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SUMMARY 

Lysimeter t e s t i n g  of t h e  polymer impregnated t r i t i a t e d  conc re t e  (PITC) 

specimens a t  t h e  Savannah River P l an t  has  cont inued.  After th i r ty -one  

weeks, a cons t an t  average t r i t i u m  f r a c t i o n  r e l e a s e  r a t e  of 1 . 1 6 ~ 1 0 - ~  day-' 

was reached i n  t h e  p e r c o l a t e  water  wLth no measurable r e l e a s e  i n t o  t h e  a i r .  

Data from t h i s  experiment p ro j ec t ed  t o  long-term t r i t i u m  r e l e a s e s  e s t ima te  

t h a t  a complete t r i t i u m  r e l e a s e  from t h e  PITC w i l l  r e q u i r e  2,.370 yeari and 

t h a t  t h e  maximum f r a c t i o n  of t h e  i n i t i a l l y  contained t r i t i u m  p resen t  i n  t h e  

environment w i l l  be  2 . 7 6 ~ 1 0 - ~  a f t e r  17.7 years .  A d u p l i c a t e  PITC specimen 

is  i n  s t a t i c  leaching  i n  d i s t i l l e d  water .  Af t e r  295 days,  a cons t an t  t r i t i u m  
- 1 frac t ion  r e l e a s e  r a t e  of 1 . 8 9 ~ 1 0 - ~  day was determined f o r  t h i s  specimen. 

Development of t h e  i n j e c t o r  technique  f o r  PITC product ion has  proceeded 

w i t h  t h e  f a b r i c a t i o n  of a l a rge - sca l e  27 g a l l o n  PITC c a s t i n g .  This  c a s t i n g  

was sec t ioned  l o n g i t u d i n a l l y  and examined f o r  i ts  phys i ca l  appearance,,  in-  

t e g r i t y ,  and polymer d i s t r i b u t i o n .  

A r ep re sen ta t ive '  o f  Monsanto Mound Laboratory spent  one week a t  

Brookhaven Nat iona l  Laboratory f o r  PITC product ion  technology t r a n s f e r .  



I.. LYSIMETER TESTING OF LARGE-SCALE POLYMER IMPREGNATED. TRITIATED CONCRETE 
* ,  

_ >  j ,.(PITC) SPECIMENS.. AT THE SAVANNAH RIVER PLANT, (SRP) . . , . 

. .  . 
' A.- Specimen P repa ra t ion  

' . . 
SRP suggested t h a t  specimens con ta in ing  one t o  t e n  c u r i e s  of t r i t i u m  

would provide adequate  d e t e c t i b i l i t y  i n  l y s ime te r  t e s t i n g  and t h a t  a  
, . .  

specimen s i z e  of one cub ic  f o o t  would be convenient .  Because of t h e  low 

r a t e  of t r i t i u m  r e l e a s e  expected i n  t h e  ly s ime te r  t e s t i n g  of PITC," t e n  c u r i e s  

of t r i t i u m  were added t o  ' e ach  specimen. The specimens were prepared i n  f i v e  
3 

g a l l o n  (0.67 f t  ) screw-top polye thylene  carboys.  These c o n t a i n e r s  re- 

presented  a s tandard  s i z e  t h a t  was e a s i l y  ob ta inab le ;  t h i s  s i z e  was accept -  

able '  t o  SRP.. 
. . . . 
The s i z e  of the' specimen and i ts  con ta ine r  'were no t  compatible w i t h  t h e  

end-over-e*d drum tumbling technique(') being developed f o r  l a rge - sca l e  PITC .. . .. . . * .. 
composites.  It was determined that a  convent iona l  dough type  mixer (Blakeslee 

model B-20) when used wi th  a  water  t o  cement r a t i o  of 0.22 produced a  product  

of similar d e n s i t y  a s  that obta ined  by end-over-end tumbling w i t h  t h e  same 

water  t o  cement r a t i o .  S ince  t h e  r e s u l t a n t  polymer loading  i n  a  homogeneous 

cement c a s t i n g  us ing  soak impregnation is  dependent upon t h e  i n i t i a l  d e n s i t y ,  

t h e  PITC specimens produced by t h i s  method a r e  r e p r e s e n t a t i v e  of t h e  product 

produced by end-over-end tumbling. 

The amount of water  necessary  t o  g ive  a water t o  cemerit r a t i o  of 0.22 

f o r  each cement c a s t i n g  was determined. Two m i l l i l e t e r s  of t r i t i a t e d  water 

w i t h  a ' s p e c i f i d  a c t i v i t y  of 5 C i / m l  wereadded t o  t h i s  water  t o  provide  a 

t r i t i u m  con ten t  of t e n  c u r i e s  f o r  each specimen. The water .  was added t o  

por t land  type  I11 cement and mixed u n t i l  a  uniform cons is tancy  was obta ined .  

The cement mix w a s  t r a n s f e r r e d  t o  a  f i v e  g a l l o n  polye thylene  carboy which 

was v i b r a t e d  t o  provide proper  packing of the m i x .  The carboy was sea l ed  ' 

and ;laced i n  a n  oven f o r  f i v e  days a t  4 0 ' ~  t o  ensure  complete cu r ing  of t h e  

cement . 
X J  

Af te r  removal from t h e  oven, t h e  c a s t i n g  was allowed t o e q u i l i b r a t e  t o  
* :. 

room temperature bef0r.e p.olymer impregnation. The soak impregnation technique 
' 

developed a t  BNL was &iployed,  i n  which' s u f f i c i e n t  monomer 'is ' in t roduced  %nto 



t h e  void space  .above the ,  specimen i n  i t s  con ta ine r  and allowed t o  soak i n t o  

t h e  conc re t e .  The specimen'was impregnated w i t h  s t y r e n e  monomer con ta in ing  

0.5 wt ,% AIBN (2, 2 '  - ~~zobis-2-meth~l~ro~ionitrile] ) a s  a polymer iza t ion  

c a t a l y s t .  Af t e r  a d d i t i o n  of t h e  monomer, t h e  carboy was sea l ed  and t h e  
. . . . . .  - .  

monomer allowed t o  soak i n t o  t h e  conc re t e  overn ight .  The carboy con ta in ing  
' . '  

t h e  t r i t i a t e d  conc re t e  w a s  then  placed i n t o  an  oven a t  6 5 ' ~  over  t h e  weekend 

f o r  polymerizat ion of t h e  monomer. Subsequent t o  t h e  e q u i l i b r a t i o n  of t h e  

PITC t o  room temperature,  t h e  polye thylene  carboy was s l i c e d  away. Four 

polymer impregnated t r i t i a t e d  conc re t e  specimens were prepared by t h i s  

technique.  

Table 1 l ists  t h e  formula t iona l  d a t a  f o r  t h e  fou r  PITC specimens s e n t  

t o  SRP f o r  l y s ime te r  t e s t i n g .  Each specimen c o n t a i n e d t e n c u r i e s  of t r i t i u m .  

The specimen geometry i s  c y l i n d r i c a l  w i th  approxiqa te  dimensions of 27 cm . , .. . 3 
diameter  x  28 cm f o r  a composite volume of 0.566 f t  . The t r i t i a t e d  cdnc re t e  

: . * .  9 

had' a  d e n s i t y  of 91.520.3 l b / f  t3. ~ m p r e ~ n a t i o n  produced PITC specimens wi th  
3 

a d e n s i t y  of 106.6k0.2 l b / f t ,  and a  polymer loading  of 16.5+0.3%. 

- B. Lysimeter Tes t ing  a t  SRP . 

' The f o u r  PITC specimens shipped t o  SKY were bur ied  without  c o n t a i n e r s  

i n  i n d i v i d u a l  l y s i m e t e r s  a s  shown i n  F igure  1. Each ly s ime te r  c o n s i s t s  of 

a  s t e e l  t ank  1.83 m i n  diameter  and 3.05 m deep which was bur ied  i n  t h e  

ground wi th  i t s  open top  approximately 15  cm above t h e  s o i l  su r f ace .  The 

PITC specimenwasburied 1 .5  m below t h e  s o i l  s u r f a c e  and approximately 1 .2  m 

above t h e  bottom of t h e  ly s ime te r  us ing  SRP s o i l  excavated dur ing  placement 

of t h e  s t e e l  t ank .  Rain f a l l i n g  on t h e  exposed s o i l  a t  t h e  l y s ime te r  sur-  

f a c e  permeates t h e  s o i l ,  c o n t a c t s  t h e  PITC specimen, and accumulates i n  a  

g r a v e l  l a y e r  on t h e  s lop ing  bottom of t h e  ly s ime te r .  . A  pump is used t o  

c o l l e c t  t h e  p e r c o l a t e  water .  Af te r  t h e  i n i t i a l  t ime requi red  f o r  s o i l  s a t u r -  

a t i o n ,  p e r c o l a t e  waterwas c o l l e c t e d  weekly wi th  volume and t r i t i u m  concen t r a t ion  

d a t a  compiled. 

The t r i t i u m  concen t r a t ion  i n  t h e  a i r  above the  ly s ime te r  was a l s o  I: 

measured p e r i o d i c a l l y .  This  r equ i r ed  t h e  placement of a  cover on t h e  open 

top  of t h e  ly s ime te r  f o r  approximately 24 hours.  F igure  2 shows t h e  ly s ime te r  



TABLE 1 

F o d a t i o n a l  Data f o r  PITC Specimens f o r  Lysimeter Testing a t  SRP 

Specimen Formulation, W t  . X HTO Con e n t  
Number - Cement - Water ~ / f  t 5 

I n i t i a l  Impregnated Polymer 
Mass, kg Mass, kg Load, % 

Each specimen contains t en  (10) c u r i e s  of tritium. 

Figure 1. SRP test lysimeter f o r  measurement 
of t h e  r a t e  of tritium re lease  from polymer 
impregnated t r i t i a t e d  concrete (PITC). 

9 

m 

1.52 m 

n 

3.05 m 

PERCOLATE SOIL 
WATER PUMP\ 



Figure 2. Lyslmeter w i t h  top eover i n  pla~e for air sampling. 



with  the top cover i n  place. A i r  was co l l ec ted  and passed f i r s t  through a 

Linde* 4A molecular sieve t r a p  t o  retain tritium oxide CHTOI and then through 

palladium coated Linde 4A molecular sieve t o  c o l l e c t  elemental tritium CHT) 

t h a t  passed through the f i r s t  t r ap .  

The four  test lys imeters  a r e  denoted NE, SE, SW, and NW according t o  

t h e i r  compass p o s i t i o n  and conta in  respec t ive ly  specimens 121-1, 121-2, 

121-4, and 121-3, The specimens were each set in a nylon s l i n g ,  wrapped i n  

a polyethylene bag, and placed i n t o  a 30 ga l lon  drum f o r  shipment t o  SRP. 

Vermiculite was poured i n t o  t h e  space between t h e  drum and t h e  polyethylene 

bag containing t h e  sample. An a i r  sampling valve  and pressure  gauge w e r e  

mounted on t h e  drum head, however, no p ressur iza t ion  occurred. Figure 3 

shows one of t h e  PITC specimens being lowered i n t o  i t s  lysimeter .  Af ter  it 

w a s  placed i n  t h e  lys imeter ,  t h e  nylon s l i n g  was removed, and t h e  specimen 

was then covered with s o i l .  Addit ional  s o i l  i s  added i f  s e t t l i n g  occurs i n  

t h e  lysimeter  . 
Perco la te  water could not  be removed from t h e  lys imeters  before  the four- 

t e e n t h  week; p r i o r  t o  t h i s  time a l l  r a i n f a l l  was  absorbed by the lys imeter  

s o i l .  The cumulative t r i t i u m  (as  HTO) and cumulative pe rco la te  water re- 

moved from t h e  con t ro l  lys imeter  a s  a funct ion of time are shown i n  

Figure 4. Both of these  parameters vary d i r e c t l y  with t h e  cumulative ra in-  

f a l l  a t  t h e  SRP b u r i a l  s i te  which i s  given i n  Figure 5. The t r i t i u m  (as HTO) 

removed from t h e  con t ro l  lysimeter  during weekly sampling i s  t r e a t e d  a s  

background and i s  subtrac ted  from t h e  t r i t i u m  r e l e a s e  (as  HTO) measured i n  

the  corresponding sample lysimeter  pe rco la te  waters, N o  t r i t i u m  content  

i n  t h e  air above t h e  lysimeter  was noted f o r e i t h e r  t h e  con t ro l  o r  sample 

lys imeters  and a s  such, subsequent references  t o  t r i t i u m  r e l e a s e  a r e  under- 

stood t o  r e f e r  t o  t r i t i u m  i n  t h e  pe rco la te  water a s  HTO. Figures 6-9 g ive  

t h e  cumulative t r i t i u m  re leases  (less con t ro l )  and cumulative pe rco la te  

water f o r  t h e  NE, SE, SW, and NW sample lys imeters  r espec t ive ly  f o r  t h i r t y -  

one weeks s ince  b u r i a l .  The comp2site of t h e  sample l y s h e t e r  t r i t i u m  

r e l e a s e s  wi th  t h e  time s ince  b u r i a l  shown i n  Figure 10 i n d i c a t e s  a 

r e l a t i v e l y  wide range of tritium re lease .  A cumulative t r i t i u m  r e l e a s e  of 

* Union Carbide Corp., N.Y., N.Y. 



n. - - -- 
Figure 3. FITC specimen being lowered into lysimeter. 



o CUMULATIVE HTO 

o CUMULATIVE PERCOLATE WATER 
' . 

T I M E  SINCE BURIAL  ( w e e k ; )  

Figu re  4 .  Cumulative t r i t i u m  ( a s  HTO) and cumulat ive 
p e r c o l a t e  water  c o l l e c t e d  ve r sus  time f o r  t h e  SRP con- 
t r o l  l y s ime te r  . 

T l M E  SINCE B U R I A L  ( w e e k s )  
.. . . .  . . . 

Figu re  5. Cumulativ.e, r a i n f a l l  ve r sus  t i m e  s i n c e  b u r i a l  
a t  t h e  SRP l y s i m e t e r  s i t e .  

. . 



0 CUMULATIVE HTO 

0 CUMULATIVE PERCOLATE WATER 

0 . 14 2 0 30 4 0 
. . 

T I M E  S I N C E  BURIAL ( w e e k s )  . 
. 

Figure 6. Cumulative tritium (as HTO) and cumulative 
percolate water collected versus time for the NE sample 
lysimeter. 

- .- . I 0 CUMULATIVE HTO I 
o CUMULATIVE PERCOLATE WATER ' 
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T IME SINCE BURIAL ( w e e k s )  ' 

Figure 7. Cumulative tritium (as HTO) and cumulative 
percolate water collected versus time for the SE sample 
lysimeter. 



I 0 CUMULATIVE PERCOLATE WATER 

1000 

T I M E  SINCE BURIAL ( w e e k s )  
. . .  , 

Figure 8. Cumulative tritium (as HTO) and cumulative 
percolate water collected versus time for the SW sample . 

lysimeter. 
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Figure 9. Cumulative tritium (as HTO) and cumulative 
percolate water collected'versus time for the NW sample 
lysimeter. 



I .  T IME S INCE BURIAL ( w e e k s )  

Figure 10. Cumvlative tritium release (as HTO),from 
the SRP sample lysimeters. 



2.83 m C i  was obta ined  from t h e  SE ly s ime te r  a f t e r  th i r ty-one  weeks wh i l e  t h e  

corresponding r e l e a s e  was 0.0786 m C i  from t h e  NW l y s ime te r .  The cumulat ive 

p e r c o l a t e  water  removed from t h e  1ysimeter.s v a r i e d  from'646 t o  732 l i t e r s  
. . 

wi th  a n  average  of 692 liters; . A s  such, t h e  d i f f e r e n c e ?  i n  t h e  t r i t i u m  
, . 

r e l e a s e  determined f o r  t h e  sample l y s i m e t e r s  a r e  a t t r i b u t e d  t o  v a r i a b i l i t y  
, . 

in t h e  l e a c h  r a t e s  of t h e  bur ied  specimens. An average  cumulat ive t r i t i u m  

r e l e a s e  a s  a func t ion  of b u r i a l  .time was c a l c u l a t e d  'from t h e  sample l y s i -  

meter d a t a  and is  shown i n  F igure  10. 
. . 

Af te r  th i r ty-one  weeks i n  b u r i a l ,  the. average  cumulative t r i t i u m  r e l e a s e  

from t h e  ly s ime te r  specimens,was 1.052, m C i  corresponding t o  an  average t o t a l  
-4 

f r a c t i o n  r e l e a s e  i n t o  t h e  p e r c o l a t e  water  of 1 . 0 5 ~ 1 0  . A s  shown i n  

F igure  11, t h e  r a t e  of t r i t i u m  r e l e a s e  increased  dur ing  t h e  i n i t i a l  weeks of . . . . 

p e r c o l a t e  wat,@ co l l ec , t fon  u n t Q  i t"  reached an approximately l i n e a r  va lue  of 
. . 

1.16x10-~  day-' a f t e r  t h e  twen t i e th  week (140 days) .  The p ro j ec t ed  t r i t i u m  

r e l e a s e  v e r s u s  t i m e  f o r  PITC lys ime te r  specimens (without c o n t a i n e r s )  i n  

b u r i a l  a t  SRL is  shown i n - F i g u r e  12  assuming.-no decay and co r rec t ed  f o r  
. . 

t r i t i u m  decay (tk = 12.26 y e a r s ) .  Th i s  p r o j e c t i d n '  26 )based on t h e  average 

r e l e a s e  r a t e  of 1 .16x10-~  day ab ta ined  from lys ime te r  t e s t i n g  a f t e r  t h e  

twen t i e th  week, bu t  'is expressed a s  a (cumulative f r a c t i o n  r e l e a s e  per  u n i t  

t ime) x (V/S) equal  t o  5.26x10-~ cm/day. The i n c l u s i o n  o f  t h e  f a c t o r  (V/S) 
. .. . ' ,  . 

which is t h e  r a t i o  oE t h e  specimen volume t o ' i t s  geometric s u r f a c e  a r e a  

a l lows  a n  express ion  of t h e  t r i t i u m  r e l e a s e  which i s  independent of s u r f a c e  

a r e a  e f f e c t s  and a s  such . .. can b e Z p r o j e c t e d  t o  o t h e r  sample s i z e s  and geo- 

metrics. The va lue  of (V/S) f o r  t h e  ' l y s ime te r  specimens i s  4.545 cm. The 

r e l e a s e  p r o j e c t i o n  i n  F igure  ,12 assumes a ; c o n s t a n t  t r i t i u m x e l e a s e  of 
. .: . 

5.26x10-~ cm/day from. . . the .f i r$t  day of b u r i a l  which r e s u l t s  i n  a complete 
. '  . 

t r i t i u m  r e l e a s e  from t h e  PITC i n  2,370 yea r s .  The maximum f r a c t i o n  of t h e  
-3 i n i t i a l  t r i t i u m  content  presen, t  i n  t h e  environment i s  2 . 7 6 ~ 1 0  a f t e r  17.7 

yea r s  i n  b u r i a l  when decay i s  considered.  



Figure 11.  Average (cumulative f rac t ion  tr i t ium re l ease )  
x (v/s)  versus time for  SRL lys imeter  t e s t  specimens (with- 
out containers)  i n  bur ia l .  
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Figure 12.' Projected tr i t ium r e l e a s e  versus time for '  
. SRL lysimeter t e s t  specimens (without containers)  i n  

buria l .  
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11. STATIC LEACH TESTING OF THE SRL LYSZMETER DUPLICATE SPECIMEN 
- .  

A PITC specimen  without container).: df ' t h e  :same dimensions and formu- 

. l a t i o n  a s  t hose  i n  l y s ime te r  t e s t i n g  a t  SRP ' i s  i n  s t a t i c .  i eadhing  t o  determine 

t h e  r a t e  of tritium r e l e a s e  i n  d i s t i l l e d  water .  The d a t a  from t h i s  specimen, 
I 

which a l s o  c o n t a i n s  t e n  c u r i e s  of t r i t i u m ,  w i l l '  be c o r r e l a t e d  w i t h  t h a t  

ob ta ined  from t h e  ly s ime te r  . . test specimens. This  specimen had a d e n s i t y  of 
3 3 95.4 l b / f t  p r i o r  t o  impregnation and 107.7 l b / f t  a f  terwards w i t h  a polymer 

loading  of 12.9%. The lower polymer loading  i n  t h i s  specimen as compared 

t o  t h e  ly s ime te r  t e s t  specimens' r e s u l t s '  from t h e  h ighe r  , i n i t i a l t  d e n s i t y  of ' 

t h e  composite and a minimizat ion of polymer on t h e  composite 's  upper su r f ace .  

The specimen was immersed i n  40 l i t e r s  of d i s t i l l e d  water  such t h a t  a l l  sur -  
,.. . , . 

f a c e s  w e r e  exposed t o  t h e  l eachan t .  .The. leachant  ,was no t ' ch inged ;  one cm 
3 

. . . . 

w a s  taken d a i l y  f o r  a n a l y s i s  dur ing  t h e  f i r s t  thir ty- two days 'o f  l each ing ,  

,weekly f o r  t h e  nex t  s i x t e e n  weeks, and on approximately monthly i n t e r v a l s  

t h e r e a f t e r .  The r e s u l t s  of t h e  f i r s t  295 days  of leaching  a r e  shown i n  

F igure  13. The t r i t i u m  r e l e a s e  i s  e x p r e s s e d i n  terms of ( f r a c t i o n  t r i t i u m  

r e l e a s e )  x (V/S) where V. is  t h e  specimen volume and S is  i t s  geometric 

s u r f a c e  a r e a .  For t h i s   specimen,.'(^/^) equa l s  4.545 cm. Mul t ip ly ing  t h e  

f r a c t i o n  t r i t i u m  r e l e a s e  by t h e  f a c t o r  (V/S) makes t h e  r e l e a s e  independent 

of s u r f a c e  a r e a  e f f e c t s . a n d  a l l o w s , c o r r e l a t i o n  of d a t a  w i t h  t h a t  f o r  o t h e r  

specimen s i z e s  and geometries.  .. 

The t r i t i u m  release a s  ,a f u n c t i o n  of l e a c h  time shown i n  F igure  1 3  i s  
.-5 

l i n e a r  w i t h  a rate of 8 . 6 1 ~ 1 0  cm/day. This  c6rrkspond.s t o  a cumulat ive 
. . 

t r i t i u m  f r a c t i o n  r e l e a s e  of 5 .59x10-~ a f t e r  295 days of leaching .  The 

p ro j ec t ed  t r i t i u m  r e l e a s e  . f o r  , t h i s  specimen a s  a f u n c t i o n  of l e a c h  t ime i s  . .  . . . . . . , . -5 
.shown i n  F igure  14 assuming a cons t an t  r e l e a s e  r a t e  of 8 . 6 1 ~ 1 0  cm/daym 

both  wi th  and wi thout  t r i t i um:decay .  By : : t h i s  p r o j e c t i o n ,  t r i t i u m  r e l e a s e  
I, from t h e  specimen w i l l  be  complete a f t e r  145 years .  The maximum f r a c t i o n  

, . . ,  . . 
' . ,  -2 : 

of t h e  i n i t i a l l y  contained t r i t i ~ m ' ~ i e s e n t ' . ' i n  t h e  environment i s  4 . 4 9 ~ 1 0  
. . . . 

. . . . Y a f t e r  17.7 years .  
. . . .  .. 

. . . . . . 
S t a t i c  l each ing  i n  d i s t i l l e d  . . water  i s . a  more,.severe t e s t  of t h e  r a t e  

:- 

of t r i t i u m . . r e l e a s e  from,PITC . than  , . .  i s  expected i n  burial . ,  A n  e s t ima te  of 
. ..:* . . . , .  . .  : 

t h i s  i n c r e a s e d s e v e r i t y . c a n  comparing. . . t h e  r a t i o  .. . o f - t h e  t r i t i u m  



X 

U - .  . . : .  LEACH TIME. (days) . . . 

F i g u r e  13.  ' c.Cnmulative f r a c t i o n  ' t r i t i u m  r e l e a s e )  x (v/s) v e r -  
s u s  t i m e  f o r  s t a t i c  l e a c h i n g  of  t h e  SRL l y s i m e t e r  t e s t i n g  du- 
p l i c a t e  specime< (wi thou t  c o n t a i n e r )  i n  d i s t i l l e d  water . '  

LEACH TIME, years 

.,.. ..':, . .. .. ' 
Figu;e '14. '~roj '6ct 'e.d t r i t i u m  r e l e a s e  v e r s u s  t i m e  f o r  s t a t i c  l e a c h i n g  

. of the.. SRL l y s i m c t e r .  tes t , ing d u p l i c a t e :  specimen (wi thou t  c o n t a i n e r )  
i n . d i s  t i l l e d  w a t e r .  
. . . .  . . . . . . ,  

. . . , .  . 
re leLie  rite' iii s f a t i c  leaching w i t h . t h a t  fdf lyiimeter te'sting: 

. . 
, I  . . . - , . 

. . . r '  I ' .  I 

The average leach r a t e  f o r  l y s h e t e r  t e s t i n g  'derived' f ro'm' da ta  f o r  four 
. . .. - . . . .  . 

specimens where the di f ferences  'in tr'itium re lease  between specimens were 
't 

f a i r l y  large .  Also, the r a t e  f o r  s t a t i c  leaching was based so le ly  on one 

specim&; .which, ' if  ?the i n t  er-specimen ' v a r i a t i on  ly'simeter t e s t i ng  i s  an 

example, may not  be t r u l y  represen ta t ive  of PITC specimeix.'. A s  such, t h i s  n 
indicLtion'of  the . . incr&aid sever'ity f o r  s t a t i c  leaching may have l imi ted 

. . 

s ignif icance.  



111. PREPARATION OF POLYMER IMPREGNATED TRITIATED CONCRETE 
BY THE. -INJECTOR METHOD 

While t h e  end-over-end drum tumbling method has  been pursued t o  d a t e  

and developed t o  a workable form, i t  i s  d e s i r a b l e  t o  produce PITC.by a 

technique  which is  more d i r e c t l y  compatible  w i th  t h e  g love  box ope ra t ions  

i n  u s e  w i t h  h igh  l e v e l  t r i t i a t e d  aqueous waste.  Development of such a 
. . 

technique using,  an  i n j e c t o r  t o  d i s t r i b u t e  t h e  aqueous t r i t i a t e d  waste  i n  

d r y  cement i s  cont inuing .  

A schematic diagram of t he  i n j e c t o r  technique i s  shown i n  F igure  15. 

I n  t h i s  process ,  t h e  cement c a s t i n g  con ta ine r  i s  f i l l e d  wi th  d r y  cement and 

compacted by v i b r a t i o n .  The i n j e c t o r ,  which is  simply a hollow tube  con- 

t a i n i n g  s e v e r a l  o r i f i c e s  a long  i t s  l e n g t h  through which t h e  aqueous waste i s  

d i spe r sed ,  i s  i n s e r t e d  i n t o  t h e  d r y  cement. T r i t i a t e d  aqueous waste  i s  then  

intrbduced i n t o  t h e  cement through t h e  i n j e c t o r .  Aqueous waste i s  added t o  

t h e  cement u n t i l  t h e  waste  reaches  t h e  e x t e r n a l  s u r f a c e s  of t h e  cement a s  

evidenced by dampness. The i n j e c t o r  i s  withdrawn and t h e  cement c a s t i n g  i s  

allowed t o  cu re .  Af t e r  t h e  c a s t i n g  has  cured,  ca ta lyzed  s t y r e n e  monomer i s  
. . 

introduced i n t o  t h e  c a s t i n g  con ta ine r  and allowed t o  soak through t h e  com- 

p o s i t e .  Af t e r  t h e  c a s t i n g  has  been completely permeated,by t.he.monomer, 

t h e  monomer i s  thermal ly  polymerized. Subsequent t o  t h e  w a s t e . i n j e c t i o n ,  

t h i s  p roces s  is t h e  same a s  t h e  p rev ious ly  developed end-over-end drum 

tumbling method. 

A s  shown i n  F igure  16,  t h i s  process  does not  produce a homogeneous com- 

posi te :  Rather t h e  aqueous waste  con ten t  i s  h igher  nea r  t h e  c e n t e r l i n e  of 

t h e  composite co inc iden t  w i t h  t h e  i n j e c t o r  anddecreases  a s  t h e  s u r f a c e  i s  

approached. The polymer loading ,  however, i s  h ighes t  nea r  t h e  s u r f a c e  of 

t h e  composite and dec reases  a s  t h e  c e n t e r l i n e  i s  approached, a l though polymer 

I: 
i s  p re sen t  throughout t h e  composite. This  e f f e c t i v e l y  encapsu la t e s  t h e  waste.  

An appa ra tus  f o r  producing PITC L p ' ~ h i s  cechnique i s  shown i n  F igure  17 .  

l! The i n j e c t o r  technique  w a s  employed t o  produce a f u l l  s c a l e  c a s t i n g ,  

which w i t h  p re sen t  cons ide ra t ions  co inc ides  w i t h  t h e  27 g a l l o n  s i z e  u t i -  

l i z e d  f o r  t r i t i a t e d  waste  immobil izat ion a t  Monsanto Mound ~ a b o r a t o r y .  

I n  t h i s  demonstrat ion,  a t h i r t y  g a l l o n  mild s t e e l  drum con ta in ing  a 27 



I. CONTAINER FILLED WITH 2. ~NJECTION DIICU'N.AQUEOUS 
DRY CEMENT; WASTE IN-  WASTE DIFFUSES. INTO DRY 
JECTQR INSERTED. CEMENT THROUGH INJECTOR 

PORTS. 

Aqueous C a t a l y z e d  

Dry Cement Waste Monomer 

3. AQUEOUS WASTE D l  FFUSES 
THROUGH THE CEMENT. 
THE WASTE CONTENT IN . 
THE CEMENT DECREASES 
AS THE CASTING SURFACES 
ARE APPROACHED. 

4. AFTER IMPREGNATION, THE 
POLYMER LOADING OF T H E  
COMPOSITE IS HIGHEST AT 
THE CASTING SURFACES, : 

EFFECTIVELY ENCAPSULATING 
THE WASTE, POLYMER IS 
PRESENT THROUGHOUT THE 

v 

- - 

COMPOSITE. 

-' ~ 
. , - 

T 
Container Disposal 
V i  brot ion ' 

Figure  15 .  Conceptual f i x a t i o n  of aqueous waste  i n  polymer 
impregnated conc re t e  by t h e  i n j e c t i o n  technique.  

-) 

Figure  16. F i x a t i o n  of aqueous waste  i n  polymer i m -  
pregnated conc re t e  by t h e  i n j e c t o r  teclinique. 

Thermal 
Polymer- 
i za t ion  

Soak 
Impregnation 
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Cure 

- v - 

Container Injector Waste 
F i l l i n g  .. Insertion , Inject ion , . 



CATALYST 
/ADDIT ION 

Figure  17 .  I n j e c t o r  technique f o r  t h e  f i x a t i o n  of 
aqueous wastes i n  polymer impregnated conc r s t s .  



g a l l o n  polye thylene  i n s e r t  was f i l l e d  t o  80% c a p a c i t y  by volume w i t h  po r t l and  

t y p e  I11 cement, The drum w a s  v i b r a t e d ' a s  t h e  cement was added t o  a i d  

compaction. This  drum f i l l i n g  p roces s  w a s  completed i n  f i f t e e n  minutes w i t h  

t h e  a d d i t i o n  of 112.3 kg of d r y  cement. A g l a s s  i n j e c t o r  tube  wi th  a  

d iameter  of 1 . 2  cm was i n s e r t e d  a l o n g . t h e  l o n g i t u d i n a l  a x i s  of t h e  con ta ine r  6 

such t h a t  t h e  lower end of t h e  tube  was loca t ed  t h r e e  inches  above t h e  bottom 

of t h e  con ta ine r . '  The i n j e c t o r  tube  had a  1/16 inch  diameter  opening a t  i t s  
- .. 

bottom and fou r  sets of f o u r  . . 1/16 inch  diamet;; dpenings. . . l oca t ed  e q u i d i s t a n t  

around t h e  circumference .of t h e  tube  wi th  t h e  lowest  s e t  112 inch  above t h e *  . . . . .  
4 . .  

bottom opening and each sub&eq&nt : s e t  spaced a t  ' f o u r  inch 'ii-itervals a long 
. , 

t h e  l e n g t h  of t h e  injectoir ' .  'A t o t i ~ ' b f " 2 8 . 0  kg 'of  . . water  was i n j e c t e d  i n t o  

t h i s  c a s t i n g  over a per iod  of two hours.  Af t e r  cu r ing  f o r  twenty-four hours 

i n  a  c l amshe l l  h e a t e r  maintained a t  3 0 ' ~  : t o  ensuce complete hydra t ion ,  t h e  

, c a s t i n g  was impregnated by a soak technique  wi th  : s ty rene  .monomer con ta in ing  

0.5 wt .% AIBN (2,2'  - [azobis-2-methylpro.pionitrile~' - ... - . . ) ' a s  t h e  polymerf ia t ion  

c a t a l y s t .  The cas t ing -  . w a s  ... not ,  cooled t o  amb5ent temperature p r i o r  t o  t h e  
. . 

soak impregnation which was allowed t o  c'oritinue overnrght .  The c a s t i n g  was 

hea ted  t o  50°c f o r  twenty-four .hours  t o  polymerkze t h e  s ty rene .  The in-  
, . , . 

' 3  3  
i t i a l  c a s t i n g  d e n s i t y  df 96:3 l b / f t  w a s  !*creased :to 110.9 l b / f t  by 

impregnat ion wi th  a  r e s u l t a n t  :polymer loading  of 15.3%. 

The c a s t i n g  was sec t ioned ,  l o n g i t u d i i a l l j i  and examined f u r  i L t ; :  phys i ca l  

appearance,  i n t e g r i t y ,  and polymer d i s t r i b u t i o n .  The polymer loading  was 

g r e a t e s t  a t  t h e  e x t e r n a l  s u r f a c e s ,  however, p e n e t r a t i o n  t o  t h e  c e n t e r  of t h e  

c a s t i n g  was noted. . -   he c a s t i n g  exhibited.'  .good i n t e g r i t y  and .d id  no t  cru,mble 
. . ,, . 

o r  o the rwi se  f a l l  a p a r t  d u r i n g  s e c t i o n i n g  .' 



IV. PITC TECHNOLOGY TRANSFER . '  . . 

Mr. Joyce ~iuby of Monsanto Mound Laboratory, Dayton, Ohio, spent one 

week at Brookhaven National. Laboratory in September to study the techniques 

of producing PITC. The areas'of discussion.and demonstration included the 

following : 

. 1. Styrene-catalyst behavior 

a. mixing procedures 

b. safety 

c. effect of the catalyst concentration 

d. effect of the polymerization temperature 

2. End-over-end drum tumbling method 

a, waterlcement ratio 
. . . .  

. . 
b. mixing procedure . 

c. soak impregnation 

d, ,polymerization procedure 

. 3.. Injector method 

a. waterlcement ratio 
. . 

.. ' b. 'injector design 

c. injection rates 

d. soak impregnation 

e. polymerization procedure 
I 

. . 
4.' Availability and suppliers of materials for PITC production 

! 
5 ,  Review of the Mound faclllty layout as relevant to the imple- 

mentati0.n of PITC techniques; 
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