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RADIOLOGICAL ANALYSES OF HYPOTHETICAL ACCIDENTS BY COMPUTER 

SUMMARY 

T h i s  paper p resen ts  t h e  model ing techn iques  used t o  ana lyze  acc iden t s  

hypothes ized f o r  FFTF. Dur ing  t h e  course o f  t h e  r e g u l a t o r y  r ev i ew  i t  

became e x p e d i t i o u s  t o  h y p o t h e t i c a l l y  t e s t  t h e  FFTF con ta inment ' s  a b i l i t y  

t o " ' p r o t e c t  p u b l i c  h e a l t h  and s a f e t y  f r om these  extreme acc iden t s .  The 

scena r i o  f o r  these  acc iden t s  began w i t h  an h y p o t h e t i c a l  c o r e  d i s r u p t i v e  

a c c i d e n t  (HCDA) and f u r t h e r  hypothes ized t h a t  none o f  t h e  p r o v i s i o n s  f o r  

decay hea t  removal - s u r v i v e d  t h e  acc iden t .  The decay hea t  caused m e l t  

th rough  o f  t h e  r e a c t o r  and guard vesse ls  d i s c h a r g i n g  t h e  c o r e  d e b r i s  on to  

t h e  c a v i t y  f l o o r .  From t h i s  p o i n t  two bounding cases were presented, t h e  f i r s t ;  

Case 718, assumed t h a t  t h e  hea t  f rom t h e  c o r e  d e b r i s  caused t h e  r e a c t o r  

c a v i t y  l i n e r  t o  f a i l  whereupon t h e  sodium a t t a c k e d  t h e  concre te .  The 

second, Case 719, assumed t h e  co re  d e b r i s , m e l t e d  th rough t h e  f l o o r ;  a t  

30.5 hours t h e  floor co l l apsed  and f u e l  and sodium a t t a c k e d  t h e  ba re  con- 

c r e t e  o f  t h e  subcav i t y .  Both o f  these a t t a c k s  were s e l f  l i m i t i n g ;  b u t  

b o t h  would r a i s e  t h e  conta inment  vessel  atmosphere p a s t  i t s  des ign  p ressure .  

The re fo re  i t  was assumed t h a t  t h e  conta inment  was d e l i b e r a t e l y  vented when 

t h e  rose  t o  10 ps ig .  I n  a d d i t i o n  t o  t h e  o r i g i n a l  e x p u l s i o n  a t t r i -  

bu ted  t o  t h e  HCDA a l l  f i s s i o n  p roduc ts  which were bo.th v o l a t i l e  and s o l u b l e  

were assumed t o  be f u l l y  d ispersed  w i t h i n  t h e  sodium and were l i b e r a t e d  

as t h e  sodium h o i l ~ r l . .  I n  a d d i t i o n  t o  a  d e s c r i p t i o n  o f  t h e  analyses o f  t h e  

va r i ous  phenomena, t h e  t r a n s i t i o n  codes, those  which e d i t  da ta  o u t p u t  by 

one Code i n t o  a  fo rm s u i t a b l e  f o r  i n p u t  t o  ano ther ,  a r e  desc r i bed  i n  t h i s  

paper. F i g u r e  1  p resen ts  a  " f l o w  c h a r t "  showing t h e  r e l a t i o n s h i p  o f  t h e  

codes employed . i n  these  analyses.  F i r s t  i t  was necessary t o  determine t h e  

energ ies  and i n v e n t o r i e s  o f  t h e  r a d i o n u c l i d e s  p resen t  w i t h i n  t h e  r e a c t o r .  

Tl ie RIBD Code was u s e d  t o  determine these  parameters f o r  t h e  f i s s i o n  

p roduc ts  a t  t h e  "End-o f -Equ i l i b r ium-Cyc le "  c o n d i t i o n .  The t a b l e  o f  t ime  

vs.  decay hea t  f o r  t h e  nob le  cases and o t h e r  f i s s i o n  p roduc ts  was used 

as i n p u t  t o  t h e  CACECO Code which p rov ided  t h e  thermophys ica l  t r a n -  

s i e n t  a n a l y s i s  f o r  t h e  containment.  



T h i s  f i s s i o n  p roduc t  i n v e n t o r y  da ta  f r om RIBD and s i m i l a r  da ta  on 

coo lan t ,  f u e l  and t r a n s u r a n i c s  p rov ided  by o t h e r  o r g a n i z a t i o n s  w i t h i n  
' I  HEDL were combined i n t o  a  l i b r a r y  by t h e  code NEWLYB. T h i s  l i b r a r y  was 
1 

t o  be used l a t e r  as i n p u t  t o  t h e  COMRADEX-H Code. ( 3 )  A lso  i n c l u d e d  i n  

i t h e  l i b r a r y  were "Gamma" va lues and "F" va lues f o r  each i so tope .  The "F" 
I values were based on a d u l t  i n h a l a t i o n  dose commitment f a c t o r s  f o r  v a r i o u s  

body organs i n  NUREG-0172. (4)  

S ince t h e  a c c i d e n t  . scenar io  began w i t h  a  p o s t u l a t e d  HCDA and ' t h e  FFTF 

,HCDA assumes a  spray expu l s i on  o f  sodium p a s t  t h e  r e a c t o r  head sea ls ,  t h e  

r e s u l t a n t  sodium spray f i r e  i n  t h e  r e a c t o r  head compartment was modeled 

by t h e  SPRAY Code. ( 5 )  Mechan is t i c  analyses have shown t h a t  t h i s  i n i t i a l  

- e xpu l s i on  was l i m i t e d  t o  approx imate ly  3 0 0 . l b .  The SPRAY a n a l y s i s  shows 

t h a t  a l t hough  most o f  t h e  energy o f  t h e  b u r n i n g  sodium was used i n  t h e  

h e a t i n g  o f  t h e  massive s t r u c t u r e s  w i t h i n  t h e  head compartment t h e r e  was 

a  n o t i c e a b l e  i nc rease  i n  atmosphere temperatures and p ressure .  The SPRAY 

Pressure T r a n s i e n t  i s  shown i n  F i g u r e  2. 

  he CACECO a n a l y s i s  was performed c o n c u r r e n t l y  w i t h  t h e  SPRAY a n a l y s i s .  

The d e t a i l s  o f  t h e  CACECO a n a l y s i s w e r e  desc r i bed  i n  d e t a i l  i n  t h e  companion 

paper (See Reference 2 ) .  As CACECO examined t h e  t r a n s i e n t  w i t h i n  c o n t a i n -  

ment i t  wro te  ins tan taneous  thermodynamic da ta  t o  a  f i l e .  Several  CACECO 

runs were r e q u i r e d  t o  complete t h e  a n a l y s i s  and each added t o  t h e  f i  1  e. 

When t h e  sequence was complete a  program c a l l e d  CCLSTwas used t o  p repare  

t h e  i n p u t  f o r  Ltie n e x t  codci The sodium b o i l - o f f  r a t e  from t h e  r e a c t o r  

c a v i t y ,  t h e  l e a k r a t e  o f  t h e  conta inment  vessel  and t h e  temperature o f  t h e  

conta inment  vessel  atmosphere temperature were presented as f u n c t i o n s  o f  

t ime  i n  ano ther  f i l e  which was used as i n p u t  t o  t h e  HAA-3C Code. ( 1  6 )  

The HAA-3C Code c a l c u l a t e d  t h e  f a l l o u t  w i t h i n  t h e  conta inment  vesse l .  

I n  a d d i t i o n  t o  t h e  sodium t h e  i n i t i a l  HCDA expu l s i on  was assumed t o  c o n t a i n  

a l l  t h e  nob le  gases and 1% o f  t h e ' f u e l ,  t r ansu ran i cs ,  and f i s s i o n  p roduc t s .  

The i n i t i a l  aeroso l  c o n c e n t r a t i o n  i n c l u d e d  these m a t e r i a l s  and t h e  i n i t i a l  

atmosphere c o n d i t i o n s  were as s p e c i f i e d  by t h e  SPRAY r e s u l t s .  T h e r e a f t e r  

t h e  sodium b o i l - o f f  r a t e  f rom CACECO was used as t h e  aeroso l  source r a t e .  

The conta inment  vessel  l e a k r a t e  and atm0spher.e temperature f r om CACECO were 

a p p l i e d  t o  enhance t h e  model ing accuracy.  A  conse rva t i ve  assumption made 



was t h a t  a1 1  sodium b o i l e d - o f f  was conver ted  t o  sodium ox ide ;  a c t u a l l y  

I\ t h e  oxygen i s  dep le ted  and t h e  h u m i d i t y  inc reases  so t h a t  sodium hyd rox ide  
I .  

I i s  formed. The hydrox ide  tends t o  agglomerate b e t t e r  than  t h e  ox ide .  
I HAA-3C w r i t e s  an o u t p u t  f i l e  which c o n t a i n s  t h e  conta inment  vessel  l e a k r a t e  

( f rom CACECO) and t h e  f a l l o u t  r a t e  w i t h i n  conta inment  both,  as f u n c t i o n s  of 

t ime.  F i g u r e  3 p resen ts  t h e  suspen'ded aeroso l  c o n c e n t r a t i o n  f o r  Case 719 

as a  f u n c t i o n  o f  t ime.  (Case 719 i s  used f o r  i l l u s t r a t i o n  h e r e i n  s i n c e  
, . 

i t h e  curves a r e  more d ramat ic .  ) 

The TRIMIT program e d i t s  da ta  f r om SPRAY,.CACECO, and HAA-3C i n t o  a  

s e r i e s  o f  i n p u t  f i l e s  f o r  COMRADEX-H. As t h e  sodium i n  t h e  r e a c t o r l r e a c t o r  

c a v i t y ~ b o i l s , t h e  d i s s o l v e d  v o l a t i l e  f i s s i o n  p roduc ts  a r e  g i v e n  o f f  a l s o .  

. T h e  TRIMIT program was used t o  p r e d i c t  t h e  v a p o r i z a t i o n  o f  cesium and sodium 

i o d i d e  f r om t h e  sodium poo l .  The work o f  A. W.  ~ a s t l e m a n ' ~ )  was u t i l i z e d  

t o  develop t h i s  a l g o r i t h m .  F i g u r e  4 shows t h e  f r a c t i o n  o f  f i s s i o n  . . p roduc t  . .  

vapor ized  as a  f u n c t i o n  o f  sodium v a p o r i z a t i o n .  TRIMIT generates f o u r  i n p u t  

f i l e s  f o r  COMRADEX-H. The f i r s t  t h r e e  rep resen t  t h e  r e a c t o r / r e a c t o r  c a v i t y  

l e a k r a t e .  f o r  sodium vapor, cesium vapor,  and sodium i o d i d e  vapor,  respec- 

t i v e l y .  F i g u r e  5 shows t h e  sodium vapor l e a k r a t e  f o r  Case 719. No f a l l o u t  

i s  cons idered  w i t h i n  t h e  r e a c t o r / r e a c t o r  c a v i t y  ; 1  eakra tes  a r e  expressed 

i n  ins tan taneous  f r a c t i o n s  o f  t h e  q u a n t i t y  u l t i m a t e l y  b o i l e d  away. The 

f o u r t h  f i l e  s p e c i f i e s  t h e  l e a k r a t e s  and f a l l o u t  r a t e s  o f  t h e  conta inment ;  

t h e s e  a r e  i l 1 u s t r a t e . d  f o r  Case.719 i n  F igu res  6 and 7. 

COMRADEX-H c a l c u l a t e s  t h e  q u a n t i t y  o f  each r a d i o a c t i v e  i s o t o p e  re leased  

f r om t h e  conta inment  as a  f u n c t i o n  o f  t i m e  and t hen  c a l c u l a t e s ' t h e  p o t e n t i a l  

doses t o  r ecep to rs  a t  s p e c i f i e d  l o c a t i o n s . ~  To model t h i s  even t  t h e  p a r t  

o f  t h e  code which c a l c u l a t e s  re l eases  was executed f o u r  t imes  and t h e  r e s u l t s  

summed. The f i r s t  modeled t he  sodium re leased  f r om t h e  r e a c t o r  c a v i t y  . . d u r i n g  t h e  

b o i l u p  phase. The v o l a t i l e  s o l i d s  a r sen i c ,  selenium, and cadmium were assumed t o  

be re l eased  a t  t h e  same r a t e  as t h e  sodium. Th i s  r u n  u t i l i z e d  t h e  f i r s t  and t h e  

f o u r t h  f i l e s  from TRIMIT t o  desc r i be  a  two chamber containment.  The second 

r u n  u t i l i z e d  t h e  second and f o u r t h  TRIMIT f i l e s  t o  model t h e  r e l e a s e  o f  

cesium and rub id i um (which a c t  s im i  1ar l . y )  f rom t h e  two chamber conta inment .  

The t h i r d  r u n  modeled t h e  r e l e a s e  o f  Na- I  and Na-Br s i m i l a r l y ,  u s i n g  t h e  



t h i r d  and f o u r t h  TRIMIT f i l e s .  The f i n a l  r u n  modeled t h e  i n i t i a l  e x p u l s i o n  

o f l O O O l b  o f  sodium, a l l  t h e  nob le  gases, and 1% o f  t h e  f u e l ,  t r ansu ran i cs ,  

and s o l i d  f i s s i o n  p roduc ts .  Th i s  l a s t  r u n  used o n l y  t h e  f o u r t h  TRIMIT f i l e  

t o  desc r i be  a  s i n g l e  cham5er conta inment ;  F i g u r e  8 shows t h e  cu rnu la t i l e  

r e l e a s e  o f  r ad ionuc l i des ,  by physica.1 c l ass ,  f r om conta inment  f o r  Case 719. 

F o l l o w i n g  re l ease  f rom conta inment  each i s o t o p e  was d im in i shed  by decay 

( b u t  n o t  by f a l l o u t )  and t h e  c o n c e n t r a t i o n  was reduced by atmospher ic  d i s -  

p e r s i o n  enrou te  t o  t h e  recep to rs .  The atmospher ic  d i s p e r s i o n  was made t o  

r e f l e c t  NRC es t imates  by s e l e c t i n g  P a s q u i l l  s t a b i l i t y  c l a s s i f i c a t i o n s  and 

'w ind speeds. The b r e a t h i n g  r a t e  o f  t h e  recep to rs  was as s p e c i f i e d  by Reg. 

Guide 1.4.  The dose vs. d i s t a n c e  curves f o r  Case 71 9 a r e  p resen ted  as 

F i g u r e  9. . - . . 

The doses a r e  l owe r  than  m i g h t  be expected c o n s i d e r i n g  t h e  s e v e r i t y  

of t h e  p o s t u l a t e d  event.  The doses r e a l i z e d  f o r  Case 718 a r e  w i t h i n  t h e  

g u i d e l i n e s  f o r  r e a c t o r  s i t i n g  g i v e n  i n  10 CFR 100. And a l t hough  t h e  t h y r o i d  

dose f o r  Case 719 i s  somewhat h i g h e r  than  t h e  g u i d e l i n e  va lue  t h a t  va lue  

was n o t  in tended f o r  a p p l i c a t i o n  t o  t h i s  v i r t u a l l y  imposs ib l e  event.  

T h i s  t ype  of a n a l y s i s  has been developed by HEDL over  t h e  p a s t  5 years  

and c o u l d  be adapted t o  any LMFBR. I t  has, i n  f a c t ,  been a p p l i e d  t o  t h e  

C l i n c h  R i v e r  Breeder Reactor.  The advantages i n h e r e n t  i n  t h i s  t y p e  o f  

a n a l y s i s  a re :  1 )  The r e l a t i v e  ease w i t h  w h i c h .  model ing can be accomplished, 

2)  e f f i c i e n t  empl o.yment o f  computer resources and manpower, 3)  improved 

accuracy, and 4 )  hett .er '  acceptance. 
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FIGURE 8 

C8SE 719 - NRC CASE - DECAY HERT DISTRIBUTED 50/50. 
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