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ABSTRACT
The 1eakage of neutrons from a heterogenous pile with finite
sides is calculated developing the method used in CP=»992o Ths change

in the fréction of neutrons absorbed by the moderator is obtained using

tha results of the uelrulatlon of the leskagse. -




the density near the individual mulfiplying,lumpso

THE LEAKAGE Of‘ NEUTRONS FROM A HETERCGENEOUS PILE

’

The number of neutrons diffusing from a hetercgeneous pile with
finite sides oan be calculated more accurately than in the.usual simple

theory by sxtending the calculations given in CP=992, "The Diffusion

uength and the Utilizaetion of Thermal Neutrons in a Heterogeneous Pile"

(referred to he?eafter as I) The same notation will be used in this re-
port as in I withqutvfurther explanation. The method used here takes
acoount of changes in the behavior of a neutron becsuse of the finite
oversll gradient of:n across the pile and because of the variation of

Let & be the leskage per ¢o per second from the éile divided by
the production pét or per second (let P be this production). Then it
is efident that e can be calculated by obtaining the total leakaée'froﬁ
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a unit cell and dividing by the volume of the cell. Therefore we have

that
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From the equat;on immedlately after Eq.” (40) in I, we have,

LT
expandlng the ¢ vin powers of S that
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Takipz tha ﬂor*vatxve of this with respect to v and noting that all:
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oxospt two of the tevms veanish when subsiituted in the integral of (1),

wo have that
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Evaluating the inbtsgrel gives us that
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Since we mye only interested in cslculating "e" correct to terms

in 529 P is given to the desired degree of approximation by
wa
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T, el ';‘P; oan be cbteined from Egs. (26) and (27) of 1,

Afver soms algebralc canvelabtion and rearrargemsnt of bterms, it is found
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that the combination of f;‘ and ﬁ,\ oceurrirg in Fq. {8) car bhe written

sinply im %erms of four of the sonstants, & 5 s (Q \5',.» &, used in I.
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Theé result is that
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let us mw define ag the number of msutrons absorbed in the
ac< X
moderstor per es per see in a pils with finite sides divided by the
P .. ¥ Y
numbsy producsd per oe per sec. Let Pa0e be the gorvesponding quantity
for & pile with infinite gidss. 1et Fﬂb‘ and  Po,, be the thermal utilize-
tions usually denoted by these symbols without the subseript "y ®. Then

é;v‘idently wa heve that
P‘Am: . PZQOU.:: / 3 (3)
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By subtraction we immediately obtain that
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The gnantity F:wu“%u can be obtained from the s;sc-ac;’%: punericnal
caloulstion of L.R for the ten particular radii chosen in I by merely using
Bg. (11) of I, The guantity s san be obtained frowm Eq. (7) using the
values of the constanis dc, » (:,’D s Y, & oblzined from the c¢slculstions
of I, The numerical calculation of e is thus gtreightforward. 'One must
be careful, however, to compute eech individual term to & sufficient degree

of aoocuracy as there is 8 large amournt of cancelation when the individusal
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terme are mdded and sublracted in Bq. (7). Tadle I

computed in this way for

%N
g 4
& b
2 &
& 7
2 8
3 &
3 7.5
3 i
3 16.6
3 1z

221.8
325.7
44608

580.1

TABLE 1

gives

?40% oM )QL’L
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1060.&

163.3
229.9

S01,3

the values

the three sets of guantities of intersst in
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5.6
14.2
30,8

57,3
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This cslculaticn gives accurately the difference bLetween

57 Paou

The iest column gives the persentage by which

greater than

and
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These gquantitiss ars given in Table II.
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TABLE II

g e E?D.L; ":’?:eu ) "&%“_:&;‘;““ﬁ% % diffevence

' " Facu S Yree .
2 4 111,68 113.6% 7
2 5 1797.2 179 .8 1.6%*
2 6 | 259,7 263 7% 1 .5%%
2 7 357.9 382 ,2% 1 2%
2 8 458.5 474 .1 1.2%
3 & | 138.6 140 4% 1.53%%
3 1.5 221.5 224 5% 104%%
3 g 325.0 329.5= 1.4%%
3 10.5 445 .4 45) 02 . 1.3%
3 12 578 .2 585 4 1.2%

=The finel figurs of the velues marked with an ssterik is not signifi-
ganto :

<=

it is seen thst the relative change in the Traction of neutrons
ebsoroed by the sarbon is a little more than 1% greater than the same

fraction for the uranium,

APPENDIY I
The "usual” walues for the constants woere used in both CP-992
and in this report. They ure

W, 62,% 02277

_4\\ W, =0.752
N N, €.y = 0,000418
¥, = 0.0208
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APPEMDIX 1I
Table III gives the velues for the seven constants, &, , ¢ ,
@,. b, ¥, €., a, . divided by v that were obtainsd from the numericel
calculations described in CF-292, These results should properly have beexn
ineinded in that report.
TABLE IIT
Values of the oconstants divided by U as determined by the boundary contiitions
o 2, %o ®s b Y & a,
20 4 | 99,02205|<4,582.093|-108,508,1 | 444 ,3566 | ~13,621 .43 | ~327,62641] ~11.697.3
2| 5 154,8295 |~4,488,35256]-104,850,1 70356322 | »13,192.65 | -317,312.56] -28,612.8
2] '6 |2EZ.4698 | -4,327 .4801-100,323.98] 1,027 .6534 ~12 ,868.73 | -304,421.7] -60,112.7
21 7 304 1444 | «4 ,162 423 ~95,019.801{1,410.324 -12,023.96 |«289,201.2}-112,131.8
21 8 394.3314 | =3,977.906| -89,090.27|1,840.654 | ~11,312.28 |-272,083.21-~185,651.3
3] 6 78,44377] -6 ,837 709 9105,958?6 418.3604 | -20,068.82 |.322,354.1} =11,480.4
3| 8 |168.8366 {=6,427.589| -94,966,70] 062.2016 | ~18,214 .88 |-262,283.9{ =57,785 .4
3110.51226.4551 | -6,171.828| ~B88,124.32|1,308.148 ~17,022.84 |~273,155.8!-106,460
3112 [28B.7732 | -5,895.208; ~BO,723,.85(1,686.295 | ~15,715.838]|~252,247.2 u173,688
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