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VARIATIONAL METHOD FOR CALCULATING PIL: PROPERTIES

Continued operation of a pile at fluxes néw contemplated
will déstroy an appreciable amount of fissionable material in a
relatively short time. For example, 25 1s destroyed at the
rate of 2,27 per day in a slow-neutron flux of 4 x 1014 cm~2
‘sec™l (the maximum flux anticipated in the enriched pile now
being desighed). After a week or two of operation under such
conditions the local multiplication constant and the neutron dis-
 tribution will have changed considerably; in fact, the changes
are so large that‘firét—§rder perturbation theory, the mathemati-
cal tool most frequently used for detailed pile‘calculatiéns, is
no longer applicable. Therefore a variatibnal method has been
applisd to calculaﬁions of (1) the effective chénge in multipli-
- cation constant (Eikeff) and (11) the importance of higher
harmonics in the neutron density.

'The pile squation with varisble buckling g

VQQ +BQ - o | (1)

can be written in the variational form
o 2
ngvg)) - B? ] av = 0 (2)

provided that the buckling B does not depend upon <? and 1its

N

derivatives. The function q7 s defined more carefully later, is
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almost proportional to the slow-neutron density..and the varia-
tion & 1s performed upon the coefficlents ay ‘of the harmonics
QDi in the expansion of 4? .

Upon the introduction of a change in multiplication con-
stant & kgpe vhich is uniform throughout the pile and of such
magnitude that thes slow neutron density‘dqes not change appreci-
ably dUring many neutron lifetimes, the two-group pile equation

may be written

4 2 1 1 k + 51( -1
_‘7 n +‘7 (_“~. + —— eff .
57) ng p + ) n_ =0 (3)
s 12, L2 ' Ps LR, Lo, s (s)

Here ng, sz, Lgs and k are the theormal neutron density, age,
thermal diffusion length, and multiplication constant respective-
ly. The last two quantitieé are related to their values Lso and
ko at time t = O by the equations

¥ 25
_ _S ng v Oy, at

=] O (4&)
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where k , f, and 1911 C’a)o are the inital multiplication con-
stant, thermal utilization, and macrosccpis absorption cross-
section per unit volume, respectively, and the terms with
superscripts Xe and Sm refer %o xenon and samarium polsoning.

The poisoning by fission products other than these two
is assumed to be fifty barns per filsaion (private communica- _
tion, L. . ilarshall to A. !. Veinberg). It is taken into
account in the numerical coefficlent ..935; Finally, it should
be noted that at the-high neutron fluxes now‘contem.plated the
term (N}{e O—aXe ¢ opom O__aSm) / (NO;)O 1in (4b) i's nearly
constant after steady-state operational conditions are reached;’
its wvalue is.appfoximately £y Y/ (x + 9), in which Y is the
sum of the fission yieclds of xenon and samarium (.058 + .013).

[» ]
and Q 1is the "branching ratio" o- 2 /0?25 (0.18).

Following a suggestion of ., Greuling, we can replace V4 ng

2 -
in (3) by Al \Y4 n . in vhich Al is the eigenvalue of the
fundamental neutron distribution for the Laplacian operator. This

approximation leads to the equation

\

vz

(1 1 kot dkgpp - 1
(*2-- +*+ TR - A In + oLl
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Tbe tunction & and the buckling B in equation (1) above car
now ke delined more carefully by comparison with (5). IMurther-

mere, before actually performing the variation indicated in (2)

it is advisablé to multiply by Lef (a constant) and to use the
relationshln
25 ‘
2 .. V<€
12, B = Okypp ~ 1+ L &P
« 333
(6)
} 8«)
YL_CR o 12 1, (- 12 A) (bk, vp-1
o m f (o] '__-_‘) + L (l-L f 1)( ksl'f- )
e 2953 .933
2
o + 1%, (250 1)
2
L%

in anten U 2S£ , -

in which » & and p are the average number of neutrors per
25 f‘issicﬁ, fass effect, and reéonance ascape probability respectif
vely {the last two being verv close %o unity in this case), and

me L‘?f + L‘?S( - sz L Al" The quantity Lgsm/Lzs -1 must.
be celcuiated from equation '(4b) using a suitabily chosen awerage
fluax agv in the exponentlal term for the variation is rot to be
pe rifurmed upon the buckling itself. Equation (8) remains valid
cver 3 wider rahge of operating conditions if ¥ is replaced by

(L +9) (Nxeo;fe s WOB oo Sy /5 (1oy,),

To iilustrate the method, calculations will be made for a

spherical pile of radius R. Equation (2) then becomes

A XBOOGIBXE X O R R X xndomabdairx ik Rzpbdamoti@xmadkrral dalense
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R . .
£§ L2, (VQ) ¢ B 6? st r? ar =0 (2a)
o

: z ' sin ] r/R

o - a . 7

with Q J M r/R (7)

J=1
'E.quation {2a) can be transformed into
' 2 S
2 1
6 LfA].Zaj (1”?) *Z-Z.uajak ij -0
(8)

in vhich @ «'«‘.“- 2 'é-injy L? B'+L2Aisinkydv
’ The single variational equation (8) is equivalent to a ast

of homogeneous linear squations

2 _
L Al (1-""3'2') 83" ; 'uljk ”OQJ‘g 1, cces n
(9)
The solution in first approximation is
) 2 1
&j/ﬂl"QJl/LfAl(l—'—jz') and
2, - Qu (d¥,pps T) = O.
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Numerical results for -the case fo v« 0,65, central flux

ol4 -2 -1

4 x 1 cm sec —, are

ay/ay = ~0.014 T,oas/al 2 + 0,0005 T3

Skope/kc = .0092 T + 6,5 = 107° 12

where T is the time of operation in days°
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