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An impor t an t  d e s i g n - b a s i s  a c c i d e n t  f o r  b o i l i n g  water  r e a c t o r s  (BWR's)  i s  - 
t h e  rod d rop  a c c i d e n t  (RDA).  T h i s  a c c i d e n t  i s  de f ined1  t o  be a r a p i d  r e a c t o r  

t ransien '?  caused by an a c c i d e n t a l  d r o p  ( o u t  o f  t h e  c o r e )  of  t he  h ighes t -wor th  

c o n t r o l  rod  a t  v a r i o u s  c o n d i t i o n s  r a n g i n g  from c o l d  s t a r t - u p  t o  about  10% o f  

r a t e d  power. For  most BWR d e s i g n s  t h e  h i g h e s t  worth rod is normally s i t u a t e d  

a t  t h e  c e n t e r  o f  t h e  c o r e .  D e s p i t e  t h e  f a c t  t h a t  che chance of  a.RDA is ex- 

t r eme ly  u n l i k e l y ,  t h e  . .. consequence of  t h e  RDA. is of  concern because of t he  po- - . . . .. . . 

. . . . 
t e n t i a l  f o r  damage t o  f u e l  rods .  

H i s t o r i c a l l y ,  t h e  u n a v a i l a b i l i t y  o f  a  r e a l i s t i c  mul t i -d imens ional  r e a c t o r  

dynamic code has  n e c e s s i t a t e d  t h e  use  o f  . approximate  models such a s  p o i n t  k i -  

n e t i c s  o r  t h e  a d i a b a t i c  app rox ima t ion  t o g e t h e r  w i th  a  s imp le  feedback 'model .  

The s imp le  feedback  model u s u a l l y  t a k e s  i n t o  account  Doppler feedback and reac-  

t o r  scram bu t  n e g l e c t s  modera tor  feedback  due t o  void  and moderator t empera tu re  
. . 

under t h e  assumption t h a t  t h i s  approach is  c o n s e r v a t i v e .  . . 

N c g l e e t i n g  iuullerator feedback  d u r i n g  t h e  RDA i s  a  poor assumption because  

energy  is d e p o s i t e d  i n  t h e  f u e l  ove r  a  3 t o  4 second t i n e  pe r iod  and hence 

t h e r e  is t ime f o r  h e a t  t o  be  conducted t o  t h e  c o o l a n t .  T h i s  may tend  t o  ame- 

,. l i o r a t e  t h e  a c c i d e n t  c o n s i d e r a b l y .  E v a l u a t i o n  of  t h e  thermal -hydraul ic  feed-  

back e f E e c t .  on t h e  RDA i n  a BWR h a s  been s c a r c e  i n  t h e  l i t e r a t u r e .  The o b j e c t  

o f  t h i s  paper  is t o  demons t r a t e  t h e  b e n e f i c i a l  e f f e c t  of t he rma l -hydrau l i c  

f eedback '  i n .  t h e  RDA. 

* Work performed under. t h e .  a u s p i c e s  o f  t h e  U. S. Nuclear  Regu la to ry  
Commission. 



2  The a n a l y s i s  was done wi th  BNL-TWIGL , a  two-energy group,  two-dimen- 

s i o n a l . ( R ,  Z) r e a c t o r  dynamics code t a k i n g  i n t o  account  a l l  thermal -hydraul ic  

feedback  and c o n t r o l  rod movement. S i x  de layed  neu t ron  p recu r so r  groups a r e  

cons ide red .  Thermal -hydraul ic  e f f e c t s  a r e  c a l c u l a t g d  wi th  a  one-dimensional 
- 1 

two-phase flow model i n  c o n j u n c t i o n  wi th  a  one-dimensional  h e a t  conduct ion  mod- ' ' 

- e l  i n  p a r a l l e l  c h a n n e l s .  

The c a s e  s t u d l e d  was a  c e n t e r  rod d r o p  a c c i d e n t  i n  a  . B W R / ~  a t  10% power a t  
* 

beg inn ing -o f - l i f e  c o n d i t i o n s .  The c o n t r o l  rod d i s t r i b u t i o n  was an in-sequence 

rod  p a t t e r n  t o  be e x p e c t e d  i n  normal o p e r a t i o n  a t  10% power. The r e s u l t a n t  

c e n t e r  rod worth was 0.8%. Ak/k and t h e  average  a x i a l  power shape was bottom- 

peaked w i t h  a peak ing  f a c t o r  of 1.45. The rod v e l o c i t y  was 1.524 m / s  ( 5  f t / s )  -- 
,. . . . . 

and the  scram v e l o c i t y  -was 0.914 .m/s . , (3 ' f t /s) . .".  ~ e a c t . ~ r  scram was i n i t i a t e d .  by- 
. -. .. . . . -  . - . . . .  . .. . -- . . .. 

. . .  . . .  
a  120% overpower t r i p  w i t h  a  scram d e l a y  t i m e  o f  0.2 s. '  

The a c c i d e n t  was c a l c u l a t e d  up t o  fou r  seconds wi th  and wi thou t  modera tor  
! 

feedback .  The c a s e  w i t h o u t  moderator  feedback w a s r u n  wi th  both void  and mod- 

e r a t o r  t empera tu re  h e l d  f i x e d  at t h e i r  i n i t i a l  s t e a d y - s t a t e  v a l u e s .  

The r e s u l t s  of t h e  c a l c u l a t i o n s  a r e  p re sen ted  i n  F i g u r e  1 f o r  t he  t r a n -  

s i e n t  power behav io r  and i n  F i g u r e  2 for t h e  peak f u e l  e n t h a l p y . '  The d r a m a t i c  

. .. 
e f f e c t  of  moderator  feedback  d u r i n g  t h e  a c c i d e n t  i.s c l e a r l y  seen.' Reactor  

scram was never i n i t i a t e d  throughout  t h e  a c c i d e n t  when moderator  feedback w a s  

i nc luded  s i n c e  t h e  r e a c t o r  power never  reached 120% o f  r a t e d .  I n  both c a s e s  

t h e  r e a c t o r  power reached  i t s  peak a t  t he  t ime (2 .4s )  the  rod moved f u l l y  o u t  

o f  t h e  co re .  I n  t h e  c a s e  wi thou t  moderator  feedback d u r i n g  t h e  t r a n s i e n t ,  r e -  

a c t o r  scram d i d  occu r  and he lped  t e r m i n a t e  t h e  acc . ident .  The peak f u e l  e n t h a l -  

py reached  78 cal /gm f o r  t h e  c a s e  wi thou t  moderator  feedback;  whereas,  i t  w a s  

o n l y  42 cal/gm i f  t h e  moderator  feedback was . i nc luded  d u r i n g  t h e  a c c i d e n t .  



I n  c o n c l u s i o n ,  m o d e r a t o r .  f e e d b a c k  d u r i n g  t h e  r o d  d r o p  a c c i d e n t  h a s  a  g r e a t  

m i t i g a t i n g  e f f e c t  o n -  t h e  consequence  o f  t h e  RDA and ' shou ld  be t a k e n  i n t o  

a c c o u n t  i n  t h e  a n a l y s i s  o f  t h e  RDA i n  B W R ' S .  
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