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IS’I’R( mUc’rl( )N 

lCspcrinwntu1 det~erminations of simple critical 
con tigurat ions are considered as essential bit,s of 
informat,ion by the tSheorist as he  is t.hus provided 
wit.h dcf-inite check points for testing his analysis 
IW~OI*C proceeding to more complicated syst,ems. In 
particular, for fast neut ran work, a  solid spherical con- 
f-igurat ion consisting of a  fissionsblc core surrounded 
by cff ec t iw reflect or materials, lends i t,self most, 
easily to calculat~ional in terpret,at ion. In t,he presen tS 
work, tPhrcr different cores-75 kg, and 10 kg 17 233 , 
;wd 8.5 kg 1’~~~~ --were emp loyed in conjunct ion 
with I y ( !)S ) I, beryllium, natlural uranium, and 
t riiigstw-alloy reflect,ors. 

I;( )r twh of these measurements,  the fissionable 
core material is in t.he form of W o  hemispheres with 
:L central void of 0.85 in. diameter. 14)r the protect’ion 
of pwsonnel during set,up procedures, all IV’ and 
1  -233 I pieces are completely clad in 0.005~in. t.hick 
nickel. In addition, because of the gamma buildup 
in that U2”, the prccaut ion of a  remote handl ing 
systxw is needed for t.his material. 

F igure 1  is a  phot,ograph of the experimental sct.up. 
A stretched diaphragm of 0.015-m. thick stOa.inless 
st’eel acts as a  stationary plat.form OII which one of 
t,he core hemispheres is centered, A mock fission 
sours with a st rcngt h  of some 1  O5 neutrons/second, 
is posit ioncd OII t hc diaphragm under this top sec- 

t,ion. The  second core hemisphere is supported 
above t,he plat.en of a  hydraulic lift and can be 

raised by remote control. Assembly is acthieved in a  
stepwise manner  with the use of positive stops 011 
t,he lift. ~lult.iplicat~ion measurements,  t.aken at each 
step in the assembly procedure, serve as a  guide to 
predict t’he &safety of the system before t’hc sepnrutSion 
distance is further narrowed. 

The flux of leakage neutrons from the assembly is 
nwnit,ored by BI’a countSers in polyct hylcw gcome- 
try. Mu1  t iplication for these measurcmcnt s is 
defined as the ratio of the neutron couming rate of 
the assembly with central source tlo that, of tlhe 
source (in idemical positlion) alone. 

A t,hin, close-Wing spherical shell of reflector 
material is placed around the core and the mu lti- 
plicat,ion of tlhe assembled system is measured. 
Similar mu1  t’i plicatlions of successively tl hit ker 
shells of the Lame material are determined uiltil a  
plot1 of reflectSor thickness versus reciprocal mu1  ti- 
plication can be cxt rapolated to the critical thick- 
IlCSS. 

As W I aid in the corrw t ion to solid sphere mu lti- 
plications, the measurements are repeated with more 
core material added atI the center of t,hc configura- 
tion. This addition is :I 1’~~~~ (or 17233)  filler iiece 
which tits the void in the lower cow hemisphere. 

l)HXJSSI( )N ( W  lW$(JLTS 

As already indicated, a  wit ical configuration vvas 
IUW atltained in any of t hew assemblies. Ilowevcr, 
experimental mu ltiplications of t’he order of 100 were 
obtained during t hc course of measuremen t,s for 
each reflector se&s. The rt,acCvi t,ies of t,htb syst+ems 
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espccted by filling the 0.85-h diameter veutral at t he out side rtldi us of the core pieces is simply 
void in the core, mn he estinmtcd by noting the added to the ~xdwtor thicknesses of Iwylliun~, 

c4osr f-it t iug plutonium filler pica is tLddeti to t hc reduwd by a factor of two for a wrresponding t,hick- 
Mtom half of the Ad. ness of I* ( 93 ) reflect 01’. 
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formed on different, days with as much as a few 
months separat.ion. HAcr, as a vonvenienve in 
plotting, the vorrec t.ed rwiprocal mul t.iplkat ions 
have been normalized as shown in Fig. 2. Extrapola- 
Con to wit kul reflector t hicknws is made as shown. 

In these wrrect.ed graphs, the reciprwal multi- 
plkat ion is sometimes negat ivc. This owurs simply 
k~usc the wrre~~tions had to be suht ratted from 

ANJ) WOOI> 

the experimental I /Al mcasuremen t,s causing t hc 
plotted point to fall helow the zero ordinate. 

U233 CORES 

The same general procttdurc as dtwri bed a. twvc 
for the I’u vow WLS employed in wrrecbting t hc 
experimental results of t hc IT’“:’ cores to giw t hc 
crit iwl reflwtor dimensions of solid spheriwl con- 
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CRITICAL U*= ANI> Pu*39 SPHERES 619 

TABLE I 
CRITICAL CORE-REFLECTOR COXFIGURATIONS 

Core Critical reflector thicknessa 

Material D$n$er 
. 

Weight 
&3) Density Enrichment 

U(93) 
p = 18.80 

(in.) 

Natural W  all0 B;t81;T) uranium (91.3 w/ye, . 
(in.) p = 18.92 p = 17.21 

(in.) (in.) 

u233 3.622 '7.601 18.62 98.25 w/o 0.780 1.652 2.090 2.280 

U233 3.972 10.012 18.G2 98.25 w/o 0.478 0.805 0.906 0.960 

PI1239 3.970 8.38G Pu 15.62 Pu” 0.652 1.452 1.625 1.850 

a Probable error is 17; for these critical reflector thicknesses. 
b The Pu239 used in this esperiment contains 4.90 atomic yc Pu*4O, 0.31 atomic 70 PupJ1, and a minor amount of inert 

diluent . 

figurations. Since suitable replacement measurements 
for U233 do not exist, it was assumed that corrections 
for the Ni cladding would be approximated by the 
already known replacements at the same radius in 
the Jezebel critical assembly referred to above. The 
reactivity changes thus calculated are compared to 
the experimentally determined change in multi- 
plication recorded when a U233 hemispherical filler 
piece of known weight and dimensions is added to 
the central void of the U233 core. 

An example of the magnitudes of the corrections 
made as compared to the actual measured multipli- 
cations follows : 

2.288.in. thick W  reflector on the 7.5 kg U233 core 
with filler, 

measured multiplication = 53.2 = l/O.0188 
measured A( l/M) for U233 filler = 0.0083 

Corrections applied : 

A( l/M) for stainless steel dia- 
phragm L 0.0044 

A( l/M) to replace Xi cladding 
with U233 on parting plane and 
at radius of void L 0.0043 

A(l/M) to fill central void L 0.0106 
Total l/M correction to be sub- 

tracted from. experimental 
l/M value of 0.0188 above = 0.0193 

For Ni cladding on outside of 
core = +0.005 in. 

For 0.002 in. clearance between 
core and reflector = -0.006 in. 

Total radius correction to be 
added to W  reflector thickness = -0.001 in. 

The corrected point to be plotted for this measure- 
ment is thus l/M = -0.0005 at a W  reflector thick- 
ness of 2.287 in. 

The corrected curves are drawn in Fig. 3 for the 
7.5 kg and Fig. 4 for the 10 kg U233 cores. Interpola- 
tion to a reciprocal multiplication of zero then 
yields the proper critical reflector thickness. 

SOURCES OF ERROR 

Corrections to the solid spherical geometry are 
based on replacement measurements reported in (1) 
and on the change in multiplication observed when 
additional fissionable material is added to the center 
of the assembly. Of the former, plutonium replace- 
ment, which represents almost all of the correction 
involved, is quoted to 0.4%. accuracy. The observed 
multiplication is the quotient of two counting rates, 
which in all cases, especially in the near critical con- 
figurations, were great enough to give statistical 
fluctuations of 0.5% or less. 

The dimensions of the core pieces and reflector 
shells offer other possibilities for error. By actual 
sample measurements, these dimensional tolerances 
were of the order of rtO.003 in. which are averaged 
out over the entire spherical surface. 

With consideration given to the accuracy of the 
experimental data and the methods in which correc- 
tions were applied, it is felt that the values of critical 
reflector thicknesses quoted in Table I are correct to 
within zt 1% . 

SU~MMARY 

The specifications of the cores used and the thick- 
nesses of reflector materials required for critical con- 
figurations are listed in Table I. The dimensions 
given refer to solid spherical core-reflector systems. 
This implies that the actual experimental measure- 
ments have been modified to account for the non- 
ideal configuration which is necessarily employed in 
the experimental set-up. Corrections attempt to off- 
set the effects of the nickel cladding on the core 
metes, the central void of the core, the stainless steel 
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