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Xenon Instability Periods as a Function of

Flux in Thermal Piles

Xo O, ﬁbnelian and J, R. Menke

The sigpificance of 6™ on the stabllity of piles has been investi-
gated on various accasions by F. L., Friedman, H, Soodak, G. P, Nordheim, L. W.
“Nordheim and othere. This memorandum examines the dependence of the xenon period
on flux level with a view towards defining rractieal flux domains for future
piles as determined by xenon. Cooperation by H. Scodak in checking the method -
and A, 5. Houssholder's computing staff for numerical calculations, is gratefully
acknowledged.- .

Hethod
. : " theranl
If ‘dynamic behavior of afpile due to xenon alone is considered, solution

by perturbation methods of the four basic equations of motion: (nomenclature, Pg. (4))

@, <
at 'Qb(fafx”fk) 4, . ‘(lﬂ)._‘
ii = ff_lf., .:, | (1b)
at ‘,Qp ﬁ.d ’ '
dx .
o I}\Z - xkx = foyx | glt‘:)
g%:-:: %Effal)\i .‘='  %‘ff’il'gc} ) (ld)
gives a cubic equation (2) for A
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2, + %,d) L A+ go7) (n, + o)
~where A is defined as the reciprocal period {equation (3))
p\2 - A
= 4»0@ | (3)




Results

¥hen plotted, equation (2) yields the curves shown on the attached -

gr%Bh sheet demonstratingﬁaturat.ion for instebility periods for fluxes beyond
10V and cut off below 10°<. Two typical values for )Qp have been assumed in

these calculations, 10°3 gecs and 10"% gecs.

The general expression far X can be considerably simplified for the
following narrow regions of interest.

(1) when ¢ & 10%2
A= 0
(2) when = 207k

Yoo

A v, [t
T PR e &

where 2 = ﬁp - ﬁk@d;, the effective neutran lifetime
eff ‘

lg'x a {aa;; s> the xenon"lifetime" dotermined by the neutron flux.

(3) when ?%‘1017 ‘ '
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(L) when 4> 10

Y - .
A o _,..._ﬁ__ = constant.
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Remarks

o this treatment, certain simplifying assumptions have been madse
which appear justified for a first order study of the problem.

a. In writing the equations of motion for the pile we have assumed
an infinite pile, i.e. one with a flat flux distribution, and have neglected all
second order effects due to space<time functions of flux. Only the fundamental
mode or motion of the pile as a whole is considered,

" b. Delayed neutrons are considered as a single group vith a mean averags

delay period of 10 seconds, 4 k sesumsd = 0.0L for calculations.
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¢. In the calculations and graphs, two values for -Qé, the prompt
generation time, have been considered. For high fluxes, thermal considerations
will point toward considerable dilution of active material and therefore genera=
tion times of 103 seconds appear proper. For more concentrated geometries,

operating at lower fluxes, lifetimes of 10=% seconds are possible and have been
included in this study. :

d. At the flux levels for which xenon inatﬁbility becomes interesting,
the 12 tability period for the pile is considerably smaller than the decay period

for I Hence we meglect changes in I135 concentration during the perturbation
pariw.u !

e. This study considers pile stability as affected by xenon alone. »
A detailed study including stabilizing factors such as thermal effects on density
and nuclear properties of pile constituents would in most cases present a more
accurate and perhaps more optimistie picturz In spite of this rather important
cmission, future flux levels as high as 1046 do not appear imposgible from a
xenon instability point of view. It is clear that other considerations (such
as heat transfer and radiation stability of materisls) require critical atudy
and may well be limiting before xenon.
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Nomenclature

$ — Flux (av)

——— prompt generatiom time

135

4
P - change in pile reactivity due to all effects other than Xe
(}o assumed = O in this discussion)

Px = change in pile reactivity due to X135

(x=-x) o7  (xex) oy

Px = - — =
2 E.f + (x xo)u;( ‘ &f
£ — combined delayed neutron fraction - assumed Gk = 0.01 for
calculations, '

¥  — multiplication factor (see /@ above)

¢ -— combined concentration of delayed neutron emitters

‘Qd - —— mean average delay time for delayed neutrons - assumed
gd = 10 sec. for ealculations,

——  Xel35 concentration
- reciprocal decay period for Xens (3 x 10°° sec:“l)

— cross section in barns for Xe13 5 (3 x 106 barns)

x
ov
x

I —— 1135 concentrat ion.

: . 135

—— reciprocal decay period for I
éf —— macroscopic fission cross section
Y

—  fission yield of T-3° (0.05 for I'3%)
(fission yield of Xel>> assumed = 0)

A —— reciprocal instability period
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