The var ious c u r v e s of Fig. 1 represent assun-ied changes 
in var ious c r o s s - s e c t i o n p a r a m e t e r s of Pu*". The curves re f erred to as 
standard, high capture , and low capture correspond to the three s e t s of 
va lues of capture to f i s s ion of P u " ' given in the e l even group c r o s s sec t ion 
set of Loewenste in and O k r e n t ' " from which the four-group set used here in 
was obtained by co l laps ing of groups . The changes from the standard o ? " " ' 





• re -34.8%, -46.5%. -44.9%, and -17.3%i for the respect ive groups in c a s e 
of low oP"*" . In the c a s e of high o P " " ' 
by 0%. 15.0%. 25.9%. and 9.8% respec t ive ly . 

the standard values are increased 

Cri t ica l m a s s e s obtained using the standard P u " ' c r o s s sec t ions are 
shown in Fig. 2. These were der ived from the B values calculated by the 
transport theory fundamental mode calculat ions and were c o r r e c t e d by 
subtraction of extrapolat ion d i s t a n c e s . 

Buckling as Function of 
P u " ' Concentration 

i 

Fig. 2 

Crit ical Mass as Function of 
P u " ' / ( P u " ' * U"») for Homo­

geneous Bare Cores 

Changes in the distribution of group fluxes with plutonium concen­
tration are shown in Fig. 3. Effects upon spectra of the c r o s s - s e c t i o n 
variat ions of the magnitudes a s sumed in the present study do not affect the 
curves of Fig . 3 sufficiently to be noticed on the indicated graph. 

The quantit ies , A ( B ' ) , represent ing the d i f ferences between the 
diffusion theory mater ia l bucklings calculated using c r o s s - s e c t i o n var ia ­
tions of P u " ' and those denoted as standard c r o s s sec t ions are shown in 
Fig. 4. 





r 

1 1 ' 1 1 1 ' I T 

-

-

1 

• i 

— t — 

1 < 1 

^^ 

s-

, 1 , 

-

-

. i .. 

Fig. 3 

Distribution of Group Fluxes 
as Function of P u * " Concentration 

"jc 

In addition to the buckling changes result ing 
from the high and low capture variat ions are 
corresponding resu l t s represent ing: d e ­
c r e a s e of the v P " by multipl ication by the 
factor 0.9736, d e c r e a s e of o P ^ " ' b y mult i ­
plication by the factor 0.9, and mult ipl icat ion 
of the a ? S * " by the factor 1.08. The indi-
cated points are the calculated d i f ferences . 
.Straight l ines have beendrawn between in­
itial and final points, for c a s e s other than 
transport variat ion, to show the amount of 
deviation from l ineari ty . The curves d e ­
picting the effects of oPi?J" and o P ^ " ' var­
iations have been multipl ied by the indicated 
factors in order to clarify the result ing 
shapes . 

Variat ions in O E" will vary both 
the compos i t e quantities i /o6^ and C r ^ t F ' 
Deviation c u r v e s for f i s s ion c r o s s - s e c t i d n 
variat ions wil l cons i s t of l inear combina­
tions of deviation curves derived from af 

Pf 
Th 

P-
r o p n a t e variat ions in i/P" ' and o P " '. 
hus modification of o p . to'^op- is equiv­

alent to modif ication of vj to evj and Oc; to 
Ocj + ( € - l ) ° F j -

Fig . 4 

Buckling Deviations as Function 
of Pu Concc-nl r.itujn The reduction of e rror in ca l cu la ­

tion of mater ia l buckling for the extrapo­
lated plutonium-fueled c o r e by c r o s s - s e c t i o n compensat ing adjustment at 
a P u " ' - U * " compos i t ion may be es t imated using Fig. 5. The | A ( B * ) | were 
normal ized to the value unity at thr P u " ' c o r e . The deviat ions from l inearity 
as wel l as the range of spread of the curves from each other are evident. 
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Fig . 5 

Relative Values of Normal ized 
Buckling Deviat ions 

For example suppose the unknown inherent 
c r o s s - s e c t i o n e r r o r s are to be compensated 
by adjustment of the t /P"*" for an a s s e m b l y 
corresponding to P u " ' / ' ( P u " ' + U*" = 0 .1 . 
The re lat ive values of | A ( B * ) | are about 
0 .11 . 0.09, 0.045, and 0.10 for P u " ' capture, 
ine last ic transfer , transport , and [ /varia­
tion respec t ive ly . The error in calculated 
B* for the extrapolated Pu"' - fue l ed s y s t e m 
is thus reduced to about 10%, 10%, 55%, and 
0%, respec t ive ly , of the error which would 
have been obtained if no compensat ion ad­
justment had been made, depending upon the 
respect ive a s sumed inherent e r r o r . 

The rat ios , A B / B = ( B ' - B ) / B , for 
the a s sumed c r o s s - s e c t i o n variat ions are 
shown in Fig. 6. B' and B are mater ia l 

bucklings obtained using asymptotic transport fundamental mode ca lculat ions . 
The pr imed quantit ies refer to the perturbed c r o s s sect ion and unprimed to 

AR R ' - R (Wi' • f) = • ̂  the unperturbed. As -^ - i n j / v • n 

the corresponding fractional changes in extrapolated bare core radii, A R / R 
may be estinnated from the curves of Fig. 6. 

The relat ive values of | A R / R | nor­
mal ized to unity for the Pu"' - fue l ed s y s ­
tem are shown in Fig . 7, for the various 
c a s e s . From these curves the fract ions 
of error remaining, relat ive to the error 
otherwise obtained using the standard P u * " 
set , in extrapolated bare core radius of the 
Pu*"-fueled s y s t e m due to compensat ion 
adjustment can be e s t imated . Thus if the 
vP"* are adjusted at the composi t ion ratio 
P u " ' / ( P u * " + U*") ^ 0.1 the fract ions of the 
e r r o r s remaining are about 0.18 for o^ 
e r r o r , 0.14 for o e r r o r , 0 . 5 4 for o-fj^ 

error , and zero for v e r r o r . The error in 
predict ion of the cr i t i ca l nnass i s a l so then 
reduced by the same fac tors . From the 
point of view of plutonium inventory a c o m ­
posit ion ratio 0.5 would n e c e s s i t a t e about 
93% of the plutonium n e c e s s a r y for the 
analogous plutonium-fueled a s s e m b l y . At 
a compos i t ion ratio 0.1 only about 38% of 
the plutonium would be required. The U*" 

Fig . 6 

Fract ional Deviat ions of 
Square Roots of Bucklings as 

Functions of Pu*"Concentrat io 
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required at this ratio would be about 70% of 
that necessary for the analogous U*"-fueled 
system. In any case the construction of a 
bare Pu-U*"-fueled assembly is hardly the 
way of reducing the plutonium requirement; 
however, the previous statement on inven­
tory does have relevance also for a corre­
sponding reflected homogeneous assembly. 

B. Reflected Homogeneous Cores 

Curves of A R / R for the cores of 
corresponding reflected hoinogeneous cores 
are shown in Fig. 8 for the parameter vari­
ations. Similarly the normalized | A R / R | 
are shown m Fig. 9. (These two sets of 
curves were obtained by decreasing the 
preceding extrapolated bare core radii by 
reflector savings. The reflector savings of 

the fully U*'*-fueled system and of the various fully plutonium-fueled sys­
tems were determined by differences of reflected core radii and corre­
sponding extrapolated bare core radii. 

Fig. 7 

Relative Deviations of Ex­
trapolated Radii for Homo 

geneous Bare Cores 

Fig. 9 

Relative Deviations of Core 
Radii for Reflected Homo­

geneous Cores 

Fig. 8 

Deviations of Core Radii for 
Reflected Homogeneous Cores 
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Al intermediate Pu*"-U*" compositions linear interpolations for reflector 
savings were used. The validity of the linear interpolation was verified at 
an intermediate composition for the i,Pu'" parameter variation.) For 
other than transport variation the values of A R / R in Fig. 8 are greater 
than the corresponding values for the bare cores largely because reflected 
core radii are smaller than the corresponding bare core radii. 

In case of transport variation the reflector savings in addition is 
sufficiently changed due to the transport variation so that the numerators, 
i.e., AR are quite different. For the assumed transport variation 
I AR reflected I ^ l^'^barel" This is more important in dec r easing the 
(AR/R)reflected ratio than Rreflected v Rfoare '* '" increasing it. Inherent 
errors in transport are thus less important for the reflected cores. In 
addition the normalized | A R / R | ratios in Fig. 9 show the curve of transport 
variation to follow somewhat more closely the curves of the other variations 
This is in contrast to the transport curve for the bare cores shown in Fig. 7. 
A cross section compensation adjustment by, for example, adjustment of 
vP" should then better compensate for transport errors. 

The shape and range of the deviations of the normalized curves for 
the reflected cores and the bare cores for other than transport variation 
are similar. The fraction of error remaining upon extrapolation to the 
Pu ' system should be of the order of magnitude as for the corresponding 
bare system. For compensation at Pu*"/(Pu*" + U*") = 0.1 the fractions 
of the error remaining are in the reflected case about 11%, 27%, 42%, and 
zero for the O ,̂ O, _ j , O-piJi and v variations respectively. 

IV. REFLECTED TWO-REGION CORES 

The reflected fast criticals consisted of two concentric core regions. 
The inner region is fueled with Pu*" and the outer region is fueled with 
U*^. The assemblies were calculated for a series of ratios of inner core 
volume to total core volume. Criticality was achieved by varying both 
core radii by the same factor. The reflector thickness was kept constant. 

Inner and outer core radii at criticality are shown in Fig. 10. These 
radii are based upon use of the standard Pu*" cross-section parameters. 

Critical mass values are shown in Fig. 11. From the point of view 
of Pu*" inventory a core volume ratio of 0.5 requires about 67% of the 
Pu*" of the analogous fully Pu*"-fueled core. At a volume ratio of 0.1 
about 28% of the Pu*" would be required. These values are considerably 
smaller than for the equivalent composition homogeneous cores. 
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The fractional distr ibut ions of the group fluxes are shown in Fig. 12 
for a Pu ' - fue led c o r e and for a two-reg ion c o r e . The P u * " / ( P u * " + U*") 
r»t io for the ent ire c o r e region is 0 .1 . The U*"-fueled core region con­
tains about 560 kg U*". 

i(«iM n niu. atn 

Fig. 10 

Radii of T w o - r e g i o n S p h e r i c a l Cores 
as Functions of Volume Ratio of 
Pu*" Fueled Core to Total Core 

Fig. 11 

Crit ical M a s s e s of Reflected 
Spherical Two-reg ion Cores 

Fueled by Pu*" and U*" 

- I 1 1 T" 

Fig. 12 

Radial Fract ional Distribution of Group Fluxes for (A) P u * " . 
fueled Core and (B) P u * " U*"-fueled T w o - r e g i o n Core 
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The corresponding all U'"- fue led core requires about 1240 kg U*". The 
P u * " fuel c o r e contains about 200 kg Pu*". The central region of the two-
region c o r e by compar i son has about 60 kg of Pu*". Within about a 2 0 - c m 
radius the spec trum in the central region approximates the spectrum of the 
Pu*"-fueled a s s e m b l y . 

The fractional changes , ^ | 5 . = .^J i l^_5_j , for o^ter core radii as 

functions of inner to total core volumes are shown in Fig. 13, for the var ious 
a s s u m e d parameter variat ions of Pu*". The ratio of inner to total core 

volumes is identical with the ratio of P u * " 
atoms to (Pu*-" + U*") atoms in the overa l l 
core . These are a l so the fractional changes 
in inner core radii . (The negative of the 
A R / R values are plotted so as to allow c o m ­
parison with the A B / B curves of the homo­
geneous bare c o r e s . ) Except for transport 
variation the deviation curves initially r i se 
more rapidly for low Pu*" concentrations in 
comparison to the corresponding curves for 
the homogeneous c o r e s . This greater s e n s i ­
tivity of core s i ze to c r o s s sect ion variat ions 
should allow better detect ion of inherent c r o s s 
sect ion e r r o r s at the s m a l l e r Pu*" concen­
trations with subsequent improved compen­
sation of the e r r o r s . The deviation curve 
for the transport variation follows e s sent ia l ly 
the corresponding curve obtained for the re ­
flected homogeneous c o r e . 

The quantit ies , | A R / R | , normal ized 
to unity at the Pu*"-fueled core are shown 
in Fig. 14. These curves may be used to 
e s t imate the d e c r e a s e in the error of ex ­
trapolation to the reflected fully Pu*"-fueled 
a s s e m b l y in a manner analogous to that 
previous ly descr ibed for the homogeneous 
c o r e s . The relat ive d i sp lacements of the 

curves from each other at the smal l Pu*" concentrat ions , for other than 
transport variat ion, arc within the accuracy with which these deviat ions 
have been ca lculated . It i s e s t imated , assuming no transport e r r o r , that 
parameter compensat ion at core volume ratio O.l (corresponding to overal l 
c o r e fuel ratio P u * " / ( P u * " * U*") - O.l) resu l t s in about hi l f the fraction 
of the error remaining for the corresponding ref lected homogeneous c o r e . 
The fraction of the error remaining is about 65% for trfmsport e r r o r . 

Fig . 13 

Deviat ions of Core Radii for 
Reflected Two-reg ion Cores 
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With increasing volume of Pu*" 
core region the detection of the effect of 
inherent e r r o r s can be more easily de­
tected and, hence, adjusted for. The de­
crease of the e r ro r in the extrapolated 
Pu system is not much improved, however, 
over that compensated at the smaller volume 
ratios of Pu*"-fueled region to total core un­
til large volume ratios are reached. In any 
case the savings in Pu*" inventory at these 
larger volume ratios are not substantial. 

From the core radii deviation curves 
of Fig. I 3 and from the values of the c ross -
section variations producing these deviations 
the magnitude of the variation in a given 
cross section to produce a given deviation 
may be estimated. For 1% radius deviations 
at the fully Pu core composition inherent 

cross-sect ion parameter e r r o r s of the order of 0.6%, 16%, 118%, and 447o 
for V, Oĵ .O I — I. and O J R respectively are required. Thus for affecting 
the prediction of cri t ical mass , a i -, i e r ro r must be very large and Ojj^ 
e r ro r reasonably large. An assuinption of negligible size e r ro r due to 
0 | -. 2 ^^^ '^TR * ' ' ' ' ° ' ' ' '* therefore reasonable. Neglecting these e r ro r 
sources the fraction of the e r ro r in the extrapolated Pu*"-fueled core 
size is estimated to be about 5% to 10% of that which would be obtained if 
no compensation adjustnnent were made. This estimate is for the case of 
inherent capture e r ro r compensated by adjustment of the v, by the necessary 
factor. 

Fig. 14 

Relative Deviations of Core 
Radii for Reflected Spherical 
Two-region Concentric Cores 

V. DISCUSSION AND CONCLUSIONS 

Success of the described use of Pu*"-U*"-fueled systems ultimately 
depends upon the accuracy with which core radii can be experimentally 
determined. 

Consider the reflected two-region core method for cross-sect ion 
adjustment. Suppose it is desired to estimate the critical mass of the fully 
Pu*"-fueled assembly to an accuracy of 3%. The corresponding accuracy 
in spherical core radius would be 1%. Suppose that the volume ratio of the 
central Pu*" fueled core region to the total core is 0.1 for the composite 
Pu*"-U**'-fueled assembly. Assume that e r r o r s of transport c ross section 
are negligible in affecting the core size in comparison to other parameters . 
Then compensation adjustment of, for example, fP"*" , will decrease the 
radius e r r o r of the fully Pu*"-fueled system by si least a factor of ten. 
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The e r r o r in cr i t ical mass will also be decreased by the same factor. Thus 
the e r r o r in the calculation of the Pu*"-fueled system before compensation 
can be as large as 10 x 1% = 10% in core radius or 10 x 3% in cri t ical 
mass. 

From Fig. 14 a 10% e r r o r in core radius for the fully Pu*"-fueled 
system corresponds to about a 5% -• 7% e r ro r range for the assembly having 
core volume ratio 0.1. Thus the core radius of the two-region core assembly 
should be experimentally determined to an accuracy of about 0.5%. This 
represents 1.5% accuracy requirement upon the Pu*" and U*" masses at 
cri t icali ty. 

As pointed out in the introduction, the varying of the core sizes to 
attain crit icality requires a large U*" inventory. In practice it might be 
better to retain a constant core volume and attain criticality by varying 
the total fuel volume fraction. A calculational study based on the la t ter 
method is therefore also of interest . 
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APPENDIX 

FOUR GROUP CONSTANTS* 
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