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140N-P=379 

Xepon Instabilitl Periods as a_~1on ot 

Flux in ~rmal Piles 
I 

Ko 00 Donel1arl and J 0 Ro Menke 

The significance of Ie1:;; on the stability of piles has been lnws~i= 
gated on various occasions by F .. L<J Friedman, It" Soodak9 G .. P" Nordheim, Lo 7ih 

\ Nordheim. and othe.'f'e.). This memorandum examines the dependence of the xenon perio!! 
on flux 1ell'el with a view towards defining p:'actical flux domains tor future 
piles as determined by xenono Cooperation by 80 Soodak in checking t.he method .­
and A. So Housaholderos computing staff for numerical calculations, ~s gratefully 
acknowledged~ 

~od 
. themal. 

If"dynamic behavior of a/pile due to xenon alone is cons1dered. ,tlolution 
by perturbation methods of the four ba.sic eQuat1o~ of' motion: (nomenclature, Pt;. (IJ)) 

~' t & -- :, :r (r'" fx - Pk)t T 
dt P ·d 

(1&) 

de t(3 k _ ~ 
': 

dt ,J.p Ld 
(lb) 

~ \\1 I).. = 
dt l 

!II: A = t~~ x x (10) 

~ "'t Cr r - Il) • - E"i IS' j (ld) 

gi~es a cubic equat.i.on (2) for A 

. J!k '" (;tTx) Y ~J 2 

>- f +- ~(). + t,) .. - Lp(A-f ~ + f";,.l ( "x -10 tOX) 
(2) 

where A is defined a.s the reciprocal period (equation <':j}) 

. t .. to e"At (3) 



\:t 

\ 

". 

,.4 

? 

t 

~ 

a 

= 2 '" 

j 

fi!l8ults 

~. When plotted, equation (2)' yields the curves shown on the att..llched ' 
graph sheet demonstrating. saturation for instability ~iod8 tor fluxes beyond 
1020 and cut oft below 10~o Two typical values for Jl have been assumed in 
these calculationsI' 10-3 .. CII and 10 ..... Meao P 

The general expression fer ~ can be considerably simplified for the 
following narrow regions of interest" 

(1) when +:!i .10l:2 

.A ~ 0 

(2) when t ~ 10
14 

{¥1-y 41> (j'~ 
....,' j x ';a. 

)\ ~ e J.
p 
+-(1 k~ 

I 

1:x 

where ~ ::. i ltl + (.J k .Q.d~ the effective nSl.\ trm lifetime 
etr r r ' 

R!i'JIlSlrk5 

1:' x ::s. rerx, the Boon "litetilJl$" 4ete:t'B1ne4 by the Deutron nuzo 

(3) when t ~ 1017 

=fk ..... 
":= 

(4) ; 20 
when 10 

Y-(f'k)2+ 4:.t y +~ 
1) x 

22-
1> 

Y"" pk A -:::: . =. conatant,_ - ...(lp 

In this treatment, certain siDlplitying assumptions have been made 
which appear justified for a first-order study of the problema 

flo In writing the oyuations of motion fc.r the pile we have assumed 
an infinite pile, ioe o one with a flat flux distribution, and have neglected all 
second order etfects due to 8pace~tim.e functions of flux" Only the fundamental 
mode or motion of the pile as a. whole is com idersd, 

be Del-.ved neutrons are considered as a single group vd.th a. mean a.vl'i)rage 
. delay p:'l riod of 10 secondsg 11 It SI9$lDI'lEI4 = 0 .. 01 for caleulation.e .. 
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Co In the calculations and graphs, t~o v~lueB for L, the prompt 
I'(eneration time J have been considered" For high nuxes, the~ considerations 
will point toward considera1;>le dilution of. active materi,al and therefore genera­
tl<n times ot 10=3 seconds appear proper" For JOOre concentrated geometries, 
operating at lower nuxes~ lifetimes of 10=4 secoms are possible and have been 
inoluded in this stUdy <-

do At the flux levels for which xenon instability becomes tnteresting9 
the ~~abllity period for the pUe is considerably smaller than the decay period 
tor I :35... Hence 'We neglect chSlll(es in r135 concentration during the perturbation 
periodu 

ee This study considers pile stability as affected b1 anon alone" 
A detailed stu~ including stabilizing factors auch as thermal effects on deneit;r; 
and nuclear propertiee of pUe constituents would in most cases present a more 
accurate and perhaps more optimistic picturgQ In epite of this rather important. 
omisslon8 future flux levels as high as 101 do not appear impossible from a 
XBnon .instabl11t;y point. of view" It is clear tn."t t other considerations (such 
as hisat transfer and radiation stabUitN of rnateris.ls) require critical otud,f 
and ma;y 'Well. ~e l1mitJ.q.g before xenon" 

I:l 
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!.omenclature 

<f> - Flux (nT) 

1.p 

jJ 

fx 

f1 

10. 

c 

i.d 

X 

~ 
t1'" 

X 

I 

~ 
l:.r 
y 

" 

Ix 

prompt generation time 
\ ' 1 

change in pile reactivity due td all effects other than Ie 35 <t assumed:. 0 in this discussion) . 

ehan~~ in pile reactivity due to Xe1J5 

ex ... xo) ~ ;-vi (x ... x ) ox 
~ .. :: 0 
E + (x. ""' x )~ e ,. 0 x . r 

combined"delayed neutron fraction = assumedj6k : O~Ol for 
cal cu lati on s., 

multiplication factor (see f above) 

combined concentrati.on of delayed neutron em:i:tters 

mean R.vera~ delay time for delayed neutrons - assumed 
ld ::::. 10 sec., for ealcula t.i.onso 

Xe135 concentration 

~eCiprocal decay period for Xe135 (3 x 10=5 seo=l) 

cross section in barns for Xe135 (3 x 106 barns) 

1135 concentration, 

reciprocal decay period for 1135 

mac~seop1e fission cross section 

fission yield of 1135 10 .. ,05 for 1135) 
(fission yield of Ie 35- assumed = 0) 

reCiprocal instability period 
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