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. ,. 

T h e  FFTF f a c i l i t y  was evaluated f o r  the.consequences o f  an . . 

HCDA f o l l  owed by f a i  1  u re  o f  i +vessel p o s t - a c c i d e n t  heat  remqval , 
. . 

r e a c t o r  vessel mel t - through,  and re lease of core deb r i s  and sodium 

coo lan t  t o  t h e  r e a c t o r  c a v i t y .  ' Two cases a r e  presented based on para- 
/ 

meters considered t o  represent  .upper l i m i t s  f o r  r a t e s  o f  chemical and 

thermal a t t a c k  of t h e  r e a c t o r  c a v i t y  concre te  containment s t r u c t u r e .  

The r e a c t o r  containment b u i  i d i  ng temperature, pressure, and l e a k  r a t e  
/ 

h i s t o r i e s ,  were computed w i t h  the  CACECO code which prov ided i n p u t  i n t o  

t h e  HAA-3C code f o r  p r e d i c t i o n  o f  aerosol  behavior ,  and t o  the  COMRADEX-H 

code f o r  p r e d i c t i o n  o f  r a d i o a c t i v i t y  d ispers ion .  .The r e s u l  t a n t  30-day 

doses a t  t h e  s i t e  boundary were judged t o  be acceptable cons ide r ing  the  

conservat ism i n  the  ana lys i s '  an,d the  low p r o b a b i l i t y  o f  t h e  event. 
I 

' I  ' I  

Th i  s  / paper analyzes the accommodation prov ided by t h e  FFTF r e a c t o r  

containmeht b u i l d i n g  (RCB) t o  a hypo.thet ical  core  d i s r u p t i v e  acc ident .  

(HCDA) f o j  1 owed by f a i  1  u re  of  a 1  1 emergency coo'l i ng p r o v i s i o n s  and 

subsequent mel t - th rough . . o f  t he  r e a c t o r  and guard vessels s h  t h a t  core  
. . 

d e b r i i  and r e a c t o r  sodium spi l .1  o u t  o f  the. vessels i n t o  t h e r e a c t o r '  
. . 

cav i  ty. Th is .  a c c i d e n t .  i s  more 'severe than any design-basi s  acc iden t  

because i t s  occurrence depends on l ow-~ robab i .1  i ty mu1 t i  p l e  f a i  1  ures 

which cannot be m e c h a n i s t i c a l l y  j u s t i f i e d .  Nevertheless, th i ' s  a c c i -  

dent  was pos tu la ted  fo r  the purposes o f  e v a l u a t i n g  FFTF containment 

margins. 



. . 
! 
I .  

i, 
; I Two ,cases were analy.zed. The f i r s t  case i n v e s t i g a t e d  ' the conse- 
I quences o f  a  sodium-concrete r e a c t i o n  a t t a c k  of t he  r e a c t o r  c a v i t y  f l o o r  

by .using an a l g o r i t h m  which was in tended t o  conse rva t i ve l y  bound a v a i l a b l e  
I 

t e s t  .data from HEDL and o the r  l a b o r a t o r i e s  and p rov ide  margin . f o r  sca le -  

up-uncer ta in t ies .  The second case i n v e s t i g a t e d  t h e  consequences of  a  
. . 

co re  deb r i s  m e l t i n g  a t t a c k  o f  t he  c a v i t y  f l o o r  by us ing  an a l g o r i t h m  

which was in tended t o  conse rva t i ve l y  bound the  .concrete p e n e t r a t i o n  

, r a t e .  These two .cases a r e  i d e n t i f i e d  i n  t h i s , p a p e r  as the  chemical and 

thermal a t t a c k  cases r e s p e c t i v e l y .  . 

The c a l c u l a t i o n s  r e ~ o r t e d  here d i . f f e r  from the  RCB t r a n s i e n t s  reoo r ted  

previouslyC11 by the  use o f  maximum r a t e s  f o r  t he  a t t a c k  o f  S t r u c t u r a l  

'concrete by sodium coo lan t  and core  deb r i s .  

. . 
Containment Models 

The FFTF cons i s t s  o f  t h e  Fas t  Tes t  ~ e a c t o r ,  t he  c losed loop systems, 

and suppor t ing  f a c i l i t i e s .  The r e a c t o r  uses Pu-U ox ide  fuel  and sodium 

. coo lan t  and has a  power r a t i n g  o f  400 Mwt .  The heat  t r a n s p o r t  system 

,has pr imary  and secondary loops and dump heat 'exchangers t o  r e j e c t  r e a c t o r  

thermal energy to.atmosphere, F igu re  1  i d e n t i f i e s  the  f o l l o w i n g  components 

which a r e  impor tan t  . to t h i s  s tudy.  

1. The r e a c t o r  containment b u i l d i n g  (RCB) i s  a  s t e e l  enclosure w i t h  an 
4  3 a i r  volume o f  approximate ly  4  x  10 m above grade. 

2. The head access compartment i s  a  square room j u s t  above the  r e a c t o r  
3 vessel head w i t h '  an a i r  v o l  ume o f  approximate ly  450 m  . 

3. T h e  r e a c t o r  c a v i t y  i s  a  c y l  i n d r i c a l  c e l l  which encloses the  r e a c t o r  . . 
3 vesse l  a n d  has an i h e r t e d  atmosphere volume of approximate1.y 620 m  . 

I t s  concrete roof., wa l l s ,  and f l o o r  a r e  l i n e d  w i t h  s t e e l  p l a t e  f o r  

p r o t e c t i o n  i n  t h e  event o f  a  sodi  um s p i  11. 

4.. The r e a c t o r  b u i l d j n g  subcav i ty  i s  t he  empty space below the  r e a c t o r  
3 c a v i t y  f l o o r  w i t h  a n  a i r  volume of  approximate ly  100 m . 



5. The H&V c o o l e r  room conta ins  hea t i ng  and v e n t i l a t i n g  equipment f o r  

:: t h e  r e a c t o r  c a v i t y  and o the r  spaces and has an a i r  volume o f  approx' i -  

mate ly  1800m3. I t  f i l l s  the  bottom reg ions  o f  the  RCB and surrounds . 
. 

t h e  subcavi t y  and lower p a r t  o f  t h e  r e a c t o r  c a v i t y .  Th i s  c o o l e r  room 

i s  impor tan t  because the  spaces behind t h e  l i n e r s  o f  the  c a v i t y  vent  

t o  t h i s  area. That  i s ,  t h e  pos tu la ted  acc iden t  cond i t i ons  w i l l  heat  

t he  c a v i t y  concrete an,d re lease  i t s  water  which vents as steam through 

t h e  l i n e r  vent  system t o  the  H&V coo le r  room. I n  tu rn ,  the  coo le r  

room vents through s ta i rways  t o  the  RCB a i r  space. 

. . 

The fo rego ing  containment f i g u r a t i o n  was used i n  bo th  the  chemical .: 

a t t a c k  and thermal a t t a c k  case. 

Both cases were analyzed by us ing  the  C A C E C O ~ ~ ] ,  ' H A A - ~ c [ ~ ]  and 
r n l  

COMRADEX-H~'' codes i n  'sequence. The RCB temperature, pressure and l e a k  

r a t e  h i s t o r i e s  were computed w i t h  t h e  CACECO code which prov ided i n p u t  t o  

t h e  HAA-3 code f o r  p r e d i c t i o n  o f  'aerosol behavior,  and t o  the  COMRADEX 

code f o r  p r e d i c t i o n  o f  r a d i o a c t i v i t y  re lease  and r e s u l t a n t  exposures. 

The model ing o f  t h e  r e a c t o r  vessel,  r e a c t o r  c a v i t y  and subcav i ty  f o r  t he  

CACECO analyses a r e  shown i n  Figures, 2 and 3. F igu re  2  shows these before 

the  HCDA when the  sodium i s  i n  t h e  r e a c t o r  vessel.  The HCDA was assumed 

t o  expel  450 kg o f  sodium i n t o  the  head access compartment, d i r e c t l y ,  above 

the  r e a c t o r  head, a long w i t h  one percent  o f  t h e  core  deb r i s  i n c l u d i n g  f u e l ,  
-. act ini .des. and f i s s i o n  products and 100 percent  o f  t he  noble gas f i s s i o n  

products.  ' F i gu re  3 shows the  r e s u l  t o f .  t h e  c o r e '  d e b r i s  me1 t - t h rough  when 

t h e  sodium forms a  pool i n  t h e  r e a c t o r  c a v i t y  w i t h  a  depth of about 5.0 m. 

Chemical A t tack  Case 

The purpose of t h e  chem'i.ca1 a t t a c k  case was t o  eva lua te  containment ' 

i 
response based; on an upper bound f o r  t h e  sodium-concrete r e a c t i o n  r a t e .  

The a v a i l a b l e  t e s t  data i n d i c a t e  t h a t :  (1 )  t he  i n i t i a l '  a t t a c k  r a t e  i s  

r e l a t i v e l y  r a p i d ,  and (2 )  t he  a t t a c k  depth i s  1  i m i  t e d  by accumul.ation 

o f  r e a c t i o n  p r ~ d ' ~ c t s .  
\ 

These cons idera t ions  suggest t he  f o l l  owing d i f f e r e n t i a l  equat ion  

f o r .  t h e  a t t a c k  r a t e :  
\ 



: dX/dt = al a2 - a2X ' [I] 

\ .  j 
w i t h  X as t h e  a t t a c k  depth a t  t ime t and w i t h  al and a2 as parameters to '  

f i t  t h e  experimental  data. The i n i t i a l  a t t a c k  r a t e  was taken as 0.15 m/hr 

t o  r e f l e c t  t h e  r a t e s  suggested by t h e  P ~ e s t s ' ' ~ ]  and the .  l i r n i G n g  a t t a c k  

depth was taken as 0.30 m t o  o b t a i n  a  f a c t o r  o f , f o u r  f o r  scale-up uncer- 

16] The t a i  n t i  es on t h e  maximum p e n e t r a t i o n  measured i n t h e  SC Tests. 

parameters were then: a, = 0.30 m and a 2 =  0.5;hr. The chemical a t t a c k  

'de f ined by t h i s  a l g o r i t h m  i s  compared t o  t h e  experimental  data i n  F i g u r e  4. 

The CACECO code ana lys i s  us ing  t h i s  chemical a t t a c k  a l g o r i t h m  assumed 

t h a t  t h e  HCDA core  deb r i s  and sodium s p i l l e d  onto t h e  c a v i t y  f l o o r  a t  

. three hours, t h e  s t e e l  l i n e r  f a i l e d ,  and t h e  sodium a t tacked t h e  concre te  

under t h e  f a i l e d  l i n e r .  The sodium-concrete r e a c t i o n  was s e l f - l i m i t e d  

by t h e  a l g o r i t h m  and t h e  a t tendan t  concrete water  re lease,  hydrogen genera- 

t i o n  and hydrogen concen t ra t i on  i n  th'e RCB were l i m i t e d  a l so .  The sodium 

pool. i n  t he  c a v i t y  d i d  not.  heat  t o  b o i l i n g .  The RCB g radua l l y  p ressur ized 

by t h e  accumulat ions of hydrogen f rom t h e  r e a c t o r  c a v i t y  and water  vapor 

from t h e  H&V c o o l e r  room. A t  170 hours t h e  RCB pressure was 69 kPa gauge. 

The atmosphere i nc luded  30.9 pe rcen t .wa te r  vapor f rom the  25,100 kg leaked 

from t h e  H&V c o o l e r  room, which i n  tu rn ,  had rece ived 63,300 kg o f  water  

vapor. vented from t h e  heated concre te  o f  t h e  c a v i t y  r o o f ,  w a l l s ,  and o u t e r  

f l o o r .  The RCB was vented a t  170 hours t o  p revent  o v e r p ~ e s s u r i z a t ~ o n .  

The ventdown e f fec ts  a r e  shown i n  F i g u r e  5: i n  t h e  t o p  curve by the  sharp 
. "  

T a l l  i n  temperature from 82°C t o  73OC; i n  t h e  mi,ddle curve  by the  sharp 

f a l l  i n  pressure from 60 kPa gauge t o  zero; and i n  t h e  bottom curve  by t h e  

sharp r i s e  i n  concent ra t ions  o f  hydrogen and water vapor. The ventdown 

re leased 45 percent  o f  t he  RCB atmosphere t o  t h e  ou ts ide .  A t  720 hours, 

t h e  end o f '  t he  ana lys is ,  99.8 percent  o f  t h e  sodium remained i n  t h e  r e a c t o r  

c a v i t y .  ' O f ,  t h i s  .99.8 percent,  2.0 percent  had reac ted  w i t h  t h e  concre te  

o f  t h e  .cavity f l o o r  'and .4.4 percent  had , reacted w i  t h  the  water  r e 1  eased 

from t h e ' c o n c r e t e  o f  t h i s  f l o o r .  

The HAA-3C code ana lys i s  beg in  w i t h  t h e  aerosol  formed from t h e  HCDA 

expu ls ion  of 1  percent  of core  d e b r i s  and 450 kg sodium i n t o  t h e  head 

access compartment. The Pu-U o x i d e . o f  t h e  core  d e b r i s  mixed w i t h  sodium 



'. d x ide  (13 percent  of t h e  sodium immediately reac ted  t o  ox ide)  'which, i n  

t u rn ,  mixed as an aerosol . .wi th the.RCB a i r .  The sod ium-ox ide  aerosol  was 
. I  . . . .  . - 

augmented by new ox ide  from c a v i t y  leakage and was d imin ished by'. RCB 

leakage and f a l l o u t .  
... . 

. .. 

. The COMRADEX-H code a n a l y s i s  began w i t h  the  HCDA expu ls ion  o f  co re  

d e b r i s  and assoc ia ted  f i s s i o n  products and sodium i n t o  the  RCB. The 
I 

hajogen and noble gas f i s s i o n . p r o d u c t s  of t h e  i n i t i a l  expu ls ion  were 

d imin ished by  rad ioa ,c t i ve  decay and 'by RCB leakage, a d d i t i o n a l  l'y o the r  

specie$ were d imin ished by fa1  l o u t .  T h e  sodium solub1.e f i s s i o n  products 

(As, Br, Cdy Cs, I, Rb, and. Se) l e f t  i n  t he  r e a c t o r  c a v i t y  were re leased 

f rom t h e  sodium according t o  t h e i r  p a r t i t i o n  c o e f f i c i e n t s  t o  f o l l o w  the  

hydrogen and sodium.leakage i n t o  the  RCB where they were d imin ished by 
! .  

r a d i o a c t i v e  decay, fa1 1  out ,  and leakage. The RCB atmosphere together  w i t h  

fuel ,  coo'lant, and f i s s i o n  products suspended i n  !t leaked t o  t h e  ou ts ide  

a t  t h e  cons tant  r a t e  of 0.1 percent lday  u n t i l  RCB ventdown and t h e r e a f t e r  

a t  t h e  r a t e  p red i c ted  by the  CACECO r e s u l t s .  The meteorology model f o r  

a c t i v i t y  d i s p e r s i o n  used s t a b i l i t y  c lasses and wind speeds which f i t t e d  

t h e  d i f f u s i o n  f a c t o r s  (X/Q v a l  ues) recommended by the  Nuclear Regulatory 

commission from l o c a l  weather data. COMRADEX-H p r e d i c t e d  30-day doses 

a t  t h e  FFTF s i t e  boundary (7,24*, m fro111 t h e  RCB) were: whole body, 1  REM; 
I . . 

lung, 5.REM; t h y r o i d ,  66 REM,; and bone, 46 REM. .. . 
I . . 

. . . . . ,  

Thermal A t t a c k  by Core ~ e b r i s ~ e a t i n ~  

I The ,AYER code, C71 INTER codeYL8] and GROWS-I1 codeCgJ p rov ide  

mechanist ' ic and phenomenological anelyses o f  t he  core  d e b r i s  me1 t i n g  
I 

a t t a c k  o f  concrete, b u t  each c o d e  has  p a r t i c u l a r  model ing a n d  numerical  
I . . featu.res which have not .  .been v a l  idated' .  This '  a n a l y s i s  -used..a .no.n- .. 

mechan is t i c  co rk  d e b r i s  . . m e l t i n g  a t t a c k  model in tended.  t o  conse rva t i ve l y  . . 
. . .  

bound t h e e x p e c t e d  concrete The me1 t i n g  a t t a c k  model has ' ' 

t h e  f o l l o w i n g  fea tures :  . . 

1. The core  d e b r i s  a t t a c k  began w i t h  the  d e b r i s  spread across t h e  

a v a i l a b l e  f l o o r .  



. . 
. . 

. . . . . .  . _ .  . . 

2. The me1 ti ng a t t a c k  proceeds w i t h  50 of the  core  decay power. 

1 The o t h e r  50 percent  i s  t rans fe r red  t o  the  sodium t h a t  covers t h e  
I .  : , .  . d e b r i s  a d  t o  the  ' a c c b m ~ l a t i n ' ~  p o o l  of deb r i s  and concre te  t h a t  r e s u l t s .  
8 .. . . 

f rom t h i s  m e l t i n g  a t t a c k .  ' . . . 

. . . . 
,.. . . 

3. The me1 t i n g  a t t a c k  r a t e . i n  t h e  l a t e r a l .  d i r e c t i o n  i s  equal t o  ' t he  
. . 

a t t a c k  r a t e  i n  t h e  downward d i r e c t i o n .  
. .. 

. . . . 
1 4. The concre te  'water r e l e a s e d  by t h i s  me1 t i  ng a t t a c k  goes. i n t o  t h e  

sodium p o o l  where' i t  r e a c t s  ' t o  form hydrogen. . . 
. . 

. . .  . - . . . . . . 

  he CACECO code ana lys is  us ing  t h i s  thermal  a t t a c k  a1 thm asiumed 

t h a t  t h e  HCDA core  d e b r i s  and sodium s p i l l e d ' o n t o  t h e  c a v i t y  f l o o r  a t  
2  t t i r ee  hours where the  debr is ,  conf ined t o  12.8 m, area by p a r t i t i , o n s ,  be-. 

gan a  m e l t i n g  a t t h c k  i n t o  the  concrete. Th i s  a t t a c k  i n  t h e  cen te r  and 

t h e  assumed i n t a c t  1  i n e r  over t h e  remainder o f  ' t h e  f l o o r  precluded sodium- 

concre te  ' r eac t i ons .  A t  30.5 hours the  me1 t i n g  a t t a c k  had penetrated 0.76 m 
I 

i n t o  the  ' f l o o r  and t h e  remaining, unmel t ed  0.20 m o f  f l o o r  co l lapsed which 

s p i l l e d  t h e  pool o f  debr is -mol ten  concre te  i n t o  t h e  empty subcav i ty .  The 

sequence o f  events f o r  t h i s  mel t ing '  a t t a c k  and c o l l a p s e  a r e , p o r t r a y e d  i n  

F i g u r e  6:. i n  (A) t he  core  d e b r i s  s t a r t s  t h e  a t t a c k  a t  t h r e e  hours, i n  

(B)  t h e  pool o f  debr is-mol ten concrete has reached t h e  c o l l a p s e  p o i n t ,  and 
I 

i.n , ( 6 )  the c o l l a p s e  has cas t -  t h e  debr is-mol ten concre te  i n t o  'a l a y e r  on 

. t h e  kubba'vi ty f l p o r .  The r e a c t o r  . . vessel,  r e a c t o r  c a v i t y  and subcavi ty 

model for!' CACECO a n a l y s i s  a f t e r  t he  s p i l l  i s  shown i n  F igu re  7: The 

sodium f i , l l s  t h e  subcav i ty  complete ly  and the  c a v i t y  t o  a  depth o f  about 

2.0 m' abdve t h e  o r i g i n a l  l e v e l  o f  t h e  c a v i t y  f l o o r .  The CACECO a n a l y s i s  

cont inued w i th . .  sddi  um-concrete , ~ e a , c t i o n  a t t a c k s  on the  remain ing c a v i t y  

f l o o r  and on t h e  bare subcav i t y  w a l l s  i n  a d d i t i o n  t o  t h e  core  deb r i s  me l t -  

i n g .  of - t he  .cas t  on the  s'ubcavi-ty. floor.. A t  37 hours ' t h e  ' r eac t i on  a t t a c k s  

were completed according t o  their a t t a c k  a l g o r i t h m  and had coni'umid 18 per-  

c e n t  of t he  sodium. A t  49 hours the  core  deb r i s  had mel ted t h e . c a s t  of 

d e b r i s  and concrete m a t e r i a l s  on the  subcavi t y  f l o o r  and began t h e  me1 t i n g  

a t t d c k  o f  t h i s  f l o o r .  A t  667 hours t h i s  a t t a c k  had penetrated t h e  2.0 m 

th ickness  o f  subcav i ty  floor-RCB foundat ion  concrete and began m e l t i n g  t h e  

under l y ing  e a r t h  and basal t ' r o c k .  Our a t t e n t i o n  now switches t o  t h e  RCB: 

condi  ti ons; 
I 



The.CACEC0 a n a l y s i s  o f  t h e  RCB cond i t i ons  showed a  gradual p r e s s u r i -  

z a t i o n  by accumulat ion o f  water vapor, ma in ly  from r e a c t i o n  o f  hydrogen . 

leakage from t h e  r e a c t o r  c a v i t y  w i t h  RCB atmospheric oxygen according t o  

t h e  na tu ra l ,  sodium aerosol  ca ta lyzed hydrogen-oxygen . recombinat ion reac-  

. t i o n .  C1O1 The c a v i t y  f l o o r  c o l l a p s e  and sodium f l o o d i n g  o f  t h e  subcavi ty 

. . promoted very  r a p i d  concrete water re lease  i n t o  t h e  sodium and a t tendan t  

hydrogen leakage and RCB p r e s s u r i z a t i o n .  Very s h o r t l y . a f t e r  t h e  f l o o r  

c o l l a p s e  t h e  RCB was vented t o  p revent  ove rp ressu r i za t i on .  Th i s  ventdown 

re leased app rox in~a te l y  32 percent  o f  t he  RCB atmosphere t o  t h e  o u t s i d e  

and then t h e  RCB oxygen concen t ra t i on  was too  low t o  . sus ta in  the  recombina- 

t i o n  reac t i on .  The hydrogen accumulated and by 31.6 hours, t he  hydrogen/ 

oxygen concen t ra t i on  r a t i o  (18 percent/9.1 percent).  approxi'mated . the 2/1 

. r a t i o  f o r  s t o i c h i o m e t r i c  d e f l a g r a t i  on and t h e  CACECO ana lys i s  was t r i gge red .  

t o  cause d e f l a g r a t i o n  i n  one t ime step.  The d e f l a g r a t i o n  consumed a l l  o f  

t h e  oxygen and r a i s e d  t h e  RCB p ressu re . to  127 kPa, b u t  t h i s  overpressure 

vented q u i c k l y  and then, as t h e  atmosphere cooled, a i r  f lowed back i n t o  

the  RCB and t h e  oxygen concen t ra t i on  increased t o  the  l e v e l  t o  support  

another  d e f l a g r a t i o n .  The a n a l y s i s  f o l l owed  th ree  def lagra t ions ,  b u t  these 

merge together  i n  F igu re  8: i n  t h e  top  curve  I n t o  the  sp i ke  i n  temperature, 

i n  t h e  middle curve  i n t o  t h e  s p i k e  i n  pressure, and i n  t h e  bottom curves i n t o  

s t e p  changes i n  hydrogen, oxygen, and water  vapor concent ra t ions .  The 

f i r s t  d e f l a g r a t i o n  caused t h e  ven t i ng  of approximate ly '  59 percent  o f '  t h e  

RCB atmosphere before t h e  i n h a l e  o f  a i r ;  t h e  second d e f l a g r a t i o n  vented 10 

percent;  and t h e  t h i r d  d e f l a g r a t i o n  vented.14 percent ,  b u t  t h e  i n h a l e  of 

a i r  was smal l  and t h e r e a f t e r  t he  oxygen concen t ra t i on  remained below t h e  

low flammabl e  1  i m i  t. These d e f l a g r a t i o n s ,  are, . o f  course, specu la t ive .  

~ y d r o ~ e n  w i  11 burn a t  lower concent ra t ions  and t h e  r e s u l t a n t  pressure bu i  1 d- 

up and RCB r e l e a s e  would be l ower. By 302 hours t h e  sodi  urn pool was gone 

from' t h e  r e a c t o r  c a v i t y  and subcavi t y  because 67 percent  had reac ted  w i t h .  

concre te  and w j t h  water  from concre te  ( t h e  r e a c t i o n  products remained, o f  

course) and 33',percenf had leaked i n t o  the  R C B  and formed a  sodium hydroxide 

depos i t  about 6  cmdeep o v e r  t h e  f l o o r .  Thereaf te r ,  t h e  RCB cooled. 

\ .   he HAA-3C code a n a l y s i s  began w i t h  t h e  aerosol  formed f rom the  HCDA 

expu ls ion  as descr ibed ahnve f o r  t.he f i r s t  case. Th i s  aerosol was aug- 
4  rnented by  new ox ide  from the  9.3 x  10 kg of sodium leakage f rom t h e  c a v i t y  

a f t e r  the  c a v i  t): f l o o r  c o l  l ap ied .  
. \ 

f 



i ,  l ~ h e  COMRADEX-H code analysis method was the same as  f o r  the e a r l i e r  
1 '  

case only the vent rates  and f a l lou t  ra tes  were d i f fe rent .  In this case 

th 'e  ventdown occurred ear ly,  a t  30.5 hrs .., and was followed by the venting , 

of three hydrogen deflagrations.  Discharge of hydrogen from the cavity 
and of water vapor from the H&V cooler room increased 'the ventage from 

the RCB. COMRADEX-H predicted 30 day doses a t  the s i t e  boundary were: 

. . whole body, 13 REM; lung, 11 REM; thyroid,. 1260 'REM; and bone, 94 REM. The 
dramatic increase i n  the thyroid dose had two 'causes: F i r s t ,  the i n i t i a l  
expulsion was assumed to contain 'free1' iodine which was n o t  diminishing 

. . .  

by f a l l o u t  pr ior  to  the ventdown whenmost of i t  w8s released during a 
period of r e l a t ive ly  poor atmospheric diffusion; four times as much iodine 
was released a t  ventdown as i n  t h e . f i r s t  case altogether.  Secondly, the 
subsequent boiloff of sodium iodide from : the cavity because the sodium 
pool boiled dry ,  released 2.7 times 'as much. iodine from the RCB a s  during 

. .. 
the ventdown. 

Conclusions 

In the.course of extensive s tudies  of.containment margins, the FFTF 
faci  1 i ty  was eval uated fo r  consequences of an HCDA fol 1 owed by reactor 
vessel me1 t-through and s p i l l  of core' debris and. sodium into the reactor 

cavity. The two cases presented 'i,n t h i s  paper were based' on parameters 
considered t o .  represent upper 1 imi t s  f o r  the ra tes  0.f .chemical and thermal 

at tack of the reactor cavity f loor  by the sodium and core debris.  Those 
were used in cal cu'lation of containment t ransients  and potential 

, . 

s i t e  radio1 ogical exposures, usi rig the CACECO, HAA and COMRADEX corn- ' . -, 

puter codes.. ... The resul tant  30-day doses a t  the s i t e  boundary were judged 
to  be acceptable considering the conservatism in the analysis and the low 
probability of the event. 
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