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Tritium Waste Control Development Project H. F .  A n d e r s o n ,  C o m p o n e n t  D e v e l o p m e n t  M a n a g e r  
C .  J .  K e r s h n e r ,  M o n s a n t o  F e l l o w  

A December, 1970, Commission comrnuniqu& 
a s k e d  t h a t  c o n t r a c t o r s  s e e k  t o  l i m i t  
t h e i r  t r i t i u m  and o t h e r  r a d i o a c t i v e  
e f f l u e n t s  t o  l e v e l s  t h a t  a r e  " a s  l o y  a s  
p r a c t i c a b l e . "  Subsequen t  communiques 
s u g g e s t  c o n t r o l  o f  r a d i o l o g i c a l  r e l e a s e  
t o  less t h a n  10% o f  t h e  R a d i o a c t i v i t y  
C o n c e n t r a t i o n  Guide  ( U L  f o r  u n c o n t r o l l e d  
a r e a s  and a l s o  s u g g e s t  moving t h e  p o i n t  
of  c o n c e n t r a t i o n  measurement from p l a n t  
boundary  l i m i t s  t o  w i t h i n  t h e  e f f l u e n t  
s t a c k s .  

Beginning  i n  1970, a n  i n t e n s i v e  t r i t i u m  
e m i s s i o n  c o n t r o l  e f f o r t  was p u t  i n t o  
e f f e c t  a t  Mound L a b o r a t o r y .  T h i s  e f f o r t  
h a s  a n  u l t i m a t e  o b j e c t i v e  of  app roach ing  
z e r o  e m i s s i o n s  and a n  e n g i n e e r i n g  g o a l  
q u a n t i f i e d  i n  t e rms  o f  m a i n t a i n i n g  s t a c k  
e m i s s i o n  l e v e l s  a t  o r  below 10% of  t h e  
p r e s e n t  RCG v a l u e s  (40 u c i / m 3  f o r  HT and 
0 . 2  p c i / m 3  f o r  HTO). To accompl i sh  t h e s e  
g o a l s  f a c i l i t y  d e s i g n  and o p e r a t i n g  
p h i l o s o p h i e s  were r e v i s e d  t o  t h o s e  of  
c o n t a i n m e n t  and r e c y c l e  a s  opposed t o  t h e  
p a s t  p r a c t i c e  of  h i g h  d i l u t i o n  and 
r e l e a s e .  Over t h e  p a s t  s i x  y e a r s ,  i m -  
p l e m e n t a t i o n  o f  t h i s  ph i lo sophy  through 
f a c i l i t y  m o d i f i c a t i o n s  and a d d i t i o n s  and 
c h a n g e s  i n . o p e r a t i n g  p r o c e d u r e s  h a s  
r e s u l t e d  i n  a  50-fo ld  r e d u c t i o n  i n  t h e  
g a s e o u s  t r i t i u m  e f f l u e n t s  r e l e a s e d  from 
t h e  Labora to ry .  However, r e d u c t i o n  of  
t r i t i u m  e f f l u e n t  l e v e l s  t o  10% of  RCAG 
v a l u e s  a t  t h e  p o i n t  o f  e m i s s i o n  anu 
n e a r l y  comple t e  r e c y c l e  p o s e  problems t h a t  
a r e  beyond r e a d y  s o l u t i o n  w i t h  s t a t . e -o f -  
t h e - a r t  t r i t i u m  c o n t r o l  t echno logy .  - 
To mee t  t h i s  advanced t echno logy  need ,  t h e  
T r i t i u m  E z f l u e n t - C o n t r o l  P r o j e c t  was < 
initiates i n  J a n u a r y  1972. The expe r -  
i m e n t a l  d i r e c t i o n  o f  t h i s  p r o j e c t  was 
p r e d i c a t e d  on t h e  r e s u l t s  o f  a n  i n i t i a l  
s o u r c e  and f a c i l i t y  e v a l u a t i o n  which 
r e v e a l e d  t h a t  as much a s =  o f  t h e  t o t a l  
a n n u a l  r e l e a s e  t o  t h e  a tmosphere  c o u l d  be  
a t t r i b u t e d  t o  "background" d i f f u s i o n  from 
g loveboxes  and o t h e r  c o n t a i n m e n t s - t o  t h e  
room-vent i la t ion  sys t ems  which are 
d i r e c t l y  s t a c k e d .  T rea tmen t  o f  t h e  
voluminous  q u a n t i t y  of  h i g h  humid i ty  room 
a i r  was deemed t o  b e  b o t h  economica l ly  
and t e c h n i c a l l y  i m p r a c t i c a l .  T h e r e f o r e ,  
emphas i s  h a s  been p l a c e d  on (1) c o n f i n i n g  
t h e  t r i t i u m  a t  t h e  s o u r c e  t h r o u g h  t h e  use  
o f  g lovebox  a tmosphere  d e t r i t i a t i o n  and 
r e c o v e r y  sys t ems  and ( 2 )  a p p l y i n g  room 
a i r  t r e a t m e n t  o n l y  f o r  q e r g e n c y  cond i -  
t i o n s  i n  t h e  e v e n t  o f  a c c i d e n t a l  r e l e a s e s .  
I n i t i a l  bench s c a l e  r e s e a r c h  was d i r e c t e d  
m a i n l y  toward  gaseous  e f f l u e n t  d e t r i t i a -  
t i o n  and r e c o v e r y .  The ma jo r  p o r t i o n  of 

t h e  gaseous  e f f l u e n t  t r e a t m e n t  work i s  
now i n  t h e  p i l o t  s c a l e  development s t a g e .  
A t e s t  labo-ry, embodying many of  t h e  
r e s u l t s  of  t h e  p a s t  r e s e a r c h  phase  of  t h e  
work, h a s  been d e s i g n e d ,  and i t s  con- 
s t r u c t i o n  i s  comple ted .  

A s  t h e  program h a s  matured ,  t h e  scope of 
t h e  development e f f o r t  h a s  expanded t o  i n -  . 
c l u d e J i @ d . d r i t i u m  was te s  a s  w e l l  a s  
gaseous;  Over t h e  p a s t  s e v e r a l  y e a r s  it 
h a s  become i n c r e a s i n g l y  e v i d e n t  t h a t  t h e  
c u r r e n t l y  a c c e p t a b l e  p r a c t i c e s  f o r  d i s -  
pos ing  of  t r i t i a t e d  l i q u i d  was te  w i l l  n o t  
be adequa te  f o r  t h e  f u t u r e ,  because  of  
expec ted  i n c r e a s e s  i n  t h c  q u a n t i t i e s  t o  be 
handled  and t h e  qrowing p u b l i c  concern  w i t h  
r a d i o i s o t o p i c  r e l e a s e s  t o  t h e  envi ronment .  
Moreover, i n  t h e  1 9 8 0 ' s  a  l a r g e  market  w i l l  
deve lop  f o r  t r i t i u m  i n  t h e  CTR program 
which w i l l  make i t  a  v a l u a b l e  f u e l  r e s o u r c e  
t o  be  r ecove red  and r e c y c l e d .  

A t  p r e s e n t ,  t h e  pr imary  s o u r c e s  o f  t r i t i -  
a t e d  l i q u i d  w a s t e s  a r e  t h e  ERDA c o n t r a c t o r s .  
Because of  t h e  i n c r e a s e d  emphasis  on e f f l u -  
e n t  c o n t r o l ,  glovebox d e t r i t i a t i o n  (GADS) e 

and o t h e r  e f f l u e n t  removal sys tems (ERS) 
have been and a r e  be ing  i n s t a l l e d ,  r e s u l t -  
i n g  i n  i n c r e a s e d  p r o d u c t i o n  of  t r i t i a t e d  
l i q u i d  was t e  ( p r i m a r i l y  h i g h  l e v e l ;  > lo00  L 
1 Although modest i n c r e a s e s  a r e  ex-  
pec t ed  i n  h i g h  l e v e l  was t e s  from new ERS 
and GADS syst .cn~s at Los Alalnos and Sandia  
L i  \;t!r.nlore, t h e  i I I ~  crmediat-e  l e v e l  l i q u i d  
w a s t e s  (between 1000-0.01 C i / l )  from f u e l  
r e p r o c e s s i n g  p l a n t  o p e r a t i o n s  a r e  expec ted  
t o  dominate  by 1985. Moreover, i n  t h e  
p e r i o d  from 1985 t o  t h e  y e a r  2000 t h e  
q u a n t i t i e s  of  t r i t i u m  be ing  produced from 
t h e  r e p r o c e s s i n g  of  f i s s i o n  r e a c t o r  f u e l s  
a r e  expec ted  t o  more t h a n  t r i p l e .  Added 
t o  t h i s  w i l l  be a  y e t  unknown q u a n t i t y  of  
t r i t i a t e d  l i q u i d  was t e s  g e n e r a t e d  by 
f u s i o n  expe r imen t s  and r e a c t o r s  which c o u l d  
s i g n i f i c a n t l y  c o n t r i b u t e  t o  t h e  q u a n t i t i e s  
t o  be  d e a l t  w i t h  i n  t h e  l a t t e r  p a r t  of  t h i s  
c e n t u r y .  

T h e  T r i  tiurn Waste C o n t r o l  Development 
P r o j e c t  a t  Mound Labora to ry  h a s  been 
d i r e c t e d  toward t h e  development of  
d e t r i t i a t i o n  and r ecove ry  p r o c e s s e s  t h a t  
can  be  d i r e c t l y  a p p l i e d  t o  t h e  t r i t i a t e d  
l i q u i d  was t e  r e c o v e r y  problem. We contend ' 
t h a t  o f  a l l  t h e  p o s s i b l e  approaches  t o  
t h e  d i s p o s a l  of  t r i t i a t e d  l i q u i d  w a s t e s ,  
r e c o v e r y  o f f e r s  t h e  g r e a t e s t  advan tages  
f o r  t h e  h i g h - l e v e l  and i n t e r m e d i a t e - l e v e l  
t r i t i a t e d  w a t e r  c a t e g o r i e .  

I n  summary, a l t h o u g h  t h e  i n i t i a l  t h r u s t  
of  t h e  work under  t h i s  program was o r i e n t e d  



toward development of gaseous  e f f l u e n t  . and hand l ing  problems. A t  t h e  p r e s e n t  
t r ea tment  systems,  i t s  n a t u r a l  e v o l u t i o n  t i m e ,  t h e  major development e f f o r t  i s  
has  been toward t h e  l i q u i d  waste recovery i n  t h e s e  a r e a s .  

Summary 

TRITIATED LIQUID WASTE DECONTAMINATION 
(MOLECULAR EXCITATION) 

I ,  

Modi f ica t ions  t o  i n c r e a s e  t h e  power out-  
p u t  of t h e  Nd:YAG l a s e r  were completed. 
The h igher  power enabled t h e  o p t i c a l  . 

*! 
paramet r i c  o s c i l l a t o r  (OPO) t o  be success-  
f u l l y  opera ted  f o r  t h e  f i r s t  time. 

The g a s  r e c i r c u l a t i o n  system f o r  t h e  
l a s e r  i s o t o p e  s e p a r a t i o n  exper iments  was 
assembled and helium l e a k  t e s t e d .  

TRITIUM FIXATION PACKAGE 

The p r e s s u r e  i n c r e a s e  w i t h  t ime of t h e  
gas  over  samples o f  f i x e d  and unf ixed 
t r i t i a t e d  wa te r  a n d . o c t a n e  i s  being moni- , 
t o r e d . ,  The gas  produced from t h e  t r i -  
t i a t e d  wa te r  wi thou t  f i x a t i o n  was analyzed.  
A G-value was c a l c u l a t e d  f o r  t h e  t r i t i a t e d  
o c t a n e  and compares favorab ly  w i t h  t h e  
G-value f o r  gamma-irradiated pure  o c t a n e .  
The a u t h o r s  b e l i e v e  t h i s  i s  t h e  f i r s t  
such d a t a  r e p o r t e d  f o r  t r i t i a t e d  o r g a n i c s  
w i t h  and wi thou t  f i x a t i o n .  



Tritiated Liquid Waste Decontamination (Molecular Excitation) W .  R .  W a d t  a n d  
R .  E .  E l l i s  

BACKGROUND 

Operations involving tritium produce 
significant quantities of aqueous waste 
that must be disposed of in a safe 
manner. Much of the waste contains a 
low concentration of tritium. At present, 
these low-level wastes are processed and 
buried at relatively high expense. An 
alternate procedure would be to discharge 
the waste after dilution to "safe" levels. 
However, both methods eventually allow 
some or all the tritium to enter the 
environment. A preferable procedure 
would be to decontaminate the wastes by 
extracting the small amounts of tritium. 
The economic feasibility of detritiating 
largs-volumes of low-level (10- 3=10-ii~i-/ 
=)- water i's'lii3h'lydependent on the 
separation factor of the elementary 
isotopic separation process employed. 
The separation factor for most H/T 
isotopic systems is quite small - ranging 
from slightly greater than 1 to approx- 
imately 10 for the case of water 
electrolysis. However, one process, 
select&ve photoexcitation, has the 
potential for orders-of-magnitude higher 
separation factors and, in principle, 
requires much less separative work 
because the separation energy is applied 
to the minor constituent rather than to 
the entire feed mixture. In conventional 
multistaged separation processes, suffi- 
cient energy input is needed for 
processing the total feed quantity many 
times to maintain the total cascade flow 
required for the desired separation. 
Thus, se&tive,photoexc.itation is a 
very attractive process for an applica- 
tion where one is concerned with the 
isotopic separation of trace quantities 
from a voluminous quantity of feed such 
as in the case of water detritiation or 
heavy water enrichment. 

The goal of this study is to determine 
the fea$iJiLi&~of decontamination by 
selective molecular excitation. If the 
process proves successful, further 
applications will pe considered, such as 
1) extension to the treatment of high- 
specific-activity aqueous wastes, 2) 
control of the tritium level in the 
primary coolant of light water.reactors, 
and 3) removal of deuterium from water. 

PRIOR WORK 

Laser Separation System A plausible 
scheme to detritiate low-level aqueous 
wastes by molecular photoexcitation has 

been formulated. The process, which is 
conducted in the gas phase, consists of 
isotopically selective photodissociation 
(ISP) of HTO in the presence of H2 which 
scavenges the photoproducts. The ISP is 
achieved by a two-photon process employing 
an infrared (ir) laser and an ultraviolet 
(UV) flashlamp. The ir laser selectively 
excites the OT stretching vibration in 
HTO at 4.35 pm, whereas the uv flashlamp 
is filtered to photodissociate only the 
vibrationally excited HTO molecules. The 
photoproducts, T and OH, both react 
rapidly with Hz to produce HT and H20, 
respectively. Recycling the hydrogen 
stream may significantly enrich the 
tritium relative to the water stream. An 
analysis of the kinetics indicates that 
for low-level wastes, the effect of the 
tritium 6 decay on regeneration of HTO 
places a more stringent limitation on the 
tritium level allowable in the hydrogen 
stream than does the reaction, OH + HT + 
HTO + H. 

Although this scheme is a convenient and 
appropriate system for proof-of-principle 
experiments, further analysis has shown 
that it is not applicable to large-scale 
detritiation projects, e.g., nuclear fuel 
reprocessing plant waste. First, qualita- 
tive calculations indicated that the 
isotopic selectivity of the process was 
not sufficient. The photodissociation 
rate for HTO exceeds that for Hz0 only by 
about a factor of 25. In light of the bow 
tritiutln levels belng considered, 1 ppm or 
less, most of the laser energy is wasted 
in photodissociation of HzO. Second, HZ 
has two serious drawbacks as a scavenger: 
1) tritium enrichment requires recycling 
of the hydrogen, and 2) the HTO may also 
photodissociate into OT and H with OT 
reacting with Hz to regenerate HTO. 

The problem of isotopic selectivity may 
be overcome by pumping more vibrational 
energy into the HTO molecules. The best 
approach towards this end is multiple 
vibrational excitation by a very high 
power laser at 4.35 pm. The drawbacks 
of using Hz for a scavenger may also be 
circumvented by using CO. These modi- 
fications were used in a preliminary 
economic study of detritiating the 
waste stream from the AGNS nuclear fuel 
reprocessing plant. The results indi- 
cate possible advantages for laser 
isotope separation (LIS) over catalytic 
exchange, presently the most promising 
approach. 



A tunable ir laser developed by Prof. 
R. L. Byer and coworkers at Stanford 
University was the most appropriate for 
our purposes. The laser consists of a 
LiNb03 optical parametric oscillator 
(OPO) pumped by a Q-switched Nd:YAG 
oscillator-amplifier-isolator chain. 
The laser is tunab1.e from 1.4 to 4.45 
pm with relatively high powers (-1 mJ/ 
pulse). Prof. Byer was retained as a 
consultant on the procurement of a com- 
parable laser system. A Q-switched , 

Nd:YAG oscillator-amplifier-isolator 
chain was procured from General Photonics 
Corporation. The other major components 
that have been procured include a LiNbOs 
crystal (Crystal Technology) for the 
OPO, a multipass two-photon absorption 
cell (Wilks Scientific Corporation), 
a xenon flashlamp system (Xenon Corpora- 
tion), and an 0.6-m monochromator 
(J-Y Optical Systems) . 
HTO Infrared Spectrum The exact wave- 
lengths and absorption intensities of 
the HTO molecule in the infrared region 
around 4.35 um are necessary for deter- 
mining parameters for the experiments 
in water decontamination via molecular 
excitation. When HDO was used as a 
surrogate, very satisfactory spectra 
were obtained from a Digilab FTS-14 
Spectrophotometer. 

A Barnes Engineering Company spectrom-, 
eter cell was modified for use in de- 
termining the HTO spectrum in the 4.35- 
um region. The system to load this 
cell was assembled, and the active 
components were operationally tested. 
Initial experiments with HTO were un- 
successful. because the samples were 
contaminated with COz. 

, ACCOMPLISHMENTS 

Laser Separation System Modifications 
of the N~:YAG power supply to upgrade 
the energy output were completed by 
General Photonics. The other malfunc- 
tions of the power supply were located 
and corrected. The Nd:YAG laser was 
used to drive the LiNbO, optical para- 
metric oscillator (OPO) successfully 
for the first time. The uv flashlamp 
system was assembled and tested. 
Finally, a 4 x 10 ft optical table was 
procured and installed beside the fume 
hood containing the flow system. The 
laaer excitation system is being 
assembled on the optical table. 

DISCUSSION 

Laser Separation System .Initial testing 
of the Nd:YAG laser from General.Photonics 
revealed that the energy output did not 
meet specifications (30 mJ/pulse). In 
order to rectify this problem the follow- 
ing changes were made: 1) the concave 
back mirror in the oscillator cavity, 
which had a 1-m radius of curvature, was 
replaced with a 5-m mirror; 2) the 
aperture controlling the TEM,o o'utput in 
the oscillator was increased in accord 
with the mirror change; 3) the capacitance 
on the amplifier flashlamp circuits was 
increased from 50 pF to 80 pF. Other 
minor modifications were made on the high 
voltage d.c. power supply to improve per- 
f ormance . 
During the initial tests of the Nd:YAG 
laser, a problem arose involving power 
degradation after a-few minutes of opera- 
tion at 10 Hz. The problem was clearly 
thermal in nature and was located in the 
simmer circuits for the flashlamps. The 
simmer circuits were overheating and then 
failing, shutting down a flashlamp in the 
amplifier and reducing the power output. 
A better heat sink and cooling system.is 
being devised to solve the problem. 

The Nd:YAG laser was completely realigned 
with the new 5-m mirror in place. The 
maximum energy output was just under 30 
mJ/pulse. Since we expected at least 50 
mJ/pulse, the energy output was dis- 
appointing. The problem appears to be 
the high voltage d.e .  power supply whioh 
is producing only. 820 V instead of the 
design value of 950 V. As,a result, the 
energy delivered to the flashlamps is 
only 74% of the design value. 

Because of the lower energy output from 
the Nd:YAG laser, a 2:l beam reducing 
telescope was required in order to achieve 
the power threshold for operating the OPO. 
Moreover, the OPO was operated in a double 
pass configuration in order to lower the 
threshold; i-e., a high reflecting mirror, 
for 1.06 pm was placed behind the OPO to 
reflect the 1.06-um radiation back through 
the OPO. With the help of Prof. R. L. Byer 
the QpQ was operated successfully. Power 
output measurements from the OP0 have not 
yet been made. The OPO was tuned out to 
4 pm, . but we have not yet tuned ouk to . 
4.35 pm. 

The uv flashlamp from Xenon Corporation 
was assembled and tested. The system , 

appears to work according to specifica- 
tions; however, we have been unable to 
check the energy output in the 190-200 mm 
r eg ion  for lack of uv detection equipment. 
The latter deficiency will be iac.ti .f iad 



s h o r t l y  and t h e  energy o u t p u t  w i l l  be 
measured. 

C o n s t r u c t i o n  of t h e  H,O/H, f low system 
was completed.  I n i t i a l  helium-leak t e s t s  
proved u n s a t i s f a c t o r y .  .The problem was 
t h e  n i c k e l  gaskets .  which developed l e a k s  
when f i t t i n g s  e lsewhere  i n  t h e  system 
were be ing  t i g h t e n e d .  Replacement of  
t h e  n i c k e l  g a s k e t s  w i t h  s o f t e r  copper 
ones  h a s  so lved  t h e  problem. Helium- 
l e a k  t e s t i n g  of t h e  e n t i r e  sys tem is 
n e a r l y  completed. 

A 4 x  10 - f t .  o p t i c a l  t a b l e  was procured 
from Newport Research Corpora t ion  and 
i n s t a l l e d  n e x t  t o  t h e  fume hood con ta in -  
i n g  t h e  f low system. The l a s e r  system 
was removed from t h e  fume hood and 

Tritium Fixation Package - 

BACKGROUND 

I n  view of  t h e  concern t h a t  t r i t i a t e d  
was te  p r o d u c t s  cou ld  p o s s i b l y  g e n e r a t e  
e x p l o s i v e . g a s e o u s  s p e c i e s ,  a program was 
i n i t i a t e d  t o  1) de te rmine  t h e  r a d i o l y s i s -  
produced p r e s s u r e  b u i l d u p  o f  g a s  over  
t r i t i a t e d  was te  p r o d u c t s  w i t h ' a n d  wi,thout 
f i x a t i o n ,  and 2 )  de te rmine  t h e  q u a n t i t y  
and t y p e  of r a d i o l y s i s  p r o d u c t s  genera ted  
a s  a  f u n c t i o n  of t i m e ,  t r i t i u m  c o n t e n t ,  
and n a t u r e  o f  f i x a t i o n  a g e n t .  

Although a  v a s t  amount o f  r e s e a r c h  has  
been done on t h e  r a d i a t i o n  e f f e c t s  
produced i n  v a r i o u s  m a t e r i a l s  u s i n g  gamma 
r a d i a t i o n ,  it i s  n o t  always known whether 
t h i s  t y p e  of  r a d i a t i o n  c r e a t e s  t h e  same 
r a d i o l y s i s  p r o d u c t s  a s  t r i t i u m .  A com- 
p a r i s o n  of  t h e  two t y p e s  of  r a d i a t i o n  
w i l l  be  made where a p p r o p r i a t e .  

The o b j e c t  of  t h i s  endeavor i s  t o  o b t a i n  
a  "wors t  c a s e "  r e s u l t ,  and s ince .  gamma 
r a y  s t u d i e s  have shown t h a t  i m p u r i t i e s  
o f t e n  t end  t o  reduce t h e  e f f e c t s  of  
r a d i o l y s i s ,  r e l a t i v e l y  pure  m a t e r i a l s  
have been used i n s t e a d  o f  a c t u a l  waste 
p r o d u c t s .  Also ,  i n  o r d e r  t o  o b t a i n  
a c c e l e r a t e d  r e s u l t s ,  a c t i v i t i e s  approx- 
i m a t e l y  10 t i m e s  t h o s e  of  t h e  average 
a c t i v i t y  o f  Mound Labora to ry  waste  
p r o d u c t s  were used. T h i s  s t u d y  i s  p a r t  
o f  a  p r o j e c t  concerned w i t h  t h e  devel-  
opment of  a  s u i t a b l e  s h i p p i n g  c o n t a i n e r  
f o r  r e c o v e r a b l e  t r i t i a t e d  waste .  

PRIOR WORK 

Work d u r i n g  t h i s  q u a r t e r  i s  t h e  f i r s t  t o  
b e  r e p o r t e d  f o r  t h i s  program. 

assembled on t h e  o p t i c a l  t a b l e .  The new 
arrangement w i l l  g r e a t l y  f a c i l i t a t e  t h e  
l a s e r  d e t r i t i a t i o n  exper iments .  

FUTURE PLANS 

There a r e  s i x  major o b j e c t i v e s  f o r  t h e  
n e x t  q u a r t e r :  1) t e s t i n g  of t h e  H,O/H, 
f low system and r e a c t i o n  c e l l ;  2 )  t e s t i n g  
o f  t h e  t u n a b l e  i r  l a s e r ;  3 )  al ignment  of 
t h e  t u n a b l e  i r  l a s e r ,  uv f l a sh lamp,  and 
r e a c t i o n  c e l l ;  4 )  t un ing  t h e  i r  l a s e r  t o  k i  
t h e  maximum a b s o r p t i o n  band i n  HTO; 5 )  . 5 
i n i t i a t i o n  of  f e a s i b i l i t y  exper iments  on 
water  d e t r i t i a t i o n  by two-photon ISP; and 
6 )  , r e c o r d i n g  t h e  i r  spectrum of HTO using 
t h e  t u n a b l e  i r  l a s e r .  

W .  E .  T a d l o c k  a n d  
G .  C .  A b e l l  

ACCOMPLISHMENTS 

The p r e s s u r e  bui ldup was monitored i n  t h e  
g a s  over  t r i t i a t e d  water  and oc tane  
( a c t i v i t y  = 1 C i / m l )  con ta ined  w i t h  ( w )  . . 
and wi thou t  (w/o) f i x a t i o n .  The f i x a t i o n  
a g e n t  used f o r  water  was a  cement-plas ter  
mix. Lines  D (w/o f i x a t i o n )  and E, 
F igure  1, i l l u s t r a t e  t h e  e f f e c t  of  cement- 

" 

A - Octane wlo fixation 
B - Octane wlvarmiculite 
C - Octane wlabsorbal 
D -Water wlo fixation 
E - Water wlcement-plaster 

1 I ' I  I 1 1 I I 

Storage time, days 

F I G U R E  1  - R a d i o l y s i s - p r o d u c e d  p r e s s u r e  
b u i l d u p  o f  g a s  o v e r  t r i t i a t e d  w a s t e  
p r o d u c t s  w i t h  a n d  w i t h o u t  f i x a t i o n .  



plaster on the pressure buildup. Line D 
was terminated when the overgas was 
sampled for mass spectrometer analysis. 
The results are listed in Table 1. 

Table 1- 

ANALYSIS OF OVERGAS FROM SAMPLE D 

Sample 1 Sample 2 
Constituent ME (mole % )  (mole'%) 

The fixation agents used with octane were 
vermiculite and Absorbal, and their 
effects on the pressure buildup are 
illustrated by lines A (w/o fixation), B 
(w/vermiculite) , and C (w/Absorbal) . No 
analysis of this overgas has been made at 
khis time. A G-value for the production 
of gas of 3.2 + 0.1 was calculated from 
these data and compares favorably with 
the G-value of 6.8 1 measured for pure' 
octane using gamma radiation. (The G- 
value 0f.a reaction is defined as the 
number of product molecules formed or 
reactant molecules, consumed per 100 eV 
of energy absorbed by the ~~stem.2) 

DISCUSSION 

TWO' samplcu cash of t r i  t.i.ated water 
'(activity = 1 Ci/ml) with and without 
fixation were stored in small stainless 
steel containers fitted with a valve and 
a pressure transducer. The water was 
prepared by mixing distilled water with 
a mixture of D20 and T20 which had 
previously been prepared by passing a 
mixture of deuterium and tritium gas over 
heated copper oxide. A mixture of cement- 
plaster of the same ratio as is used on 
a larger scale for the storage and ship- 
ment of tritiated waste water was used 

for fixation. Boxline atmosphere composed 
of helium-4, argon, nitrogen, moisture, . 
and possibly oxygen was used as initia'l 
overgas. No analysis of this box at- 
mosphere was made. 

At storage times of 154 and 160 days, the 
containers of tritiated water without 
fixation were attached to a gas sampling 
station, the water frozen out at -50°C, 
and the overgas expanded into a previously 
evacuated sample bulb. This gas was then 
analyzed by a mass spectrometer. The 
results are listed as sample 1 and 2 in 
Table 1. Surprisingly, no oxygen was 
found. After sampling, the overgas was 
removed by evacuating, and the containers 
were backfilled with argon. The overgas 
in these containers will be sampled at a 
later date. 

Three samples of tritiated octane (activity 
= 1 Ci/ml) (one without fixation, one 
fixed on vermiculite and one fixed on 
Absorbal) were monitored for pressure 
buildup. Tritiated octane was used as a 
substitute for vacuum pump oil since 
relatively pure octane with the desired 
activity was available, but clean pump oil 
with the desired activity was not. Most 
vacuum pump oil is a mixture of aliphatic 
hydrocarbons, and gamma radiation experi- 
ments have shown that the G-value is nearly 
independent of the length of the carbon 
chain in aliphatic hydrocarbons. There- 
fore, the radiolysis products from octane 
should be nearly the same as for pump oil. 

Purified 'boxline atmosphere was used as 
the initial overgas in these containers. 
The boxline atmosphere was argon with a 
small amount of nitrogen (1.49 mole % )  , 

as found by mass spectrometer analysis. 
Oxygen and moisture were removed via a 
Dri-train purifier. 

FUTUKE PLANS 

The pressure buildup of the containers 
holding tritiated water and octane will 
continue to be monitored. Samples of the 
overgas will be analyzed at the appropriate 
time depending upon the pressure buildup. 
Samples of waste vacuum pump oil will be 
stored with vermiculite and without fixa- 
tion to obtain data concerning pressure 
buildup of this actual low-level waste. 

3 . . . . .  . 
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