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A b s t r a c t :  

The d e t e r m i n a t i o n  of t h e  prompt power c o e f f i c i e n t  of a  f a s t  r e a c t o r  by 

means o f  s p e c i a l  de layed  superprompt c r i t i c a l  e x c u r s i o n s  has  been i n v e s t i -  

g e t e d .  If t h e  r e a c t i v i t y  i s  i n s e r t e d  a s  a  f a s t  ramp l i m i t e d  below prompt 

c r i t i c a l ,  t h e  changee of t h e  n e u t r o n  flux a f t e r  t h e  prompt jump r e s u l t  from 

t h e  o o m p e t i t i o n  of t h e  i n c r e a s e  o f  feed-back and de l ayed  n e u t r o n e .  The h e i g h t  

of  t h e  prompt jump and t h e  l t s lope l '  of t h e  f l u x  a f t e r  t h e  prompt jump p e r m i t s  

t o  d e t e r m i n e  t h e  prompt power c o e f f i c i e n t .  I n  t h e  s p e c i a l  c a s e  i n  which t h e  

c o m p e t i t i o n  i s  comple t e ,  t h e  prompt power c o e f f i c i e n t  is d i r e c t l y  conneoted  

t o  t h e  h e i g h t  o f  t h e  prompt jump. The a c c u r a c y  of t h e  method i s  d i s c u s s e d  

e x t e n e i v e l y  and improvements of t h e  a c c u r a c y  a r e  i n v e s t i g a t e d .  The 

a c h i e v a b l e  h i g h  a c c u r a c y  can  be used  t o  t e s t  f i n e r  d e t a i l s  o f  t h e  Doppler  

c o e f f i c i e n t  t h e o r y  a s  e .g .  t h e  dependence on t e m p e r a t u r e  and t e m p e r a t u r e  

p r o f i l e  and on d i f f e r e n t  f u e l  compos i t i ons  i n  f a i r l y  s m a l l  zones .  



I. I n t r o d u c t i o n  

The v e r y  e h o r t  g e n e r a t i o n  t ime  of  t h e  n e u t r o n s  i n  f a s t  r e a c t o r s  i e  a n  

advan tage ,  i n  l i m i t i n g  power e x c u r s i o n s ,  i f  t h e r e  i s  a n  i n h e r e n t  prompt 

n e g a t i v e  t e m p e r a t u r e  c o e f f i c i e n t  of a  s u f f i c i e n t  magnitude.  The i n h e r e n t  

prompt t e m p e r a t u r e  c o e f f i c i e n t  i n  ceramic  f u e l e d  r e a c t o r s  i s  main ly  

caused  by Doppler-broadened r e s o n a n c e s .  The c o l c u l a t i o n  of i t s  r e a c t i v i t y  

e f f e c t  can be done only  wi th  a  v e r y  l i m i t e d  a c c u r a c y  because  t h e  

n u c l e a r  r e sonance  d a t a  e s p e c i n l l y  f o r  t h e  f i s s i l e  m a t e r i a l  a r e  f a i r l y  

u n c e r t a i n  i n  t h e  main r ange  of i n t e r e s t  i n  f a s t  r e a c t o r s .  A s u f f i c i e n t  

improvement of t h e s e  n u c l e a r  d a t o  from t h e  t h e o r e t i c a l  o r  e x p e r i m e n t a l  s i d e  

i a  a long  te rm u n d e r t a k i n g .  T h e r e f o r e  an  e x t e n s i v e  d i r e c t  measurement 

of t h e  Doppler  c o e f f i c i e n t  and i t s  dependency on f u e l  composi t ion  and 

t e m p e r a t u r e  i s  impro tan t  f o r  t h e  d e s i g n  of  f a s t  r e a c t o r s .  

The "meaaurement" needs t h e o r e t i c a l  r e l a t i o n s  between t h e  t e m p e r a t u r e  

c o e f f i c i e n t  ( ~ o p ~ l e r - c o e f f i c i e n t )  and d i r e c t l y  measureable  q u a n t i t i e e .  

I n  t h i e  pape r  t h e  t h e o r y  of s p e c i a l  de layed  s u p e r c r i t i c a l  e x c u r s i o n s  

has  been i n v e s t i g a t e d ,  t o  f i n d  such  r e l a t i o n s .  The v e r y  s h o r t  g e n e r a t i o n -  

( o r  1 i f e ) - t i m e  of t h e  n e u t r o n s  a l l o w s  t o  s i m p l i f y  t h e  mathemat ica l  

t r e a t m e n t  s o  much, t h a t  a  s i m p l e  r e l a t i o n  connec t s  t h e  Doppler- 

c o e f f i c i e n t  t o  a  s p e c i a l  f l u x  v a l u e  ( e q u . ( 2 1 ) ) .  The a c c u r a c y  of t h i s  

meaaurement can  be i n c r e a s e d ,  i f  t h e  measured f l u x  "shape" d u r i n g  t h e  

e x c u r s i o n  i s  u sed  ( e q u . ( 2 j ) ) .  



11. S i m p l i f i e d  mathemat ica l  t r e a t m e n t  

The t ime  dependent  n e u t r o n  f l u x  d u r i n g  a  power e x c u r a i o n  is  t o  be c a l c u l a t e d  

from t h e  r e a c t o r  dynamic d i f f e r e n t i a l  e q u a t i o n  

where 

1 is  t h e  mean n e u t r o n  l i f e - t i m e ,  

$ ( t )  is  p r o p o r t i o n a l  t o  t h e  space  and energy  i n t e g r a t e d  n e u t r o n  f l u x  and i n  

t h e  f o l l o w i n g  measured i n  u n i t s  of 1  MW; 

d k ( t )  i s  t h e  exces s  m u l t i p l i c a t i o n  f a c t o r  i n  u n i t s  of ß, d e s c r i b i n g  a f a s t  

i n s e r t i o n  of Ak (1 (13 is  t h e  f r a c t i o n  of de l ayed  n e u t r o n s ) ;  

~ ( t )  i s  p r o p o r t i o n a l  t o  t h e  s o u r c e  of  de layed  n e u t r o n s  [ the  c o n s t a n t  of pro-  
1  

p o r t i o n a l i t y  - i s  n o t  r e l e v a n t  f o r  t h e  f o l l o w i n g  c o n s i d e r a t i o n  ( i s  t h e  C 
mean macroscop?c a b s o r p t i o n  Cross s e c t i o n ) ]  

~ ( t )  d e s c r i b e s  t h e  prompt r e a c t i v i t y  feed-back.  

B e g l e c t i n g  t h e  h e a t  t r a n s f e r  t o  t h e  coo lan t  i n  a  f i r s t  s h o r t  t ime  i n t e r v a l  

a f t e r  t h e  beginning  of t h e  e x c u r s i o n ,  t h e  feed-back te rm s p l i t s  u p  i n  t h e  

prompt power c o e f f i c i e n t  ( y  i n  and t h e  i n t e g r a t e d  a d d i t i o n a l  power 
M W s  

( i n  MWS): 
t 

which is used  i n  t h e  fo l lowing .  fi0 deno te s  t h e  i n i t i a l  power ( a t  t - 0 ) .  

I n s  t e a d  of  ( 2 )  a n  e x p r e s s i o n  c o n t a i n i n g  a n  e x p o n e n t i a l  f u n c t i o n  d e s c r i b i n g  t h e  

h e a t  t r a n s f e r  could  a l s o  be used .  

The n e u t r o n  f l u x  i n  e x c u r s i o n s  f o l l o w i n g  a  f a s t d k - i n s e r t i o n  l i m i t e d  below ß 

i n c r e a s e s  v e r y  r a p i d l y  t o  r e a l i s e  t h e  new s o u r c e  m u l t i p l i c a t i o n .  T h i s  "prompt 

jump" o c c u r s  w i t h  a  t ime c o n s t a n t  

t* = 
1 ( 1 0 - ~ s e c  f o r  = 1 0 - ~  s e c  and d k  = 0.9)  

ß (1  - d k )  

A f t e r  t h e  prompt jump t h e  d e l a y e d  n e u t r o n  s o u r c e  ~ ( t )  a s  w e l l  as t h e  

r e a c t i v i t y  feed-back i n c r e a s e ,  caused by t h e  i n c r e a s e d  n e u t r o n  f l u x .  The 



'; Et $a :a 
G a q  .. 
R 
1 t i m e  c o n s t a n t s . o f  t h e  changes of Q and R a r e  of  t h e  o r d e r  of  1 second and 
%< 

t h e  t ime  c o n s t a n t  of t h e  f u r t h e r  n e u t r o n  flirx a l t e r a t i o n  must be  of  t h e  

* same o r d e r  of magnitude.  T h e r e f o r e  i s  small s o  t h a t  $ t imes  1, t h e  very 
' s h o r t  n e u t r o n  l i f e - t i m e ,  can  be dropped ,  and t h e  c o m p e t i t i o n  of  t h e  Q and R 

i n c r e a s e  de t e rmines  t h e  f u r t h e r  f l u x  shape .  I n  t h i s  app rox ima t ion  t h e  

prompt jump i s  c o n t r a c t e d  i n  a s t e p .  The f l u x  a f t e r  t h e  prompt jump is  t h e  

S o l u t i o n  of t h e  f o l l o w i n g  System of a l g e b r a i c  and d i f f e r e n t i a l  e q u a t i o n s :  

w i t h  

and 

mhere /t deno te s  t h e  timeafterthe ( s u i t a b l e  d e f i n e d )  end of  t h e  prornpt jump. 

g,q, r a n d  ci a r e  t h e  t ' approximat ive"  q u a n t i t i e s  f o r  B ,  Q ,  R and C i . c  i ' 
A i  and Bi  a r e  t h e  c o n c e n t r a t i o n s ,  decay-cons t l in t s  and t h e  cor i t r ibu t ioni l  

o f  t h e  d e l a y e d  n e u t r o n  p m u r s o r s .  

Becausc Y(o) is  a s l o w l y  v a r y i n g  i u n c t i o n  i e  s o l v v  t h ~  oysrur ( 4 )  t o  ( D )  i r i  

t c r m  of a T a y l o r  expünsion:  



Insertion of (7) and (8) into ( 6 )  leads to a recursion-formula for the 

caloulation of the expansion-coefficients of the concentrations of the 

delayed neutron precurcors: 

Po denotea the constant neutron flux before the excursion, whereas .f(o)=y0 
in equation (7) meana the neutron flux after the prompt jump. 
The calculation of the first fer coefficients civ yields after insertion 

into equation (5) the expansion-coefficients of the delayed neutron sourcea 

where 

Equation (2) connects the expansion-coefficients of the reactivity feed- 

back and the neutron flux: 

result ing 

( 1 6 . 1 )  = y('p0 - Po) 

(16 .2 )  r - Y ;  Yv- 1 V = 2,3 ... 
V 



r and h i g h e r  te rms  r o u l d  be i n f l u e n c e d  i f  we w o u l d  include h e a l  transfer 
2 

t o  t h e  c o o l n n t .  

A f t e r  e x p r c s s i a z  n l l  t h c  c o e f f i c i c n t n  i n  te r i r s  of t h e  corvff icier i to  

i n o e r t i o n  i n t o  t h c  " reduced '  dynamic e q u n t i o n  a l l o r s  t b e  c a l c u l s t i o n  O S  

t h e  f l u x  c o e f f i c i e n t s :  

(17 .0 )  connec t s  t h e  prompt jump w i t h  A k .  Toge the r  w i t h  ( 1 5 . 0 )  

r e s u l t s  

(17 .1 )  shows t h a t  t h e  f l u x  r i s e  a f t e r  t h e  prompt jump c o n s i s t s  

of  a p o s i t i v e  term caused  by t h e  i n c r e a s i n g  de l ayed  n e u t r o n  

s o u r c e  n h i c h  i s  p r o p o r t i o n a l  t o  yo - f lo and a  n e g a t i v e  feed-back  

p a r t  p r o p o r t i o n a l  t o  ( y 0  - )  . '9,. The c h o i c e  o f  yo p e r m i t s  t o  

Change t h e  deg ree  of compensat ion.  and Y ,  can  be de t e rminded  

by f l u x  measurement d u r i n g  t h e  e x c u r s i o n .  Then ( 1 7 . 1 )  g i v e s  t h e  

prompt power c o e f f i c i e n t  a s  

I f  one r e a l i z e s  e x p e r i m e n t a l l y  t h e  e x c u r s i o n  f o r  which 

( t h i s  s p e c i a l  (Po we d e n o t e  bg Y:), t h e n  (19) o i m p l i f i e s  t o  



( ~ o t e :  i t  i s  n o t  neceasa ry  t o  knor  Ak! ) 

Example: 

- 
A = 0.40 sec-' f o r  U 2 3 5  

t h e n  

Using power d i s t r i b u t i o n  and t h e  h e a t  c a p a c i t y  of t h e  f u e l  one can  e v a l u a t e  

t h e  Doppler-coeff i c i e n t  i n  L. 
0 
C: 

111. Discuss ion  of t h e  accu racy .  

A s  a  more d e t a i l e d  example we can u s e  t h e  c a l c u l a t e d  excura ion  shapes  p l o t t e d  

i n  f i g u r e  1 .  Each curve  be longs  t o  a  s t e p  e x c u r s i o n  w i t h  Ak-va lue  ( i n  $)  as 

des igned  on t h e  r i g h t .  

The parameters  used  i n  c a l c u l a t i n g  f i g s .  1 t o  4: 

po - 10  MW 

ß 4 -1 - = 10 s e c  ( a  r e a s o n a b l e  v a l u e  f o r  a  f a s t  r e a c t o r  w i t h  a  ceramic  f u e l )  1 

Bi The - - and Ai-values a r e  r e a s o n a b l e  v a l u e s  f o r  lJ2j5 1 1  1. B 

T a b e l l e  1 



I n  f i g u r e  1 a r e  p l o t t e d  f l u x  shapes  of such  e x c u r s i o n s  f o r  which t h e  

a l t e r a t i o n  of t h e  f l u x  a f t e r  t h e  prompt jump i s  s m a l l .  A s  can be Seen from 

f i g u r e  1  t h e  f l u x  of t h e  .943 e x c u r s i o n  c l e a r l y  i n c r e a s e s  and t h a t  of t h e  

,947 e x c u r s i o n  c l e a r l y  d e c r e a s e s  a f t e r  t h e  prompt jump. F o r  t h e  .945 

e x c u r s i o n  t h e  f i r s t  o r d e r  a l t e r a t i o n  of t h e  f l u x  seems t o  v a n i s h .  T h i s  f l u x  

which g i v e s  0.40 = 2 .2  . to-3 -L 
Y = 182.2 MWs M W s  

The e r r o r  l i m i t s  a r e  s rna l l e r  t h a n  18,2 - + 0.35 t h a t  means s m a l l e r  t h a n  2%. 

The i n a c c u r a c y  coming from t h e  f l u x  measurement r e l a t i v e  t o  flo s h o u l d  be 

s m a l l e r  a t  t h e s e  f l u x  l e v e l s .  

The f a c t  t h a t  i n  p r a c t i c e  a  r e a c t i v i t y  s t e p  can  be r e a l i z e d  o n l y  a s  a  

l i m i t e d  f a s t  ramp has o n l y  a  s m a l l  i n f l u e n c e  on t h e  r e s u l t s ,  because  t h e  

f l u x  s h a p e  s h o r t l y  a f t e r  t h e  prompt jump i s  n e a r l y  t h e  Same i n  b o t h  

( s t e p - a n d  l i m i t e d  ramp) c a s e s  ( t h e  main f l u x  r i o e  comes a f t e r  t h e  r e a c t i v i t y  

i n p u t  i s  f i n i s h e d )  (oomp. f i g u r e  2). The t e m p e r a t u r e  dependence o f  t h e  

D o p p l e r - c o e f f i c i e n t  is n e g l e c t e d  above.  A s  can be Seen from f i g u r e  I t h e  

d e s c r i b e d  measurement needs a  t ime  of abou t  50 msec a f t e r  t h e  prompt jump. 
X 

The t e m p e r a t u r e  increases /of  t h e  f u e l  a t  t h e  p o w e r y o  i n  t h i s  t ime  i n t e r v a l  

i s  o f  t h e  o r d e r  of magnitude of l o O ~ .  T h e r e f o r e  t h e  method d e s c r i b e d  above 

measures  t h e  D o p p l e r - c o e f f i c i e n t  a t  a  t e m p e r a t u r e  T  i n  a  srnal l  i n t e r v a l  
0 4 T  ( ~ 1 0  C ) .  A r ough ly  known t e m p e r a t u r e  dependence can be t a k e n  i n t o  accouni  

a s  a p e r t u r b a t i o n  t o  improve t h e  a c c u r a c y  of t h e  measurernent. 

A s  mentioned above t h e  t r a n s f e r  of t h e  " a d d i t i o n a l t '  h e a t  t o  t h e  c o o l a n t  can 

e a s i l y  be  t a k e n  i n t o  accoun t  , equs , ( I  9 )  and (21  ) , homever, r ema in  unchanged. 

Ano the r  p o s s i b l e  s o u r c e  of e r r o r  comes from h i g h e r  f l u x  modes. If e.g.  t h e  

l i m i t e d  r a m p ~ k  i s  produced by e j e c t i n g  a n  a b s o r b i n g  r o d ,  t h e  h i g h e r  modes 

d e s c r i b i n g  t h e  f l u x  d e p r e s s i o n  n e a r  t h e  i n i t i a l l y  i n s e r t e d  r o d  w i l l  d e c r e a s e  

d u r i n g  t h e  e x c u r s i o n .  T h e i r  i n f l u e n c e ,  however,  shou ld  be s m a l l  i f  

A k  (1 ;b, and if Ak .i c o n s t a n t  d u r i n g  t h i s  p a r t  of t h e  e x c u r s i o n  which i s  

u s e d  f o r  t h e  measurement.  

An i n h e r e n t  u n c e r t a i n t y ,  however,  i s  t h a t  of h ,  which i s  of t h e  o r d e r  of 

magni tude  of  some' p e r c e n t  . 



-- - 

I,10 -8-  

The d i s c u s s i o n  of  t h e  d i f f e r e n t  s o u r c e s  of e r r o r s  shows t h a t  t h e r e  a r e  two 

i n h e r e n t  ones:  

1. t h a t  of t h e  method i t s e l f  ( n e g l e c t i n g  t h e  s t r u c t u r e  of  t h e  prompt jump) 

2. t h e  u n c e r t a i n t y  of Ä. 

I n  t h e  f o l l o w i n g  c h a p t e r  improvements of t h e s e  two u n c e r t a i n t i e s  a r e  

i n v e s  t i g a t e d .  

I V .  Irnprovement of t h e  accu racy .  

I n  t h e  method d e s c r i b e d  i n  s e c t i o n  I1 t h e  d e r i v a t i v e  term $1 is n e g l e c t e d  

which has  two consequences : 

1 .  The prompt jump i s  c o n t r a c t e d  t o  a  f l u x  s t e p ,  which h a s  a c c o r d i n g  t o  t h e  

s m a l l n e s s  of t h e  mean n e u t r o n  l i f e - t i m e  i n  i t s e l f  a  v e r y  small i n f l u e n c e  

on t h e  r e s u l t .  

2.  During t h i s  " con t r ac t ed I1  prompt jump t h e  i n c r e a s e  of  feed-back  a n d  of 

t h e  de l ayed  n e u t r o n  s o u r c e  i s  n e g l e c t e d .  

T h i s  second consequence a f f e c t s  s l i g h t l y  t h e  h e i g h t  o f  t h e  prompt jump and  

g i v e s  s m a l l  c o r r e c t i o n s  t o  t h e  fo rmula  f o r  t h e  " t a n g e n t "  a f t e r  t h e  prompt 

jump d e r i v e d  i n  s e c t i o n  11. T h i s  c o r r e c t i o n  t e rm can  be  c a l c u l a t e d  from 

t h e  I'shape" of  t h e  prompt jump which must be l i m i t e d  f o r  t h i s  c o r r e c t i o n  t o  

s u i t a b l e  t i m e  a f t e r  t h e  beg inn ing  of  t h e  e x c u r s i o n .  

I n  a f i r s t  o r d e r  app rox ima t ion  t h e  shape  of t h e  prompt jump can  be  

c a l c u l a t e d  u s i n g  t h e  i n i t i a l  . r a lues  o f  feed-back and d e l a y e d  n e u t r o n  s o u r c e :  

( 2 2 )  ~ ( t )  = 0 and ~ ( t )  = Qo, d u r i n g  t h e  prompt jump. 

A k ( t )  can  be s i m p l i f i e d  a s  a  l i m i t e d  ramp. From t h i s  f l u x  s h a p e  t h e  feed-back  

and  t h e  i n c r e a s e  of  ~ ( t )  "du r ing"  t h e  prompt jump can  be  e s t i m a t e d  and  b e  

u s e d  i n  c a l c u l a t i n g  t h e  c o r r e c t i o n  te rms  ment ioned  above.  

The o r d e r  of magnitude of t h i s  c o r r e c t i o n s  on t h e  h e i g h t  of  t h e  prompt jump 

can  be Seen  from f i g u r e  1 ,  where t h e  r e s p e c t i v e  c o r r e c t  v a l u e s  a r e  i n d i c a t e d  

on t h e  o r d i n a t e .  A f u r t h e r  improvement of t h i s  c o r r e c t i o n  t e r m  i s  u n n e c e s s a r y  

b u t  i t  could  be r e a c h e d  u s i n g  a measured c o r r e c t  s h a p e  of t h e  prompt jump 

i n s t e a d  of t h e  f i r s t  o r d e r  app rox ima t ion .  

But i f  one wants  t o  u s e  a  measured f l u x  s h a p e  a t  a l l  i t  i s  b e t t e r  t o  t u r n  

t o  a method i n  which t h e  dynamic e q u a t i o n  i s  i n v e r s e d  s t i l l  more d i r e c t l y  

t h a n  i n  t h e  method d e s c r i b e d  i n  s e c t . 1 1 .  The c o n n e c t i o n  o f  t h e s e  two 

methods is  d i s c u s s e d  below. 

By i n v e r s i o n  of t h e  d i f f e r e n t i a l  e q u a t i o n  ( 1 )  we d e f i n e  a f u n c t i o n  



? ( t , d k ) ,  where k i s  a  c o n s t a n t  pararncter :  

w i t h  

A i  and Bi i n  ( 2 4 )  a r e  kno in  q u a n t i t i e s .  Be do n o t  want t o  c o n s i d e r  c f f e c t s  

coming f r o n  u n c o r t n i n t i e s  i n  A and ßi  f o r  t h o  noment. Thcn 7 ( t , d k )  can  
i 

be c a l c u l a t e d  u s i n g  t h e  measured f l u x  $ ( t ) .  I t  t u r n s  o u t  t h a t  Y i s  s t r o n g l y  

t ime-dependent  a s  long  a s  f o r  t h e  I1parameter"Ak i s  n o t  i n n e r t c d  v e r y  

p r e c i s e l y  t h a t  v a l u e  which has produced t h e  e x c u r s i o n  s h a p e " ( t ) .  F o r  t h e  

l l c o r r e c t v  v a l u e  of ~ k  t h e  f u n c t i o n  7 i s  c o n s t a n t  and e q u a l s  ( t h e  prompt power 

c o e f f i c i e n t :  

( 2 5 )  Y ( t  , ~ k ~ ~ ~ , ~ ~ t  ) = y = c o n s t .  

f o r  t > T ,  where i s  t h e  t ime a t  which t h e  t o t a l  r e a c t i v i t y  is  i n s e r t e d .  

F i g u r e  3 and 4 show t h e  s e n s i t i v i t y  t o  t h e  c h o i c e  o f d k .  An e r r o r  i n a k  of 
- 6 

1 0  ( 3  . 1 ) produces a  s t r o n g  t ime dependency. I n  f i g u r e  3 is 

p l o t t e d  f o r  s t e p  e x c u r s i o n s  and i n  f i g u r e  4 f o r  l i m i t e d  ramp (5$/sec)  ex- 

c u r s i o n s .  T h i s  method t h e r e f o r e  s i m u l t a n e o u s l y  g i v e s  y a n d q k  v e r y  a c c u r a t e l ~  

V .  The i n f l u e n c e  of t h e  u n c e r t a i n t i e s  of A i  and Bi .  

The a c c u r a c y  of t h e  methods d e s c r i b e d  i n  s e c t i o n  I1 2nd I V  i s  main ly  l i m i t e d  

by t h e  u n c e r t a i n t y  of h,  t h e  mean decay c o n s t a n t  o f  thg/delayed n e u t r o n  

4 
' ( 23 )  g e t s  i n d e n t i c a l  w i t h  ( 2 1 ) ,  i f  $ ( t )  = = c o n s t a n t  



p r e c u r s o r s .  I n  ( 2 1 )  y i s  d i r e c t l y  p r o p o r t i o n a l  t o  Ä. I n  c q u a t i o n  ( 2 3 )  t h e  

dependency on t h e  de l ayed  n e u t r o n  c o n s t a n t s  is  more compl i ca t ed .  T h e r e f o r e  

we r e w r i t e  ( 2 3 )  t o  show t h a t  i n  a  f i r s t  o r d e r  a p p r o x i m a t i o n  t h e  main un- 

c e r t a i n t y  Comes frorn h a l s o :  

where ( 1 2 )  i s  used  and bi i s  

Because we a r e  i n t e r e s t e d  i n  t h e  behav io r  i n  a  s m a l l  t i m e  i n t e r v a l  a f t e r  t h e  

beg inn ing  of t h e  e x c u r s i o n ,  we can expand t h e  e x p o n e n t i a l  f u n c t i o n  i n  ( 2 6 )  

and g e t  

w i t h  

- 
To f i n d  ou t  t h e  i n f l u e n c e  of t h e  i n a c c u r a c y  o f  t h e  hm we s p l i t  

- 
m where A c  d e s i g n s  t h e  unknown " c o r r e c t u  v a l u e s  of decay  c o n s t a n t  moments. 

Then ~ ( t )  s p l i t s  i n t o  a  c o r r e c t  p a r t  and i n t o  a n  e r r o r  p a r t :  

I n s e r t i o n  i n t o  ( 2 3 )  g i v e s  



3 
:i 
4 
3 
2 The first term i n  ( 3 2 )  equals  t he  " ~ o r r e c t ~ ~  func t i on  Tc ( t  ,dk), which is ;L 
:1 
S constant  f o r  t h e  "cor rec t l '  va lue  o fAk .  The main e r r o r  Comes from t h e  term 
'L 
-: 
' 4  dX/$ which g e t s  ev iden t ly  smal le r  f o r  l a r g e r  values  of 16. The h igher  terms 
74 

4 i n  (32) a r e   mall f o r  a s h o r t  time i n t e r v a l  a f t e r  t h e  beginning of t h e  4 

erours ion.  The formula 

I 
permits t o  e l im ina t e  the  e r r o r  dh i f  one uses q u i t e  d i f f e r e n t  va lues  of $. 

f 
3 

4 
i 

V I .  Conclusions. 

The methods descr ibed  i n  t h i s  paper permit a very accura tk  determinat ion 

of t h e  Doppler-coeff ic ient  i n  a f a s t  r e a c t o r .  The temperature r i s e  dur ing 
0 

t he  excurs ions  considered is of the  order  of magnitude of 10 C.  The 

temperature a t  t h e  beginning of t h i s  i n t e r v a l  can be chosen ' f r e e l y  i n  
I 

wide l i m i t s  by varying i n i t i a l  power and coolant  flow. Therb'fore t he  

temperature dependency of t he  Doppler-coeff ic ient  can be dbterminded i n  t h i s  

way . 
The h igh  accuracy of t h e  methods may permit t o  determine e Doppler-coeffi- 

a i e n t  of a b i g  enough c e n t r a l  Zone charged with  d i f fe ren t ia fue l  compositions. 

It is  a p l ea su re  t o  acknowledge t he  c a l c u l a t i o n s  of t h e  f l u x  shapes f o r  

s e v e r a l  excurs ions  performed by D r .  A ,  Fraude and D.Math. W. Höbel. Thus 

t h e  f e a a i b i l i t y  of t h e  method described could be t e s t e d  ex tens ive ly .  








