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for Breeders and Converters: P-9 Systems 

Section I: Critical Size~ 

We consider the probla~ of finding the saving in pile size 
effected by reflectors for spherical piles" The reflector considered is 
assumed to be infiniteo The sphere is characterized by its Laplacian 
and by the thermal diffusion length, ~;'. the reflectors by the thermal 
diffusion length, L20 The slowing down distance is assumed to be the 
same for both pile and reflector and is maintained constant throughout 
all the, calculations with the Fermi age equal to that of P-9; iQso 114 cm2• 

The l~itation to a single description of slowing down re
stricts us to a consideration of piles ru1d reflectors in which any other 
materials than P-9 occupy onl~ a small fraction of the volume Q This limit
ationp however, is of rather little significance as far as the pile is 
concerned.. Furthermore, we are still able -co tl'ea:'Gm this way the ,use
ful range of thorium slurry reflectors; and since in any practical case 
the reflector must be. held down to a finite size, it is not impossible 
that all practical reflectors will have essentially this characteristic 
slowing down distanceo 

The preliminar.y considerations which we present here are re
stricted to P-9 because its exceptionally low absorption minimizes the 
losses due to the presence of the moderator a Since P-9 occupies the 
major portion of the volume, we have assumed that the diffusion constants \ 
ere the same in the pile and in the reflGctors o This assumption results . J 
in a. problem which appears to be sufficiently simple so that the Hopi- '~n", 

Wiener trea.tment as developed by Volko!! in reports ~iiT";'21J 30 and 38 \ 11' 1\ If 
might be a.pplied without change" ~'ie have used the forrnal results of Y u .' 
these reports in our computations of critical size" Despite t.he appea.r- .t i 
ance, however, this prooedure is .not strictly penni.sibleo J. ~ I' / 't 
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Volkorf's results are based on a model which confines itself 
to the case of thermal .fissions only.. In using his fomulae, therefore ~ 
we tacitly assume that the difference between the distribution of reson
ance fissions and that of thermal fissions does not affect the critical 
dimensions. For values of the resonance escape probability which are 
near one, our assumption is substantially true. Unfortunately, as reson
ance fissions increase our results became uncertain" One other assumption 
is involved in our use of this formalism. The resonance capture in the 
reflector is assumed to be the same as that in the pUe.. This assumption 
cannot be valid for all the cases which we consider but \~thout a detailed 
knowledge of the constituents of the pUe and the reflector it can only 
be remarked that for cases in which the resonance capture is small this 
error again leaves the critical dimension unaf.fectedo 

The methods of calculating diffusion lengths are too well-knovm 
to concern us here.. The calculation of the Laplacian for systems in which 
onlY thermal diffusion takes place are similarly familiaro For systems 
in which there is also resonance fission, the appropriate formulae are 
to be found in CP-l729o In this report we assume that the diffusion 
lengths and Laplacians are known and we present graphs fram which, with 
this knowledge, the critical sizes may be found~ They have been computed 
both on the Fermi and on the three-group theory.. As a function of Lap
lacian and diffusion lengths, there is prac'tically no divergence of the 
results computed on the basis of these two theorieso The main difference 
between these theories arises in the computation of the Laplaciano If 
the Laplacian is knOVInJ for example from experiment, the predictions of 
critical size including the reflector effect are essentially unique.. A 
crude summary of the results which are presented in detail on the graphs 
is embodied in the statement that the saving in the critical radius due 
to the presence of the reflector is equal to L2 + 305~ The range over 
which this fonnula has been checked b our com utations extends from 
L12 ::: 50 to L12 = 125 and from (114;. L12)x Laplacian = 06 to 1,,2,. This 
saving it wUl be noticed, is crudely independent of Ll and the Lapla.cian 
in this range" 

S~etion II: Viall Efi'ect 

If the pUe and the reflectors considered in Sec-ilion I are sep- . 
arated by an absorbing wall, a loss of neutrons to the wall will occur .. 
The purpose of this section is to give an estiIr.ate of the magnitude of 
this loss.. To a first apprOY,il'11at.ion, the number of neutrons a.bsorb(~d by 
the 'Wall is 

·O'"at1tPVt 

" 
S. iz C imiaZ. --
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where 0-at. is the absorption cross section of the VJall per cm3, ~ is its 
thickness· and nvt is the thermal neutron density times velocity at the 
pile, reflector interface .. Of all the neutrons not absorbed in the pile, 
the fraction which is absorbed in the wall is approximately 

O""atRtnVt 
total aba. in reflector 0 

To within a factor of the order of the resonance escape probability in 
the reflector, the total absorption in the reflector may be replaced by 
the thermal absorption in the reflector" Since(k - ~k is the ratio of 
neutrons absorbed outside the pile to those absorbed inside tlle·pile, 
the fraction of all neutrons absorbed which are lost to the wall is 

O"'at ..(1tnVt _ k-l 
't - k x ther.mal aba .. in reflector <> 

In order to evaluate this fraction, we have calculated the following 
quantity on the basis of the three-group theory for the various piles 
'and reflectors considered in Section I: 

G =. nv t a-;,i-2 
t thennal abs" in reflector .. 

Here a-a,2 is the absorption cross section per cm3 for thennal neutrons in 
the reflector" Graphs of Gt· are appended and from them Ft may be cal"" 
culated by the follmving fonnula 

k - 1 6it.(t Gt <> 

Ft = k o-a~2 

The approximate formula for Ft which covers our computations from L2 =4 to 
L2 == 7, from L12 = 50 to 125, and from ~ = I(m + L12) x Laplacian :: .,6 to 1,,2 
is 

Ft = k - 1 
k 

~t4 . 1 _..l... L12_ 
<ra.~2 1;' K 2 60;. ~ 2 Q 

!r:F.~~.T 
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Simplicity ra.ther than maximum accuracy haa been a.i.rned at in writing 
this fonllula and it should be rememb~red that. even t.he graphs of Gt m~t 

. be used with ca.ution sinc.e we have again in this section neglected the 
perturbation due to resonance fission and to reSOn&1Ce absorption in the . 
reflector 0 

The questions ra.ised by the e:r.istance of resonance fission and 
because of the difference in resonance capture in the pile a~d in the 
reflector are under investigation at presento We hope to dea.l with them 
in a. future report .. 

FLF:jjp 
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This document consists of 

l.J>a.ge and~ figm.'es <> 

NOo..J:L.of 25 .copiesQ~,g. 
(;,1 I-U"VS 

APPENDIX 

Attached ara fifteen graphs which should be appended to 
MUC-FLF-5o 

COR.lTh'GEIIDUM : 

In Section II, page 3, the absorption in the re
flector is always normalized to a square centimeter of wall 
area., The absorption in the wall, it will be noted, is 
simi1arly'norma1i~edo 
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