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SUMMARY

Polymer impregnation has been shown to'greatiy improve the
leach rate of tritiated concrete'specimens on a laboratory scale.
This technique is proposed for the disposal of high level tritiated
aqueous waste. Work has been directed towards the development of
a éoak iﬁpregnation technique for large-scale samples. Four
cylindrical specimens of polymer impregnated tritiated concrete
(PITC) with approximate dimensions of 27 cm diameter x 28 cm long :
containing ten curies of tritium each were produced using this
technique. These specimens were buried without containers in
individual lysimeters at the Savannah River’Plant (SRP) and are
being monitored to determine the rate of tritium release in the
burial environment. To date, no tritium release has been noted
in water or air samples taken from these lysimeters. A duplicate
PITC sample also containing ten curies of tritium was placed in
static leaching in distilled water.  After thirty-two days of
' 5

leaching, the average fraction tritium release rate was. 1.82x10

per day.

A technique uSihg an injectér to distribute aqueous tritiated
waste in.dry cemeht.priorvto impregnation is uhder.development.
fhis injectof method is mOre'compatible with the glove béx
operations in use with high level tritiated aqueous waste than
'~ end-over-end drum‘tumbling;v Initial PITC specimens have‘beén

produced using this technique.
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I. Lysimeter Testing of Large-Scale Polymer Impregnated
"Tritiated Concrete (PITC) Specimens at the
Savannah River Plant (SRP)

A.  Specimen Preparation

SRP suggested that séecimens containing one to ten curies of
tritium would provide adéquate defectibility 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 gallon (0.67 ft3) screw~top
polyethylene carboys. These containers represented a standard

size that was easily obtainable; this size was.acceptable to SRP.

lThe size 6f the specimen and its container were not compatible
ﬁith the end-overfend drum tumbling technique(l) being developed
for large-scale PITC composites. It was determined that a conven-
tional 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
dehsity,:the PITC'specimens prbduced by this meﬁhod are representativel

of the produét produced by end-over-end tumbling.

. The émount of water neceésary to-give a water to cement ratio
6f 0.22 for'each,cement casting was-determined. Two mi11iliters
of tritiated water with a specific activity of 5,000 Ci/% was
added to this water to provide a total of ten curies for each
specimen. This water was added to portland type III 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 40°C

to énsure complete curing of the cement.

' After removal from the oven, the casting was allowed to
equilibrate to room temperature before polymer impregnation. The
soak impregpation technique developed at BNL was employed, in
which sufficient monomer is introduced into the void spaée above
the specimen in its container and allowed to soak into the concrete.
The specimen was impregnated with styrené monomer containing
0.5 wt.% AIBN (2, 2' -[Azobis- 2-methylpropionitrile] ) as a
polymerization cataiyst. After addition of the monomer, the
carboy was sealed and the monomer allowed to soak into the
concrete overnight. The éarboy containing the tritiated concrete
was then placed into an oven at 65°C over the weekend for poly-
merization of the monomer. Subsequent to the equilibraﬁion of
the PITC to'roqm temperature, the polyethylene carboy was sliced
away. Four polymer impregnated tritiated concreté specimens were

prepared by this technique.

Table 1 contéins tﬁe formulational data for‘thé four PITC
specimens sent to SRP for lysimeter teéting. Each specimen
contains ten curies of tritium. The specimen geométry is cylin-
drical with approximate dimensions of 27 cm<diamete# x 28 cm for
a compbsité volume of 0.566 ft3. The tritiated concrete had a

 density of 91.5+0.3. 1b/ft3. Impregnation .produced PITC specimens

[



TABLE 1

Formulational Data for PITC Specimens for Lysimeter Testingvat SRP

Specimen Formulation, Wt.$% HTO Cohtent Initial Impregnated Polymer

" Number = Cement Water L /ft3 ~ Mass, kg Mass, kg Load, %

121-1 82.0 18.0 7.44 23.4 27.3 16.7
121-2 82.0 18.0 7.47 23.5 27.4 16.6
121-3  82.0 18.0 7.47 23.5 27.3 16.2
121-4 82.0 18.0 2.47 -23.5 27.4 16.6

Each specimen contains ten (10) curies of tritium.




‘with a density of 106.610.2'lb/ft3 with a polymer loading of

16.5+0.3%.

B. Lysimeter Testing at SRP

TheAfour PITC specimens shipped to SRP were buried in individual
lysimeterStaftérnremoval‘from.their'shipping~contéiners
as shown in Figure 1. Each lysimeter consists of a steel tank
1.83 m in.diameter and 3.05 m'déép which is buried in the ground
with its open top approximately 15 cm above the soil surface.
The PITC specimen is buried 1.5 m below the soil surface and
approximately 1.2 m above the bottom of the lysimeter using SRP
Soil excavated during placement of the steel tank. Rain falling
on the exposed soil on the lysimeter surface permeates the soil,
contacts the PITC specimen, and accumulates in a gravel layer on
the sloping bottom of the lysimeter. A pump is used to collect
the percolate water. After the initial time réquired for soil
saturatioh, pefcolaté water is_collected weekly with volume and

tritium concentration data compiled.

The tritium concentration in the air above the lysimeter is
also measured periodically. This requires the placement of a
coverlon the open top of the lysimeter_for approximately 24 hours.
Figurevz shows the iysimeter with the top cover in place. .Air is
collected and paésed first through a Linde* 4A molecular sieve
trap to retain tritium oxide (HTO) and then through palladium
coated Linde 4A molecular sieve to collect elemental tritium (HT)

that passed through the first trap.

* Union Carbide Corp., N.Y., N.Y.
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FIGURE 1

SRP Test Lysimeter
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Lysimeter with Top Cover in Place
for Air Sampling
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The four test lysimeters are denoted NE, SE, SW, and NW
according to their compass position and contain respectively
specimens 121-1, 121-2, 121-4, and 121-3. The specimens were
each shipped to SRP in a nylon sling, wrapped in a polyethylene
bag, and placed into a 30 gallon drum. Vermiculite was poured
into the space between the drum and the polyethylene bag con-
taining the sample. An air sampling valve and pressure gauge
were mounted on the drum head, however, no pressurization occurred.
Figure 3 shows one of the PITC specimens being lowered into its
lysimeter. After it was placed in the lysimeter, the nylon sling
was removed, and the specimen was then covered with soil.

Additional soil is added if settling occurs in the lysimeter.

The ten curie PITC specimens were buried in their individual
test lysimeters on February 24, 1976. To date there has been no
tritium release above background noted in either water or air

samples from any of the lysimeters.

C. Leach Testing

A PITC specimen of the same dimensions and formulation as
those in lysimeter testing at SRP is being statically leached 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 1b/ft3 prior to
impregnation and 107.7 lb/ft3 afterwards with a polymer loading

of 13.0%. The lower polymer loading in this specimen as compared



FIGURE 3

PITC Specimen Being Lowered into
. Lysimeter
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' to the lysimeter test specimens results from 'the’ .-

higher initial density of the composite and a minimization ofi

the polfmer on the composites upper surface. The specimen was’»
immersed in 40 liters of distilled water such that all surfaces
were exposed to the leachant. The leachant was not changed; one
cm3 was taken daily for analysis by liquid scintillation counting.
The results of the first thirtyQtwo days of leaching are shown

in Eigure 4, The tritiﬁm release is expressed in terms of (fracfion
tritium release)*(V/S) where V is the specimen volume and S is its
geometric surface area. For this sample, (V/S) equals 4.545 cm

so that the cumulative fraction tritium release rate after thirty-

two days is 1.82x107° per day.
II. Preparation of PITC by the Injector Technigque

Whilé the end-over-end drum tumbling method has been pursued
to date and developed to a workable form, it is desirable to
produce PITC by a technique.whiéh is more directly compatible
with the glove box operations in use with high level tritiated
aqueous waste. Such a technique‘using an injector to distribute

the aqueous tritiated waste in dry cement is in develppment.

-

AZSChemétic diagram of .the injector techniqueAis shown in

- Figure 5.. In ﬁhis process, the cement casting container is filled
with dry cement and compacted byvvibration. The injector, which |
is simply a hollow tube containing several orifices élong its
length through which the aqueous waste is dispersed, is inserted

into the dry éement. Tritiated aqueous waste is then introduced




= 0T -

= 4545 cm

(V/S)

0.003

0.002 |-
0.00! |-

‘wo “(S/A) (3SVITI3Y WNILI¥L

NOILOVYd 3AILVYINWND)

("WAIII¥I J0
SETYND (0T) NIIL SNIVINOD NIWIDIIS)
*YIIYM QITIILSIA .
zH NIWIDIAS FIVDITANG ONILSHIL
YILAWISXT TIS FHI J0 ONIHOVIT DIIVIS

v TENOIF

32

LEACH TIME, day




i

\

' {
o ; i C i . N ; . : i '
P ' i ' - . - i : : ; | :
‘ 3 é ; : i ! ' : " i
! ' FIGURE 5 é . 5 z
P l SR . i N — i e | ! z
' . H . . N i B H . i ‘
; ; E | ; ; : i : : % t :
! | ; i } 1 ] i ! i

CONCEPTUAL FIXATION OF AQUEOUS WASTE IN POLYMER IMPREGNATED CONCRETE B;Y THE
| INJECTION TECHNIQUE

§ .

|

Dry Cement

|

| *Cohtomer .
Filling

Catalyzed

-

Container
Vibration

A queous.
Waste Monomer
Injector Woste | 4 Cement Soak .g:ryr"'?:r'_
Insertion Injection "Cure Impregnation ' .
S SR ization.
Disposal

-11-



into the cement through the injector. Aqueous waste is added

to the cement until the waste reaches the external surfaces of the
cement as evidenced by dampness.. The injector is withdrawn and
the cement castihg is allowed to cure. After the casting has
cured, catalyzed styrene monomer is introduced into the éasting
container and allowed to soak through the composite. After the
casting has been completely permeated by the monomer, the monomer
is thermally polymerized;' Subsequent to the waste injection,

this process is tﬁe same as the previously developed end-over-end

drum tumbling method.

As shown in Figure 6, this procesé.does not produce a homo-
geneous composite. Rather the aqueous waste content is higher
near the centerline of the composite coincident with the injector
and decreases as the surface is approached. The polymer loading,
however, is highest near the surfaces of the composite-and decreases
as the centerline is approached, although polymer is present
~ throughout the composite. This effectively encapsulates the waste. An

apparatus for producing PITC by this technique is shown in Figure 7.

Initial ekperiﬁents used'a battery jar with a diameter of
11. 5 inches to whlch dry cement was added under vibration to a
helght of ten 1nches,' A 1.2 cm I.D. glass tube with one end fused
down to a 1/16 inch diameter opening and four 1/16 inch diameter
- openings located equidistant about the circumference of the tube,
one inch above the end opening'was used as the injector. The
'injector.was pldced along'the centerline of the béttery jar with

its end opening five inches above the bottom of the battery jar.
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FIGURE 6

FIXATION‘CF AQUEOUS WASTE IN POLYMER IMPREGNATED
CONCRETE BY THE INJECTOR TECHNIQUE
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PIGURE 7

INJECTOR TECHNIQUE FOR THE FIXATION
- OF AQUEOUS WASTES IN
POLYMER IMPREGNATED CONCRETE

L CATALYST
ADDITION
| M'XERQ AQUEOQUS
MONOMER WASTE
RESERVOIR >¢ e RESERVOIR
SHUT-
"HOFF p ]
VALVE
VOID SPACE
FOR_| U
MONOMER | =
ADDITION [T
INJECTOR L INJECTOR
PORTS

|_DRY
CEMENT

- 14-



In the first experiment,‘4.6 kg of water, providing a water to
‘cement ratio of 0.22, was added at an average rate of 0.044‘kg/min
under a éonstant head of 24 inéhes of water. Ihjection was
completed in one hourvand forty-five minutes. The reéultant.
casting had a density prior to impregnation of 94.6 lb/ft3 while
the composite density after impregnation was 118 lb/ft3 with a
polymer loading of 24.7%. Increasing the water to cement ratio

to 0.25 and decreasing the rate of water addition provided a |
better water distribution‘and produced a composite with a density
before and after impregnation respectively of 95.7‘1b/ft3 and

108 lb/ft3 with a polymer loading of 13.2%. Work is continuing

to optimize injector design and to determine the water and polymer
distributions in the composites. This technique will be scaled

up to a thirty gallon casting size.
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