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SUMMARY 

Lysimeter testing of polymer impregnated tritiated concrete (PITC) 

specimens at the Savannah River Laboratory (SRL) has continued. After 

twenty-three weeks, an average tritium fraction release rate of 3.37~10-' 
-1 

day has been determined in the percolate water with no measurable release 

to the air. Data from this experiment is extrapolated to estimate long- 

term tritium releases. A duplicate PITC specimen is in static leaching in 

distilled water. After seventy-two days, the average tritium fraction 

release rate has been 1.96x10-~ day-'. An estimation of the increased 

severity of static leaching in distilled water relative to lysimeter testing 

is made. 



I. Lysimeter Testing of Large-Scale Polymer Impregnated Tritiated Concrete 
(PITC) Specimens at the Savannah River Plant (SW) 

A. Specimen Preparation 

S W  suggested that specimens containing one to ten curies of tritium 

would provide adequate detectibility in lysimeter testing and that a specimen 

size of one cubic foot would be convenient. Because of the low rate of 

tritium release expected in the lysimeter testing of PITC, ten curies of 

tritium were added to each specimen. The specimens were prepared in five 
3 gallon (0.67 ft ) screw-top polyethylene carboys. These containers re- 

presented.a standard size that was easily obtainable; this size was acceptable 

to SW. 

The size of the specimen and its container were not compatible with the 

end-over-end drum tumbling technique(1) being developed for large-scale PITC 

composites. It was determined that a conventional dough type mixer (Blakeslee 

model B-20) when used with a water to cement ratio of 0.22 produced a product 

of similar density as that obtained by end-over-end tumbling with the same 

water to cement ratio. Since the resultant polymer loading in a homogeneous 

cement casting using soak impregnation is dependent upon the initial density, 

the PITC specimens produced by this method are representative of the product 

produced by end-over-end tumbling. 

The amount of water necessary to give a water to cement ratio of 0.22 

for each cement casting was determined. Two millileters of tritiated water 

with a specific activity of 5,000 Ci/R was added to this water to provide a 

total of ten curies for each specimen. This water was added to portland type 

I11 cement and mixed until a uniform consistancy was obtained. The cement 

mix was transferred to a five gallon polyethylene carboy while the carboy was 

being vibrated to provide proper packing of the mix. The carboy was sealed 

and placed in an oven for five days at 400C to ensure complete curing of the 

cement. 

After removal from the oven, the casting was allowed to equilibrate to 

room temperature before polymer impregnation. The soak impregnation technique 

developed at BNL was employed, in which sufficient monomer is introduced into 



t h e  void  space above t h e  specimen i n  i t s  conta iner  and allowed t o  soak i n t o  

t h e  concre te .  The specimen w a s  impregnated wi th  s t y r e n e  monomer conta in ing  

0.5 w t  .% AIBN (2, 2 '  - ~~zobis-2-meth~l~ro~ionitrile] ) a s  a polymerizat 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 w a s  sea led  and t h e  

monomer allowed t o  soak i n t o  t h e  concre te  overn ight .  The carboy conta in ing  

t h e  t r i t i a t e d  conc re t e  was then placed i n t o  a n  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  polyethylene carboy w a s  s l i c e d  away. Four 

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

technique.  

Table 1 cantalns t h e  fo rmula t iona l  d a t a  f o r  t ho  fou r  PITC specimens sent 

t o  SRP f o r  l y s ime te r  t e s t i n g .  Each specimen con ta ins  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  wi th  approximate dimensions of 27 cm 
3 d iameter  x 28 cm f o r  a composite volume of 0.566 f t  . The t r i t i a t e d  concre te  

3 had a d e n s i t y  of 91.5k0.3 l b / f t  . Impregnation 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 fou r  PITC specimens shipped t o  SRP were buried i n  i n d i v i d u a l  l y s ime te r s  

a f t e r  removal from t h e i r  sh ipping  con ta ine r s  a s  shorn i n  F igure  1. Each 

l y s i m e t e 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 

is bur ied  i n  t h e  ground wi th  i ts  open top  approximately 19 cm above t h e  s o i l  

s u r f a c e .  The PITC specimen i s  bur ied  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 

du r ing  placement of t h e  s t e e l  tank. Rain f a l l i n g  on t h e  exposed s o i l  on t h e  

l y s i m e t e r  s u r 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 i s  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  time requi red  f o r  s o i l  s a tu r -  

a t i o n ,  p e r c o l a t e  water  i s  c o l l e c t e d  weekly w i t h  volume and t r i t i u m  concent ra t ion  

d a t a  compiled. 

The t r i t i u m  c o n c e n t r a t i o n d i n  t h e  a i r  above t h e  ly s ime te r  is a l s o  measured 

p e r i o d i c a l l y .  This  r e q u i r e s  t h e  placement of a cover on t h e  open top  of t h e  

l y s i m e t e r  f o r  approximately 24 hours.  Figure 2 shows t h e  ly s ime te r  w i th  t h e  



TABLE 1 

Formulational Data fo r  PITC Specimens foz Lysimeter Testing a t  SRP 

Specimen Formulation, W t  . X HTO Con ent  I n i t i a l  Impregnated Polymer 
Number C-t - Water Illf t Mass, kg Mass, kg Load, X 5 

Each specimen contains ten (10) cur ies  of tr i t ium. 

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

n 

1.52 rn 

* 

PERCOLATE SOIL 

WATER PUMP\ 



Ftgure 2. &ysimeterr with top cover in glace 
far air sap2ing. 



top cover i n  place. A i r  is co l l ec ted  and passed f i r s t  through a Linde* 48 

molecular s i eve  t r a p  t o  r e t a i n  tritium oxide (HTO) and then through palladium 

coated Linde 4A molecular s i eve  t o  c o l l e c t  elemental tritium (HT) that  passed 

through t h e  f i r s t  t rap .  

The four  test lys imeters  are denoted NE, SE, SW, and IW according t o  

$14,% 
t h e i r  compass pos i t ion  and conta in  respect ively  specimens 121-1, 121-2, 

. 121-4, and 121-3. The specimens were each set in a nylon s l ing ,  wrapped i n  
bLu*-. 

a polyethylene bag, and placed i n t o  a 30 gal lon drum f o r  shipment t o  SRP. V e r -  

micu l i t e  was poured i n t o  t h e  space between t h e  drum and t h e  polyethylene bag 

containing the  sample. An a i r  sampling valve  and pressure  gauge were mounted 

on the  drum head, however, no pressur iza t ion occurred. Figure 3 shows one of t h e  

PITC specimens being lowered i n t o  i t s  lysimeter .  After  it  was placed i n  t h e  

lysimeter ,  t h e  nylon s l i n g  was removed, and the  specimen was then covered wi th  

s o i l .  Additional s o i l  is added i f  s e t t l i n g  occurs i n  the  lysimeter .  

The cumulative aqueous t r i t i u m  release from t h e  PITC specimens (without 

containers)  i n t o  t h e i r  respect ive  test lys imeters  f o r  t h e  i n i t i a l  twenty- 

th ree  weeks s ince  b u r i a l  i s  tabulated i n  Table 2. During t h i s  period t h e  

average cumulative tritium content was 618 u C i ;  no tritium release i n t o  t h e  

a i r  w a s  found. An average tritium release of 543 pCi i s  obtained by sub- 

t r a c t i n g  the  background of 75 u C i  found i n  t h e  con t ro l  lysimeter .  Percola te  

water was not  removed from the  lys imeters  f o r  t h e  f i r s t  four teen weeks. This 

t i m e  was  required f o r  sa tu ra t ion  of t h e  lysimeter  s o i l .  The t o t a l  water 

removed from each lysimeter  var ied  from 620 t o  661 liters. This range is  

small so  t h a t  t h e  spread i n  t h e  tritium r e l e a s e  data  i s  not  a t t r i b u t e d  t o  

d i f fe rences  i n  t h e  amourit of percola te  water talccn from t h e  lysimeters.  

From t h i s  data ,  an  average tritium f r a c t i o n  re lease  r a t e  of 3.37x10-~ day-' 

is obtained. , 

Assuming a constant  tritium f r a c t i o n  release rate of 3 . 4 ~ 1 0 - ~  day-', t he  

cumulative f r a c t i o n  release has been p lo t t ed  both with and without decay 

( t% = 12.26 yr)  as a function of lysimeter  l each  time i n  Figure 4. A period of 

8,060 years  is  required f o r  the  complete release of tritium from t h e  PITC com- 

posi te .  The maximum f r a c t i o n  of t h e  i n i t i a l  tritium contenr present  i n  t h e  

environment is 8 . 0 4 ~ 1 0 - ~  a f t e r  17.7 years  i n  b u r i a l  when decay is considered. 

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



Figure 3. PITC specimen b k ~ r r ~  AUWSLSU ALLLU 

Iyeimctcr. 



TABLE 2 

Cumulative PITC Tr i t ium Release i n  SRL Test  Lysimeters 
(23 weeks s i n c e  b u r i a l )  

Lysimeter Specimen Cumulative Aqueous Tr i t ium 
Designat ion Number Content, u C i  

NE 121-1 663 

SE 121-2 1,453 

SW 121-4 235 

NW 121-3 119 

c o n t r o l  -- 7 5 

LEACH TIME. years 

Figure  4. Pro jec ted  t r i t i u m  r e l e a s e  ve r sus  
time f o r  SRL lys imeter  test specimens (with- 
ou t  con ta ine r s )  i n  b u r i a l  based on t h e  aver-  
age t r i t i u m  r e l e a s e  r a t e  f o r  t h e  11re.t twenty- 
t h r e e  weeks. 



11. Static Leach Testing of the SRL Lysimeter Duplicate Specimen 

A PITC specimen (without container) of the same dimensions and formulation 

as those in lysimeter testing at SRP is in static leaching to determine the 

rate of tritium release in distilled water. The data from this specimen, 
> 

which also contains ten curies of tritium, will be correlated with that obtained 

from the lysimeter test specimens. This specimen had a density of 95.4 lb/ft 3 

3 prior to impregnation and 107.7 lb/ft afterwards with a polymer loading of 

12.9%. The lower polymer loading in this specimen as compared to the lysimeter 

test specimens results from the higher initial density of the composite and a 

~nlnimlzation of the polymer on the cornpoaites upper surface. The specimen was 

immersed in 40 liters of distilled water such that all surfaces were exposed 

to che leachant. The leachnnt was not changed; one cm3 was taken daily for 

thirty-two days and weekly thereafter for analysis by liquid scintillation 

counting. The results of the first seventy-two days of leaching a r t  S ~ C J W I I  

in Figure 5. The tritium release is expressed in terms of (fraction tritium 

release) X (V/S) where V is the specimen volume and S is its geometric surface 

area. For this specimen (V/S) equals 4.545 cm. Multiplying the fraction 

tritium release by the factor (V/S) makes the tritium release independent of 

~urfacc area effects. 

The tritium release as a function nf leach time i s  appro~rimntcly linear 

with a value of 6.42~10-~ cm afrer seventy-two days. This corresponds to a 
-3 fraction tritium release of 1.41~10 . Figure 6 shows the (cumulative 

tritium fraction release rate) x (V/S) as a function of leach time. The 

initial release rate decreased to become a slightly increasing linear function 

after fourteen days of leaching. The cumulative fraction tritium release of 

this specimen as a function of leach time is shown in Figure 7 assuming a 

constant release rate of 8.9x10-~ cm/day. By this estimation. the tritium 

release from this specimen will hi? complete aftcr 140 yenrs. Tlie uraxlmum 

fraction of the initially contained tritium present in the environment is 

4.66~10-~ after 17.7 years. Static leaching in distilled water is a more 

severe test of the rate of tritium release than is expected in burial, An ! 

estimate of this increased severity can be derived by comparing the ratio of the 



0,006 - (V /S)=4 .545  crn - 
SPEC1 MEN TRITIUM 
CONTENT = I0 CURIES 

0 .005  - - 

0.004 - - 

0 . 0 0 3  - - 

0 .002  - - 

- 

8 0  
LEACH T I  ME, days  

Figure 5 .  (Cumulative fraction tritium 
release) x (V/S) versus time for s t a t i c  
leaching of the SRL lysimeter test ing 
duplicate specimen (without container) 
i n  d i s t i l l e d  water. 

-- 
urn 
[L' ~2 t (V/S)= 4 .545 crn 

LEACH T I M E ,  d a y s  

Figure 6 .  (Cumulative fraction tritium 
release rate)  x (V/S) versus time for 
s t a t i c  leaching of the SRL lysitneter 
test ing duplicate specimen (without 
container) i n  d i s t i l l e d  water. 



t CtJHRECTED FOR DECAY < 10-3 
2 
Z) 
0 

1 0-41 I I , , a  1 1 1 1  
1 1 , 1 1 1 1 1  

lo0 10' lo2 lo3 

LEACH T IME,  years 

Figure 7 .  Projected tritium release  versus 
time for  s t a t i c  leaching of the SKL lysimeter 
test ing duplicate specimen (without container) 
i u  d i s t i l l e d  water. 

f r a c t i o n  tritium r e l e a s e  r a t e  i n  s t a t i c  leaching  wi th  t h a t  f o r  l y s ime te r  

t e s t i n g  of t h e  t e n  c u r i e  specimens: 

1.41~10-' 
72 days - = 58 

5.43x10-~ 
161 days 

The e s t ima t ion  of t h e  r e l a t i v e  s e v e r i t y  of t h e s e  leach t e s t s  w i l l  bc  improved 

a s  t h e  l each  t e s t i ng '  cont inues .  Thus f a r ,  i t  appears  t h a t  t r i t i u m  release 

v a l u e s  obtained i n  s t a t i c  leaching  a r e  approximately two o r d e r s  of magnitude 

higher than t h o s e  occu r r ing  i n  l y s ime te r  t e s t i n g  a t  SRL. 
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