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P a r t i a l l y  s e l f - l i m i t e d  r e a c t o r  excurs ions  e x c i t e d  by pu l se  r e a c t i v  

i n s e r t i o n s  i n h e r e n t l y  y i e l d  r e a c t o r  response which i s  far  more r a p i d  t h a n  

t h a t  ob ta ined  from t o t a l l y  s e l f - l i m i t e d  s t ep -exc i t ed  t r a n s i e n t s .  Because o f  

a need f o r  r e a c t i v i t y  feedback information under t h e  cond i t ions  of t h e  fas t  

response found i n  SNAP 1 O A  r e a c t o r s ,  pulse r e a c t i v i t y  i n s e r t i o n  ( i . e . ,  

r e a c t i v i t y  which i s  r a p i d l y  i n s e r t e d  and withdrawn) i s  used t o  e x c i t e  t r a n -  

s i e n t  t e s t s  on t h e  SNAPTWN-1 r e a c t o r .  The SNAPTRAN-1 r e a c t o r ,  a c r o s s  

s e c t i o n  of which i s  seen i n  t h e  f i r s t  s l i d e ,  i s  a t e s t  ve r s ion  of t h e  SNAP 

1OA r e a c t o r  and has  been modified t o  accommodate s t e p  and pu l se  r e a c t i v i t y  

i n s e r t i o n s .  Two of the f o u r  c o n t r o l  drums seen he re  a r e  used t o  provide 

s t e p  i n s e r t i o n s  of r e a c t i v i t y  by r a p i d  clockwise r o t a t i o n  t o  t h e  f i l l - i n  

p o s i t i o n  fol lowed by scram f o r  r e a c t o r  shutdown. The o t h e r  two drums provide 

f o r  pu l se  i n s e r t i o n  by means o f  continuous r a p i d  counterclockwise r o t a t i o n  

of t h e  pu l se  drums from t h e  minimum r e a c t i v i t y  worth p o s i t i o n  through t h e  

maximum worth p o s i t i o n  ( f u l l - i n )  and on around t o  t h e  minimum r e a c t i v i t y  

worth p o s i t i o n .  It i s  through use of pu l se  t r a n s i e n t s  t h a t  not only r e a c t o r  

response t o  l a r g e  r e a c t i v i t y  e x c i t a t i o n s  but  a l s o  t h e  k i n e t i c  na tu re  of t h e  

so -ca l l ed  "prompt" r e a c t i v i t y  feedback can be s tud ied .  

The second s l ide  shows t h e  r e l a t i v e  pGwer and energy excursions 
L - a s s o c i a t e d  wi th  bo th  a s t e p  r e a c t i v i t y  i n s e r t i o n  and a pulse  r e a c t i v i t y  
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seconds, and r e a c t i v i t y  i n  d o l l a r s  are all p l c t t e d  us ing  t h e  sane t ime 

s c a l e  i n  u n i t s  of mi l l i s econds .  

from t h e  pu l se  r e a c t i v i t y  e x c i t a t i o n  can be  seen t o  y i e l d  a much s t eepe r  

The more narrow power excursion r e s u l t i n g  

s lope f o r  energy r i s e  and t h u s  a higher  depos i t i on  r a t e  t han  i s  achievable  

from t h e  s t e p  r e a c t i v i t y  e x c i t e d  power excursion.  Thus, t h e  pu l se  exc i t ed  

power excursion can b e  employed t o  i n v e s t i g a t e  t h e  t ime response cha rac t e r -  

i s t i c s  of temperature  manifested r e a c t i v i t y  feedback. 

any heat  t r a n s f e r  r a t e s  which might in f luence  t h e  ins tan taneous  thermal  

More s p e c i f i c a l l y ,  

s t a t e  of t h e  r e a c t o r  can best  be observed wi th  respec t  t o  a very  s h o r t  

r e a c t o r  per iod  by u s e  of p u l s e  t r a n s i e n t s .  

A major d i f f i c u l t y  a r i s e s ,  however, when one a t tempts  t o  analyze pulse  

excursion data f o r  t h e  presence of r e a c t i v i t y  feedback. In s t ead  of ob- 

se rv ing  t h e  inhe ren t  s e l f - l i m i t i n g  dev ia t ion  from t h e  f i x e d  amount of 

r e a c t i v i t y ,  as seen i n  t h e  case  of s t e p  exc i t ed  r e a c t o r  excursions,  one 

must so lve  for t h e  d i f f e r e n c e  between t h e  cont inuously changing e x c i t a t i o n  

r e a c t i v i t y  and t h e  cont inuously changing r e s u l t a n t  r e a c t i v i t y  which i s  t h e  

sum t o t a l  of bo th  e x c i t a t i o n  as wel l  as fedback r e a c t i v i t y .  If t h e  a n a l y i s t  

i s  t o  d e f i n e  t h e  input  r e a c t i v i t y ,  he i s  faced  wi th  t h e  formidable  $ask of  

not only d e f i n i n g  very  accu ra t e ly  t h e  drum motion as a func t ion  of t ime 

throughout t h e  power excursion bu t  a l s o  of d e f i n i n g  very accu ra t e ly  t h e  

r e a c t i v i t y  worth of t h e  drum as a func t ion  of drum p o s i t i o n .  

The next  s l i d e  d e p i c t s  t h e  r e a c t i v i t y  as der ived  from t h e  power excursion 

data p l o t t e d  as a func t ion  of t h e  concurrent d r u m  p o s i t i o n .  The r e a c t i v i t y  

versus  drum p o s i t i o n  p l o t s  seen he re  were normalized t o  a m a x i m u m  va lue  a t  

t h e  f u l l - i n  d r u m  p o s i t i o n  - t h a t  being 0". Also  seen i n  t h i s  s l i de  i s  t h e  

e f f e c t  of feedback on t h e  dev ia t ion  i n  r e a c t i v i t y  from t h e  s tandard  no feed- 

back case .  The s tandard  technique then  f o r  d e f i n i n g  t h e  r e a c t i v i t y  c o e f f i c i e n t  

of energy e f f e c t i v e  dur ing  a pulse  t r a n s i e n t  r e l a t e s  t h i s  observed d i f f e r e n c e  
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i n  r e a c t i v i t y  t o  t h e  concurrent change i n  nuc lear  energy as seen i n  t h e  

next s l ide .  

I n  a d d i t i o n  t o  t h i s  s t ra ight forward  continuous method of r e a c t i v i t y  

feedback determinat ion,  two o t h e r  methods are employed which use  simple but  

accu ra t e  obse rva t i ans  of Trans ien t  nuc lear  power phenomena. The f i r s t  o f  

t h e s e  two methods re la tes  a change i n  t h e  drum p o s i t i o n  at which peak power 

occurs  fram two t r a n s i e n t s  having t h e  sane r e a c t i v i t y  t i m e  h i s t o r i e s ,  t o  t h e  

d i f f e rence  i n  energy t h a t  occurs  between t h e  two t r a n s i e n t s .  The change i n  

d r u m  p o s i t i o n  at  which peak power occurs  r e p r e s e n t s  some change i n  r e a c t i v i t y  

and c m  be  r e l a t e d  t o  t h e  a s soc ia t ed  change o r  d i f f e r e n c e  i n  t h e  energy 

causing t h e  drum p o s i t i o n  s h i f t .  When one > l o t s  t h e  sum t o t a l  of t h e s e  

changes, a w e l l  def ined  t r e n d  can be observed as seen i n  t h e  next s l i d e .  If 

one performs a s u f f i c i e n t  number of t es t s ,  a h igh  degree of s t a t i s t i c a l  

c e r t a i n t y  can be obtained.  

The second of  t h e s e  two methods, while  it y i e l d s  only one po in t  on t h e  

d i f f e r e n t i a l  of r e a c t i v i t y  wi th  r e spec t  t o  energy curve, i s  very simple and 

h ighly  accu ra t e .  This  second method c o n s i s t s  e s s e n t i a l l y  o f  comparing t h e  

d r u m  p o s i t i o n  at vhieh  peak power occurs  f o r  two t r a n s i e n t s  i n  which a 

f i x e d  d i f f e r e n c e  i n  r e a c t i v i t y  as a func t ion  of time e x i s t s .  Since t h e  re- 

a c t i v i t y  swing i s  f i x e d ,  t h e  t r a n s i e n t  r e a c t i v i t y  f o r  a given t e s t ,  and t h u s  

t h e  d i f f e rence  i n  r e a c t i v i t y  f o r  two t e s t s ,  i s  ad jus ted  by means of t h e  

r e a c t i v i t y  l e v e l  of t h e  r e a c t o r  a t  t h e  t ime of t h e  r e a c t i v i t y  pulse  i n s e r t i o n .  

Therefore  delayed c r i t i c a l  per iod  measurements can be  used t o  a s s e s s  very  

m c u r a t e l y  t h e  d i f fe rence  between t h e  i n i t i a l  r e a c t i v i t y  states f o r  two given 

t e s t s  and t h u s  t h e  fixed d i f f e r e n c e  i n  r e a c t i v i t y  throughout t h e  t r a n s i e n t  

excursion.  

.II- 

c 

For ease of cont ro l ,  a s i n g l e  drum was used f o r  t h e  pulse  r e -  00 
CT 
W a c t i v i t y  i n s e r t i o n .  The t o t a l  magnitude of t h e  r e a c t i v i t y  swing of a s i n g l e  
CD 
F p u l s e  d r u m  i s  2.4 d o l l a r s  which f o r t u i t o u s l y  al lows i n s e r t i o n  of t h i s  pu l se  

from a delayed c r i t i c a l  s t a t e  of t h e  r e a c t o r  and t h u s  s i m p l i f i e s  t h e  con t ro l  
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of t h e  i n i t i a l  power s ta te  of t h e  r e a c t a r .  

r e a c t o r  power level ,  t h e  energy r e l e a s e  from any t r a n s i e n t  can e a s i l y  ‘ce 

With t h i s  c o n t r o l  of t h e  i n i t i a l  

con t ro l l ed .  The energy r e l e a s e ,  i n  t u r n ,  determines t h e  amount of feedback 

and t h u s  causes  t h e  drum pos i t io r?  at which peak power occurs  t o  change by 

t h e  amcmnt a p p r q r i a t e  f o r  t h e  fedback r e a c t i v i t y .  

c r i t i c a l  s tate of  t h e  r e a c t o r  from which t o  i n i t i a t e  t h e  2 .4  d o l l a r  i n s e r t i o n ,  

Using a 20 cen t s  sub- 

an excess r e a c t i v i t y  p u l s e  of 2 .2  d o l l a r s  can be  impressed on t h e  r e a c t o r .  

By us ing  a very  low s t a r t i n g  power t h e s e  t e s t s  y i e l d  no apprec iab le  energy 

and a r e  t h u s  f r e e  of feedback. By performing magy of t h e s e  tes ts ,  t h e  

posi t . ion at which peak power nominally occurs  f o r  a 2 .2  d o l l a r  pu l se  i n s e r -  

t i o n  can be a c c u r a t e l y  determined. 

t es t s  i n  wnich s u f f i c i e n t  energy i s  manifested t o  feedback 20 cen t s  of 

Then by performing s e v e r a l  2.4 d o l l a r  

r e a c t i v i t y ,  peak power can b e  caused t o  occur at t h e  same drum p o s i t i o n  as 

i s  detertrined f o r  t h e  2*2 d o l l a r  pu l se  t e s t .  

The next figclre shows t h e  r e s u l t s  o f  running several 2.4 d o l l a r  t e s t s  

t o  determine t h e  p r e c i s e  energy a s soc ia t ed  wi th  causing peak power t o  cccur 

at t h e  same d r u m  p o s i t i o n  as found f o r  t h e  2 .2  d o l l a r  p u l s e  t e s t .  We now 

can a s s ign  t h e  20 c e n t s  d i f f e rence  i n  r e a c t i v i t y  t o  t h a t  amount of eriergy 

found appropr i a t e  f o r  t h i s  amount of compensation. 

While only one va lue  of d i f f e r e n t i d  r e a c t i v i t y  was used f o r  t h e  t e s t s  

we performed - t h a t  be ing  t h e  20 c e n t s  d i f f e r e n c e  between 2 . 4  m-d 2.2 d o l l a r s  

i n  r e a c t i v i t y  - s e v e r a l  va lues  could be used t o  cons t ruc t  t h e  continuous 

func t ion  of d i f f e r e n t i a l  r e a c t i v i t y  wi th  r e spec t  t o  energy. Addi t iona l ly ,  

3nce having determined through delayed c r i t i c a l  per iod  measurements t h e  

p r e c i s e  d i f f e r e n c e  i n  r e a c t i v i t y  t o  be compensated f o r ,  t h e  p o s i t i o n  at which 

peak power occurs  f o r  a given energy r e l e a s e  can be determined very  e a s i l y  by 

record ing  bo th  nuc lear  power and t h e  d r u K  displacement t ime-h i s to ry  on t h e  
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same recorded media as seen i n  t h e  next  s l i d e .  P.e?-tl-;ity c a l l b r a t i o n  of t h e  

drum need not e n t e r  i n t o  t h e  de te rmina t ion  or' feedback us ing  t h i s  method. 

One needs only t o  f i n d  tine vo l t age  at which peak power accurs  f o r  one cond i t ion  

t o  k m w  t h z t  a c e r t a i n  amount of energy i s  r equ i r ed  co  cause a co inc id ing  of 

peak pawer occurrance a t  t h i s  same vo l t age  f o r  another  r e a c t i v i t y .  

The r e s u l t s  of u s ing  t h e s e  methods f o r  analyzing pulse  t r a n s i e n t s  i n d i c a t e  

t h a t  e l zbora t e  computer t rea tment  and meticulous handl ing of t ime-h i s to ry  d a t a  

i s  not  necessary if one chooses t o  apply e i t h e r  of t h e  las t  two methods of 

a n a l y s i s  a;qd p a r t i c u l a r l y  t h e  l a t t e r  of t h e s e  t w o  methods. Both methods, 

whi le  m x h  simpler i n  opera t ion ,  have been found t o  y i e l d  r e s u l t s  which agree  

w e l l  w i th  t h e  r e s u l t s  o f  ste? tes t  a n a l y s i s .  
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