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UNCLASSIFIED 

SAFETY ROD INTERACTION I N  THE PRCF 

H. ~ a k a t a t a n d  L.C. Schmid 

INTRODUCTION 

Three v e r t i c a l  s a f e t y  rods have been provided i n  the D O moderated 
2 

Plutonium Recycle C r i t i c a l  ~ a c i l i t ~ ( ~ )  (PRCF) . The r e a c t i v i t y  worth of 

(1 )  each rod and the  combined worth of three rods have been measured by 

cor re la t ing  the  f l u x  t r a n s i e n t  which r e s u l t s  when the  rods a r e  dropped i n  

the  reac to r  with t h a t  ca lcula ted  f o r  a  given s t e p  change of r e a c t i v i t y .  

The experiments i n  the PRCF were performed with the  three  s a f e t y  rods 

d i s t r i b u t e d  symmetrically i n  the  core a t  a  radius of 16 inches,  The 

average worth of a  s a f e t y  rod i s  26.1 mk and the  worth of a l l  three  rods 

inse r t ed  simultaneously is  34% l a r g e r  (antishadowing e f f e c t )  than the  sum 

of each individual  rod. 

I"re in te rac t ion  e f f e c t s  have been ca lcula ted  by the  method of Nordheim 

and s e a l e t t a r ( * )  a s  a  funct ion of radius and compared with the experimental 

r e s u l t .  A 31$ antishadowing e f f e c t  i s  ca lcula ted  f o r  a  radius of 16 inches 

and the  e f f e c t  i s  dependent on the  loca t ion  of the  rods i n  the  core.  

Ca_t'crUTIOMAL TECHNIQUE 

The worth of the  s a f e t y  rods i s  determined by comparing the  buckling 
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13 of t h e  r e a c t o r  with the  rods inse r t ed  and t h a t  Bl with the rods removed. 

For s impl ic i ty ,  the core is  assumed t o  be bare,  homogeneous, and c y l i n d r i c a l  
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i n  shape, The three safety  rods a r e  place symmetrically on the same radius 

as shown i n  -l?igure 1. According t o  one-group, perturbation and diffusion 

theory, the c r i t i c a l  equation i s  

2 2 2  
and a change of buckling AB = B1-B i s  compensated by a change i n  Ak f o r  

the reactor t o  remain c r i t i c a l .  

The reac t iv i ty  change caused by the inser t ion of a safety  rod i s  

2 -  ABr 
Ak = (L-1) - = - 

B~ E) Br 
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Where Br and B a re  the rad ia l  buckling and ax ia l  buckling respectively z 

and km i s  the multiplication fac tor  f o r  an i n f i n i t e  reactor.  The change 

AB is calculated from solutions of the reactor equations as  obtained by 

Nordheim and Scalet tar .  

According t o  the Nordheim and Sca le t ta r  treatment 
( 3 ,  'c : )  

of absorbing 

rods-be general solution of the reactor equations is expressed by a sum of 

regular and i r regular  par t s  which a re  independent of the azimuthal angle 

and which contain s ingular i t i es  a t  the posit ions of the rods. The i r regular  

solution predominates i n  the neighborhood of each rod and the regular 

solution predominates everywhere e lse .  The complete solution i s  forced t o  

s a t i s f y  the boundary conditions t h a t  it vanish a t  effect ive surfaces of 

the rods and a t  the reactor boundary. With t h i s  procedure the equation f o r  

a c r i t i c a l  reactor with one off center safety  rod is 




































