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TRIT IUM REMOVAL AND MITIGATION TECHNOLOGIES 
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3 .  B. Duncan 

ABSTRACT 

A b i e n n i a l  assessment o f  s e p a r a t i o n  t e c h n o l o g i e s  and o t h e r  m i t i g a t i o n  
t e c h n i q u e s  t o  c o n t r o l  t r i t i u m  i n  l i q u i d  e f f l u e n t s  and groundwater  a t  t h e  
H a n f o r d  S i t e  i s  p r e s e n t e d  h e r e i n .  
t h e  H a n f o r d  F e d e r a l  F a c i l i t y  and Consent O r d e r  ( T r i - P a r t y  Agreement 
M i l e s t o n e  M-25-05D). 

T h i s  r e p o r t  was p r e p a r e d  t o  s a t i s f y  

The o b j e c t i v e s  o f  t h i s  assessment a r e  t o  1) i d e n t i f y  v i a b l e  p rocesses  
w h i c h  can be  used t o  r e d u c e  t r i t i u m  c o n c e n t r a t i o n s  i n  c u r r e n t  H a n f o r d  S i t e  
l i q u i d  d i s c h a r g e s  and e x i s t i n g  groundwater  t o  be low t h e  40 CFR 141.16 d r i n k i n g  
w a t e r  t r i t i u m  maximum contaminant  l e v e l  (MCL) c o n c e n t r a t i o n  o f  20,000 p C i / L  
a n d / o r  t o  DOE Order  5400.5 a s  l o w  as r e a s o n a b l y  a c h i e v a b l e  (ALARA) p o l i c y  and 
2 )  i d e n t i f y  c o n t r o l  methods t o  p r e v e n t  t h e  f l o w  o f  t r i t i a t e d  w a t e r  (HTO) ( a t  
t r i t i u m  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h e  MCL) t o  t h e  Columbia R i v e r .  C u r r e n t  
t r i t i u m  r e l e a s e s  a r e  i n  compl iance w i t h  a p p l i c a b l e  U n i t e d  S t a t e s  E n v i r o n m e n t a l  
P r o t e c t i o n  Agency, Washington S t a t e  Depar tment  o f  Eco logy ,  and U n i t e d  S t a t e s  
Depar tment  o f  Energy r e q u i r e m e n t s  u n d e r  t h e  agreed t o  Hanford  F e d e r a l  F a c i l i t y  
and Consent O r d e r .  

T e c h n o l o g i e s  and o t h e r  m i t i g a t i o n  t e c h n i q u e s  f o r  c o n t r o l  o f  t r i t i u m  i n  
l i q u i d  e f f l u e n t s  and groundwater  a t  t h e  H a n f o r d  S i t e  a r e  grouped i n t o  t h r e e  
c a t e g o r i e s  f o r  e v a l u a t i o n  i n  t h i s  r e p o r t .  The f i r s t  g roup c o n s i s t s  o f  
commerc ia l  hydrogen i s o t o p e  s e p a r a t i o n  processes  t h a t  wou ld  r e q u i r e  a d d i t i o n a l  
deve lopment  work  t o  adapt  t o  t h e  d u t y  o f  r e d u c i n g  l i g h t  water  ( p r o t i u m  o x i d e  
w i t h  a b o u t  150 ppm d e u t e r i u m  o x i d e )  t r i t i u m  c o n c e n t r a t i o n s  t o  t h e  MCL. 
second g r o u p  c o n s i s t s  o f  t e c h n i c a l  models,  l a b o r a t o r y  s t u d i e s ,  o r  p i l o t  p l a n t  
p r o c e s s e s  t o  address  t h e  r e d u c t i o n  o f  t r i t i u m  c o n c e n t r a t i o n  i n  l i q u i d  
e f f l u e n t s  o r  g roundwater  t o  t h e  MCL c o n c e n t r a t i o n .  
o f  o t h e r  m i t i g a t i o n  t e c h n i q u e s  w h i c h  may be used t o  i s o l a t e  o r  remove t r i t i u m .  

The 

The t h i r d  g roup c o n s i s t s  

The f i r s t  g roup i n c l u d e s  t h e  f o l l o w i n g  l a r g e - s c a l e  commercial  hydrogen 
i s o t o p e  s e p a r a t i o n s  processes :  

0 Water  e l e c t r o l y s i s  
0 Water  d i s t i l l a t i o n  
0 Hydrogen d i s t i l l a t i o n  
0 Combined e l e c t r o l y s i s  c a t a l a t i c  exchange 
0 G i r d l e r - s u l  f i d e y  

ii 



DOE/RL-97-54, Rev. 0 

These p r o c e s s e s  have been developed  t o  a commercial s c a l e  f o r  s e p a r a t i n g  
deu te r ium from l i g h t  w a t e r ,  c o n c e n t r a t i n g  deu te r ium t o  h igh  p u r i t y ,  and /o r  
removing t r i t i u m  from heavy wa te r  ( d e u t e r i u m  o x i d e )  and c o n c e n t r a t i n g  t r i t i u m  
t o  a h igh  p u r i t y .  None of  t h e s e  p r o c e s s e s  a r e  used on a l a r g e  commercial 
s c a l e  f o r  s e p a r a t i n g  low c o n c e n t r a t i o n s  o f  t r i t i u m  from l i g h t  w a t e r  t o  meet 
t h e  M C L  c o n c e n t r a t i o n .  All  o f  these p r o c e s s e s  r e q u i r e  l a r g e  amounts o f  ene rgy  
t o  o p e r a t e  and would r e q u i r e  a d d i t i o n a l  deve lopment  work t o  de t e rmine  i f  t h e y  
may be p r a c t i c a l  t o  perform t h e  r e q u i r e d  d u t y  f o r  s e p a r a t i o n  o f  t r i t i u m  from 
l i g h t  w a t e r  t o  M C L  c o n c e n t r a t i o n s  on a l a r g e  s c a l e .  Computer codes  have been 
deve loped  f o r  modeling p rocess  e f f e c t i v e n e s s  and c o s t  e s t i m a t e s  o f  c a p i t a l  
equipment  and p rocess ing  c o s t s  f o r  s e v e r a l  o f  these p r o c e s s e s .  These codes  
cou ld  be used f o r  d e f i n i n g  t e c h n i c a l l y  f e a s i b l e  p r o c e s s e s  o r  combina t ion  o f  
p r o c e s s e s  f o r  which c o s t  e s t i m a t e s  cou ld  be made t o  c l e a n  HTO t o  t h e  MCL 
c o n c e n t r a t i o n .  

The second group inc ludes  p r o c e s s e s  p o s t u l a t e d ,  l a b o r a t o r y  t e s t e d ,  o r  
p i l o t  p l a n t  t e s t e d  f o r  t r i t i u m  removal from l i g h t  w a t e r  t o  t h e  M C L  
c o n c e n t r a t i o n  o r  l e s s .  These p r o c e s s e s  i n c l u d e  1 )  l i q u i d  phase  c a t a l a t i c  
exchange  wi th  hot  e l l y  o r  s o l i d  o x i d e  e l e c t r o l y t e ,  2 )  po lyphosphaz ine  
membrane, 3)  l a s e r  i s o t o p e  s e p a r a t i o n ,  4 )  s u l f u r  r e s i n  exchange ,  and 5)  meta l  
h y d r i d e  based  i s o t o p e  exchange. 

The t h i r d  group inc ludes  m i t i g a t i o n  t e c h n i q u e s  f o r  t r i t i u m  i s o l a t i o n ,  
decay ,  a n d / o r  removal.  These t e c h n i q u e s  i n c l u d e  r o u t i n g  of  f u t u r e  e f f l u e n t s  
c o n t a i n i n g  t r i t i u m  t o  a low p e r c o l a t i o n  r a t e  a q u i f e r ,  e s t a b l i s h i n g  t r i t i u m  
b a r r i e r s  o f  a q u i f e r s  by t a r g e t e d  f r e e z i n g ,  c o n c r e t e ,  o r  meta l  and a i r  s p a r g i n g  
t o  remove t r i t i u m  from groundwater .  

T r i t i u m  i n v e n t o r i e s  a t  t h e  Hanford S i t e  i n c l u d e  was te  s t o r e d  i n  t h e  
h igh - l eve l  was t e  t a n k s :  
s t o r a g e  b a s i n  wa te r ;  so l id -was te  d i s p o s a l  s i t e s ;  and numerous groundwater  
d e p o s i t s  and f lows .  
e x c l u d i n g  p roduc t  t r i t i u m  sh ipped  o f f s i t e ,  amounts t o  a 1997 decayed ( t r i t i u m  
h a l f  l i f e  o f  12 .3  y e a r s )  va lue  of  2 . 0  x lo5  Ci (21 9 )  a s  c a l c u l a t e d  from a 
1993 Robyler  spread  s h e e t  (Robyler  1 9 9 7 ) .  Es t imated  t r i t i u m  i n v e n t o r i e s  o f  
was te  t a n k s ,  o t h e r  impoundments, and underground a q u i f e r s  a t  t h e  Hanford S i t e  
a r e  i n c l u d e d  i n  t h i s  r e p o r t .  

100-K E a s t ,  100-K West, and 100-N Areas  r e a c t o r  f u e l s  

T r i t i um p roduc t ion  s i n c e  1944 a t  the Hanford S i t e ,  

Al though t e c h n o l o g i e s  e x i s t  t o  r educe  t r i t i u m  c o n c e n t r a t i o n s  t y p i c a l  o f  
Hanford S i t e  was tewa te r s  t o  t h e  MCL c o n c e n t r a t i o n ,  t h e  a p p l i c a t i o n s  need 
f u r t h e r  demons t r a t ion  and c o s t  e v a l u a t i o n .  One of  t h e s e  t e c h n o l o g i e s  was 
implemented i n  t h e  1 9 8 0 ' s  a t  Mound L a b o r a t o r i e s  on a small  s c a l e .  
t e c h n o l o g i e s  have s i n c e  been developed  t o  accompl ish  t h e  same a t  l a b o r a t o r y  
s c a l e .  Techno log ie s  have been proposed  t o  accompl ish  t h i s  f o r  l a r g e r  s c a l e  
a p p l i c a t i o n  bu t  need f u r t h e r  demons t r a t ion  and c o s t  e v a l u a t i o n .  I t  a p p e a r s  
t h a t  t a r g e t e d  a p p l i c a t i o n  could  minimize  the s i z e  r equ i r emen t s  t o  where a 
was tewa te r  t r i t i u m  removal t echno logy  may be c o n s i d e r e d .  

Add i t iona l  

i i i  
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SCIENTIFIC SYMBOLS AND ABBREVIATIONS 

Units o f  Measure 

Unit 
L 
m 

Definition 
liter 
meter 
gram 
degree kelvin (absolute temperature) 
curie 
parts per million  IO-'^ 
parts per trillion (10- ) 
parts per quaddrillion 

Magnitude Modifies 

mC i 
/IC i 
P 

milli curie 
inicro curie 
pic0 curie 

Elements and Compounds Symbol 

Amount 

Hydrogen Isotopes 
H ( H) protium 
D ('H) deuterium 
T (3H) tritiuni 

CD cryogenic distillation 

( 1 0 . ~  curie) 
( 1 0 . ~  curie) 
(10." curie) 

3 0  
D k S O  
DT 
DTO 
H :260 
HDO 
He 
HT 
HTO 
Pd 

{ I H  
THS 

Atomic Mass 
1 
2 
3 

deuterium molecule 
deuterium oxide (heavy water) 
dimethyl sulfoxide 
tritiated deuterium 
tritiated deuterium oxide 
hydrogen molecule 
water (light water-protium oxide) 
deuterated hydrogen 
deuterated water 
he1 ium 
tritiated hydrogen 
tritiated water 
palladium 

tritium molecule 
tritium to protium ratio 
tritium fluoride 
tritiated hydrogen sulfide 

vi i 
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1997  EVALUATION OF 
TRITIUM REMOVAL AND MITIGATION TECHNOLOGIES 

FOR HANFORD S I T E  WASTEWATERS 

1.0 INTRODUCTION 

T h i s  r e p o r t  c o n t a i n s  r e s u l t s  o f  a b i e n n i a l  assessment o f  t r i t i u m  
s e p a r a t i o n  t e c h n o l o g y  and t r i t i u m  m i t i g a t i o n  t e c h n i q u e s  f o r  c o n t r o l  o f  
t r i t i u m - b e a r i n g  was tewa te rs  a t  t h e  H a n f o r d  S i t e .  
H a n f o r d  have r e s u l t e d  f r o m  p l u t o n i u m  p r o d u c t i o n ,  f u e l  rep rocess ing ,  and waste 
h a n d l i n g  o p e r a t i o n s  s i n c e  1944. T h i s  assessment was conducted i n  response t o  
t h e  H a n f o r d  F e d e r a l  F a c i l i t y  Agreement and Consent  Orde r  ( T r i - P a r t y  Agreement 
M i l e s t o n e  M-25-05D, Eco logy  e t .  a l . ) ,  w h i c h  s t a t e s :  

T r i t i u m  i n  wastewaters a t  

"Submi t  t o  EPA and Ecology an e v a l u a t i o n  o f  development s t a t u s  
o f  t r i t i u m  t r e a t m e n t  t e c h n o l o g y  t h a t  wou ld  be p e r t i n e n t  t o  t h e  
c l e a n u p  and management o f  t r i t i a t e d  was tewa te r  (e.g., t h e  
242-A E v a p o r a t o r  p r o c e s s  condensa te  l i q u i d  e f f l u e n t )  ;nd 
t r i t i u m - c o n t a m i n a t e d  g roundwate r  a t  t h e  H a n f o r d  S i t e .  
m i l e s t o n e  has a c o m p l e t i o n  d a t e  o f  Augus t  31, 1997. 

The i n f o r m a t i o n  i n  t h i s  r e p o r t  p r e s e n t s  t h e  t r i t i u m  s e p a r a t i o n s  

T h i s  

t e c h n o l o g i e s  and t r i t i u m  m i t i g a t i o n  t e c h n i q u e s  c u r r e n t l y  a v a i l a b l e .  An 
e s t i m a t e  o f  t r i t i u m  i n v e n t o r i e s  i n  t h e  was tewa te rs  a t  Hanford i s  a l s o  g i v e n  t o  
p r o v i d e  a g e n e r a l  u n d e r s t a n d i n g  o f  t h e  p r e s e n t  s i t u a t i o n .  A d d i t i o n a l  
backg round  m a t e r i a l  i s  a v a i l a b l e  i n  p r e v i o u s  assessments and r e l a t e d  r e p o r t s  
(U.S. Depar tmen t  o f  Energy [DOE]  1995, Har tman 1997, Waters 1988, D i r k s  1994, 
McConachie 1996, and F u l b r i g h t  1996) .  

C o n v e r s i o n  o f  t r i t i u m  a t  l o w  was tewa te r  c o n c e n t r a t i o n s  t o  n o n r a d i o a c t i v e  
e lemen ts  by  f i s s i o n  o r  f u s i o n  p rocesses  i s  v e r y  u n l i k e l y  because o f  c o s t s  and 
a s s o c i a t e d  a c t i v a t i o n  p r o d u c t s  o f  p r o c e s s i n g  m a t e r i a l s .  
c o n s i d e r e d ,  t h e r e f o r e ,  t h e  main e f f o r t  f o r  t r i t i u m  removal and m i t i g a t i o n  a t  
H a n f o r d  d i s c u s s e d  i n  t h i s  r e p o r t  f o c u s e s  on s e p a r a t i o n  and i s o l a t i o n .  

A s u b s t a n t i a l  w o r l d w i d e  e f f o r t  i s  b e i n g  expended upon t e c h n o l o g i e s  t o  
s e p a r a t e  and r e c o v e r  t r i t i u m  because o f  i t s  m a r k e t  v a l u e  and i t s  p o t e n t i a l  
r a d i a t i o n  exposure  t o  t h e  genera l  p u b l i c  and o p e r a t i o n s  personnel  a s s o c i a t e d  
w i t h  heavy -wa te r  r e a c t o r s  and d e u t e r i u m  t r i t i u m  (DT) f u s i o n  r e a c t o r s .  Human 
exposure  concerns  o f  t r i t i u m  a r e  r e l a t e d  more t o  i n g e s t i o n  r a t h e r  t h a n  
e x t e r n a l  exposure .  M a j o r  uses f o r  t r i t i u m  i n c l u d e :  

Fue l  i n  e x p e r i m e n t a l  f u s i o n  r e a c t o r s  
Luminescent  m a t e r i a l  f o r  e x i t  s i g n s  and c l o c k  d i s p l a y s  

0 Research and med ica l  t r a c e r  

Techno logy  development  f o r  removal  o f  t r i t i u m  f rom l i q u i d  e f f l u e n t s  t o  

T h i s  approach was n o t  

s a t i s f y  e n v i r o n m e n t a l  conce rns  i s  p r o c e e d i n g  a t  a more modest l e v e l .  TO some 
e x t e n t ,  t r i t i u m  p r o d u c t i o n  and t r i t i u m  remova l  t e c h n o l o g i e s  a r e  complementary 
and can be used  t o g e t h e r  t o  t r e a t  w a s t e w a t e r s .  However, t echno logy  t o  reduce  
H a n f o r d  S i t e  l i q u i d  e f f l u e n t s  t o  c o n c e n t r a t i o n s  s a t i s f y i n g  t h e  t r i t i u m  maximum 
c o n t a i n m e n t  l e v e l  (MCL) r e q u i r e s  an e x t e n s i v e  a d d i t i o n a l  e f f o r t  beyond t h e  
p r o d u c t  p r e p a r a t i o n  e f f o r t  f o r  m a r k e t i n g  t r i t i u m  p r o d u c t .  An approach f o r  t h e  
H a n f o r d  S i t e  r e l a t e d  t o  s e p a r a t i o n  t e c h n o l o g y  i s  t o  d e t r i t i a t e  l a r g e  volumes 
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o f  w a s t e w a t e r  such t h a t  t h e  b u l k  o f  t h e  w a t e r  c o u l d  be r e l e a s e d  t o  t h e  ground 
a t  l e s s  t h a n  t h e  MCL t r i t i u m  c o n c e n t r a t i o n .  
s m a l l  volumes o f  c o n c e n t r a t e d  t r i t i a t e d  waste  w h i c h  c o u l d  be hand led  a t  
r e a s o n a b l e  c o s t s .  

T h i s  p rocess  c o u l d  r e s u l t  i n  

2.0 SEPARATION AND ISOLATION TECHNOLOGIES FOR TRITIUM I N  WASTEWATERS 

S e p a r a t i o n  and i s o l a t i o n  t e c h n o l o g i e s  t o  c o n t r o l  t r i t i u m  c o n c e n t r a t i o n s  
i n  t h e  H a n f o r d  S i t e  l i q u i d  e f f l u e n t  and g r o u n d w a t e r s  t o  meet t h e  Code o f  
F e d e r a l  R e g u l a t i o n s  (CFR), 40 CFR 141.14 d r i n k i n g  w a t e r  MCL o f  20,000 p C i / L  
(-2ppQD) a n d / o r  DOE O r d e r  5400.5 as l o w  as r e a s o n a b l y  a c h i e v a b l e  (ALARA) a r e  
i d e n t i f i e d  and e v a l u a t e d .  
p u r i t i e s  o r  c o n c e n t r a t i o n s  o f  about  100 C i / L  (10 ppm) o r  g r e a t e r  when remov ing  
t r i t i u q  f r o m  H a n f o r d  S i t e  wastewater .  T h i s  g r e a t  d i f f e r e n c e  ( f a c t o r  o f  about  
5 x 10 ) i s  n o t  a l l  u n r e l a t e d .  To c l e a n  up wastewater  t o  MCL c o n c e n t r a t i o n s  
and t o  m i n i m i z e  r e c o v e r e d  t r i t i u m  volume, t e c h n o l o g i e s  may be d e s i r a b l e  t o  
c o n c e n t r a t e  t r i t i u m  t o  n e a r  t h e  m a r k e t  v a l u e s  i n  a v e r y  smal l  f r a c t i o n  o f  t h e  
w a s t e w a t e r .  The c u r r e n t  marke t  v a l u e  f o r  t h e  e s t i m a t e d  r e m a i n i n g  p r o c e s s  
t r i t i u m  a t  H a n f o r d ,  i f  r e c o v e r e d  and i n  a p u r e  s t a t e ,  i s  l e s s  t h a n  $50,000 a t  
t h e  c u r r e n t  m a r k e t  p r i c e  o f  a p p r o x i m a t e l y  $15 p e r  c u r i e .  
r e m a i n i n g  H a n f o r d  t r i t i u m  i s  i n s i g n i f i c a n t  when compared t o  t h e  c o s t  o f  
r e c o v e r y  f r o m  p r o c e s s  s t reams.  
a r e  t h e  t w o  main  d r i v i n g  f o r c e s  f o r  m e e t i n g  t h e s e  c o n c e n t r a t i o n  l i m i t s .  

c a t e g o r i e s  f o r  t h e  purpose o f  e v a l u a t i o n  i n  t h i s  r e p o r t .  
c o n s i s t s  o f  commercial  hydrogen i s o t o p e  s e p a r a t i o n  t e c h n o l o g i e s  w h i c h  wou ld  
r e q u i r e  a d d i t i o n a l  development work  t o  a d a p t  t o  t h e  d u t y  o f  r e d u c i n g  l i g h t  
w a t e r  t r i t i u m  c o n c e n t r a t i o n s  t o  t h e  MCL. 
modeled, l a b o r a t o r y  t e s t e d ,  o r  p i l o t  p l a n t  t e s t e d  f o r  t r i t i u m  removal  f r o m  
l i g h t  w a t e r  t o  MCL c o n c e n t r a t i o n s  o r  l e s s .  
m i t i g a t i o n  t e c h n i q u e s  f o r  t r i t i u m  i s o l a t i o n ,  decay and/or  removal .  
o f  t r i t i u m  i s o l a t i o n  t e c h n i q u e s  a r e  a l s o  i n c l u d e d  f o r  p o t e n t i a l  a p p l i c a t i o n s  
t o  e x i s t i n g  groundwater  d e p o s i t s  a t  H a n f o r d .  

T r i t i u m  r e c o v e r y  m a r k e t s  d e s i r e  t r i t i u m  a t  h i g h  

T h i s  m a r k e t  v a l u e  o f  

P o t e n t i a l  pub1 i c  exposure and l a n d  r e c l a m a t i o n  

R e l e v a n t  hydrogen i s o t o p e  s e p a r a t i o n  t e c h n o l o g i e s  a r e  grouped i n t o  t h r e e  
The f i r s t  g r o u p  

The second group i n c l u d e s  processes  

The t h i r d  g roup i n c l u d e s  
E v a l u a t i o n  

2 . 1  GROUP ONE TECHNOLOGIES FOR SEPARATING TRITIUM FROM HANFORD WASTEWATER 

T h e r e  a r e  no commercial  p rocesses  o p e r a t i n g  t o d a y  t o  reduce t r i t i u m  i n  
H a n f o r d  w a s t e w a t e r s  a t  c o n c e n t r a t i o n s  o f  i n t e r e s t  ( n e a r  10 ,uCi/L, 0.5 ppT) t o  
l e s s  t h a n  t h e  MCL from l a r g e  s t ream f l o w s  o f  was tewater .  
commerc ia l  p r o c e s s e s  f o r  s e p a r a t i n g  d e u t e r i u m  o x i d e  ( d e u t e r i u m  a t  150 ppm) 
f r o m  p r o t i u m  o x i d e  and s e p a r a t i n g  t r i t i u m  f r o m  d e u t e r i u m  and f o r  c o n c e n t r a t i n g  
d e u t e r i u m  o r  t r i t i u m  t o  o b t a i n  a p r o d u c t  ( g r e a t e r  t h a n  900,000 ppm) o f  
m a r k e t a b l e  v a l u e  and f o r  r e d u c i n g  t r i t i u m  c o n c e n t r a t i o n s  ( t o  about 1 C i / L ,  
50 ppm) i n  heavy  w a t e r  t o  m i n i m i z e  w o r k e r  exposure .  
w a t e r  d i s t i l l a t i o n ,  hydrogen i s o t o p e  d i s t i l l a t i o n ,  w a t e r  e l e c t r o l y s i s ,  
combined e l e c t r o l y s i s  c a t a l y t i c  exchange (CECE), and a g i r d l e r - s u l f i d e  
p r o c e s s .  These processes  by themse lves  a r e  j u d g e d  t o  be n o t  c o m m e r c i a l l y  
d e v e l o p e d  a n d / o r  t o o  c o s t l y  t o  be used f o r  w a s t e w a t e r  t r e a t m e n t  t o  remove 
t r i t i u m  t o  l e s s  t h a n  MCL c o n c e n t r a t i o n s  on a l a r g e  s c a l e .  

o f  d e p l e t e d  s t r e a m  f o r  t o t a l  p r o c e s s )  r e q u i r e d  f o r  t h e  Hanford  S i t e  s t reams o f  
i n t e r e s t  t o  r e a c h  t h e  MCL c o n c e n t r a t i o n  and produce an e n r i c h e d - t r i t i u m  
p r o d u c t  s t r e a m  a r e  v e r y  l a r g e .  

There a r e  many 

These processes  i n c l u d e  

T o t a l  s e p a r a t i o n  f a c t o r s  ( c o n c e n t r a t i o n  o f  e n r i c h e d  s t r e a m / c o n c e n t r a t i o n  

The t o t a l  s e p a r a t i o n  f a c t o r s  d e s i r e d  f o r  

2 
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H a n f o r d  a r e  much g r e a t e r  t h a n  t h o s e  i n  commerc ia l  a p p l i c a t i o n  f o r  p r o d u c i n g  
c o n c e n t r a t e d  p r o d u c t  f r o m  r e l a t i v e l y  r i c h  s t a r t i n g  s t reams ( t r i t i u m  
c o n c e n t r a t i o n s  near  1 C i / L )  by t h e  above p rocesses .  The t h e o r e t i c a l  s t a g e  
s e p a r a t i o n  f a c t o r s  ( c o n c e n t r a t i o n  o f  e n r i c h e d  s t r e a m / c o n c e n t r a t i o n  o f  d e p l e t e d  
s t r e a m  f o r  one e q u i l i b r i u m  s t a g e )  f o r  s e p a r a t i n g  t r i t i u m  f r o m  p r o t i u m  a r e  
g r e a t e r  t h a n  t h o s e  f o r  s e p a r a t i n g  d e u t e r i u m  f r o m  t r i t i u m  o r  p r o t i u m .  
g r e a t e r  s e p a r a t i o n  f a c t o r s  f o r  t r i t i u m  s e p a r a t i o n  f r o m  p r o t i u m  make i t  e a s e r  
t o  s e p a r a t e  t h a n  f o r  d e u t e r i u m  s e p a r a t i o n  f r o m  p r o t i u m .  However, n a t u r a l  
w a t e r  has a g r e a t e r  c o n t e n t  o f  d e u t e r i u m  ( a b o u t  150 ppm) t h a n  t h e  t r i t i u m  
c o n t e n t  o f  i n t e r e s t ,  10 p C i / L  (1 ppT) ,  and can add t o  t h e  removal burden.  A 
compar i son  o f  s e p a r a t i o n  f a c t o r s  i s  l i s t e d  i n  T a b l e  1. 

These 

T a b l e  1. S i n g l e - S t a g e  T h e o r e t i c a l  S e p a r a t i o n  F a c t o r s  f o r  Hydrogen I s o t o p e s .  

Temperature 'K 

2.1.1 Water D i s t i l l a t i o n  

i s  t e c h n i c a l l y  f e a s i b l e .  
0 .2  atmosphere p r e s s u r e  and 333 "K .  
t r i t i u m  w a t e r  d i s t i l l a t i o n  a r e  abou t  1.056 f o r  t h e s e  c o n d i t i o n s  excep t  t h a t  a 
l o s s  i n  e f f i c i e n c y  i s  encoun te red  a t  t h e  e x t r e m e l y  l o w  t r i t i u m  c o n c e n t r a t i o n s  
o f  i n t e r e s t .  
steam and l i q u i d  phases i n  t h e  r e c t i f y i n g  column, d e s i r e d  phase r e v e r s a l  by  
c o n d e n s a t i o n  a t  t h e  t o p  and r e v a p o r i z a t i o n  a t  t h e  b o t t o m  o f  t h e  column. 
i s  no danger  o f  a hydrogen f i r e  o r  e x p l o s i o n  i n  t h i s  p rocess  b u t  i t  does 
r e q u i r e  a c o n s i d e r a b l e  amount o f  l ow-g rade  energy  f o r  o p e r a t i o n .  

O n t a r i o  Hydro pe rsonne l  e s t i m a t e d  t h a t  100 d i s t i l l a t i o n  u n i t s  c o s t i n g  
$100 M each (Ne lson  e t .  a l .  1994) wou ld  be r e q u i r e d  t o  e f f e c t  t h e  r e q u i r e d  
s e p a r a t i o n s  as shown i n  Tab le  2 .  
e v a p o r a t i o n  and condensa t ion  a r e  l a r g e .  
make t h i s  t e c h n o l o g y  i m p r a c t i c a l  even though  i t  i s  r e l a t i v e l y  s a f e .  

The use  o f  w a t e r  d i s t i l l a t i o n  t o  t r e a t  t r i t i a t e d  wastewaters a t  H a n f o r d  
The columns wou ld  be o p e r a t e d  a t  about  

S e p a r a t i o n  f a c t o r s  f o r  hydrogen t o  

T h i s  w a t e r  d i s t i l l a t i o n  p r o c e s s  u t i l i z e s  c o u n t e r  c u r r e n t  f l o w  o f  

There  

I n  a d d i t i o n ,  ene rgy  requ i remen ts  f o r  
The h i g h  c a p i t a l  and o p e r a t i n g  c o s t s  
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P r o c e s s  

Water 
d i  s t  i 1 1 a t  i ona 
Hydrogen 
d i  s t i  11 a t i o n b  
E l e c t r o l . y s i s b  
Combined 
e l e c t r o l y s i s  
c a t a l y t i c  
exchange' 
G i r d l e r - s u l  f i d e '  

T a b l e  2 .  Comparison of  Es t imated  C o s t s  and Energy Consumption f o r  
S e p a r a t i o n  P r o c e s s e s .  

Feed Flow C a p i t a l  Opera t ing  S a f e t y  
Rate  Equipment C o s t s  c o s t s  Concerns 

(1  /min) ($M) ($M/yr) 
-1 00 10 ,000  - _  1 ow 

8 20 12 h igh  

8 150 34 h igh  
95 340 200 Moderate 

95 6 . 1  2 . 5  h igh  
~~ 

a (Nelson  1994) 
( E l l i s  1982) 
( F u l b r i g h t  1996) 

2 .1 .2  

hydrogen ( c o n v e n t i o n a l l y  by e l e c t r o l y s i s )  and t h e n  a number of  low t e m p e r a t u r e  
(20  t o  30 " K )  s e p a r a t i o n  s t a g e s  coo led  by l i q u i d  he l ium.  T r i t i u m  s i n g l e - s t a g e  
s e p a r a t i o n  f a c t o r s  f o r  removal from p ro t ium by C D  a r e  about  1 .80 .  The 
e v a p o r a t e d  g a s  a t  each  s t a g e  i s  condensed f o r  t h e  nex t  s t a g e .  
consumpt ion  c o s t s  f o r  t h e  r e q u i r e d  t r i t i u n l  s e p a r a t i o n  of  i n t e r e s t  a r e  t o o  
g r e a t  t o  be a v i a b l e  p rocess  f o r  t h e  s u b j e c t  a p p l i c a t i o n  a s  i n d i c a t e d  in  
Tab le  2 .  
t h i s  p r o c e s s .  

Hydrogen I s o t o p e  Oi s t i  11 a t i  on (Cryogen ic  Di s t i  11 a t i  on) 

Hydrogen c ryogen ic  d i s t i l l a t i o n  (CD) r e q u i r e s  t h e  conve r s ion  o f  w a t e r  t o  

Energy 

S a f e t y  conce rns  when working wi th  hydrogen a r e  an i n t e g r a l  p a r t  o f  

2 . 1 . 3  Water E l e c t r o l y s i s  

Water e l e c t r o l y s i s  i s  a well  deve loped  t echno logy .  
c o n c e n t r a t e d  i n  t h e  e l e c t r o l y t e  and d e p l e t e d  i n  t h e  hydrogen g a s  evo lved .  
t r i t i u m  s i n g l e - s t a g e  s e p a r a t i o n  f a c t o r  of  abou t  10 i s  t y p i c a l  f o r  d i l u t e  
t r i t i a t e d  l i g h t  w a t e r .  
make t h e  d e s i r e d  t r i t i u r i i  s e p a r a t i o n  from 10 pCi /L  t o  l e s s  than  0 .02  pCi /L .  
A d d i t i o n a l  s t a g e s  would a l s o  be needed t o  f u r t h e r  c o n c e n t r a t e  t h e  e n r i c h e d  
t r i t i u m  t o  a manageable volume ( t o  a t r i t i u m  c o n c e n t r a t i o n  of  about  10 C i / L ) .  
A hydrogen r ecombina t ion  s t e p  would be r e q u i r e d  between each e l e c t r o l y s i s  s t e p  
t o  c o n v e r t  t h e  g a s e s  back t o  l i q u i d  w a t e r  f o r  the nex t  e l e c t r o l y s i s  s t a g e .  
Recycle  o f  many s t r eams  would be r e q u i r e d  t o  e f f e c t  a comple te  s e p a r a t i o n .  
The e l e c t r o l y s i s  p rocess  f o r  t h i s  a p p l i c a t i o n  has  ve ry  high ene rgy  consumption 
c o s t s  and s a f e t y  conce rns  when working wi th  hydrogen g a s  on a l a r g e  s c a l e .  
The e s t i m a t e d  c a p i t a l  equipment and ene rgy  c o s t s  i n d i c a t e d  in  Tab le  2 f o r  a 
f e e d  r a t e  o f  abou t  8 L/min show t h a t  t h i s  method would be too  c o s t l y .  
s e r i e s  o f  r e s e a r c h  p r o J e c t s  a r e  be ing  c a r r i e d  o u t  w i th  t h e  aim o f  r educ ing  
t h e s e  ene rgy  r equ i r emen t s  (Vasaru 1993) .  

T r i t i u m  i s  
A 

A nuniber of  e l e c t r o l y s i s  s t a g e s  would be r e q u i r e d  t o  

A 
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2.1.4 Combined E l e c t r o l y s i s  C a t a l a t i c  Exchange (CECE) 

C o m b i n a t i o n s  o f  some o f  t h e s e  p r o c e s s e s  appear t o  be t e c h n i c a l l y  c a p a b l e  
o f  s e p a r a t i n g  t r i t i u m  f r o m  l i g h t  w a t e r  t o  meet t h e  MCL c o n c e n t r a t i o n s .  
t h e  more a t t r a c t i v e  p rocesses  i s  a CECE ( E l l i s  1982) s m a l l - s c a l e  d e m o n s t r a t e d  
p r o c e s s  c o u p l e d  w i t h  an expanded column o r  a supp lementa l  system t o  f u r t h e r  
c o n c e n t r a t e  t h e  e n r i c h e d  t r i t i u m  s t ream.  
e l e c t r o l y s i s  c e l l ,  a l i q u i d - p h a s e  c a t a l y t i c  exchange column, and a r e c o m b i n e r .  
H y d r o p h o b i c  c a t a l y s t s ,  deve loped by Atomic  Energy o f  Canada, L t d .  (AECL), has 
made t h i s  t e c h n o l o g y  e f f e c t i v e .  The p r o c e s s  has been demonst ra ted  ( E l l i s  
1982) on a p i l o t  p l a n t  s c a l e  t o  p r o c e s s  l i g h t  w a t e r  w i t h  a t r i t i u m  
c o n c e n t r a t i o n  o f  53 p C i / L  r e s u l t i n g  i n  a w a t e r  d i s c h a r g e  o f  0.02 p C i / L  a t  
a b o u t  97% o f  t h e  f e e d  volume and an e n r i c h e d  s t ream o f  2.0 mCi/L a t  a l i q u i d  
vo lume o f  about  3% o f  t h e  f e e d  volume. 

8 L / m i n  o f  f e e d  was e s t i m a t e d  t o  be about  $50 M ( a d j u s t e d  t o  1997 d o l l a r s ) .  
The m a j o r i t y  o f  t h i s  c a p i t a l  equipment c o s t  was f o r  t h e  e l e c t r o l y t i c  c e l l s .  
Energy  r e q u i r e m e n t s  f o r  o p e r a t i n g  t h e  e l e c t r o l y t i c  c e l l s  i n  t h i s  p r o c e s s  was 
e s t i m a t e d  t o  be  5 .8  MW on a c o n t i n u o u s  p r o c e s s i n g  b a s i s .  
a n a l y s i s  ( F u l b r i g h t  1996) g i v e s  an e s t i m a t e  o f  $340 M c a p i t a l  equipment c o s t  
w i t h  a b o u t  $200 M annual o p e r a t i n g  c o s t s  f o r  p r o c e s s i n g  95  L /min  o f  f e e d .  
expanded column o r  supp lementa l  p r o c e s s  c o u l d  be used t o  p r o v i d e  f u r t h e r  
t r i t i u m  c o n c e n t r a t i o n  o f  t h e  t r i t i u m - e n r i c h e d  s t r e a m  t o  p roduce a manageable 
vo lume.  
c l e a n u p  s i t e s  by u t i l i z i n g  t h e  p o r t a b l e  u n i t  c o n c e p t .  
o p e r a t i o n  a r e  q u i t e  h i y h .  

One o f  

T h i s  CECE p r o c e s s  c o n s i s t s  o f  an 

C a p i t a l  equipment c o s t s  f o r  a p o r t a b l e  u n i t  d e s i g n e d  t o  p r o c e s s  about  

A more r e c e n t  

An 

The c a p i t a l  equipment c o s t  c o u l d  be d i s t r i b u t e d  o v e r  s e v e r a l  t r i t i u m  
The energy  c o s t s  f o r  

2.1.5 G i r d l e r - S u l f i d e  Process 

s e p a r a t e  d e u t e r i u m  froi i i  n a t u r a l  w a t e r  t o  p roduce a c o n c e n t r a t e d  d e u t e r i u m  
p r o d u c t .  
and h y d r o g e n  s u l f i d e  gas a c c o r d i n g  t o  t h e  e q u i l i b r i u m  r e a c t i o n :  

The g i r d l e r - s u l f i d e  process  has been used s i n c e  t h e  e a r l y  1940s t o  

T h i s  p rocess  i n v o l v e s  t h e  exchange o f  d e u t e r i u m  between l i q u i d  w a t e r  

HDS(g) t H,O ( 1 )  4 HOD ( 1 )  t H,S ( 9 )  

I t i s  a n t i c i p a t e d  t h a t  t h e  t r i t i u m  e q u i l i b r i u m  exchange between hydrogen 
s u l f i d e  (H,S) gas and l i q u i d  w a t e r  c o u l d  be used t o  s e p a r a t e  t r i t i u m  f r o m  
t r i t i a t e d  w a t e r  (HTO) by t h e  s i m i l a r  r e a c t i o n :  

THS(g) t H,0(1) f HTO(1) t H,S(g). 

e v a l u a t e d  ( F u l b r i g h t  1996) t o  be a more economica l  p rocess  f o r  t r i t i u m  remova l  
f r o m  w a t e r - c o n t a i n i n g  t r i t i u m  a t  c o n c e n t r a t i o n s  around 2 5  p C i / L .  
p r o c e s s  i s  expec ted  t o  p roduce a r e l e a s a b l e  w a t e r  f l o w  o f  t r i t i u m  w i t h  less  
t h a n  20,000 p C i / L .  V a r i a t i o n  o f  t h e  e q u i l i b r i u m  c o n s t a n t  w i t h  r e s p e c t  t o  
t e m p e r a t u r e  i s  used as t h e  b a s i s  f o r  t h e  s e p a r a t i o n  process  t o  p roduce an 
enr iched-HT0 s t ream and a t r i t i u m - d e p l e t e d  w a t e r  s t ream.  
c o n s i s t s  o f  two tower  s e c t i o n s  w i t h  an e l e c t r o l y t i c  c e l l  as shown i n  F i g u r e  1. 
The t w o  t o w e r  s e c t i o n s  o p e r a t e  a t  d i f f e r e n t  t e m p e r a t u r e s .  The s e p a r a t i o n  
f a c t o r  i s  l o w e r  i n  t h e  h o t  s e c t i o n  t h a n  i n  t h e  c o l d  s e c t i o n .  T r i t i u m  f r o m  
l i q u i d  w a t e r  r e a c t s  w i t h  t h e  c o n t a c t i n g  H,S gas i n  t h e  h o t  s e c t i o n  t o  f o r m  
t r i t i a t e d  hydrogen s u l f i d e  (THS) gas f o r  r e f l u x i n g  i n  t h e  c o l d  t o w e r .  The 
c o n c e n t r a t e d  t r i t i u m  i s  removed f r o m  t h e  b o t t o m  o f  t h e  c o l d  t o w e r  ( t o p  o f  t h e  

T h i s  r e a c t i o n  o c c u r s  r a p i d l y  w i t h o u t  a c a t a l y s t .  T h i s  p r o c e s s  was 

T h i s  

T h i s  p r o c e s s  
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hot tower) and further concentrated by electrolysis. This is a very small 
stream that is removed for electrolysis. The THS gas in the cold section 
reacts with water to form HTO and hydrogen sulfide gas which exits the top of 
the cold column. 
tower with the liquid water flowing down and the gases flowing upward. 

Costs were estimated to be $ 6 . 1  M for capital equipment and $2.5 M/yr 
for operation at 95 L/min of feed with a tritium concentration of 25 pCi/L. 
This process would utilize large distillation towers and operate at about 
20 atmospheres pressure. There is corrosion and flammability concerns with 
using H,S and toxicity concerns with tritiated gases at 20 atmospheres 
pressure. The hydrogen sulfide content of tritium-depleted liquid effluent 
need to be controlled within discharge limits. 
producing tritium and deuterium products but has not been used for removing 
tritium to the MCL concentration. Further testing and demonstration would be 
needed prior to implementation of this process. 

be adequate if it is technically demonstrated to be effective. F o r  example, 
when processing 105-K East (KE) Area basin water for tritium removal a feed 
rate of 50 L/min could be used to process the basin water in about 63 days of 
continuous operation. This process would not be expected to process basin 
water directly, but perhaps after processing the basin water through the 
Effluent Treatment Facility (ETF) to remove other contaminants first, the 
resulting condensates could be processed by this smaller-sized girdler-sulfide 
unit. There would be other targeted applications (wastes needing tritium 
removal) for which liquids may be processed sequentially through ETF and then 
through this tritium removal unit to control tritium releases below the MCL 
concentration. 

The water and the gas flow counter-currently through each 

This process has been used for 

For the Hanford Site application, a smaller size girdler-sulfide unit may 

2.2 GROUP TWO TECHNOLOGIES FOR SEPARATING TRITIUM FROM WASTEWATER 

Five candidate technologies in development stages for removal of tritium 
from wastewaters to MCL concentrations are liquid phase catalytic exchange 
(LPCE) with solid oxide electrolyte (SOE) or hot temperature electrolytic 
decomposition, membrane separation, laser isotope separation, tritium removal 
by sulphur resin ion exchange, and metal hydride based isotope separation. 
None of these technologies are in commercial operation to remove tritium in 
wastewater to the MCL concentration. Parts of some o f  these technologies are 
in commercial use for producing tritium and/or deuterium products. These 
technologies are in various stages of development for wastewater treatment and 
some are currently being pursued by several interested parties. The processes 
considered, investigating company, brief process description and evaluation of 
these processes are shown in Table 3. 

2.2 .1  Liquid Phase Catalytic Exchange with Solid Oxide Electrolyte 

The development of hydrophobic catalysts has stimulated an extensive 
research effort in the development of hydrogen isotope separation processes 
(Butler 1978 and 1980) .  LPCE, coupled with the use of a SOE, is a modestly 
energy-efficient process for reducing the tritium concentration in wastewaters 
below the MCL (Yamai 1995) .  Coupling the hydrophobic catalysts (as used in 
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CompanylLab contact Pmcerr Descdptlon 

Japan Atomic Energy Research 
Karlrruha. KFK 

Tritium exchange between HJHT and 
H,OIHTO gas and water 10 remove 
tritium from water feed stream using 
wet-pmaf catalysts. Includes variations 
of slectmlytic cslllSOE ceiliand 
high-temperature steam electrolysis. 

olyeulfarons Membrane Pacific Northwest Laboratory Laboratory test tickets made lmm 
Laboratory testing Richland. Washington substituted polyphorphazinea. Water 
30% separations in 
Si"g1e-p.s. 
with tritium feed. 

aser Isotope Separation 

passing through membrane at low-tritium 
concentration had 30% leas tritium than 

Ontario Hydm, Research Division IOHRDI 
800 Kipling Avenue 

In OHRD'c proccss, tritium in the feed 
water is transferred via a working fluid to 

Pmcesr: statu. 

F'CE with SO€ or Hot Elly 
Laboratory tested 

Evaluation: Pmr and Cons 

Pm: Similar pmcsss used commercially to remow 
tritium Imm heavy water. 

Con: Needs impmved catalyst and economics. 
Needs demonstration on large scale. 

Pm: Capital and operating costs expected to be 
similar to other membrana pmcesses. separation 
takes place without a phase change. 

Con: Pmcefr needs pilot scale demonstration. 

Pm: Enrichment lactars of about 2, 5.000 hove bean 
achieved. 

nensive pilot-scale 
ewlopmmt of all components 
omplated by 1988 a t  OHRD. 
aser photoreactor daaign 
evelopment stressed at RiKEN. 
heoretical two-phase photon 
mcesr laboratory tested but in 
,asd of better lasertuning. 

Toronto, Ontario Canada 

Applied Laser Chemistry Laboratory 
Tha institute of Physical and Chemical 
Rssaarch iRIKENl 
Wako-rhi, Saaama 351-01 
Japan 

Mound Laser and Photonic Center, Inc. 
Miamisburg, Ohio 

CF,HICF,T vapor. This vapor ie cent to a 
laser dimxiation cell for selective 
dscompmition to TF and C,F,. The 
CF,H. unaffected by the photo-reactor, is 
recycled back to the exchange column. 
A pmduct separator isolates the TF and 
HF whish is converted into gaseous 
hydrogen for enrichment by CD. 

The poetulated two-phase photon 
pmcaar uses IR followed by an Ultra 
violst laser within 5 to  10 nanoseconds 
to separate tritium from gas from HTO 
vapor. Better tuning of the ukravioict 

Con: Process tested for feed Water tritium 
concentration six orders of magnitude higher than the 
Hanford Sits streams. Fmcsss effectiwmes needs t c  
be teetad at pans per trillion tritium Isveis. Flow 
diagram needs to ba revised because pmduct 
ncovsry is not e C O M m i C a I  at  these concentrations. 
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iullur Rarin Exchange 
Fmcers in theoretics1 

Westinghouse Savannah River Co. 
Aiken. South Carolina 

W 
C 

laser is needed to effect tho process. 

Sulfur renin would pnfsrentiallv 
exchange tritium With an existing 
pmtium on H-S bond and bad on rsrin at 
near ambient temperaturn and prnee~re. 

The tdtium-sulfur bond strsngth is 
greater than the protium-sulfur bond 

Pm: This process would not require a phase change 
or be an enewy intensive process. 

Con: Only theoretical at  this point and weds 
laboratory testing. 

0 

,Iota1 Hydride Catalyzed 
iydmgon Distillation 
Tested on plant scale far 
pmtium demerium 
.sparation 

strength. 

Westinghouse Savannah River Co. Requires W a t e r t o  be convened to Pm: Has high-catalnad separation faeton lor 
Savannah River Labomtory hydmgsn gas and then separated fmm separating tritium fmm pmtium. Demonstrated 

tritium by catalyzed hydmgon distillation, pmcees for asparating deuterium fmm pmtium at 
RTF. 

Con: N e d  to conwn water to hydmpon  as lor feed 
to this omcass. Need Dilot scale damonstmion. 
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LPCE) w i t h  a SOE has been demonst ra ted  i n  Japan on a l a b o r a t o r y  s c a l e  t o  be 
e n e r g y  e f f i c i e n t  and t e c h n i c a l l y  e f f e c t i v e  i n  r e d u c i n g  t r i t i u m  c o n c e n t r a t i o n s  
i n  l i q u i d  w a t e r  t o  be low t h e  MCL. 
t r i t i u m  a t  manageable c o n c e n t r a t i o n s .  

T h i s  p r o c e s s  a l s o  accumulates t h e  c o l l e c t e d  

2.2.1.1 Process  D e s c r i p t i o n  

T h i s  sys te i i i  c o n s i s t s  o f  a s t r i p p i n g  column, an enr ichment  column, and a 
s o l i d  o x i d e  e l e c t r o l y t i c  c e l l  as shown i n  F i g u r e  2 .  An e v a p o r a t o r ,  two h e a t  
exchangers ,  a condenser and a c o o l e r ,  and s e v e r a l  l i q u i d  pumps a r e  a l s o  
i n c l u d e d  as p a r t  o f  t h e  system. The s o l i d  o x i d e  e l e c t r o l y t e  o p e r a t e s  a t  a b o u t  
800 "C f o r  c o n v e r s i o n  o f  HTO vapor  t o  t r i t i a t e d  hydrogen (HT) gas and 
c o n v e r s i o n  o f  hydrogen gas t o  w a t e r  v a p o r .  

The l i q u i d  f e e d  combined w i t h  t h e  b o t t o m - s t r i p p i n g  column l i q u i d  i s  f e d  
i n t o  t h e  t o p  o f  t h e  e n r i c h m e n t  column t o  c o n t a c t  HT gas f l o w i n g  up t h r o u g h  t h e  
co lumn o v e r  a h y d r o p h o b i c  p l a t i n u m  c a t a l y s t  bed. The b u l k  o f  t h e  t r i t i u m  i n  
t h e  t r i t i a t e d  gas  i s  exchanged w i t h  hydrogen i n  l i q u i d  w a t e r  i n  t h e  p r e s e n c e  
o f  t h e  h y d r o p h o b i c  p l a t i n u m  c a t a l y s t  a t  ambien t  t e m p e r a t u r e .  The hydrogen and 
HT gas  l e a v i n g  t h e  t o p  o f  t h e  e n r i c h m e n t  column i s  i n t r o d u c e d  a t  t h e  b o t t o m  o f  
t h e  s t r i p p i n g  column. Water l o w  i n  t r i t i u m  i s  f e d  t o  t h e  t o p  o f  t h e  s t r i p p i n g  
co lumn and c o n t a c t s  t h e  hydrogen and r e s i d u a l  HT gas f l o w i n g  up t h r o u g h  t h e  
co lumn.  The HT r e m a i n i n g  i n  t h e  gas s t ream i s  removed t o  fo rm l i q u i d  HTO i n  
t h e  s t r i p p i n g  column. 

The HTO f r o m  t h e  b o t t o m  o f  t h e  e n r i c h m e n t  column i s  v a p o r i z e d  i n  an 
e v a p o r a t o r  and t h e n  c o n t a c t e d  w i t h  a ca thode n e x t  t o  a s o l i d  o x i d e  
e l e c t r o l y t i c  c e l l  w h i c h  removes oxygen f r o m  t h e  HTO and passes i t  t h r o u g h  t h e  
s o l i d  o x i d e  c e l l .  T h i s  oxygen t h e n  r e a c t s  w i t h  hydrogen gas f r o m  t h e  t o p  o f  
t h e  s t r i p p i n g  column a t  t h e  anode on t h e  a d j a c e n t  s i d e  o f  t h e  s o l i d  o x i d e  t o  
f o r m  w a t e r  v a p o r .  T r i t i u m  i s  n o t  t r a n s p o r t e d  t h r o u g h  t h e  s o l i d  o x i d e  c e l l  and 
t h u s  t h e  t r a n s p o r t e d  oxygen and t h e  w a t e r  formed on t h e  anode s i d e  i s  
e s s e n t i a l l y  f r e e  o f  t r i t i u m  c o n t a m i n a t i o n .  
t h e  b u l k  o f  i t  d i s c h a r g e d  as d e t r i t i a t e d  w a t e r .  A p o r t i o n  o f  t h i s  s t r e a m  i s  
r o u t e d  b a c k  t o  t h e  t o p  o f  t h e  s t r i p p i n g  column f o r  r e u s e  as a s t r i p p i n g  
medium. A s m a l l  p o r t i o n  o f  t h e  HTO s t ream f r o m  t h e  bo t tom o f  t h e  e n r i c h m e n t  
co lumn i s  drawn o f f  as w a t e r  e n r i c h e d  i n  t r i t i u m .  

The sys tem i s  o p e r a t e d  under  s l i g h t  p r e s s u r e  t o  p r e v e n t  a i r  i n g r e s s  w h i c h  
c o u l d  combust w i t h  hydrogen i n  t h e  system. A h e a t e r  and i n s u l a t i o n  i s  used t o  
c o n t r o l  t h e  s o l i d  o x i d e  bed t e m p e r a t u r e  a t  an o p e r a t i n g  t e m p e r a t u r e  o f  a b o u t  
800 " C .  An o r g a n i c  a b s o r b e r  and d e m i n e r a l i z e r  can be used on t h e  w a t e r  f e e d  
s t r e a m  t o  h e l p  p r o t e c t  t h e  c a t a l y s t s  f r o m  c o n t a m i n a n t s  i f  necessary .  

C a l c u l a t i o n s  f o r  per fo rmance o f  t h i s  system, shown i n  F i g u r e  2, i n d i c a t e  
t h a t  t r i t i u m  c o n c e n t r a t i o n s  can be reduced f r o m  a w a t e r  f e e d  c o n c e n t r a t i o n  o f  
500 p C i / L  t o  a d e p l e t e d  s t ream c o n c e n t r a t i o n  o f  about  5,000 p C i / L .  
e n r i c h e d  s t r e a m  o f  about 0 .05  C i / L  was produced i n  t h e  l a b o r a t o r y  s c a l e  sys tem 
u s i n g  about  2 L o f  feed.  
r e d u c e d  b e l o w  t h a t  i n  c o n v e n t i o n a l  w a t e r  e l e c t r o l y s i s  systems. 

2 .2 .1 .2  A p p l i c a t i o n  t o  H a n f o r d  

o p e r a t i o n  and s h o u l d  be f u r t h e r  c o n s i d e r e d  f o r  a p p l i c a t i o n  a t  t h e  H a n f o r d  
S i t e .  However, t h e  system wou ld  r e q u i r e  c o n s i d e r a b l e  en la rgement  and f u r t h e r  
deve lopment ,  c o s t  ana lyses ,  and d e m o n s t r a t i o n  p r i o r  t o  r e l i a b l e  a p p l i c a t i o n .  

T h i s  w a t e r  vapor i s  condensed and 

An 

The t r i t i u m  i n v e n t o r y  i n  t h e  system i s  v e r y  much 

T h i s  sys tem appears p r o m i s i n g  due t o  i t s  l o w  energy  consumption f o r  
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2.2.2 

E l l y )  p r o c e s s  has been deve loped  and demons t ra ted  on a p i l o t  s c a l e  f o r  
remov ing  t r i t i u m  f r o m  was tewa te r  ( K e i l  1988) .  
r e d u c e  t h e  c o s t  o f  e l e c t r o l y s i s  as p a r t  o f  c o n v e n t i o n a l  combined e l e c t r o l y s i s  
c a t a l y t i c  exchange p rocesses  u t i l i z i n g  l i q u i d  w a t e r  e l e c t r o l y s i s .  

L i q u i d  Phase C a t a l y t i c  Exchange w i t h  H o t  E l l y  

A c o m b i n a t i o n  o f  t h e  LPCE w i t h  a h i g h - t e m p e r a t u r e  steam e l e c t r o l y s i s  (Ho t  

The p rocess  was deve loped  t o  

2 .2 .2 .1  P rocess  D e s c r i p t i o n  

T h i s  p r o c e s s  (as shown i n  F i g u r e  3 )  i n c l u d e s  a s t r i p p i n g  column and an 
e n r i c h i n g  co lumn w i t h  t h e  was tewa te r  f e e d  b e i n g  i n t r o d u c e d  i n  t h e  l i q u i d  
s t r e a m  between t h e  two co lumns.  Coun te r  c u r r e n t  f l o w  o f  l i q u i d  down t h r o u g h  
t h e  co lumns and HT gas up t h r o u g h  t h e  columns p a s t  c a t a l y s t  beds a l l o w s  t h e  
exchang ing  o f  t r i t i u m  f o r  p r o t i u m  w i t h  t h e  e n r i c h e d  t r i t i u m  st ream b e i n g  t a p e d  
f r o m  t h e  b o t t o m  o f  t h e  en r i chmen t  co lumn.  The b u l k  o f  t h i s  t r i t i u m - e n r i c h e d  
s t r e a m  i s  r o u t e d  t o  an e v a p o r a t o r  and s u p e r h e a t e r  where i t  i s  c o n v e r t e d  t o  
s team a t  900 " C  and t h e n  e l e c t r o l y z e d  as a gas .  The HT gas produced i s  c o o l e d  
and r e t u r n e d  t o  t h e  b o t t o m  o f  t h e  en r i chmen t  column. The oxygen produced i s  
f r e e  o f  t r i t i u m  and i s  p a r t i a l l y  used t o  f i r e  t h e  e v a p o r a t o r  and s u p e r h e a t e r  
b u r n e r s  and t h e  excess d i s c h a r g e d  t o  t h e  atmosphere.  The hydrogen gas s t r e a m  
coming f r o m  t h e  t o p  o f  t h e  s t r i p p i n g  column i s  d e p l e t e d  i n  t r i t i u m  and i s  used 
t o  f u e l  t h e  e v a p o r a t o r  and superhea te r  b u r n e r s  and t h e  excess d i s c h a r g e d  t o  
t h e  atmosphere.  
e l e c t r o l y s i s  o f  t h e  hea ted  t r i t i a t e d  steam. 

2 .2 .2 .2  

A moderate amount o f  ene rgy  i s  needed t o  p e r f o r m  t h e  

A p p l i c a t i o n  a t  t h e  Han fo rd  S i t e  

T h i s  p r o c e s s  has been demons t ra ted  a t  a p i l o t  p l a n t  s c a l e  a t  t h e  German 
N u c l e a r  Research F a c i l i t y  in K a r l s r u h e ,  K fK ,  Federa l  Repub l i c  o f  Germany 
(FRG). I t  r e q u i r e s  l e s s  energy t h a n  c o n v e n t i o n a l  C E C E  processes b u t  more t h e n  
t h e  LPCE w i t h  SOE p r o c e s s .  
s t reams  and p r o c e s s i n g  equipment  wh ich  a r e  o f  a s a f e t y  concern when p r o c e s s i n g  
hyd rogen  and oxygen gas s t reams .  

T h i s  p rocess  a l s o  u t i l i z e s  h i g h - t e m p e r a t u r e  

2.2.3 

i n o r g a n i c  po l yphosphaz ine  polymer ( U . S .  P a t e n t  No. 5,451.322) w i t h  r e p e a t i n g  
monomeric u n i t s  o f :  

Membrane Med ia ted  S e p a r a t i o n  o f  T r i t i a t e d  Water From Wastewater  

Membrane s e p a r a t i o n  o f  HTO f r o m  p r o t i n a t e d  wa te r  (H,O) i s  based on an 

c1 
I 

- ( P = h ) " -  
I 

c1 

The c h l o r i n e  atoms a r e  r e p l a c e d  w i t h  o r g a n i c  pedant  groups (phenoxy)  and 
t h e n  10% c a r b o x y l  g roups  a r e  a t t a c h e d  t o  t h e  po lymer .  
d i s s o l v e d  i n  d i o x a n e  and s o l v e n t  c a s t  o n t o  an a n i s o t r o p i c  f l a t  p l a t e  s u p p o r t  
web membrane. 
i s  annea led  o v e r n i g h t  a t  75  " C .  
t i c k e t s ,  p l a c e d  i n  a DeSal" membrane t e s t  bed, and c h a l l e n g e d  w i t h  HTO. 

The polymer i s  

The membrane i s  a l l o w e d  t o  d r y  a t  ambient  t empera tu res  and t h e n  
The membrane was c u t  i n t o  c i r c u l a r  t e s t  
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2.2.3.1 

t r i t i u m  c o n c e n t r a t i o n  o f  3 p C i / L .  The w a t e r  was c h i l l e d  t o  a p p r o x i m a t e l y  4 "C 
t o  max imize  d e n s i t y ,  and t h e  pH was h e l d  above 10, as h y p o t h e s i z e d  t o  
m a x i m i z i n g  w a t e r  c l u s t e r i n g  w i t h  t h e  OT . The p r e s s u r e  was m a i n t a i n e d  f r o m  90 
t o  120 p s i  a c r o s s  t h e  membranes d u r i n g  t e s t i n g  depend ing  upon t h i c k n e s s  o f  t h e  
s o l v e n t  c a s t  ( a t  ambient c o n d i t i o n s )  membranes. 
p r e s s u r i z e d  c r o s s - f l o w  f i l t r a t i o n  u n i t  and t e s t e d  o n l y  t h e  e f f i c a c y  o f  t h e  
p o l y m e r i c  f o r m u l a t i o n .  U t i l i z a t i o n  o f  t h i s  t e s t  bed i s  an i n d u s t r y  a c c e p t e d  
m e t h o d o l o g y  f o r  i n i t i a l  p o l y m e r i c  f o r m u l a t i o n  t e s t i n g .  The membrane p e r f o r m e d  
w e l l  w i t h  average r e j e c t i o n s  o f  20% w i t h  as much as 30 t o  40%, s i n g l e  pass  
( F i g u r e  4 ) .  Average r e j e c t i o n  r e f e r s  t o  t h e  e n t i r e  r u n  as r e p l i c a t i o n ,  w i t h  
i n d i v i d u a l  p o i n t s  s e r v i n g  as t u p l e s .  
c o n c e n t r a t e ,  n o t  i n  t h e  membrane. E x p e r i m e n t s  were conducted  w h i c h  i n d i c a t e  
t h a t  t h e r e  was no exchange o f  t r i t i u m  f o r  p r o t i u m  i n  t h e  membrane, n o r  d i d  i t  
s e q u e s t e r  i t s e l f  w i t h i n  p o l y m e r i c  c h a i n s .  The t r i t i u m  c o n c e n t r a t i o n  i n  t h e  
f e e d  r e s e r v o i r  f l a s k  i n c r e a s e d  i n  c o n c e n t r a t i o n  d u r i n g  t h e  t e s t .  Membranes 
were  t e s t e d  s e v e r a l  t i m e s  w i t h  v e r y  l i t t l e  i n d i c a t i o n  o f  d e g r a d a t i o n  i n  
p e r f o r m a n c e .  A membrane u n i t  was n o t  r u n  u n t i l  i t  f a i l e d .  

be d e t e r m i n e d  f r o m  c a l c u l a t i o n s  o r  f r o m  t e s t i n g  s m a l l  modu lar  c o n f i g u r a t i o n s .  
The l a t t e r  b e i n g  t h e  p r e f e r r e d  method. 
a v a i l a b l e  f o r  t e s t i n g  t o  d a t e  i s  needed t o  p r o v i d e  s u f f i c i e n t - c o a t e d  membrane 
t o  p r o d u c e  a s m a l l - c o a t e d  membrane module s u f f i c i e n t  f o r  h y d r a u l i c  t e s t i n g  i n  
a s p e c i f i c  c o n f i g u r a t i o n s  such as s p i r a l  wound, t u b u l a r ,  h o l l o w  f i b e r ,  e t c .  
I n v o l v e m e n t  o f  a company such as Kodak, 3M, Dupont t o  make a commercial  t e s t  
u n i t  w h i c h  s h o u l d  have b e t t e r  p e r f o r m a n c e .  C o a t i n g  windows need t o  be r u n ,  
h o p p e r  d e s i g n  and po lymer  r h e o l o g y  d e t e r m i n e d ,  and s u p p o r t  web i d e n t i f i e d .  
Then module c a l c u l a t i o n s  can be made and f i n a l l y  a module f a b r i c a t e d .  

2.2.3.2 A p p l i c a t i o n  t o  t h e  H a n f o r d  S i t e  

The v a r i o u s  a s p e c t s  needed t o  move t o  an i n d u s t r i a l  m a n u f a c t u r i n g  base a r e  
p r e s e n t .  
I n c . ,  i n  Bos ton ,  Massachuset ts .  There  has been i n t e r e s t  expressed by 3M 
c o a t i n g s  t o  pursue t h e  manufac ture  o f  membrane, and SpinTek'", I n c .  has 
e x p r e s s e d  i n t e r e s t  i n  f a b r i c a t i n g  modu les .  

F o r  t h i s  t e c h n o l o g y  t o  be u s a b l e ,  a s u i t e  o f  c o a t i n g  deve lopment  t e s t s  
must  be accompl ished.  
e f f i c a c i o u s  po lymer  f o r m u l a t i o n  (10% ca rboxypo lyphosphaz ine ) .  
e n t a i l  a s t a t i s t i c a l  d e r i v a t i o n  o f  a m u l t i - f a c t o r e d  d e s i g n .  F o r  example,  web 
speed, h u m i d i t y ,  d r y i n g  t e m p e r a t u r e s ,  d r y i n g  t i m e s ,  hopper  geomet ry ,  
a p p l i c a t i o n  d i r e c t i o n ,  e t c .  

C o n s i d e r a b l e  development work i s  needed p r i o r  t o  a p p l i c a t i o n .  
c u r r e n t l y  b e i n g  done. 

Process D e s c r i p t i o n  and T e s t  R e s u l t s  

The membrane was t e s t e d  w i t h  s e v e r a l  l i t e r s  o f  KE b a s i n  w a t e r  w i t h  a 

The t e s t  u n i t  was a f l a t  bed 

The t r i t i u m  was c o n t a i n e d  i n  t h e  

No h y d r a u l i c  d a t a  was o b t a i n e d  f r o m  t h i s  t e s t  s t a n d .  H y d r a u l i c  d a t a  must  

A l a r g e r  c o a t i n g  c a p a b i l i t y  t h a n  was 

T h e r e  i s  enough process  knowledge t o  go f o r w a r d  w i t h  f a b r i c a t i n g  modu les .  

The po lyphosphaz ine  i s  now produced b y  D r .  Debra Saez, T e c h n i c a l l y ,  

C o a t i n g  windows need t o  be d e t e r m i n e d  f o r  t h e  most 
C o a t i n g  windows 

F u n d i n g  i s  b e i n g  sought  t o  f u r t h e r  d e v e l o p  and t e s t  t h i s  t e c h n o l o g y .  
No work  i s  
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2.2.4 Lase r  Induced  T r i t i u m  S e p a r a t i o n  

C o n v e n t i o n a l  i s o t o p e  s e p a r a t i o n  methods u t i l i z e  s l i g h t  d i f f e r e n c e s  i n  
some chemica l  o r  p h y s i c a l  p r o p e r t y ,  such as v a p o r  p r e s s u r e ,  and a r e  more 
s u i t e d  f o r  s t reams w i t h  a h i g h - t r i t i u m  c o n c e n t r a t i o n  ( a  few p e r  c e n t )  i n  t h e  
f e e d  s t ream.  D i l u t e  s t reams (<0.01% T)  may be more e c o n o m i c a l l y  separa ted  by  
a l a s e r  method e x p l o i t i n g  t h e  d i f f e r e n c e s  i n  v i b r a t i o n a l  f r e q u e n c i e s  o f  
p r o t o n a t e d  and t r i t i a t e d  mo lecu les .  The r e q u i r e d  energy  f o r  t h e  s e p a r a t i o n  i s  
d i r e c t l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  t r i t i a t e d  mo lecu les  p r e s e n t  i n  t r a c e  
amounts . 

p h o t o l y z i n g  t h e  p r i m a r y  sou rce  o f  t r i t i u m ,  w a t e r  (Evans ) .  A two-s tep  i n f r a r e d  
( I R ) / u l t r a v i o l e t  pho to  d i s s o c i a t i o n  o f  HTO f o r  t r i t i u m  s e p a r a t i o n  was t e s t e d  
i n  t h e  m i d  70s ( F i g u r e  5 ) .  The i s o t o p i c a l l y  s e l e c t i v e  a b s o r p t i o n  o f  t h e  f i r s t  
s t e p  was d e s t r o y e d  due t o  t h e  i n e f f i c i e n t  l a s e r  sou rces  used r e s u l t i n g  i n  p o o r  
p h o t o n  u t i l i z a t i o n ,  and e x t r e m e l y  f a s t  v i b r a t i o n a l  r e l a x a t i o n  i n  w a t e r  vapor .  
Improvements i n  l a s e r  t u n i n g  which has o c c u r r e d  s i n c e  t h e  7 0 ' s  may make t h i s  
app roach  more v i a b l e .  However, t h e r e  i s  no known development  work b e i n g  done 
t o  e v a l u a t e  o r  deve lop  t h a t  approach.  

d i f f e r e n t  hyd rogen-bear ing  m o l e c u l e  as t h e  p h o t o - s e p a r a b l e  source o f  t r i t i u m  
f o r  l a s e r  s e p a r a t i o n .  T h i s  mo lecu le ,  c a l l e d  t h e  " w o r k i n g "  mo lecu le ,  was 
s e l e c t e d  because i t  was a b l e  t o  p i c k  up t r i t i u m  f r o m  i t s  o r i g i n a l  source,  
t r i t i a t e d  w a t e r  (HTO), by r a p i d  c a t a l y z e d  1 i q u i d - p h a s e  hydrogen exchange, 
w i t h o u t  b e i n g  h y d r o l y z e d .  

The ma in  i n v e s t i g a t o r s  were t h r e e  g roups  a t :  The I n s t i t u t e  o f  P h y s i c a l  
and Chemical  Research (RIKEN) Wako, Sai tama,  Japan;  Lawrence L i ve rmore  
N a t i o n a l  L a b o r a t o r y ,  L i ve rmore ,  C a l i f o r n i a ,  U n i t e d  S t a t e s  o f  America; and a t  
O n t a r i o  Hydro  Research D i v i s i o n  (OHRD), T o r o n t o ,  O n t a r i o ,  Canada. 

2 . 2 . 4 . 1  Process D e s c r i p t i o n  

L a s e r  i s o t o p e  s e p a r a t i o n  o f  t r i t i u m  has been d e s c r i b e d  i n  c o n s i d e r a b l e  
d e t a i l  (Vasa ru  1990, Ba r toszek ,  e t .  a l .  1 9 8 8 ) .  The method, as shown i n  t h e  
p r o c e s s  d iag ram F i g u r e  6 (Vasaru ) ,  u t i l i z e s  1R l a s e r - i n d u c e d  m u l t i p h o t o n  
d i s s o c i a t i o n  ( M P D ) ,  y i e l d i n g  a s i n g l e - s t a g e  en r i chmen t  f a c t o r  o f  o v e r  10,000. 
The t r i t i u m  i n  t h e  f e e d  w a t e r  i s  exchanged w i t h  hydrogen i n  a gaseous w o r k i n g  
m o l e c u l e  CF,H by c o n t a c t i n g  t h e  two s t reams i n  an isotope-exchange column. 
The C F  T formed i s  i s o t o p i c a l l y  s e l e c t i v e l y  d i s s o c i a t e d  i n  a l a s e r  c e l l  
s p e c i a l l y  des igned  f o r  c o n t i n u o u s  o p e r a t i o n .  
p h o t o l y s i s  o f  o n l y  t h e  t r i t i a t e d  m o l e c u l e ,  l e a v e s  t h e  t r a n s p a r e n t ,  ma jo r  
n o n t r i t i a t e d  s p e c i e s  unchanged. The t r i t i u m - e n r i c h e d  pho top roduc ts  a r e  
removed f r o m  t h e  gas s t ream by chemica l  a n d / o r  p h y s i c a l  methods, and t h e  
r e m a i n i n g  gas i s  r e c y c l e d  t o  t h e  exchanger .  

i n c o m i n g  was tewa te r  does n o t  need t o  be v a p o r i z e d  f o r  l a s e r  s e p a r a t i o n  o f  
t r i t i u m .  
gaseous w o r k i n g  substance c o u n t e r  c u r r e n t l y .  
(Takeuch i  1997) .  

E a r l y  t e c h n i q u e s  proposed f o r  t r i t i u m  s e p a r a t i o n  u s i n g  l a s e r s  i n v o l v e d  

In a n o t h e r  approach,  Japanese, Canadian,  and U . S .  r e s e a r c h e r s  chose a 

The gas-phase, p u l s e d  I R - l a s e r  

In t h e  above method as shown i n  t h e  R I K E N  p rocess  schemat ic  (Vasaru) ,  t h e  

T r i t i u m  c o n t a i n i n g  w a t e r  exchanges t r i t i u m  f o r  hydrogen i n  t h e  
No b o i l e r  i s  necessary 
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To enhance t h e  u t i l i z a t i o n  o f  l a s e r  e n e r g y  i n  t h e  f i r s t  c o n t i n u o u s  
r e a c t o r  f o r  l a s e r  t r i t i u m  i s o t o p e  s e p a r a t i o n ,  a new p h o t o  r e a c t o r  d e s i g n  was 
s a t i s f a c t o r i l y  t e s t e d  (Takeuch i  1987) u s i n g  t h e  same w o r k i n g  m o l e c u l e ,  
t r i f l u o r o m e t h a n e .  The new r e a c t o r  had t h r e e  compartments wh ich  were 
c o n t i n u o u s l y  s t i r r e d  i n d e p e n d e n t l y .  The CO l a s e r  beam was s e q u e n t i a l l y  
f o c u s e d  w i t h  r e d u c e d  f o c a l  l e n g t h  so t h a t  t 6 e  f o c a l  f l u e n c e  was k e p t  a t  t h e  
opt imum v a l u e .  

Vasaru  l i s t s  an abundance o f  p a p e r s  p u b l i s h e d  on l a s e r  r e s e a r c h  done a t  RIKEN. 
Much o f  t h e  RIKEN e f f o r t  was d i r e c t e d  t o w a r d s  o p t i m i z i n g  t h e  l a s e r  parameters .  
A p p a r e n t l y  ( W o o d a l l ) ,  t h e  r e s t  o f  t h e  equ ipment  i n  t h e i r  system needed f u r t h e r  
deve lopment  . 

O n t a r i o  Hydro  o f  Canada d e v e l o p e d  and demonst ra ted  a l l  t h e  components f o r  
a l a s e r - b a s e d  t r i t i u m  i s o t o p e  s e p a r a t i o n  sys tem based on t r i t i u m  i s o t o p e  
exchange f r o m  w a t e r  t o  t r i f l u o r o m e t h a n e .  
a l . ) ,  t h e  i n p u t  HTO i s  f i r s t  b o i l e d  t o  steam w h i c h  c o n t a c t s  an exchange l i q u i d  
c o n t a i n i n g  w a t e r ,  a r a t e - e n h a n c i n g  s o l v e n t  d i m e t h y l  s u l f o x i d e  (DMSO) ,  and t h e  
c a t a l y s t  sod ium h y d r o x i d e  f o r  t r i t i a t i n g  t r i f l u o r o m e t h a n e .  The t r i t i u m  i n  t h e  
s team exchanges w i t h  t h e  hydrogen i n  t h e  exchange l i q u i d ;  t h e  o u t g o i n g  steam 
i s  d e p l e t e d  i n  t r i t i u m  and a f t e r  c o n d e n s a t i o n  becomes t h e  t r e a t e d  w a t e r  
s t r e a m .  

I n  a c h a p t e r  on l a s e r  methods i n  t h e  book, " T r i t i u m  I s o t o p e  S e p a r a t i o n , "  

I n  t h e i r  p r o c e s s  ( B a r t o s z e k  e t .  

To a v o i d  t h e  need t o  r e c o v e r  DMSO, OHRD's p rocess  (Bar toszek ,  e t .  a l . )  
u s e s  t w o  exchange t o w e r s  wh ich  a l l o w s  e q u i l i b r a t i o n  o f  gas and l i q u i d  s t reams.  
The second exchange t o w e r  t r a n s f e r s  t h e  t r i t i u m  f r o m  t h e  exchange l i q u i d  t o  
t r i f l u o r o m e t h a n e  gas s t ream w h i c h  i s  c o n v e r t e d  t o  CF, T.  The process  gas t h e n  
passes  t h r o u g h  t h e  d i s s o c i a t i o n  c e l l  where t h e  CO, l a s e r  beam s e l e c t i v e l y  
d i s s o c i a t e s  t h e  CF,T i n t o  t r i t i u m  f l u o r i d e  (TF)  and C,F,. Process development 
a t  OHRD c o n t i n u e d  w l t h  a p r o d u c t  s e p a r a t o r  and CD t o  r e c o v e r  t r i t i u m .  

2 .2 .4 .2  

because t h e  e n e r g y  r e q u i r e d  f o r  t h e  s e p a r a t i o n  i s  d i r e c t l y  used f o r  t h e  
d i s s o c i a t i o n  o f  t h e  t r i t i u m  c o n t a i n i n g  s u b s t a n c e .  
c o n t a i n i n g  o n l y  p r o t i u m  do n o t  a b s o r b  t h e  l a s e r  l i g h t ,  t h e  energy  i s  n o t  
was ted .  
was t y p i c a l l y  o f  t h e  o r d e r  o f  1 ppm o r  l e s s .  

The t r i t i u m  c o n c e n t r a t i o n  i n  t h e  s t reams t o  be t r e a t e d  a t  H a n f o r d  i s  
s e v e r a l  o r d e r s  o f  magn i tude l o w e r .  
1 . 5  p p t ,  i . e . ,  14 p C i / L  ( f o u n d  i n  s p e n t  f u e l  p o o l s  a t  H a n f o r d ) .  
s t r e a m  c o n c e n t r a t i o n  t a r g e t  i s  0.02 ,uCi/L,  MCL c o n c e n t r a t i o n .  T h i s  
a p p l i c a t i o n  wou ld  r e q u i r e  some r e s e a r c h  and development e f f o r t  b e f o r e  a 
f e a s i b i l i t y  s t u d y  i s  u n d e r t a k e n .  
need t o  be e s t i m a t e d .  
e n g i n e e r i n g  company t o  b u i l d  a p l a n t  based on p a s t  bench-sca le  e x p e r i m e n t s .  

One f e a t u r e  o f  t r i t i u m  s e p a r a t i o n  u s i n g  l a s e r s  i s  t h e  need t o  i n t r o d u c e  a 
r a t e  e n h a n c i n g  s o l v e n t ,  d i m e t h y l s u l f o x i d e  and a c a t a l y s t  sodium h y d r o x i d e  
w h i c h  f o r m s  a p a r t  o f  t h e  exchange l i q u i d .  I n  a d d i t i o n ,  t h e  t r i f l u o r o m e t h a n e  
comes i n  i n t i m a t e  c o n t a c t  w i t h  t h e  w a t e r  s t r e a m  and i n  s p i t e  o f  b e s t  c o n t r o l s ,  
a p o r t i o n  o f  a l l  added c h e m i c a l s  w i l l  e x i t  w i t h  t h e  t r e a t e d  water  s t r e a m  as a 
c o n t a m i n a n t .  

Economics and A p p l i c a b i l i t y  f o r  H a n f o r d  

I n  p r i n c i p l e ,  l a s e r  i s o t o p e  s e p a r a t i o n  i s  e f f i c i e n t  a t  any t r i t i u m  l e v e l  

S i n c e  t h e  m o l e c u l e s  

The t r i t i u m  t o  p r o t i u m  (T /H)  r a t i o  i n  e x p e r i m e n t s  per fo rmed a t  RIKEN 

It r a n g e s  downward f r o m  a maximum o f  about  
The t r e a t e d  

The average power o f  t h e  l a s e r  r e q u i r e d  w i l l  
T h i s  i s  a new p r o c e s s  and i s  n o t  ready  f o r  an 
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For reasons similar to those stated above, the status report 
(Fulbright et. a1 . ) ,  covering detrition strategy for environmental remediation 
for the Savannah River Site has not selected the laser separation method for 
full evaluation. A similar technology survey report from Lawrence Livermore 
Laboratory (McConachie) has not included laser isotope separation among the 
seven treatment methods discussed in the report. 

was published in, "Laser Applications in Physical Chemistry. These renowned 
researchers of this technology, state (Evans) the need for developmental work 
before this process is deployed on a large scale. Modeling studies have been 
recommended to establish the relationship between multiphoton dissociation and 
process feed and product flows, and isotopic exchange rates. Optimization of 
photoreactor design for high enrichment i s  needed to produce the largest yield 
of tritium for the fewest laser photons. 
design with the photoreactor is important. Although, no cost comparisons for 
this method were made with other more developed technologies, these 
researchers qualitatively state that it is expected that laser separation will 
be competitive. 

A review article, "Laser Separation of Tritium," by Tak;uchi and Herman 

Finally, integration of the laser 

Given the current state of development of the laser isotope separation 
method for tritium, it is apparent that this process is not ready for 
deployment in treating the Hanford effluent water streams. 
focused on feed water with tritium levels several orders of magnitude higher 
than in the Hanford application. 

streams would require further laboratory experimentation. However, there is 
no basic research planned and no new pertinent experimental data has being 
generated for almost a decade. 
appears that a substantial commitment of research funds would be needed, 
followed by scale-up studies for process development and design. 
tight schedules and competitive budgets, further interest for applying this 
technology does not appear likely to be forthcoming. 

Past research has 

Evaluating the effectiveness of lasers with levels of tritium in Hanford 

Although the laser method has promise, it 

In an era of 

2.2.5 Tritium Removal from Wastewater Using Sulfur Resin Ion Exchange 

An invention disclosure has been submitted for a sulfur resin ion 
exchange process to remove tritium from wastewater ( L e e  1997). Theoretical 
evaluations have been made which indicate that tritium could be removed from 
HTO with a sulfur resin. This process utilizes the exchange capability of 
tritium to replace protium from existing H-S bonds to load tritium on sulfur 
resin. This process would occur at near ambient temperatures and pressure. A 
proposal for funding has been submitted to do laboratory work for theory 
verification. The loaded sulfur resin may be dispositioned in an appropriate 
waste form such as grout at a relatively low cost. 

2.2.5.1 Process Description 

This process has not been demonstrated yet but is proposed to consist of 
a sulfur resin bed which would have tritiated wastewater flow through the bed 
at near ambient temperature and pressure. Tritium would be preferentially 
loaded on the bed by tritium exchange with protium for a resin protium-sulfur 
bond (Figure 7 ) .  There are commercially available resins with protium-sulfur 
bonds which could be tested for effectiveness of this process at small costs. 
The loaded resin could be removed from the column and grouted for disposition. 
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2.2.5.2 A p p l i c a t i o n  a t  t h e  H a n f o r d  S i t e  

I t  wou ld  be necessa ry  t o  demons t ra te  t h a t  t h i s  p r o c e s s  c o u l d  remove 
t r i t i u m  t o  l e s s  t h a n  t h e  MCL c o n c e n t r a t i o n  o f  0.02 p C i / L  and t h a t  an 
a c c e p t a b l e  waste fo rm c o u l d  be p roduced .  
t o  remove t r i t i u m  f r o m  was tewa te rs  a t  a much reduced  c o s t  t h a n  c o n v e n t i o n a l  
methods.  
on a l a b o r a t o r y  s c a l e .  

T h i s  concep t  may have t h e  p o t e n t i a l  

A p roposa l  has been s u b m i t t e d  f o r  f u n d i n g  t o  demons t ra te  t h e  p r o c e s s  

2.2.6 T r i t i u m  Removal f r o m  Wastewater  U s i n g  M e t a l  H y d r i d e  Exchange 

M e t a l  h y d r i d e  based i s o t o p e  s e p a r a t i o n  by  c a t a l y z e d  hydrogen d i s t i l l a t i o n  
u s i n g  p a l l a d i u m  coa ted  on K i e s e l g u h r  (Pd/K) as t h e  a c t i v e  p a c k i n g  m a t e r i a l  has 
been r e c e n t l y  developed and i s  b e i n g  used t o  s e p a r a t e  p r o t i u m  and d e u t e r i u m  
(Horen 1992, Anderson 1995) .  T h i s  p r o c e s s  i s  named t h e r m a l - c y c l i n g  a b s o r p t i o n  
p r o c e s s  (TCAP). S i n g l e - s t a g e  s e p a r a t i o n  f a c t o r s  o f  t r i t i a t e d  hydrogen f r o m  
p r o t i u m  (HT/H) f o r  t h i s  p rocess  a r e  tempera tu re -dependen t  r a n g i n g  f r o m  abou t  
1.5 a t  600 "K t o  4 .5  a t  200 "K i n  t h e  p r e s e n c e  o f  t h e  p a l l a d i u m  h y d r i d e .  T h i s  
p r o c e s s  was demonstrated t o  s e p a r a t e  p r o t i u m  f r o m  d e u t e r i u m  and i s  more 
e f f e c t i v e  f o r  s e p a r a t i n g  t r i t i u m  f r o m  p r o t i u m  because t h e  s e p a r a t i o n  f a c t o r s  
a r e  g r e a t e r  by  a f a c t o r  o f  about  1 .6  f o r  a g i v e n  t e m p e r a t u r e .  
s t i p p i n g  co lumn would need t o  be used i n  c o n j u n c t i o n  w i t h  t h i s  p r o c e s s  t o  
s t r i p  t r i t i u m  f rom t h e  wastewater  t o  f o r m  HT gas wh ich  c o u l d  be p rocessed  
t h r o u g h  t h e  me ta l  h y d r i d e  exchanger .  T h i s  p r o c e s s  i s  b e i n g  used a t  t h e  
Replacement  T r i t i u m  F a c i l i t y  (RTF) f o r  s e p a r a t i n g  t r i t i u m  p r o d u c t  f r o m  p r o t i u m  
and d e u t e r i u m  and i s  r e p o r t e d  t o  be l e s s  c o s t l y  t h a n  c r y o g e n i c  d i s t i l l a t i o n .  

A hydrogen gas 

2 . 2 . 6 . 1  Process D e s c r i p t i o n  

c o n s i s t i n g  o f  a Pd/K-packed column and a l a r g e r  column f i l l e d  w i t h  K i e s e l g u h r  
c a l l e d  t h e  p l u g  f l o w  r e v e r s e r  (PFR) as shown i n  F i g u r e  8.  Hot  o r  c o l d  
n i t r o g e n  gas passes t h r o u g h  t h e  s h e l l  s u r r o u n d i n g  t h e  Pd/k-packed c o i l  t o  h e a t  
o r  c o o l  t h e  me ta l  h y d r i d e ,  which deso rbs  o r  abso rbs  hydrogen i s o t o p e s .  The 
t r i t i a t e d  f e e d  gas would be f e d  i n t o  t h e  m i d d l e  s e c t i o n  o f  Pd/k  co lumn.  
Hydrogen i s o t o p e s  a r e  l oaded  on t h e  p a c k i n g  a t  d i f f e r e n t  r a t e s .  
i s o t o p e s  abso rb  f i r s t  and t h e  heaver  i s o t o p e s  l a t e r .  
t e m p e r a t u r e  decreases.  
Pd/k  co lumn t o  t h e  PFR column by a d j u s t i n g  t e m p e r a t u r e s  t o  e f f e c t  f l o w  w i t h  
m i n i m a l  m i x i n g .  

A c o n c e n t r a t i o n  p r o f i l e  d e v e l o p s  a l o n g  t h e  Pd/k  bed w i t h  p r o t i u m  on t h e  
t o p  p o r t i o n  and t r i t i u m  on t h e  b o t t o m  p o r t i o n .  
t h e n  be e x t r a c t e d  f r o m  t h e  t o p  as hyd rogen  gas and t h e  t r i t i u m  wou ld  be 
w i t h d r a w n  f r o m  t h e  b o t t o m  a s  HT and t r i t i u m  gases wh ich  c o u l d  be l o a d e d  on a 
m e t a l  as h y d r i d e .  

2 .2.6.2 

d e l i v e r e d  by u s i n g  a c a t a l y z e d  hydrogen gas s t r i p p i n g  column t o  remove t r i t i u m  
as HT f rom t h e  was tewa te r .  
c o u l d  be used t o  supp ly  t h i s  hydrogen gas .  
s e p a r a t i o n  system w i t h  t h e  P d j k  co lumn and PFR columns a r e  compact. The t o t a l  
p r o c e s s  wou ld  have t o  be demons t ra ted  b u t  t h e  i n d i v i d u a l  p a r t s  o f  t h e  p r o c e s s  
have been demons t ra ted  t o  p e r f o r m  i n d e p e n d e n t l y .  

The TCAP i s  a semi -con t inuous  gas c h r o m a t o g r a p h i c  s e p a r a t i o n  p r o c e s s  

The l i g h t e r  
T h i s  e f f e c t  i n c r e a s e s  as 

The loaded  gases a r e  moved back and f o r t h  f r o m  t h e  

The r a f f i n a t e  ( p r o t i u m )  wou ld  

A p p l i c a t i o n  t o  t h e  H a n f o r d  S i t e  

T h i s  p rocess  would need a hydrogen gas f e e d  s t ream wh ich  c o u l d  be 

The p r o t i u m  gas r a f f i n a t e  f r o m  t h e  Pd/k co lumn 
The m e t a l  hyd r ide -based  i s o t o p e  
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2.3 GROUP THREE MITIGATION TECHNIQUES FOR TRITIUM IN GROUNDWATER 

Group t h r e e  i n c l u d e s  m i t i g a t i o n  t e c h n i q u e s  f o r  t r i t i u m  i s o l a t i o n ,  decay, 
a n d / o r  r e m o v a l .  
condensates  c o n t a i n i n g  t r i t i u m  t o  a p e r c h e d  l o c a t i o n  j u s t  o u t s i d e  t h e  ZOO-West 
Area f o r  n a t u r a l  decay, e s t a b l i s h i n g  t r i t i u m  b a r r i e r s  by t a r g e t e d  f r e e z i n g ,  
c o n c r e t e ,  o r  m e t a l ,  and a i r  s p a r g i n g  t o  remove t r i t i u m  f r o m  t h e  groundwater .  

MCL. A n a l y s i s  o f  w e l l  samples n e a r  t h e  r i v e r  b y  t h e  o l d  H a n f o r d  t o w n s i t e  
i n d i c a t e  t r i t i u m  c o n c e n t r a t i o n s  g r e a t e r  t h e n  180,000 p C i / L .  T h i s  t r i t i u m  i n  
t h e  g r o u n d w a t e r  came f r o m  t h e  200-East A r e a  p r o c e s s  condensates  wh ich  have a 
f l o w  t o  t h e  r i v e r  l i f e  o f  23 y e a r s  f o r  t h i s  l o c a t i o n .  

c o n t a i n  p r o c e s s  t r i t i u i r i  d i s c h a r g e s  u n t i l  t h e  y e a r  2025. C u r r e n t  t r i t i u m  
d i s c h a r g e s  a r e  c o n s i d e r a b l y  l e s s  t h a n  when t h e  s e p a r a t i o n s  p l a n t s  were b e i n g  
used t o  p r o c e s s  spent  f u e l s .  

These t e c h n i q u e s  i n c l u d e  t h e  r o u t i n g  o f  f u t u r e  p rocess  

T r i t i u m  i s  m i g r a t i n g  near  t h e  Co lumbia  R i v e r  a t  c o n c e n t r a t i o n s  above t h e  

C u r r e n t  ETF condensates b e i n g  d i s c h a r g e d  i n t o  t h e  ground a r e  p r o j e c t e d  t o  

2 .3 .1  P e r m i t t e d  D i s c h a r g e  

C u r r e n t  o p e r a t i o n  o f  t h e  ETF i n c l u d e s  e f f l u e n t  d i s c h a r g e  ( s t a r t i n g  
December 1995) t o  a s t a t e - a p p r o v e d  l a n d  d i s p o s a l  s i t e  (SALDS) n o r t h  o f  t h e  
200-West Area.  The d e c i s i o n  t o  d i s c h a r g e  t o  t h i s  l o c a t i o n  was made a f t e r  
s e v e r a l  p o t e n t i a l  d i s c h a r g e  s i t e s  were e v a l u a t e d ,  b o t h  i n  t h e  200-East and 
ZOO-West Areas o f  t h e  H a n f o r d  S i t e .  
SALDS was conducted  w i t h  t h e  o b j e c t i v e  t o  m i n i m i z e  p o t e n t i a l  e n v i r o n m e n t a l  
i m p a c t s  t o  t h e  p u b l i c  and t h e  e n v i r o n m e n t .  C o n s i d e r a t i o n  was g i v e n  t o  l o c a t e  
t h e  SALDS i n  an a r e a  t h a t  wou ld  p r o v i d e  t h e  l e a s t  l i k e l i h o o d  f o r  m o b i l i z a t i o n  
o r  r e - m o b i l i z a t i o n  o f  e x i s t i n g  underground w a t e r  plumes and c o n t a m i n a t i o n .  

n u m e r i c a l  m o d e l i n g  e f f o r t s  t o  e v a l u a t e  t h e  f a c i l i t y ' s  p o t e n t i a l  e f f e c t s  on t h e  
e n t i r e  a q u i f e r  between t h e  SALDS and t h e  Co lumbia  R i v e r .  The m o d e l i n g  r e s u l t s  
(Har tman 1997) showed t h a t  t h e  a q u i f e r  was c a p a b l e  o f  p r o v i d i n g  t h e  necessary  
r e s i d e n c e  t i m e  i n  o r d e r  t o  a l l o w  f o r  decay o f  t h e  t r i t i u m  t o  l e v e l s  be low t h e  
i n t e r i m  d r i n k i n g  w a t e r  s t a n d a r d s  ( r e g u l a t o r y  c o n c e r n )  (20 ,000 p C i / L )  p r i o r  t o  
f l o w  t o  t h e  r i v e r .  E i g h t y - y e a r s  r e s i d e n c e  t i m e  i s  r e q u i r e d  a t  t h i s  s i t e  t o  
a l l o w  t r i t i u m  decay below l e v e l s  o f  r e g u l a t o r y  c o n c e r n  a t  i t s  p o i n t  o f  
d i s c h a r g e .  F u r t h e r  mode l ing  e f f o r t s  a r e  c u r r e n t l y  underway t o  v e r i f y  t h e  
r e s u l t s  o f  t h e  o r i g i n a l  model and t o  i n c o r p o r a t e  o p e r a t i o n a l  d a t a  c o l l e c t e d  
d u r i n g  i n i t i a l  o p e r a t i o n  o f  t h e  f a c i l i t y .  P r e l i m i n a r y  r e s u l t s  p r e d i c t  an 
a q u i f e r  r e s i d e n c e  t i m e  much g r e a t e r  t h a n  80 y e a r s  p r i o r  t o  f l o w  t o  t h e  r i v e r .  
R e s t r i c t i o n s  on l a n d  usage and c o n t i n u e d  g r o u n d w a t e r  s a m p l i n g  and m o n i t o r i n g  
w i l l  be needed d u r i n g  t h i s  80-year  r e s i d e n c e  t i m e  (Hartman 1997) .  

d i s c h a r g i n g  t h e  l i q u i d  e f f l u e n t s  i n t o  a l i m i t e d  a q u i f e r .  T h i s  a q u i f e r  i s  
t h o u g h t  t o  n o t  d r a i n  t o  t h e  Columbia R i v e r  and i s  expec ted  t o  r e t a i n  t h e  
t r i t i u m  u n t i l  i t  decays t o  be low t h e  MCL c o n c e n t r a t i o n .  
f r o m  t r e a t i n g  h i g h - l e v e l  waste and f u e l  s t o r a g e  b a s i n  w a t e r  a r e  p l a n n e d  on 
b e i n g  d i s c h a r g e d  t o  t h i s  l o c a t i o n .  
f o r  t h e  t r i t i u m  i n  t h i s  l i q u i d  t o  decay b e l o w  t h e  MCL. 
t h a t  p a r t i a l  c o n t r o l  o f  t h i s  l a n d  w i l l  be r e q u i r e d  f o r  t h i s  t i m e  p e r i o d .  

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

The a q u i f e r  be low t h e  d i s c h a r g e  s i t e  has  been t h e  f o c u s  o f  s i g n i f i c a n t  

The r a t i o n a l  f o r  t h i s  o p t i o n  i s  t o  a l l o w  c o n t i n u e d  waste  o p e r a t i o n s  w h i l e  

Process  condensates  

A decay  t i m e  o f  80 y e a r s  w i l l  be r e q u i r e d  
The d i s a d v a n t a g e  i s  
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2.3.2 Barrier Formation 

Barrier formation by freezing (Gates 1995) part of the underground water 
formation at strategic locations to prevent further tritium migration toward 
the Columbia River is a possibility. 
until it decays to below the MCL. This technique would require installation 
of an underground piping system and continuous energy input for a number of 
years. This technology is in u s e  in several industries and is considered 
moderately costly to prevent tritium flow to the river. 

wall in strategic locations would require a large capital investment but 
require little operating costs. 

This technique could contain the tritium 

The construction of a physical water barrier such as concrete or metal 

2.3.3 Air Sparging 

Air sparging studies were conducted on a pilot field-scale during 1996 to 
evaluate the potential for removal of tritium from HTO (Russel 1996). The two 
field tests demonstrated that tritium removal rates were 60% during a 31-day 
test and 66% for a 23-day test. Air was sparged into 36,000 L of HTO 
(160,000 pCi/L) in an open tank during a period in which the outside mean 
temperature was 25.2 "C .  At the end of this first test, the tritium 
concentration was reduced to about 105,000 pCi/L. The second test was 
conducted similarly except the mean temperature was 29.9 "C, the starting 
concentration was 220,000 pCi/L and the ending concentration was 
132,000 pCi/L. 
rates could have been improved by utilizing smaller bubbles and providing a 
longer bubble path. 
considerable energy. 

worked to the experiments. 
and discharged into the atmosphere. 
to be clearly defined and risks assessed prior to application. 
appear to be an acceptable practice to discharge tritium to the atmosphere as 
water vapor. 

Comparisons to previous laboratory work indicated that these 

Air sparging for long periods of time required 

It was noted that increased exposure risks were prevalent the closer one 
The tritium is essentially removed as HTO vapor 

It does not 
The benefits of this process would have 

3.0 TRITIUM AT THE HANFORD SITE 

Tritium has been generated as a byproduct in reactor fuel at the Hanford 
Site by nuclear reactor operations from 1944 to 1989 in support of the 
U.S. Defense Program and for steam production for electric power generation. 
Tritium was produced in the Hanford reactors by uranium and plutonium ternary 
fissioning (fissioned nucleus splits into three parts) and as an activation 
product from neutrons interacting with low-atomic mass impurities (elements 
such as lithium, boron, beryllium, and nitrogen) in the reactor core and 
deuterium and nitrogen impurilies in cooling water235 One atom of tritium is 
generated for every23\.25 x 10 acts of fission in U and for every 1.41 x lo4 
acts of fission in U. Tritium was also produced in the reactor cooling 
water from neutron capture by deuterium and by neutron splitting of nitrogen. 
Quantities of tritium produced in reactor fuel ranged from about 10 pCi/MTU to 
50 pCi/MTU (Origin Code) depending upon fuel type and exposure. 
tritium prodyced in the Hanford reactor fuels from 1944 to 1989 was estimated 
to be 1 x 10 C i .  The bulk of the tritium produced in the reactor 

The total . 
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r e m a i n e d / r e m a i n s  i n  t h e  f u e l  e l e m e n t s  u n t i l  f u e l  r e p r o c e s s i n g  and about  1% o f  
t h e  r e a c t o r  t r i t i u m  e x i t e d  i n  t h e  r e a c t o r  c o o l i n g  w a t e r .  

p l a n t s ,  and waste  management o p e r a t i o n s  i n  l i q u i d  d i s c h a r g e s  a s  HTO and i n  gas  
d i s c h a r g e s  as HT. The m a j o r i t y  o f  t h e  t r i t i u m  r e l e a s e d  t o  t h e  env i ronment  was 
f r o m  f u e l  s e p a r a t i o n s  f a c i l i t i e s  (PUREX, REDOX, and t h e  two B ismuth  Phosphate 
P l a n t s :  T - P l a n t  and B - P l a n t )  on t h e  200 Area p l a t e a u .  Most o f  t h e  t r i t i u m  i n  
t h e  f u e l  ( a b o u t  90% f o r  z i r c o n i u m  c l a d  f u e l )  e x i t e d  t h e  s e p a r a t i o n s  p l a n t s  i n  
p r o c e s s  condensate  s t reams as HTO t o  c r i b s  and ponds (Jeppson 1973).  
A p p r o x i m a t e l y  5% o f  t h e  t r i t i u m  was r e l e a s e d  t o  t h e  atmosphere i n  t h e  
d i s s o l v e r  o f f g a s e s  as HT. The o t h e r  a p p r o x i m a t e l y  5% t r i t i u m  was t r a n s f e r r e d  
t o  t h e  Waste F r a c t i o n i z a t i o n  F a c i l i t y  and t a n k  fa rms as HTO i n  h i g h - l e v e l  
w a s t e .  Much o f  t h e  t r i t i u m  t r a n s f e r r e d  t o  waste  f r a c t i o n i z a t i o n  and t a n k  
f a r m s  was d i s c h a r g e d  t o  c r i b s  as p r o c e s s  condensate  f r o m  t h e  waste 
f r a c t i o n a t i o n  and t a n k  f a r m  waste  c o n c e n t r a t i o n  processes .  
t r i t i u m  w h i l e  p r o c e s s i n g  aluminum c l a d  f u e l  i s  expec ted  t o  have o c c u r r e d  a t  
PUREX. However, f o r  t h e  b i s m u t h  phosphate  p r o c e s s  w h i c h  processed aluminum 
c l a d  f u e l ,  much more o f  t h e  t r i t i u m  w o u l d  have gone t o  t h e  waste t a n k s  f r o m  
t h e  s e p a r a t i o n s  p l a n t s .  
f r o m  t h e  t a n k  f a r m  o p e r a t i o n s ,  U - P l a n t  p r o c e s s i n g  t o  r e c o v e r  uranium, and t h e  
f e r r o c y a n i d e  scaveng ing  process  t o  p r e c i p i t a t e  cesium, s t r o n t i u m ,  and c o b a l t .  

S i n c e  t h e  l a s t  r e a c t o r  f u e l  was p r o c e s s e d  t h r o u g h  PUREX i n  1989, t r i t i u m  
r e l e a s e s  t o  t h e  e n v i r o n m e n t  have g r e a t l y  decreased.  
t r i t i u m  d i s c h a r g e s  t o  t h e  ground w i t h  p r o c e s s  condensates f r o m  t a n k  f a r m  waste  
p r o c e s s i n g .  Most o f  t h e  t r i t i u m  c u r r e n t l y  r e l e a s e d  i n  l i q u i d  d i s c h a r g e s  goes 
t o  t h e  SALDS s i t e  j u s t  n o r t h  o f  t h e  200-West Area.  

T o t a l  t r i t i u m  g e n e r a t e d  a t  t h e  b a n f o r d  S i t e  p r o d u c t i o n  r e a c t o r s  i s  
e s t i m a t e d  t o  be 10 .6  kg o r  1 .01  x 10 C i  ( R o b l y e r  1994) .  Most o f  t h i s  t r i t i u m  
was p r o d u c t  t r i t i u m  t h a t  was s h i p p e d  o f f s i t e  as t a r g e t  m a t e r i a l .  T r i t i u m  i n  
f u e l  e l e m e n t s  p r o c e s s e d  o r  s t o r e d  a t  H a n f o r d  i s  e s t i m a t e d  ( R o b y l e r  1997) t o  
amount t o  a 1997 decayed v a l u e  o f  2 .0  x 10 c i  ( 2 1  9 ) .  

T r i t i u m  was r e l e a s e d  t o  t h e  e n v i r o n m e n t  f r o m  t h e  r e a c t o r s ,  s e p a r a t i o n s  

A s i m i l a r  s p l i t  o f  

Much o f  t h i s  t r i t i u m  was t h e n  d i s c h a r g e d  t o  t h e  c r i b s  

There a r e  p r e s e n t l y  

3 . 1  TRITIUM I N  PROCESS LIQUIDS 

T r i t i u m  i s  i n  t h e  waste  i n  t h e  s i n g l e - s h e l l  and d o u b l e - s h e l l  underground 
s t o r a g e  t a n k s  a t  t h e  H a n f o r d  S i t e .  T r i t i u m  i s  i n  t h e  f u e l  s t o r a g e  b a s i n  
w a t e r s  a t  105-KE, 105-KW, and 100-N. The q u a n t i t i e s  o f  t r i t i u m  a t  t h e s e  
l o c a t i o n s  a r e  l i s t e d  i n  T a b l e  4.  The t r i t i u m  i n  t h e  105-KE b a s i n  w a t e r  i s  n o t  
e x p e c t e d  t o  i n c r e a s e  because a l l  o f  t h e  c a n i s t e r s  a r e  open and t h e  t r i t i u m  has 
been f r e e  t o  d i s p e r s e  t h r o u g h o u t  t h e  b a s i n  w a t e r .  
105-KW b a s i n  i s  p r e s e n t l y  a t  0.07 U C i / L  b u t  i s  expec ted  t o  i n c r e a s e  t o  about  
l p C i / L  when a l l  o f  t h e  c a n i s t e r s  a r e  opened t o  a l l o w  t h e  f u e l  t o  be 
t r a n s p o r t e d  t o  a new s t o r a g e  l o c a t i o n .  
a s s o c i a t e d  t r i t i u m  c o n c e n t r a t i o n s  f o r  14 d o u b l e - s h e l l  t a n k s  a r e  l i s t e d  i n  
T a b l e  5.  

The t r i t i u m  i n  t h e  

The volumes o f  s u p e r n a t a n t  and 
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T a b l e  4. E s t i m a t e d  T r i t i u m  I n v e n t o r i e s  i n  Process L i q u i d s  
a t  t h e  H a n f o r d  S i t e .  

3.2 GROUNDWATER SAMPLING 

H a n f o r d  S i t e  g roundwate r  samples a r e  t a k e n ,  analyzed,  and r e s u l t s  
r e p o r t e d  a n n u a l l y .  The most c u r r e n t  r e s u l t s  o f  t hese  groundwater  samples a r e  
r e p o r t e d  i n  D r e s s e l  ( 1 9 9 6 ) .  T r i t i u m  i s  t h e  r a d i o n u c l i d e  which i s  most 
f r e q u e n t l y  a n a l y z e d  i n  t h e  g roundwate r  samples because i t  was p r e s e n t  i n  many 
o f  t h e  l i q u i d  waste s t reams d i s c h a r g e d  t o  t h e  ground and i s  a ve ry  m o b i l e  
r a d i o n u c l i d e  i n  t h e  g roundwate r .  

Abou t  800 w e l l s  a t  t h e  H a n f o r d  S i t e  a r e  sampled i n  1996 and about  500 o f  
t h e s e  were a n a l y z e d  f o r  t r i t i u m  (Chamness and Merz 1997, Hartman and 
D r e s s e l  e t .  a l .  1997) .  A map showing t h e  l o c a t i o n  o f  t hese  w e l l s  i s  shown i n  
(Har tman and D r e s s e l  e t .  a l .  1996, P l a t e  1 ) .  Samples a r e  g e n e r a l l y  t a k e n  o n l y  
f r o m  t h e  t o p  o f  t h e  a q u i f e r  in each s a m p l i n g  w e l l .  
w e l l s  a r e  sc reened  i n  t h e  uppermost a q u i f e r  n e a r  t h e  wa te r  t a b l e ,  wh ich  l i e s  
f r o m  10 m benea th  t h e  s u r f a c e  i n  t h e  100 Area ,  t o  100 m beneath t h e  s u r f a c e  i n  
t h e  200 Area .  

Most o f  t hese  samp l ing  

3.3 TRITIUM I N  GROUNDWATER 

A h i s t o r i c a l  p r o g r e s s i o n  o f  t h e  movement o f  groundwater  plumes c o n t a i n i n g  
t r i t i u m  f r o m  1974 t o  1996 i s  shown i n  F i g u r e  9 as t a k e n  f r o m  D i r k s  1994 and 
Har tman 1997.  I t  i n d i c a t e s  t h e  e f f e c t s  o f  t r i t i u m  decay and i t s  r a t e  o f  
movement i n  t h e  a q u i f e r .  I t  does n o t  i n d i c a t e  a t r i t i u m  p r o f i l e  d e p t h  i n  t h e  
a q u i f e r .  Separa te  t r i t i u m  plumes e x i s t  i n  and /o r  emanate f rom t h e  100 and 
200 A r e a s .  Ranges o f  t r i t i u m  c o n c e n t r a t i o n s  a t  v a r i o u s  l o c a t i o n s  on t h e  
H a n f o r d  S i t e  and underground plume s u r f a c e  a reas  a r e  l i s t e d  i n  Tab le  6 .  

The change i n  t r i t i u m  c o n c e n t r a t i o n  i n  p lumes where d i s c h a r g e  o f  t r i t i u m  
e f f l u e n t s  have been t e r m i n a t e d  a r e  n o t e d  t o  dec rease  a t  a r a t e  g r e a t e r  t h a n  
t h e  t r i t i u m  decay r a t e  ( t r i t i u m  decay  h a l f  l i f e  o f  12.3 y e a r s )  as shown i n  
F i g u r e  10. F i g u r e  10 shoes t h e  t r i t i u m  c o n c e n t r a t i o n  t r e n d  i n  w e l l  299-W22-9 
l o c a t e d  i n  t h e  ZOO-West Area n o r t h e a s t  o f  t h e  REDOX F a c i l i t y .  T h i s  d a t a  over 
a 20 -yea r  p e r i o d  i m p l i e s  t h a t  d i l u t i o n  o f  t r i t i u m  i s  o c c u r r i n g  as w e l l  as 
t r i t i u m  decay.  
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T a b l e  5. T r i t i u m  C o n c e n t r a t i o n  and S u p e r n a n t a n t  Volume i n  Some Double Tanks. 
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1996 Tritium Location 

F igu re  9. T r i t i u m  Movement i n  Hanford S i t e  Groundwater. 
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Groundwater  

200-West A rea  

( n o r t h  o f  200-West Area)  

200-East Area e f f l u e n t  

l O O - B , C  A rea  

100-K Area  

100-N Area  

100-D Area  

100-F Area  

300 Area  

SALDS p r o j e c t e d  t o  2015 

T r i t i u m  C o n c e n t r a t i o n  Plume S u r f a c e  A rea  
(p€i /L )  (km') 

0.02 t o  0.6 4 

0.02 t o  3 0 .1  

0 . 0 2  t o  3 .2  195 

0.020 t o  0 . 0 2 7  0.03 

0.020 t o  0.51 0.08 

0.020 t o  0.057 1.3 

0.020 t o  0.030 0 .3  

0.020 t o  0 .11  0 .3  

0.020 0 .01  

3 .3 .1  100-Area T r i t i u m  Plumes 

e x i s t  a t  t h e  l O O - B C ,  100-K ( t w o  p lumes) ,  100-N, 100-D, and 100-F Areas.  The 
plume a t  100-N Area ex tends  t o  t h e  Columbia R i v e r  a t  c o n c e n t r a t i o n s  g r e a t e r  
t h a n  20,000 p C i / L .  
t r i t i u m  a t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  20,000 p C i / L .  

T r i t i u m  plumes w i t h  t r i t i u m  c o n c e n t r a t i o n s  g r e a t e r  t h a n  20,000 pC i /L  

O u t f a l l s  f r o m  100-N Area  t o  t h e  r i v e r  a r e  a l s o  d i s c h a r g i n g  

3.3.2 200-West Area Plumes 

Two plumes w i t h  t r i t i u m  c o n c e n t r a t i o n s  g r e a t e r  t h a n  20,000 p C i / L  e x i s t  
w i t h i n  t h e  200-West Area w i t h  one o f  them e x t e n d i n g  e a s t  o f  t h e  west  a r e a  t o  
n e a r  200-East  Area.  A new SALDS s i t e  j u s t  n o r t h  o f  t h e  200-West A rea  s t a r t e d  
t o  r e c e i v e  HTO a t  c o n c e n t r a t i o n s  o f  abou t  5,000,000 p C i / L  i n  December 1995. 
The m o n i t o r i n g  w e l l  r e p o r t s  f o r  F i s c a l  Year  (FY) 1996 d i d  n o t  i n d i c a t e  any 
c o n c e n t r a t i o n s  g r e a t e r  t h a n  20,000 p C i / L  n e a r  t h i s  d i s p o s a l  s i t e  (Hartman 
1997) .  

3 .3 .3  200-East Area Plumes 

A s e q u e n t i a l  plume e x i s t s  emanat ing f r o m  t h e  200-East Area and e x t e n d i n g  
t o  t h e  Columbia R i v e r .  T r i t i u m  c o n c e n t r a t i o n s  a r e  shown as a f u n c t i o n  o f  t i m e  
i n  F i g u r e  10 t o  show t h e  two m i g r a t i o n  p e r i o d s .  T h i s  plume ex tends  t o  t h e  
r i v e r  f r o m  t h e  o l d  Han fo rd  t o w n s i t e  t o  n e a r  t h e  300 Area .  

3 . 3 . 4  300 Area 

One w e l l  i n  t h e  300 Area had an ave rage  y e a r l y  c o n c e n t r a t i o n  v a l u e  o f  
20,000 p C i / L  f o r  FY 1996. 

29 



DOE/RL-97-54, Rev. 0 

......... :. ........... ~. ......... :.. ......... 
8 ;  

i j  i 

........... ; .............. i.. ......... : ............ 
1 ;  

....... i ........... : ................. 

r- 

r 

m e c 
r 

r- 
......... i .......... i s? 

e 
r 

u , B  
...... i ........... i e a  

- O  .......... : ......... i s? = 
; .  e o  r O  

r s  .- 
i- 

r 
........................... 

r . r 
i s? :. 

m s 
.......... i ........... i..... k 

I $ 
0 0 05 

............. : 
I r 

IC 

c 
r 

0 0  

0 0  
0 0  

* e 4  

0" 9 

9 9 

Figure 10. Tritium Concentration Trend in Well 299-OW22-9. 
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3 .4  GROUNDWATER MODELING 

Groundwater  m o d e l i n g  has been done and i s  b e i n g  c o n t i n u e d  t o  c l o s e l y  
a p p r o x i m a t e  t r i t i u m  ( a s  w e l l  as o t h e r  c o n t a m i n a n t s )  c o n c e n t r a t i o n s  measured i n  
t h e  H a n f o r d  S i t e  a q u i f e r  f r o m  p a s t  d i s c h a r g e s  and t o  p r e d i c t  f u t u r e  b e h a v i o r s .  
D u r i n g  t h e  p a s t  s e v e r a l  y e a r s ,  a t h r e e - d i m e n s i o n a l  f l o w  and t r a n s p o r t  model 
has  been under  development by t h e  Groundwater  S u r v e i l l a n c e  P r o j e c t  t o  i m p r o v e  
t h e  s i m u l a t i o n  o f  g roundwater  f l o w  and c o n t a m i n a n t  t r a n s p o r t  w i t h i n  t h e  
u n c o n f i n e d  a q u i f e r  system. The model i s  based upon t h e  Coupled F l u i d  Energy,  
and S o l u b l e  T r a n s p o r t  (CFEST) code (Gupta e t .  a l .  1987).  The model i n c l u d e s  
n i n e  l a y e r s  above t h e  t o p  o f  t h e  b a s a l t  t o  r e p r e s e n t  t h e  m a j o r  h y d r o g e o l o g i c  
u n i t s  w i t h i n  t h e  u n c o n f i n e d  a q u i f e r  system. 

A s e p a r a t e  B e c h t e l  Hanford ,  I n c .  (BHI )  m o d e l i n g  e f f o r t  was c o m p l e t e d  i n  
FY 1996 w i t h  t h e  o b j e c t i v e  o f  p r i o r i t i z i n g  and o p t i m i z i n g  e n v i r o n m e n t a l  
r e s t o r a t i o n  a c t i v i t i e s .  T h i s  m o d e l i n g  s i m u l a t e d  t h e  m i g r a t i o n  o f  e i g h t  
r a d i o n u c l i d e s  ( i n c l u d i n g  t r i t i u m )  and c h e m i c a l  c o n t a m i n a n t  plumes o v e r  t h e  
n e x t  200 y e a r s .  T h i s  s i m u l a t i o n  c o n s i s t e d  o f  a t w o - l a y e r  model based upon t h e  
V a r i a b l e  S a t u r a t e d  A n a l y s i s  Model i n  3 D imens ions  w i t h  P r e c o n d i t i o n e d  
C o n j u g a t e  G r a d i e n t  M a t r i x  S o l v e r s  (VAM3DCG) code ( d e v e l o p e d  by HydroGeoLogic,  
I n c .  Herndon, V i r g i n i a ) .  

3.5 OPERATION OF STATE-APPROVED LAN0 DISPOSAL SITE 

The SALDS l o c a t e d  j u s t  n o r t h  o f  t h e  200-West Area began r e c e i v i n g  
t r i t i a t e d  wastewaters  i n  December 1995. I t  i s  d e s i g n e d  f o r  a 30-year  
o p e r a t i n g  p e r i o d  and has a s p e c i f i e d  amount o f  t r i t i u m  t o  be r e c e i v e d  as 
3,300 C i  o v e r  i t s  l i f e t i m e .  I t  c u r r e n t l y  r e c e i v e s  condensate  f r o m  t h e  ETF 
w h i c h  i s  f r e e  o f  a l l  con taminants  e x c e p t  t r i t i u m .  The t r i t i u m  comes f r o m  
p r o c e s s i n g  wastes f r o m  s i n g l e - s h e l l  and d o u b l e - s h e l l  t a n k s  and o t h e r  
m i s c e l l a n e o u s  wastes on t h e  H a n f o r d  S i t e .  B a s i n  w a t e r s  f r o m  KE, KW, and 
N-Reactor  b a s i n s  a r e  expec ted  t o  be p r o c e s s e d  t h r o u g h  ETF w i t h  t h e i r  t r i t i u m  
c o n t e n t s  b e i n g  d i s c h a r g e d  t o  t h i s  l o c a t i o n .  

sample r e s u l t s  e v a l u a t i o n  and groundwater  f l o w  m o d e l i n g  t o  a l l o w  s u f f i c i e n t  
decay o f  t h e  t r i t i u m  p r i o r  t o  d i s c h a r g e  t o  t h e  Co lumbia  R i v e r .  
8 0 - y e a r  decay t i m e  i s  expec ted  p r i o r  t o  m i g r a t i o n  t o  t h e  r i v e r .  
e v a l u a t i o n s  a r e  b e i n g  conducted  t o  firm up t h e s e  c o n c l u s i o n s .  

t o  December 31, 1996, i n  14,840,000 L. T h i s  amounts t o  an average t r i t i u m  
c o n c e n t r a t i o n  o f  about  8 .0  ,uCi/L and 56 L / m i n  f l o w .  

SALDS i s  t h e  p r e s c r i b e d  l o c a t i o n  because i t  i s  d e t e r m i n e d  by g r o u n d w a t e r  

A minimum 
F u r t h e r  

T r i t i u m  r e l e a s e s  t o  t h e  SALDS amounted t o  228 C i  f r o m  December 1, 1995, 

3.6 COLUMBIA RIVER 

T r i t i u m  e n t e r s  t h e  Columbia R i v e r  by g r o u n d w a t e r  seepage a s  i t  passes  
t h r o u g h  t h e  Hanford  S i t e  a t  s e v e r a l  l o c a t i o n s  a l o n g  t h e  s h o r e l i n e  and t h r o u g h  
o u t f a l l s  i n  t h e  100 Area.  The q u a n t i t y  o f  t r i t i u m  e n t e r i n g  t h e  r i v e r  as  i t  
passes t h r o u g h  t h e  H a n f o r d  S i t e  i s  e s t i m a t e d  t o  be less  t h a n  4,500 C i  i n  
C a l e n d a r  Year 1995. 
c o n c e n t r a t i o n  f r o m  P r i e s t  Rapids l o c a t i o n  t o  t h e  C i t y  o f  R i c h l a n d  w a t e r  i n t a k e  
l o c a t i o n .  M o n t h l y  compos i tes  o f  w e e k l y  samples were o b t a i n e d  a t  b o t h  
l o c a t i o n s .  The 1995 mean t r i t i u m  c o n c e n t r a t i o n  a t  P r i e s t  Rapids was 
34.4 p C i / L ,  and a t  t h e  R i c h l a n d  pumphouse, i t  was 79.0 p C i / L  ( B i s p i n g  1996) .  

T h i s  e s t i m a t e  was based upon t h e  d i f f e r e n c e  i n  
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I t s h o u l d  be n o t e d  t h a t  r i v e r  samples t a k e n  f r o m  o t h e r  l o c a t i o n s  a l o n g  t h e  
H a n f o r d  S i t e  and a n a l y z e d  c o n t a i n e d  up  t o  a b o u t  180 p C i / L .  
w e l l  b e l o w  t h e  MCL o f  20,000 p C i / L  f o r  t r i t i u m .  The mean t r i t i u m  
c o n c e n t r a t i o n  v a l u e  a t  t h e  R i c h l a n d  pumphouse i s  r e p o r t e d  t o  be h i g h e r  t h a n  
t h e  r i v e r  c r o s s - s e c t i o n a l  average f o r  h i g h - w a t e r  f l o w  a t  t h i s  l o c a t i o n  because 
t h e  t r i t i u m  i s  t h o u g h t  t o  be u n e v e n l y  mixed i n  t h e  r i v e r  a t  t h i s  l o c a t i o n .  

Sampl ing  a l o n g  a r i v e r  c r o s s  s e c t i o n  a t  t h e  R i c h l a n d  pumphouse d u r i n g  
1995 c o n f i r m e d  t h e  e x i s t e n c e  o f  a c o n c e n t r a t i o n  g r a d i e n t  d u r i n g  h i g h - r i v e r  
f l o w r a t e s  ( S a l d i  1996) .  T h i s  g r e a t e r  v a l u e  i s  t h o u g h t  t o  be a t t r i b u t e d  t o  t h e  
t r i t i a t e d  groundwater  f r o m  t h e  200 Area g r o u n d w a t e r  plume e n t e r i n g  t h e  r i v e r  
a l o n g  t h e  p o r t i o n  o f  s h o r e l i n e  e x t e n d i n g  f r o m  t h e  o l d  H a n f o r d  t o w n s i t e  t o  t h e  
300 Area w h i c h  happens t o  be on t h e  same s i d e  o f  t h e  r i v e r  as t h e  R i c h l a n d  
pumphouse i n t a k e .  W i t h  a mean Columbia R i v e r  f l o w r a t e  p a s t  t h e  H a n f o r d  S i t e  
o f  1 .01Et14 L / y r  ( B i s p i n g  1996),  t h i s  amounts t o  l e s s  t h a n  4,500 C i  t r i t i u m l y r  
e n t e r i n g  t h e  r i v e r  f r o m  t h e  H a n f o r d  S i t e .  
e n t e r i n g  t h e  r i v e r  n e a r  t h e  o l d  H a n f o r d  t o w n s i t e .  

Co lumbia  R i v e r  a r e  above t h e  n a t u r a l  background t r i t i u m  c o n c e n t r a t i o n  
(p re-1954 t r i t i u m  c o n c e n t r a t i o n s  o f  about  3 . 1  p C i / L ) .  
34.4 p C i / L  i n  t h e  r i v e r  ups t ream o f  t h e  H a n f o r d  S i t e  comes f r o m  f a l l o u t  f r o m  
n u c l e a r  bomb t e s t i n g  i n  t h e  1950s t h r o u g h  1970s.  The peak c o n c e n t r a t i o n  i n  
t h e  Co lumbia  R i v e r  ups t ream o f  t h e  H a n f o r d  S i t e  was 280 p C i / L  i n  1980. The 
peak  downstream c o n c e n t r a t i o n  was 320 p C i / L  i n  1980. 

These v a l u e s  a r e  

Most  o f  t h i s  t r i t i u m  appears  t o  be 

The H a n f o r d  S i t e  ups t ream and downstream t r i t i u m  c o n c e n t r a t i o n s  o f  t h e  

The b u l k  o f  t h e  

3.7 TRITIUM STORED I N  SOLID-WASTE DISPOSAL SITES 

About  800,000 C i  o f  t r i t i u m  have been s t o r e d  as s o l i d  waste i n  t r e n c h e s  
i n  t h e  ZOO-East and ZOO-West Areas .  S i n c e  1993, t r i t i u m  has been r e c e i v e d  
f r o m  P r i n c e t o n  i n  h i g h - i n t e g r i t y  c o n t a i n e r s  f o r  d i s p o s a l  i n  t r e n c h e s  a t  t h e  
H a n f o r d  S i t e .  T h i s  t r i t i u m  i s  l o a d e d  on m o l e c u l a r  s i e v e  m a t e r i a l  and packaged 
i n s i d e  p o l y e t h y l e n e  enduro packs w i t h  we lded c l o s u r e s .  T h i s  m a t e r i a l  i s  
packaged t o  c o n t a i n  t h e  t r i t i u m  f o r  hundreds  o f  y e a r s  and t h e  t r i t i u m  i s  n o t  
e x p e c t e d  t o  l e a k  f r o m  t h e  c o n t a i n e r  i n  a l i q u i d  f o r m .  

waste  was d i s p o s i t i o n e d  p r i o r  t o  1976. The i n t e g r i t y  o f  t h e s e  c o n t a i n e r s  
. . . . . . . .  TBD 

Much o f  t h e  t r i t i u m  d i s p o s i t i o n e d  t o  t h e  ZOO-West Area t r e n c h e s  as s o l i d  

W e l l  m o n i t o r i n g  o f  these t r e n c h e s  have n o t  i n d i c a t e d  any l e a k a g e  t o  d a t e .  
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