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BEHAVIOR OF FISSION PRODUCT I O D I N E  I N  THE HEAD-END REPROCESSING OF HTGR FUEL: 
IODINE-129 STUDIES (SERIES I) 

C. E. Lamb 
C .  L. F i t z g e r a l d  
V.  C.  A. Vaughen 

ABSTRACT 

The t r a n s p o r t  of 12’1 i n  t h e  head-end r ep rocess ing  of High- 
Temperature Gas-Cooled Reactor  (HTGR) f u e l  w a s  i n v e s t i g a t e d  us ing  
f u e l  removed from t h e  Peach Bottom Reactor .  This  f u e l  c o n s i s t e d  
of  TRISO-coated (Th,U)C2--TRISO-coated ThC 
g r a p h i t e  mat r ix .  

microspheres  i n  a 2 

A modified grind-burn-leach f lowshee t  was s e l e c t e d  t o  
s imula t e  t h e  secondary burner  s t e p .  To minimize t h e  number of 
samples r equ i r ed  t o  s tudy  t h e  i o d i n e  behavior ,  t h e  f i s s i l e  and 
f e r t i l e  f r a c t i o n s  were crushed and processed toge the r .  F i l t e r s  
and s u i t a b l e  s o r b e r s  were pos i t i oned  i n  t h e  s e p a r a t e  p a r t s  of  
t h e  system f o r  c h a r a c t e r i z a t i o n  purposes .  S i n t e r e d  Has te l loy  X 
and h igh-ef f ic iency  p a r t i c u l a t e . a i r  (HEPA) a b s o l u t e  f i l t e r s  
were used t o  remove en t r a ined  p a r t i c l e s ,  whereas a c t i v a t e d  
charcoa l  and silver-exchanged z e o l i t e  were chosen as t h e  i o d i n e  
so rben t s .  

The f i ss ion-product  d a t a  r e s u l t i n g  from radiochemical  a n a l y s i s  
and gamma r a d i a t i o n  measurements were compared w i t h  v a l u e s  p red ic t ed  
by t h e  ORNL I so tope  Generat ion and Deple t ion  Code (ORIGEN). About 
15-50% of t h e  t o t a l  i o d i n e  found remained wi th  t h e  Has te l loy  X 
f i l t e r ,  and about 5-20% remained wi th  t h e  a s h  removed from t h e  
burner .  
t h e  burner  housing w a s  sorbed by t h e  f i r s t  ac t iva t ed -cha rcoa l  t r a p .  
The d i s so lved  burner  a sh  and i n s o l u b l e  r e s i d u e  a l s o  conta ined  
a roximate l  
1!pCs, and 134Eu. 

Approximately 99% of t h e  i o d i n e  i n  t h e  gas  phase l eav ing  

99% of t h e  144Ce and more than  90% of t h e  134Cs, 

1. INTRODUCTION 

The f i r s t  se t  of experiments  i n  a series designed t o  s tudy  t h e  

release and t r a n s p o r t  of 12’1 i n  t h e  head-end r ep rocess ing  of High- 

Temperature Gas-Cooled Reactor (HTGR) f u e l  w a s  completed. 

a c t i v e  f u e l  removed from t h e  Peach Bottom HTGR was used i n  t h e s e  

experiments .  

coa ted  ThC2 microspheres embedded i n  a g r a p h i t e  mat r ix .  

Highly rad io-  

This  f u e l  was composed of  TRISO-coated (Th,U)C2--TRISO- 

The microspheres 
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were f a b r i c a t e d  wi th  an i n n e r  c o r e  of (Th,U)C2 o r  ThC 

by a l a y e r  of low-density p y r o l y t i c  carbon,  a l a y e r  of h igh-dens i ty  

p y r o l y t i c  carbon covered by a l a y e r  of S i c ,  and a n  o u t e r  s h e l l  of 

h igh-dens i ty  p y r o l y t i c  carbon. 

surrounded 2 

The head-end p rocess  f o r  t h e  HTGR f u e l  c o n s i s t s  of (1) s t e p s  t o  

c r u s h  and burn  t h e  matrix g r a p h i t e ,  s e p a r a t e  t h e  f i s s i l e  p a r t i c l e s  from 

t h e  f e r t i l e  p a r t i c l e s ,  and p rocess  each f r a c t i o n  s e p a r a t e l y  through a 

secondary c r u s h  t o  open t h e  microspheres ,  (2)  a secondary burn  t o  remove 

t h e  exposed carbon and o x i d i z e  t h e  c a r b i d e s  of uranium and thorium, and 

(3) a d i s s o l u t i o n  i n  Thorex r eagen t  (13 HN03, 0 .1  M - A13+, 0.05 g F-) 
t o  recover  t h e  heavy metal  ox ides .  To minimize t h e  number of samples 

r equ i r ed  t o  s tudy  t h e  i o d i n e  behavior ,  t h e  f i s s i l e  and f e r t i l e  f u e l  
1 f r a c t i o n s  were processed t o g e t h e r  u s ing  a grind-burn-leach f lowshee t ;  

t h i s  s imula ted  t h e  secondary bu rne r  o p e r a t i o n  i n  t h e  p rocess .  

Although t h e  primary g o a l  w a s  t o  s tudy  t h e  behavior  of i o d i n e ,  t h e  

r e s u l t s  were a l s o  ob ta ined  f o r  o t h e r  f i s s i o n  p roduc t s  and heavy metals 

and were compared w i t h  v a l u e s  c a l c u l a t e d  by t h e  ORNL I s o t o p e  Genera t ion  

and Deple t ion  Code (ORIGEN), a computer program used f o r  p r e d i c t i n g  

q u a n t i t i e s  of a c t i v a t i o n  p roduc t s ,  a c t i n i d e s ,  and f i s s i o n  p roduc t s  from 
2 i r r a d i a t i o n  d a t a  and n u c l e a r  d a t a  l i b r a r i e s .  

The experiments w e r e  performed i n  d u p l i c a t e  t o  provide  a b a s i s  f o r  

a comparative s tudy .  A complete f u e l  rod  from General Atomic Company 

(GAC) Fuel  T e s t  Element (FTE)-16 w a s  used i n  each experiment.  Each rod  

w a s  ground t o  a f i n e  powder, t h u s  b lending  t h e  f i s s i l e  and f e r t i l e  

p a r t i c l e s .  The g r ind ing  w a s  performed i n  a n  argon atmosphere because 

t h e  c a r b i d e  f u e l  i s  pyrophor ic .  

A f t e r  completion of t h e  experiment,  t h e  equipment w a s  d i sassembled  

i n t o  b a s i c  components. 

f o r  a n a l y s i s .  

t r a n s f e r r e d  i n t o  a d i s s o l v e r  vessel, where they  were leached  w i t h  Thorex 

r eagen t .  

of a i r .  

evolved iod ine .  These scrubber  s o l u t i o n s ,  a long  w i t h  t h e  i n s o l u b l e  

microsphere h u l l s ,  s o r b e r s ,  and f i l t e r s ,  were submi t ted  t o  t h e  A n a l y t i c a l  

Chemistry Div i s ion  l a b o r a t o r i e s  f o r  a n a l y s i s .  A rad iochemica l  s e p a r a t i o n  

and a c t i v a t i o n  technique  w a s  used t o  de te rmine  t h e  

The s o r b e r s  and f i l t e r s  were i s o l a t e d  and packaged 

The a shes  were removed from t h e  b u r n e r ,  weighed, and 

During t h e  l each ing  p rocess ,  t h e  s o l u t i o n  w a s  purged w i t h  a stream 

The gas  w a s  d i scharged  through a s o l u t i o n  o f  NaOH t o  t r a p  any 

129 I,  whereas gamma-ray 
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spectrometry w a s  employed t o  i d e n t i f y  o t h e r  f i s s i o n  products  p r e s e n t  

i n  s u f f i c i e n t  q u a n t i t i e s  f o r  d e t e c t i o n .  

2. EXPERIMENTAL 

2.1 Fuel  D e s c r i p t i o n  and I r r a d i a t i o n  Data 

The f u e l  used i n  t h e s e  experiments w a s  of  t h e  F o r t  S t .  Vrain HTGR 

t y p e  and w a s  i r r a d i a t e d  i n  t h e  Peach Bottom Reactor  f o r  512 e f f e c t i v e  

full-power days (EFPD) between January 7 ,  1972, and October 31, 1974. 

The f u e l  rods  were composed of TRISO-coated (Th,U)C2--TRISO-coated ThC2 

microspheres  embedded i n  a g r a p h i t e  m a t r i x ;  each rod contained 3 .0  g of 

thorium and 0.5 g of  uranium ( p r e i r r a d i a t i o n )  . 3  

c y l i n d r i c a l  (12 mm i n  diameter  and 50 mm i n  l e n g t h )  and weighed 

approximately 11.7 g. 

Each rod w a s  

A l l  r a d i o a c t i v i t y  measurements and ORIGEN n u c l i d e  v a l u e s  were 

c o r r e c t e d  f o r  decay t o  October 1, 1977. ( P o s t i r r a d i a t i o n  examination 

d a t a  are t o  be publ ished by GAC.) 4 

2.2 Equipment 

Cell  1 i n  t h e  High-level Chemical Development F a c i l i t y  w a s  used i n  

t h i s  s tudy .  The c e l l  w a s  equipped w i t h  i n - l i n e  i n s t r u m e n t a t i o n  t o  

support  t h e  experimental  system (Fig.  1 ) .  The layout  c o n s i s t e d  of 

metered gas  supply l i n e s ,  temperature  c o n t r o l l e r s ,  o f f -gas  monitors ,  

C O / C 0 2  d e t e c t o r s ,  r a d i a t i o n  monitors ,  and gas  c o l l e c t i o n  equipment. It 

w a s  i n t e r f a c e d  w i t h  subassemblies  f o r  g r i n d ,  burn,  and l e a c h  o p e r a t i o n s  

(Fig.  2 ) .  

The subassembly f o r  g r i n d i n g  t h e  f u e l  c o n s i s t e d  of  a s tandard  commercial 

b lender  (Fig.  3) modified w i t h  a gas  supply and exhaust  l i n e  t o  c a r r y  any 

i o d i n e  l i b e r a t e d  dur ing  t h e  o p e r a t i o n  t o  an ac t iva ted-charcoa l  adsorber  and 

a n  a b s o l u t e  f i l t e r .  The d ischarged  g a s  w a s  c o l l e c t e d  and analyzed a t  t h e  

end of t h e  experiment.  

The burner  subassembly w a s  c o n s t r u c t e d  of s t a i n l e s s  s tee l  and c o n s i s t e d  

of  a burner  vessel (mounted i n  a wel l - type furnace)  designed t o  c o n t a i n  

t h e  f u e l  rod  dur ing  t h e  burn o p e r a t i o n .  Preheated i n l e t  gas  w a s  suppl ied  

through a s m a l l  s t a i n l e s s  s tee l  f r i t  welded i n  a p o s i t i o n  about 1 c m  above 
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t h e  bottom of t h e  v e s s e l .  The f r i t  served t o  d i f f u s e  t h e  incoming gas  and 

support  t h e  f u e l  material dur ing  combustion. A f l a n g e  a t  t h e  top  of t h e  

burner  w a s  designed wi th  annu la r  r e c e s s e s  t o  hold a s i n t e r e d  Has te l loy  X 

f i l t e r  (with 10-pm-diam pores)  and gold-plated gaske t s .  Thermocouples 

were pos i t i oned  i n  thermowells a t t ached  i n s i d e  and o u t s i d e  t h e  burner  t o  

monitor t h e  temperatures  du r ing  t h e  r e a c t i o n .  

A s t a i n l e s s  steel tube  connected t o  t h e  top of t h e  burner  w a s  

employed t o  c a r r y  t h e  exhaust  gases  from t h e  r e a c t i o n  chamber through two 

ac t iva ted-charcoa l  s o r b e r s  i n  series, a silver-exchanged z e o l i t e  s o r b e r ,  

an a b s o l u t e  f i l t e r ,  a heated CuO bed, and f i n a l l y  i n t o  a gas  c o l l e c t i o n  

con ta ine r .  The f i r s t  cha rcoa l  so rbe r  w a s  l oca t ed  a t  t h a t  p o i n t  downstream 

of t h e  burner  a t  which t h e  temperature  w a s  below 15OOC. 

t o  avoid i g n i t i o n  of t h e  so rbe r  bed. 

assembly dur ing  ope ra t ion  a t  8 5 O O C  i s  shown i n  Fig.  4 . )  

charcoa l  and s i lver-exchanged z e o l i t e  so rbe r  beds were f a b r i c a t e d  from 

s t a i n l e s s  s tee l  p ipe ;  t h e  z e o l i t e  assembl ies  were smaller v e r s i o n s  of t h a t  

shown i n  Fig.  5.  The cha rcoa l  employed w a s  t ype  G618 (5% t r i e thy lened iamine  

impregnated),  which was obta ined  from North American Carbon, I n c . ,  

Columbus, Ohio. The silver-exchanged z e o l i t e  so rbe r  beds were f a b r i c a t e d  

us ing  99% AgX on 1.6-mm p e l l e t s ;  t h e s e  were obta ined  from Union Carbide 

Corporat ion,  Tarrytown, New York. The a b s o l u t e  f i l t e r s  employed i n  t h e  

s tudy  were p r e t e s t e d ,  d i sposab le ,  polypropylene-encased HEPA f i l t e r s  (No. 

MBY 3001 URA), made by P a l l ,  T r i n i t y ,  Inc .  

This  w a s  done 

(A tempera ture  p r o f i l e  of t h e  burner  

The a c t i v a t e d -  

A t h i r d  subassembly cons i s t ed  of a g l a s s  d i s s o l u t i o n  vessel wi th  an  

i n l e t  gas  l i n e  and a r e f l u x  condenser.  The r e f l u x  condenser w a s  connected 

t o  a "scrubber" v e s s e l  con ta in ing  NaOH s o l u t i o n  t o  remove any r a d i o a c t i v i t y  

en t r a ined  i n  t h e  of f -gas  l eav ing  t h e  r e f l u x  condenser.  

2 . 3  Operat ion 

2.3.1 Grind 

The f u e l  rod s e l e c t e d  f o r  each experiment was handled wi th  care t o  

avoid contamination wi th  n u c l i d e s  from t h e  c e l l  environment. The b lender  

con ta ine r  and t h e  off-gas  l i n e  connec tors  were r ep laced  a f t e r  each t e s t .  

The blender  w a s  condi t ioned by g r ind ing  1 g of u n i r r a d i a t e d  g r a p h i t e  

b e f o r e  adding t h e  f u e l  rod.  

c r e v i c e s  i n s i d e  t h e  c o n t a i n e r ,  thereby  reducing f u e l  l o s s e s  t o  t h e s e  areas 

when t r a n s f e r r i n g  t h e  blended f u e l  t o  t h e  burner .  

The g r a p h i t e  e f f e c t i v e l y  plugged p i t s  and 
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The f u e l  w a s  ground f o r  2 min, followed by a 2-min per iod  w i t h  t h e  

motor o f f  t o  prevent  overhea t ing  t h e  bear ings .  The c y c l e  w a s  repeated f o r  

a t o t a l  mixing time of 30 min. During t h e  g r i n d i n g  o p e r a t i o n ,  t h e  i n n e r  

chamber of  t h e  b lender  w a s  swept by a n  argon purge gas .  

vessel ,  t h e  gas  passed through a n  ac t iva ted-charcoa l  s o r b e r  and a HEPA 

a b s o l u t e  f i l t e r  and w a s  c o l l e c t e d  i n  a p l a s t i c  bag. 

On l e a v i n g  t h e  

While t h e  crushed f u e l  w a s  poured from t h e  b lender  i n t o  t h e  burner ,  

i t  w a s  blanketed by f lowing argon t o  minimize c o n t a c t  w i t h  a i r  and moisture .  

Three f r e s h ,  1-g charges  of u n i r r a d i a t e d  g r a p h i t e  w e r e  processed through 

t h e  g r i n d e r  t o  f l u s h  any remaining f u e l  i n t o  t h e  burner  f o r  a more complete 

q u a n t i t a t i v e  t r a n s f e r .  

F igures  6 and 7 i l l u s t r a t e  t h e  work f low f o r  experiments FTE-16-1-3 

and FTE-16-1-4, r e s p e c t i v e l y .  Sampling p o i n t s  are i d e n t i f i e d  by t h e  codes 

used f o r  t h o s e  samples removed from each l o c a t i o n .  

2.3.2 Burn 

A f t e r  t h e  system w a s  t e s t e d  and found t o  be l e a k  proof ,  t h e  temperature  

i n  t h e  burner  w a s  r a i s e d  t o  85OOC and t h e  oxygen f low ra te  w a s  a d j u s t e d  t o  

100 cm /min. 

3 .5  h r  i n  experiment FTE-16-1-3 and approximately 4 h r  i n  experiment FTE- 

16-1-4. F igures  8 and 9 show t h e  burner  performance i n  each experiment. 

A wel l - regulated burn is  d e p i c t e d  by Fig.  8; t h e  burner  temperature  

remained cons tan t  and t h e  r e l e a s e d  C02  reached a peak c o n c e n t r a t i o n  of 96% 

a f t e r  50 min of o p e r a t i o n ,  then  evenly decreased t o  t h e  end of t h e  

o p e r a t i o n .  

t h a t  all of t h e  carbon p r e s e n t  had been burned, and t h e  experiment w a s  

terminated.  About 10 .3  g o f  carbon w e r e  burned and 27.5 l i t e rs  of oxygen 

were consumed f o r  FTE-16-1-3. A more i r r e g u l a r  burn i s  i l l u s t r a t e d  by 

Fig.  9; t h e  temperature  f l u c t u a t e d  between 800 and 900°C and t h e  C O / C 0 2  

evolved i n  a correspondingly e r r a t i c  manner. About 11 .4  g of  carbon were 

burned and 27.1 l i t e rs  of  oxygen were consumed f o r  FTE-16-1-4. 

3 The burn w a s  normal i n  both  r u n s  and l a s t e d  approximately 

The decrease  of  t h e  C 0 2  c o n c e n t r a t i o n  i n  t h e  off-gas  i n d i c a t e d  

A t  t h e  completion of  t h e  burning o p e r a t i o n ,  t h e  burner  a s h  w a s  removed 

and t h e  s o r b e r  beds,  HEPA and H a s t e l l o y  X f i l t e r s ,  and gas  samples were 

s e n t  f o r  radiochemical  a n a l y s i s .  
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2.3.3 Leach 

The a s h  from t h e  burner  contained t h e  m e t a l  ox ides ,  S i c  h u l l s ,  and 

n o n v o l a t i l e  f i s s i o n  products ,  A f t e r  i t  w a s  weighed and t r a n s f e r r e d  i n t o  

t h e  d i s s o l v e r  vessel, a r e f l u x  condenser w a s  i n s e r t e d  w i t h  a l i n e  a t t a c h e d  

t o  c a r r y  t h e  off-gas  t o  a scrubber  and g a s  c o l l e c t o r .  A l i n e  connect ing 

an a i r  supply t o  t h e  d i s s o l v e r  w a s  a t t a c h e d  and t h e  assembly w a s  checked 

f o r  l e a k s .  

t h e  85Kr.  

a d j u s t e d  t o  h e a t  t h e  s o l u t i o n  t o  a g e n t l e  b o i l .  

t h e  h e a t  t o  t h e  d i s s o l u t i o n  w a s  t e rmina ted ;  t h e  a i r  purge w a s  cont inued 

3 The a i r  supply w a s  t h e n  a d j u s t e d  t o  a 100-cm /min f low t o  purge 

An e lec t r ic  h e a t i n g  mantle  encasing t h e  d i s s o l v e r  vessel w a s  

A f t e r  a 6-hr c o n t a c t ,  

f o r  an a d d i t i o n a l  hour. 

The l e a c h  assembly w a s  dismantled and t h e  s o l u t i o n  w a s  f i l t e r e d  t o  

s e p a r a t e  t h e  undissolved material f o r  f u r t h e r  t rea tment .  

f i l t r a t e  and c o l l e c t e d  g a s  w e r e  removed f o r  a n a l y s i s .  

Samples of t h e  

The remaining undissolved material w a s  r e t u r n e d  t o  t h e  d i s s o l v e r  and 

a second c o n t a c t  w a s  made u s i n g  t h e  same set of c o n d i t i o n s .  A t  t h e  end 

of t h e  second d i s s o l u t i o n ,  a d d i t i o n a l  samples w e r e  removed f o r  a n a l y s i s .  

They were submitted along w i t h  t h e  f i n a l  undissolved material and t h e  

p r e v i o u s l y  separa ted  samples t o  t h e  A n a l y t i c a l  Chemistry D i v i s i o n  

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

3. RESULTS AND DISCUSSION 

3.1 Heavy Metals 

The d i s t r i b u t i o n s  of t h e  uranium and thorium c o n c e n t r a t i o n s  i n  t h e  two 

experiments are l i s t e d  i n  Table  1. The r e s u l t s  i n d i c a t e  t h a t  80% of t h e  

uranium and 84% of t h e  thorium c o n c e n t r a t i o n s  p r e d i c t e d  by ORIGEN w e r e  

i d e n t i f i e d  i n  experiment FTE-16-1-3, whi le  on ly  65% of t h e  uranium and 74% 

of t h e  thorium were found i n  FTE-16-1-4. These r a t i o s  may i n d i c a t e  t h e  

u n c e r t a i n t y  of t h e  f u e l  loading .  The burner  a s h  contained t h e  m a j o r i t y  

o f  t h e  heavy metals found i n  both  experiments:  87.7% of t h e  uranium and 

89.2% of  t h e  thorium i n  experiment FTE-16-1-3 and 93.4% of t h e  uranium 

and 96.6% of t h e  thorium i n  experiment FTE-16-1-4. The H a s t e l l o y  X f i l t e r  

he ld  <0.1% of t h e  uranium and thorium i n  experiment FTE-16-1-3 and o n l y  

0.1% of t h e  uranium and 0.3% of t h e  thorium i n  FTE-16-1-4. 



Table 1. D i s t r i b u t i o n  of heavy metals 

FTE-16-1-3 FTE-16-1-4 
Uranium Thorium Uranium Thorium 

mg % mg % mg % mg % 

H a s t e l l o y  X f i l t e r  cO.1 <0 .1  1.8 C O . 1  0.3 0 .1  5.6 0.3 

F i r s t  l e a c h  s o l u t i o n  290.2 87 .7  2209 89.2 253.2 93.4 2112 96.6 

Off  -gas scrubber  co.1 <0 .1  <0.2 C O . 1  co.1 <0.1 <0.1 co.1 

Second l e a c h  s o l u t i o n  < O . l a  < O , l a  266 10.7 15.8 5.8 38.9 1.8 

Off-gas scrubber  37.3a 11.3a C0.2 C O . 1  < 0 . 1  <0.1 <0.1 <0.1 

1.0 0.3 <0 .1  1.8 0.7 29.4 1 . 3  I n s o l u b l e s  3.4 

T o t a l  (CA) 330.9 100 2477 100 271.1  100 2186 100 

- -- - 

ORIGEN (0) 415 2940 415 2940 

CAI Ob 0.80 0.84 0.65 ' 0.74 

a 

bChemical analysis/ORIGEN rat  i o .  
Suspect r e s u l t s ;  scrubber  and l e a c h  r e s u l t s  are probably reversed .  
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With 10.7% of t h e  t o t a l  thorium i n  FTE-16-1-3 and 5.8% of t h e  

t o t a l  uranium i n  FTE-16-1-4 found i n  t h e  second l each ,  a more concer ted  

e f f o r t  t o  improve t h e  f i r s t  l each  e f f i c i e n c y  seems i n  o rde r .  However, t h e  

combination of t h e  two l e a c h e s  i n  each experiment removed a l l  of t h e  heavy 

metals except  0.1-1% i n  FTE-16-1-3 and 0.7-1.3% i n  FTE-16-1-4. L e s s  t han  

0.1% of t h e  heavy metals w a s  c a r r i e d  i n  t h e  o f f c g a s  t o  both  t h e  f i r s t  and 

second l e a c h  of f -gas  sc rub  s o l u t i o n s .  (However, see Sec t .  .3.3.) 

Based on t h e  heavy metal va lues  i n  t h e  leached r e s i d u e s  and assuming 

t h a t  a l l  of t h e  uranium and thorium i n  t h e s e  r e s i d u e s  came from unbroken 

microspheres ,  on ly  1.3% o r  less of t h e  microspheres  could have remained 

i n t a c t  through t h e  c rush  and burn ope ra t ions .  (However, see S e c t .  3.3.)  

The d a t a  i n  Table  2 compare t h e  q u a n t i t y  of f u e l  a s h  removed from 

t h e  burner  i n  each experiment w i th  t h e  amount recovered from t h e  d i s s o l u t i o n  

s t e p .  

burner  ash .  While t h e r e  are v a r i a t i o n s  between t h e  two sets of d a t a ,  t h e  

l a r g e s t  d i screpancy  i s  t h e  weight of S i c  h u l l s .  

could have occurred wh i l e  weighing t h e  S i c  h u l l s  i n  experiment FTE-16-1-3, 

t h u s  account ing f o r  most of  t h e  d i f f e r e n c e  i n  t h e  material ba lances .  

One expec ts  a l l  v a l u e s  t o  be p r o p o r t i o n a t e  t o  t h e  q u a n t i t i e s  of 

A l-g weighing e r r o r  

The i s o t o p i c  uranium va lues  and those  p r e d i c t e d  by ORIGEN are compared 

i n  Table  3. 

experiment FTE-16-1-3 and 0.65 f o r  experiment FTE-16-1-4, w i t h  t h e  g r e a t e s t  

d i s p a r i t y  occurr ing  i n  t h e  concen t r a t ion  of  235U: 67% of  O R I G E N ’ s  p r e d i c t i o n  

for‘FTE-16-1-3 and 55% f o r  FTE-16-1-4. No exp lana t ion  i s  a v a i l a b l e  a t  

t h i s  t i m e  . 

The chemical analysis/ORIGEN (CA/O) r a t i o s  were 0.80 f o r  

3.2 Iod ine  Behavior 

The radiochemical  de t e rmina t ion  of I2’I involved i r r a d i a t i n g  a 

r e p r e s e n t a t i v e  f r a c t i o n  of t h e  sample i n  a r e a c t o r  and measuring t h e  

r e s u l t i n g  1301 ( r e f .  5 ) .  

s a r y  t o  t reat  t h e  h ighly  r a d i o a c t i v e  sample i n  a h o t  c e l l  t o  s e p a r a t e  t h e  

I2’I from t h e  o t h e r  f i s s i o n  products .  

analyzed f o r  I2’I con ten t :  (1) s o l i d s  (S ic  h u l l s ) ,  (2) metals (Has te l loy  

X f i l t e r ) ,  (3) l i q u i d s  ( l e a c h  and scrub  s o l u t i o n s ) ,  and (4) g ranu le s  and 

pel le ts  (ac t iva ted-charcoa l  and s i lver-exchanged z e o l i t e  s o r b e r s ) .  Each 

type  r equ i r ed  a d i f f e r e n t  t rea tment .  

For s a f e  handl ing ,  t h e r e f o r e ,  i t  w a s  first neces- 

Four types  of samples were 
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Table  2.  Material ba l ances  

FTE-16-1-3 FTE-16 -1-4 T h e o r e t i c a l a  
(g) (g> ( g )  

Burner a s h  (weight 
b e f o r e  d i s s o l u t i o n )  (5.850) (5.809) 

Uranium 0.331 0.271 

Thorium 2,477 2.186 

Oxide oxygen 0.401 0.345 

I n s o l u b l e s  (S ic )  1.343 2.686 

F i s s i o n  p roduc t s  0.140' 0.140' 

4.682 5.628 

0.50 

3.00 

0. 50b 

1.55 

5.550 

Material b a l a n c e ,  % 80 97 

a 

bCalcula ted  as pos tburn  oxide .  
P r e i r r a d i a t i o n .  

Calcu la ted  by ORIGEN code. C 
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Table 3. Comparison of isotopic uranium values by 
ORIGEN and chemical analysisa 

FTE-16-1-3 FTE- 1 6 - 1-4 
Isotope ORIGEN~ Chemical CAI0 Chemical CAI0 

(d analysis' ratio analysisC ratio 
( 8 )  ( R )  

233u 0.047 0.054 1.15 0.044 0.94 

234u 0.005 0.006 1.20 0.005 1.00 

235u 0.303 0.203 0.67 0.167 0.55 

236u 0.033 0.042 1.27 0.034 1.03 

238,, 0.027 0.026 0.96 0.021 0.78 

0.415 0.331 0.80 0.271 0.65 

TRISO-coated (Th,U)C --TRISO-coated ThC fuel. 

Mass spectrometry. 

a 
bORIGEN (1066-day coofed), October 1, 19?7. 

dChemical analysis/ORIGEN rat io. 
C 
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The h u l l s  were s lowly d r i e d  a t  ambient temperature .  They w e r e  t hen  
12gI 

weighed i n t o  a p la t inum d i s h  and fused i n  a f l u x  of Na2C03. Any 

i n  microspheres  remaining i n t a c t  would probably escape t o  t h e  c e l l  

environment d u r i n g  t h i s  f u s i o n  t rea tment ,  a long  wi th  t h e  undisso lved  S i c  

h u l l s .  A f t e r  coo l ing ,  t h e  sa l t  w a s  d i s so lved  i n  d i l u t e  HC1 s o l u t i o n .  

The Has te l loy  X f i l t e r  w a s  d i s so lved  i n  aqua r e g i a .  

adso rbe r s  w e r e  leached  w i t h  a s o l u t i o n  of NH40H and H202 t o  remove t h e  

I2’I. 

leached wi th  a s l i g h t l y  heated s o l u t i o n  of NaOH and Na2S. 

s o l u t i o n  w a s  t hen  t r e a t e d  as desc r ibed  below. 

The ac t iva t ed -cha rcoa l  

The s i lver-exchanged z e o l i t e  s o r b e r  p e l l e t s  w e r e  crushed and 

Each l e a c h  

To e f fec t  t h e  I2’I s e p a r a t i o n ,  a p o r t i o n  of each s o l u t i o n  w a s  spiked 

wi th  a known amount of 1271. 

wi th  t h e  a d d i t i o n  o f  s o l u t i o n s  con ta in ing  NaOC1,  HN03, and NH20H*HC1 t o  

p repa re  t h e  i o d i n e  f o r  e x t r a c t i o n  i n t o  C C 1 4 .  

p roducts  remained i n  t h e  aqueous phase.  

t h e  CC14 wi th  a s o l u t i o n  of  NaHS03. 

on ly  a p a r t i a l  s e p a r a t i o n  of  t h e  i o d i n e  from t h e  f i s s i o n  products .  

was r o u t i n e l y  necessary  t o  r e p e a t  t h e  s t e p s  several t i m e s .  

Sh ie ld ing  Reactor  (BSR) t o  activate t h e  I2’I presen t  t o  

spec t rometer  w i t h  a h igh - re so lu t ion  Ge(Li) d e t e c t o r  w a s  t hen  used t o  

measure the 1301 produced. 

of 1271 was made and t h e  r e s u l t  f o r  I2’I was repor t ed .  

It w a s  t hen  t r e a t e d  i n  s e q u e n t i a l  s t e p s  

Most of t h e  f i s s i o n  

The i o d i n e  w a s  t hen  s t r i p p e d  from 

The technique  u s u a l l y  r e s u l t e d  i n  

It 

An a l i q u o t  of t h e  prepared s o l u t i o n  w a s  t hen  i r r a d i a t e d  i n  t h e  Bulk 
1301 . A gamma 

A c o r r e c t i o n  based on t h e  o r i g i n a l  a d d i t i o n  

The a n a l y t i c a l  d a t a  showing t h e  d i s t r i b u t i o n  of 12’1 i n  experiments  

FTE-16-1-3 and FTE-16-1-4 are l i s t e d  i n  Table  4 .  Examination of t h e  

r e s u l t s  r evea led  t h a t  most of  t h e  12’1 w a s  found i n  t h e  f i r s t  a c t i v a t e d -  

cha rcoa l  adso rbe r ,  Has t e l loy  X f i l t e r , . a n d  burner  a s h  ( r ep resen ted  by t h e  

va lues  corresponding t o  t h e  f i r s t  and second . l each ) .  About 18-28% of t h e  

12’1 p r e d i c t e d  by ORIGEN was found i n  t h e s e  two experiments .  Th i s  compares 

wi th  about 2-7% of t h e  p r e d i c t e d  q u a n t i t i e s  found i n  two p rev ious ly  

completed experiments  u s ing  FTE-4 HTGR fue ls . ’  The low material ba lance  

sugges t s  t h a t  t h e  i o b i n e  i s  depos i t ed  i n  an  u n i d e n t i f i e d  l o c a t i o n  (e .g . ,  

one such l o c a t i o n  may be  t h e  i n n e r  s u r f a c e s  of t h e  bu rne r ) .  

I n  experiment FTE-16-1-3, about 5% of t h e  t o t a l  i o d i n e  w a s  determined 

t o  be  i n  t h e  burner  ash .  

s i n t e r e d  Has te l loy  X f i l t e r  and about 80% w a s  on t h e  f i r s t  a c t i v a t e d -  

Approximately 14% of t h e  i o d i n e  w a s  i n  t h e  
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Table 4. D i s t r i b u t i o n  of 12’1 found a f t e r  each experiment 

Iodine-129 d i s t r i b u t i o n  

1-lg % l-uz % 
Operat i on  Sampling p o i n t  FTE-16-1-3 FTE-16-1-4 

Grind Activat ed-charcoal 
adsorber  <0.1 <0.1 <0.1 <0.1 

Absolute f i l t e r  a a a a 

Bum Has te l loy  X f i l t e r  23.0 14.2 54.5 52.0 

Off-gas scrubber  
(from f i l t e r  d i s s o l u t i o n )  <0 .1  <0.1 <0 .1  <0.1 

Act ivated -charcoal  
adsorber  1 130.0 80.3 30.0 28.7 

Act ivated-charcoal  
adsa rbe r  2 0.5 0.3 <0 .1  <0 .1  

S i l v e r  z e o l i t e  adsorber  0.3 0.2 <0.1 <0 .1  

Absolute f i l t e r  a a a a 

Leach F i r s t  s o l u t i o n  1.8 1.1 18.5 17.7 

Off -gas scrubber  
s o l u t i o n  3.5 2.2 0.7 0.7 

Leach Second s o l u t i o n  1 .5  0.9 0.8 0.8 

Off -gas scrubber  
s o l u t i o n  1.4 0.8 0 . 1  0 .1  

I n s o l u b l e s  - K O . 1  co.1 - <0.1  <0 .1  - - - -  
T o t a l  (CA) 162.0 100 105.0 100 

ORIGEN~ (0) 584 584 

CA/OC 0.28 0.18 

a 

’ORIGEN (1066-day coo led ) ,  October 1, 1977. 
Not analyzed. 

Chemical anaLysis/ORIGEN r a t i o .  C 
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c h a r c o a l  s o r b e r .  I n  t h e  second experiment,  about 19% of  t h e  t o t a l  

i o d i n e  i n  FTE-16-1-4 remained w i t h  t h e  burned f u e l ,  52% w a s  t rapped  by 

t h e  H a s t e l l o y  X f i l t e r ,  and about  29% w a s  found on t h e  f i r s t  a c t i v a t e d -  

c h a r c o a l  s o r b e r .  These v a r i a t i o n s  may be a t t r i b u t e d  p a r t l y  t o  s m a l l  

v a r i a t i o n s  i n  t h e  burner  o p e r a t i o n  and p a r t l y  t o  t h e  d i f f i c u l t y  of 

reproducing t h e  l e n g t h y  s e p a r a t i o n  and i r r a d i a t i o n  procedure i n  t h e  

a n a l y s i s  f o r  I2’I i n  h i g h l y  r a d i o a c t i v e  materials.  

Both t h e  H a s t e l l o y  X f i l t e r  and t h e  f i r s t  c h a r c o a l  t r a p  w e r e  

e f f e c t i v e  i n  c a p t u r i n g  t h e  r e l e a s e d  i o d i n e .  

I2’I found w a s  i n  t h e  a c t i v a t e d - c h a r c o a l  and silver-exchanged z e o l i t e  

s o r b e r s  downstream of t h e  f i r s t  ac t iva ted-charcoa l  s o r b e r .  Less t h a n  

0.1% of t h e  t o t a l  I2’I w a s  evolved d u r i n g  t h e  g r i n d i n g  o p e r a t i o n  and 

<0.1%, i f  any,  remained w i t h  t h e  undissolved S i c  h u l l s .  

Less t h a n  0.5% of t h e  t o t a l  

3.3 F i s s i o n  Products  Other t h a n  Iodine-129 

The samples submit ted f o r  a n a l y s i s  were f i r s t  gamma scanned t o  i d e n t i f y  
12gI t h e  n u c l i d e s  p r e s e n t  i n  measurable q u a n t i t i e s .  I n  a d d i t i o n  t o  3 

t h e  most abundant f i s s i o n  products  measured were ‘06Ru, 125Sb, 134Cs, 

144Ce, and 154Eu (Tables  5 and 6 ) .  

h u l l s  i n  both  r u n s  (91.9 and 87.4% r e s p e c t i v e l y ) .  Approximately 89% 

of t h e  125Sb w a s  d i s s o l v e d  from t h e  a s h  i n  experiment FTE-16-1-3, but  

over  h a l f  of t h e  lz5Sb remained undissolved i n  t h e  h u l l s  i n  FTE-16-1-4. 

137 
C s ,  

Ruthenium-106 w a s  concent ra ted  i n  t h e  S i c  
. 

The l a r g e r  p a r t  of t h e  remaining f i s s i o n  products  w a s  d i s s o l v e d  

d u r i n g  t h e  r e f l u x  of t h e  burner  a s h  w i t h  Thorex reagent .  

144Ce and 90-95% of  t h e  154Eu w e r e  d i s s o l v e d  by t h e  f i rs t  l e a c h  s o l u t i o n  

i n  each experiment.  The remaining cerium and europium i n  FTE-16-1-3 

were d i s s o l v e d  by t h e  second l e a c h  s o l u t i o n .  

remaining i n  FTE-16-1-4 were a p p a r e n t l y  unaf fec ted  by a second l e a c h  and 

s tayed  w i t h  t h e  undissolved S i c  h u l l s .  S i m i l a r  l a r g e  f r a c t i o n s  of  t h e  

About 90% of t h e  

However, t h e  144Ce and 154Eu 

134Cs and 137Cs were found i n  t h e  h u l l s .  A p o s s i b l e  e x p l a n a t i o n  i s  t h a t  

t h e  r e s i d u e  of FTE-16-1-4 conta ined  more unbroken p a r t i c l e s  t h a n  t h e  heavy 

metal  a n a l y s i s  i n d i c a t e d  (Sect .  3 .1) .  The r e s i d u e  weights  a l s o  i n d i c a t e d  

t h a t  unbroken p a r t i c l e s  were p r e s e n t ;  however, t h e  85W r e s u l t s  d i d  n o t  

s u b s t a n t i a t e  t h e  p o s s i b i l i t y .  Cesium w a s  t h e  o n l y  n u c l i d e  o t h e r  t h a n  
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T a b l e  5 .  Composite of resu l t s  f o r  exper iment  FTE-16-1-3 T a b l e  5 .  Composite of resu l t s  f o r  exper iment  FTE-16-1-3 
I 

Thorium lo6Ru l Z 5 S b  134cs l3’CS 1 4 4 ~ e  154Eu 14c 8 5 ~ r  Gross gamma 
% dp s % dp s % dps % dp s % cpsb % % dp s % dps % dps Uranium % 1 dpsa  % mg 

12gI 
% mg 

1 1.18 FTE-16-1-3 

Sb l d 4 C S  137cs 1 4 4 ~ e  154Eu 14c 8 5 ~ r  Gross gamma 
I U D  L L 3  Thorium Ru 

% dp s % dp s % dps % dp s % ~ - CPSb % 1 dpsa  % dp s % dps % dps 
I 

12gI Uranium 
mg % % mg % FTW-16-1-3 1.18 - 

2.53E03 0 .2  

. 1.06E06 99.5 

7.00E08 32.1 

1.47E09 67.5 

1.45E03‘ ~0.1 
1.83E02 (0.1 

Grind, o f f -gas  
Ac t i v a  t ed-char co a1 

Absolu te  f i l t e r  
adso rbe r  

d d 
d d 

4.74303 <0.1 1.12E04 co .1  
3.46E02 <0.1 8.77E02 ~0.1 

1.04E04 (0.1 2.55E02 0 . 1  
8.53E02 (0.1 d d 

<0.1 0.1 

Burn, o f f -gas  
Ac t iva t ed -cha rcoa l  

adso rbe r  1 
Act iva ted -cha rcoa l  

adso rbe r  2 
Si lver  z e o l i t e  

adso rbe r  
Absolu te  f i l t e r  
H a s t e l l o y  X f i l t e r  
Off-gas sc rubbe r  

1.52304 cO.1 d d 2.94303 <0.1 e e 130 8 0 . 3  
1.96E04 <0.1 d d 2.86304 <0.1 e e 0.5 0.3 

0 . 3  0.2 
5.99302 (0.1 

- <2.30E01 <0.1 

2.20E02 <0.1 
d d 

d d 
d d 
d d 
d d 

3.51302 <0.1 e e 
5.90E01 <0.1 e e 

d d d d 
6.20301 C O . 1  d d 

1 . 8  <0.1 <O.l <0.1 

290.2 87.7 
<0.1 <0.1 

23.0 14.2 
<0.1 , <0.1 

1.88302 4.23308 <0.1 8.7 

- <7.00E07 6 .9  
- <5.00E04 <O.l 

- <2.45E08 65.8 
- <5.00E03 <0.1 

3.71E09 69.5 8.82309 70.3 
1.60E05 <0.1 3.70305 (0.1 

2.12E10 89.5 3.42308 91 .0  
- <3.75E05 cO.1 21.25303 <0.1 1.8 1.1 

3 . 5  2 .2  
3.42E09 70.4 
1.26305 <0.1 Leach, f i r s t  

Off-gas scrubber  
Off -gas 

Leach, second 
of f -gas  sc rubbe r  
Off -gas 

I n s o l u b l e s  

T o t a l  (CA) 

O R I G E N ~  ( 0  

-. ,,i 

2.61E03 - 0 . 2  - <8.08E06 5 0 . 4  

f f 
< O S f  < 0 . l f  
37.3 11.3 

8.72E07 23.L 
- <1.25303 <0.1 

- c1.20E07 1 . 2  
- <2.50E04 <0.1 

9.36308 91.9 

1.02309 100 

266 10.7 
0.2 <0.1 

2.44309 10.3 3.40307 9 . 0  
<7.50E03 0 . 1  52.50302 cO.1 - 

6.24E08 12 .9  
4.25B03 <0.1 

1 . 5  0 .9  
1 . 4  0.8 

<- <Q 

162 100 

- <1. WE06 <0.1 
- 

2.18E09 100 

0 .3  <0.1 
2477 100 

- 

2940 

0.84 

4.03307 10.8 
3.73308 100. 

3.70E08 

3.4 __ 1 . 0 ,  

330.9 100 

- d - 4.57307 0.2 d - 3.90E08 8 .0  

4.86E09 100 

- 
2.37E10 100 3.76E08 100 1.07E06 100 

1.75E10 4.62308 h 2.16E09 1.50E10 5.72309 1.72E09 

1 . 2 7  

415 584 
0.47 1.01 0.93 0.83 1.35 0.81 0.8 0.28 

LA1 V 

a bdPs = d i s i n t e g r a t i o n  p e r  second.  

‘A shor thand  n o t a t i o n  f o r  showing exponents  ( a l s o  used i n  subsequent t a b l e s )  ; t h i s  example i s  read  a s  1 - 4 5  
dunde tec t ed .  

cps  = c o u n t s  p e r  second. 
3 10 . 

e L i m i t s  of d e t e c t i o n .  

gORIGEN (1066-day coo led )  and r a d i o a c t i v i t y  measurements were c o r r e c t e d  t o  October 1, 1977. 
h I n s u f f i c i e n t  h i s t o r i c a l  d a t a  f o r  an ORIGEN p r e d i c t i o n .  
iChemical analysis/ORIGEN r a t i o .  

Suspect r e s u l t s ;  s c rubbe r  and l e a c h  r e s u l t s  are probably  r e v e r s e d .  
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Tabla 5 .  Composite of  r e s u l t s  f o r  experiment PTE-16-1-4 

1 2 g I  I U-r anium Thorium Io6Ru 125sb 134cs l j 7 C S  144c2 154Eu l4c 85i<r Gross gamma 

I 
LG 

mg % mz % dpsa % dPS % d p s  _-- % dp Y % d p s  % dp s % d a s  % dp s % c p s b  % FTE-16-14 
% 

3.84303 0.4 6.12308 28.8 

C C C C 
C C C C 

2.57306 (0-1 5.89E06 <0.1 
2.60302 (0.1 7.70302 (0.1 

1.03E06 99.1 1.51309 71.1 

Grind ,  o f f - g a s  
A c t i v a t e d - c h a r c o a l  

A b s o l u t e  f i1tn-r 
a d s o r b e r  

1.00E04 (0. 1 C C 

C C C C 
(0.1 

30.0 

(0.1 
<0.1 

54.5 
(0.1 

18.5 
0.7 

0.8 
0.1 

10.1 

105 

_. 

584 

0.18 

CO.1 

28.7 

(0.1 
(0.1 

52.0 0,3 
(0.1 

17.7 253.2 

1 

0.7 <0.1 

Burn, o f f - g a s  
A c t i v a t e d - c h a r c o a l  

a d s o r b e r  1 
Act i v a t e d - c h a r c o a l  

a d s o r b e r  2 
Silver z e o l i t e  a d s o r b e r  
Abso lu te  f i l t e r  
H a s t e l l o y  X f i l t e r  
Off -gas s c r u b b e r  

Leach, f i r s t  
Of f -gas - sc rubbe r  
Off -gas  

Leach, second 
Off-gas s c r u b b e r  
Off -gas  

<O+l C C C C 6.42304 (0.1 1.55305 

5.07E04 
4.12203 
3 50E01 
2,44308 
6.06303 

9.37309 
9.01303 

1 83304 
7.18305 

4.91E09 

1.45310 

1.50310 

0.97 

C C C C 

1.96304 < O a l  
1.69303 <O.l 
1.10301 (0.1 
1.04308 1.6 
2.34303 (0.1 

(0.1 6.85305 
<O.l 3.50302 
(0.1 C 

1.7 9.88306 
<0.1 1.20303 

(0.1 (2,00303 (0.1 
10.1 C C 

C C C 
0.4 2.50305 (0.1 
(0.1 (5.00E01 (0.1 

C C C C 
C C C C 

C C C C 

0.1 5.6 0.3 L5.00306’ <0.2 <2.50306 (0.7 
1.35304 (0.1 (5.00302 (0.1 

8.55307 1.7 
2.72303 (0.1 

4.13309 65.0 
3.64303 (0.1 

89.7 3.36308 95.4 
(0.1 (2.34302 (0.1 

- (1.64303 
(0.1 6.14302 (0.1 
(0.1 8.40303 (0.1 

3.40303 

93.4 2112 96.6 <2.91308 11.7 - <4.85307 214.1 
<0.1 (0.1 <0.1 5.23305 <0.1 3.51303 <O.l 

64.5 2.18309 
(0.1 ~4.29E03 

3.65309 73.4 
3.28304 10.1 

- <0.2 52.32306 (0.1 . 

2.75308 5.6 
1.06E05 0.1 

0.3 7.30E05 (0.1 

7.99303 (0.1 
2.93305 0.1  

(0.1 2.84304 
(0.1 5.57305 

5.8 38.9 1.8 1.76307 0.7 1.04E08 ‘30.3 
<0.1 (0.1 (0.1 57.00304 0.1 - (7.00303 (0.1 

2.12309 33.4 
6.35309 100 

1.3 2.17E09 87.4 1.88308 54.9 - 0.7 29.4 - -  
LOO 2186’ 100 2.48309 l o o  3.43308 l o o  

2940 2.16309 3.70308 

0.74 1.15 0.93 

1.8 

100 271.1 

4i15 

0.65 

- (0.1 
_L 

9.61308 19.3 

100 2.13309 100 4.97309 100 

- - 9.9 1.61307 4.6 - 33.8 2.42308 

100 2.43E09 

- I n s o l u b l e  s 

T o t a l  (CA) 

ORIGEN~ ( 0 )  

CA/Of 

100 3.52308 100 1.04E06 

5.72309 1.75310 4.62308 e 1.72E09 

1.11 0.14 0.76 1.24 

adps  = d i s i n t e g r a t i o n  p e r  second. 
b ~ p s  = c o u n t s  p e r  second. 
‘Undetected . 
d~~~~~~ (1066-day cooled)  and r a d i o a c t i v i t y  measurements were c o r r e c t e d  t o  October 1; 1977. 
e I n s u f f i c i e n t  h i s t o r i c a l  d a t a  f o r  an ORIGEN p r e d i c t i o n .  

Chemical analysis/ORIGEN r a t i o .  
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* 

i o d i n e  found i n  a p p r e c i a b l e  q u a n t i t y  (%20%) on t h e  H a s t e l l o y  X f i l t e r  

d u r i n g  experiment FTE-16-1-3. 

3.4 Carbon-14 and Krypton-85 

Although t h e  two experiments were i n i t i a t e d  t o  s tudy  t h e  behavior  

of 12’1, they  provided a n  oppor tuni ty  t o  determine t h e  release of I 4 C  

and 85Kr  dur ing  a modified grind-burn-leach p r o c e s s  u s i n g  HTGR f u e l  and 

s m a l l  burner  equipment. To avoid u p s e t t i n g  t h e  movement of any i o d i n e  

i n  t h e  off-gas  stream, t h e  only  samples of g a s  removed were t a k e n  from 

t h e  gas  c o l l e c t i o n  bag a t  t h e  end o f  each o p e r a t i o n .  

approximately 275 cm3 f o r  I 4 C  and 6.8 c m  

c a l i b r a t e d  g a s  b o t t l e s .  T r i p l i c a t e  samples were taken  from each gas  

c o l l e c t i o n  f o r  increased  r e l i a b i l i t y .  

Samples of 
3 85 f o r  K r  were removed i n  

The d i s t r i b u t i o n s  of I 4 C  i n  experiments FTE-16-1-3 and FTE-16-1-4 

are shown i n  Tables  7 and 8. 

t h e  g r i n d  and l e a c h  o p e r a t i o n s .  Almost a l l  of t h e  t o t a l  r e l e a s e d  I 4 C  

r e s u l t e d  from t h e  burn o p e r a t i o n  (99.5% i n  experiment FTE-16-1-3 t o  

99.1% i n  FTE-16-1-4). Agreement between averaged v a l u e s  f o r  t o t a l  

c o n c e n t r a t i o n  of I 4 C  w a s  w i t h i n  3% (1.07E06 dps  f o r  FTE-16-1-3 and 1.04E06 

dps f o r  FTE-16-104). 

conten t  i n  t h e  s t a r t i n g  f u e l  of  about 1000 ppm (based on uranium p l u s  

thorium m e t a l ) ,  as c a l c u l a t e d  u s i n g  t h e  ORIGEN code. The d i s t r i b u t i o n  of 

85Kr i n  experiments FTE-16-1-3 and FTE-16-1-4 is  shown i n  Tables  9 and 10. 

Nearly one-third of  t h e  t o t a l  85Kr found i n  each experiment w a s  r e l e a s e d  

dur ing  t h e  g r i n d  o p e r a t i o n .  

d u r i n g  leaching .  

burn o p e r a t i o n  i n  each experiment (67.4% i n  FTE-16-1-3 and 71.1% i n  

FTE-16-1-4). 

a n a l y s i s  w a s  about 25% g r e a t e r  t h a n  p r e d i c t e d  by ORIGEN (27% more i n  FTE- 

16-1-3 and 24% more i n  FTE-16-1-4). 

L e s s  t h a n  1% of t h e  I 4 C  w a s  r e l e a s e d  from 

1 4  T h i s  q u a n t i t y  of C corresponds t o  a n i t r o g e n  

L e s s  t h a n  0.5% of t h e  85Kr w a s  r e l e a s e d  

The l a r g e s t  q u a n t i t y  of 85Kr w a s  r e l e a s e d  dur ing  t h e  

The t o t a l  q u a n t i t y  of 85Kr determined by radiochemical  

4. CONCLUSIONS AND ‘FUTURE WORK 

The h i s t o r y  f,or t h e  f u e l  r o d s  used i n  t h e  two experiments w a s  t h e  

s a m e ,  ye t  about one-third less i o d i n e  w a s  i d e n t i f i e d  i n  experiment 

FTE-16-1-4 than  i n  FTE-16-1-3. The i o d i n e  found i n  each experiment was 
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Table  7. D i s t r i b u t i o n  of 1 4 C  i n  t h e  off-gas  system (FTE-16-1-3 f u e l ) a  

Carbon-14 
C dpsb" Average P e r  cen t  of 

Off --gas volume 

code (dp s) t o t a l  
a t  STP 

( l i t e r )  

Operat i o n  

Grind 6.6 GC-1 5.72303 

GC-3 7.54302 
GC-2 l . l l E 0 3  2.53303 0.2 

27.5 BC-1 1.07E06 
BC-2 1,05306 

BC-4 9.98305 
BC-5 1.01306 
BC-6 9.85305 

Burn 

BC-3 1.21306 1.06E06 99.5 

F i r s t  l e a c h  35.2 LC-1 3.21E03 

LC-3 1.03303 
LC-2 3.59303 2.61E03 0.2 

Second l e a c h  32.9 LC-4 54.81302 

LC-6 56.01E02 
LC-5 <3.60302 54.81302 <0.1 

c 

102.2 
i - 

1,07306 1-00 

a 

b A l l  r a d i o a c t i v i t y  measurements were co r rec t ed  t o  October 1, 1977. 
TRISO-coated (Th,U)C2--TRISO-coated ThC 2' 

C dps  = d i s i n t e g r a t i o n  p e r  second. 
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Table 8.  D i s t r i b u t i o n  of 1 4 C  i n  t h e  off-gas  system (FTE-16-1-4 f u e l ) a  

~~ -~ 

Off-gas volume Carbon - 14 

C dpsb'c Average Per  cent  of Operation a t  STP 

(dps) t o t a l  ( l i t e r )  code 

Grind 10.5 GC-1 3.60303 
GC-2 3.33303 3.84303 0.4 
GC-3 4.60303 

Burn 2 7 . 1  BC-1 
BC-2 
BC-3 
BC-4 
BC-5 
BC-6 

F i r s t  l e a c h  29.6 LC-1 
LC-2 
LC-3 

Second l e a c h  34.6 LC-4 
LC-5 
LC-6 

101.8 

1.02E06 
1.14E06 
1.18306 1.03E06 99.1 
9.39305 
9.14305 
9.46305 

2.82303 

1.35303 
<o. 2 - <7.59302 1 . 6 4 3 0 3  - 

- <4.81302 
- c8.75302 3.40E03 0.3 

8.85303 

- 
1.04E06 100 

a TRISO-coated (Th,U)C2--TRISO-coated ThC2. 
b A l l  r a d i o a c t i v i t y  measurements were c o r r e c t e d  t o  October 1, 1977. 
C dps = d i s i n t e g r a t i o n  per  second. 

" 

. 
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Table  9. D i s t r i b u t i o n  of 85Kr i n  t h e  of f -gas  system (FTE-16-1-3 f u e l ) a  

Off-gas volume Krypt 0n-8 5 

Pe r  cen t  of C dpsbSc  Aver age  Operat i o n  at STP Sample 

(dps) total ( l i t e r )  code 

Grind 

Burn 

6.6 GK-1 
GK-2 
GK-3 

27.5 BK-1 
BK- 2 
BK-3 
BK-4 
BK-5 
BK-6 

F i r s t  l e a c h  35.2 

Second l e a c h  '32.9 

102'. 2 

LK-1 
LK-2 
LK-3 

LK-4 
LK-5 
LK-6 

7.00E08 
6.95308 7.00E08 32.1 
7.06E08 

1.40E09 
1.43E09 
1.42309 1.47309 67.4 
1.55E09 
1.50E09 
1.53309 

- C 0 . 4  

- <1.52E06 

4.84305 
- <2.51E06 - <1.50E06 <o. 1 

- 
2.18E09 100 

a 
bAll r a d i o a c t i v i t y  measurements w e r e  c o r r e c t e d  t o  October 1, 1977. 

TRISO-coated (Th,U) C2--TRISO-coated ThC2. 

dps  = d i s i n t e g r a t i o n  pe r  second. C 

, 
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Table 10. D i s t r i b u t i o n  of 85Kr i n  t h e  of f -gas  system (FTE-16-1-4 f u e l ) a  

Off-gas volume Krypton-85 

C dpsb’ Average Percent  of Operat ion a t  STP ‘?ample 

(dp s 1 t o t a l  ( l i t e r )  code 

Grind 10.5 GK-1 6.10308 
GK-2 6.04308 
GK-3 6.24308 

Burn 27.1 BK-1 1.38309 
BK-2 1.38309 
BK-3 1.39309 
BK-4 1,65309 
BK-5 1.62309 
BK-6 1.64309 

F i r s t  l e a c h  29.6 

Second l e a c h  34.6 

t 

101.8 

LK-1 2.59306 

LK-3 2.63306 
LK-2 - <1.74306 

LK-4 ‘5.09305 
LK-5 <le 02306 
LK-6 - C6.62305 

- 

6.12308 28.8 

1.51E09 71.1 

<o. 1 - <2.32306 - 

- <7.30305 <o. 1 

- 
2.13309 100 

TRISO-coated (Th,U)C2--TRISO-coated ThC 2’ 
a 

b A l l  r a d i o a c t i v i t y  measurements were c o r r e c t e d  t o  October 1, 1977 
C dps  = d i s i n t e g r a t i o n  p e r  second. 

. 



mucl-i less  than  p r e d i c t e d  by ORIGEN. Approximately 1 4 . 2 %  of t h e  t o t a l  

I2’I found i n  experiment FTE-16-1-3 and 52.0% of t h e  t o t a l  I2’I found 

i n  experiment FTE-16-1-4 were on t h e  H a s t e l l o y  X f i l t e r .  The s m a l l  

percentages  of uranium and thorium found on t h e  Has te l loy  X f i l t e r s  

i n d i c a t e  t h a t  t h e  i o d i n e  found r e s u l t e d  from d e p o s i t i o n  and n o t  from 

f u e l  f i n e s  e n t r a i n e d  i n  t h e  of f -gas .  

Fu tu re  experiments  must i n c o r p o r a t e  methods t o  l o c a t e  and measure 

t h e  i o d i n e  d e p o s i t s  t h a t  are no t  now being sampled ( e . g . ,  a system t o  

determine t h e  i o d i n e  and f i s s ion -p roduc t  d i s t r i b u t i o n  on t h e  i n n e r  w a l l s  

of  t h e  burner  must be dev i sed ) .  I n  a d d i t i o n ,  t h e  t i m e  between sampling 

and a n a l y s i s  must be  shor tened  t o  avoid sample d e t e r i o r a t i o n  and 

a d u l t e r a t i o n ,  as w e l l  a s  t h e  consequent l o s s  of t h e  sample as being 

r e p r e s e n t a t i v e  of t h e  pa ren t  source .  

f o r  determining 12’1 should be t e s t e d .  

r e s i n  t o  concen t r a t e  t h e  I2’I f o r  d i r e c t  neut ron  a c t i v a t i o n  a n a l y s i s  i n  

t h e  HFIR f a c i l i t y .  

approximate‘ly 2 x 10  

samples of b e t t e r  t han  5% f o r  microgram q u a n t i t i e s .  The method shows g r e a t  

promise t o  m e e t  t h e  need f o r  improved s e n s i t i v i t y ,  i nc reased  p r e c i s i o n  

and accuracy,  and more r a p i d  measurement. 

6 A new method developed s i n c e  t h i s  experiment by L. C. Bate e t  a l .  

The method u t i l i z e s  an  an ion  exchange 

The a u t h o r s  r epor t ed  a c a p a b i l i t y  of d e t e c t i n g  
-10 

g of I2’I and an agreement between d u p l i c a t e  
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