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SUMMARY

Lysimeter testing of the polymer impregnated tritiated concrete‘(PITC)
specimens at the Savannah River Plant has continued. After thirty-one
weeks, a constant average tritium fraction release rate of 1.16:‘110-6 day-'l
was reached in the percolate water with no measufable release into the air.
Data from this exﬁeriment projected to long-term tritium releases estimate
that a complete tritium release from the PITC will require 2,370 years'and
that the maximum fraction of the initially contained tritium present in the

3

environment will be 2.76x10 - after 17.7 years. A duplicate PITC specimen

is in static leaching in distilled water. After 295 days, a constant tritium

fraction release rate of 1.89x10_5 day—1 was determined for this specimen.

Development of the injector technique for PITC production has proceeded
with the fabrication of a large-scale 27 gallon PITC casting. This casting
was sectioned longitudinally and examined for its physical appearance, in-

tegrity, and polymer distribution.

A representative of Monsanto Mound Laboratory spent one week at

Brookhaven National Laboratory for PITC production technology transfer.



I. LYSIMETER TESTING OF LARGE-SCALE POLYMER IMPREGNATED. TRITIATED CONCRETE
.(PITC) SPECIMENS. AT THE SAVANNAH RIVER PLANT (SRP)

"A.- Specimen Preparation

) SRP eoggested that specimens codtaining 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 spec1men. The specimens were prepared in f1ve
gallon (0.67 ft ) screw-top polyethylene carboys. These containers re-
presented a standard size that was easily obtainable; this size was eccept—

able to SRP..

.The siée of the specimen and its container'were not coﬁpatible with tﬁe
:end—over—end drum tumbling technique( ) being developed for large-scale PITC
composites. It was determined that a convent10na1 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 upoﬁ the initial demsity,
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 caéting was determined. Two millileters of tritiated water
with e'specific activity of 5 Ci/ﬁd.wereadded to this water to provide a
tritium content of ten curies for each specimen. The 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 which
was vibrated to provide proper packing of the mix. The carboy was sealed
and placed in an oven for five days at 40°C 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 1is introduced into



the void space . above the specimen in its container and allowed to soak into
the concrete. Ihe specimen was impregnated with styrene monomer containing
0.5 wt.% AIBN (2, 2' - [Azobis-2-methylpropionitrile] ) as a polymerization
catalyst.A After addltion of the monomer, the carboy was sealed and the
monomer allowed to ‘soak into the concrete overnight. The carboy containing
the tritiated concrete was then placed into an oven at 65°C over the weekend
for polymerizatlon of the monomer. Subsequent to the equilibration of the
PITC to room temperature, the polyethylene carboy was sliced away. Four
polymer imp;egnated:tritiated concrete specimens were prepared by this

technique.

Table 1 lists the formulational data for the four PITC specimens sent
to SRP for lysimeter'testing.. Each specimen oontainedtencuries of tritium.
lhe specimen geometry is cylindrieal with approximate dimensions of 27 cm
diameter x 28 cm for a comp051te volume of 0.566 ft3. The tritiated concrete
. had a density of 91.5%0. 3 lb/ft . Impregnation produced PITC specimens with

a density of 106.6+0.2 lb/fti and a polymer loading of 16.5+0,3%.

-~ B, Lysimeter Testing at SRP

* """The four PITC specimens shipped to SKP were buried without containers

io individual lysimeters as shown in Figure 1. Each lysimeter consists of

a steel tank 1.83 m in diameter and 3.05 m deep which was buried in the
ground with its open top approximetely 15 cm above the soil surfeoe. The
PITC specimenwas 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 at the lysimeter sor-
face pe:meetes.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 fequired for soil satur-
ation, percolate water was collected weekly with volume and tritium concentratjon

data compiled.

The tritium concentration in the air abeve the lysimeter was also
measured periodicelly. This required the placement of a cover on the open

‘top of the lysimeter for approximately'24 hours. Tigure 2 shows the lysimeter



TABLE 1

Formulational Data for PITC Specimens for Lysimeter Testing at SRP

Specimen Formulation, Wt.7% HTO Confent Initial Impregnated Polymer
Number Cement Water 2/ft 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 7.47 235 27.4 16.6
121-3 82.0 18.0 7.47 2355 27.3 16.2
121-4 82.0 18.0 7.47 23.5 27.4 16.6

Each specimen contains ten (10) curies of tritium.

4@ ’

- e
1.52m
PITC 3.05m

PERCOLATE | SOIL 1
WATER PUMP™_| E—— e
| GRAVEL

f———1.83m————

Figure 1. SRP test lysimeter for measurement
of the rate of tritium release from polymer
impregnated tritiated concrete (PITC).
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with the top coyer in place., Air was collected and passed 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.

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 set in a nylon sling, wrapped in
a polyethylene bag, and placed into a 30 gallon drum for shipment to SRP.
Vermiculite was poured into the space between the drum and the polyethylene
bag containing 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.

Percolate water could not be removed from the lysimeters before the four-
teenth week; prior to this time all rainfall was absorbed by the lysimeter
soil. The cumulative tritium (as HTO) and cumulative percolate water re-
moved from the control lysimeter as a function of time are shown in
Figure 4. Both of these parameters vary directly with the cumulative rain-
fall at the SRP burial site which is given in Figure 5. The tritium (as HTO)
removed from the control lysimeter during weekly sampling is treated as
background and is subtracted from the tritium release (as HTO) measured in
the corresponding sample lysimeter percolate waters. No tritium content
in the air above the lysimeter was noted for either the control or sample
lysimeters and as such, subsequent references to tritium release are under-
stood to refer to tritium in the percolate water as HTO. Figures 6-9 give
the cumulative tritium releases (less control) and cumulative percolate
water for the NE, SE, SW, and NW sample lysimeters respectively for thirty-
one weeks since burial. The composite of the sample lysimeter tritium
releases with the time since burial shown in Figure 10 indicates a

relatively wide range of tritium release. A cumulative tritium release of

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



Figure 3.

PITC specimen being lowered into lysimeter.
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Figure 6. Cumulative tritium (as HTO) and cumulative -
percolate water collected versus time for the NE sample.
lysimeter.
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Figure 8. Cumulative tritium (as HTO) and cumulative

percolate water collected versus time for the SW sample .

lysimeter.
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2.83 mCi was obtained from the SE lysimeter after thirty-one weeks while the
corresponding release was 0.0786 mCi from the NW lysimetef, The cumulative
percolate water removed from the lysimeters varied from 646 to 732 liters
with an average of 692 liters. As such;'the differences in the tritium
release determined for the sémple 1ysimetef$ ére'éttributed to variability
in the leach rates of thé buried specimens.. An average.cumulative tritium
release as a function of burial time was calculatedzfrom the sample lysi-

meter data and is shown in Figure 10.

After thirty-one weeks in burial, the average cumﬁiative tritium release
. from the lysimeter specimens was 1.052 mCi corresponding to an average total
fraction release into the per@ola;e water‘of 1.05x10—4. As shown in

Figure 11, the rate of tritium release increased during the initial weeks of .
percolate watgé collét;ibn until it"réached an approximately linear value of
1.16x10"% day™? '

release versus time for PITC lysimeter specimens (without containers) in

after the twentieth week (140 days). Theﬂprojected tritium

burial at SRL is shown in.Figure 12 .assuming no decay and corrected for
tritium decay (t% =.12.26 years). This'projectidﬁ ié,bésed on the average
release rate of 1.l6x10“6 day obtained from lysimeter testing after the
twentieth week, but'is expressed asa.(cumulative'fraction release per unit
time) x (V/S) equallfo 5.26;{10_6 cm/day. The inclusion of the factor /sy
which is the ratio of the specimen ﬁdiﬁﬁé touits geometric surface area
allows anlexpression of the tritium release which is indeﬁendent of surface
area effects and as such can be:projected to othér sample sizes and geo-
metrics. The value of (V/S) for the'lysimeter specimens is 4.545 cm. The
release projectiqn in Figure }2 assumes a, constant tritium_release of
5.26x10_6 cm/dé?’f;om.the,fifgf day of Burial whiéh results in a complete
tritium release from the PITC in 2,370 years. The maxiﬁﬁm.fraction of the
initial tritium content present in the environment is 2.76x10_3 after 17.7

years in burial when decay is considered.

- 11 -
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II. STATIC LEACH TESTING OF THE SRL LYSIMETER DUPLICATE SPECIMEN

A PITC specimen (without containerf‘ofAthe;same dimensions and formu~
lation 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, willibe,correlated with that
obtained from the lysimeter test specimens. This specimen had a density of
95.4 lb/ft3 prior to impregnation and 107.7 lb/ft3 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 1n1t1a1‘den51ty of
the composite and a minimization of polymer on the composite's upper surface.
The specimen was immersed in 40 liters of distilled water such that all sur-
faces were exposed to the leachant...Ihe.leachant was not changed; one cm3

was taken daily for analysis during the first thirt&—two days'of leaching,

weekly for the next sixteen weeks, and on approximately montnly intervals

thereafter. The results of the first 295 days of leaching are shown in
Figure 13. The tritium release is expressed in terms of (fraction tritium
release) x (V/S) where V. is the specimen volume and § 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 release independent
of surface area effects and allows correlation of data:with that for other

specimen sizes and geometries.

The tritium release as a function of leach time shown in Figure 13 is
linear with a rate of 8.61x10 > cm/day. This corresponds to a cumulative
tritium fraction release of 5.59x10-3 after 295 days of leaching. The

projected tritium release for this spec1men ‘as a functlon of leach time 1s

.shown in Figure 14 assuming a constant release rate of 8. 61xlO = cm/day:

both with and without tritium decay. By.this prOJection, tritium release

from the spec1men w1ll be complete after 145 years. The maximum fraction
' -2

of the 1nitia11y contained tritium present 1n the env1ronment is 4.49x10

after 17. 7 ycars.

Static leaching in distilled water is-a more, severe test of the rate
of tritium release from PITC than is expected in burial, An estimate of

this increased.severity. can be derived.by comparing the ratio of the tritium

_13 -
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Figure 14 Pro_]ected tritium release versus time for static leaching
of the.SRL lysimecter: testing duplicate specimen (without container)
1n_‘dlst111ed water.

release rate in static leaching with that for lysimeter testing

. 8.61x10 cm/day

5. 26x10“6'cm/day = 16.4

The average leach rate for lysimeter testing was derived’ from data for four
specimens where the differences 1n tritium release between spec1mens were
fairly large. Also, the rate for static leaching was based solely on one
specimén;'which,'ifythe inter-specimen variation in lysimeter testing is an
example, may not be truly representative of PITC speeimens;‘ As such, this
indication of the”increase severity for static leaching may have limited

significance.

- 14 -



III. PREPARATION OF POLYMER IMPREGNATED TRITIATED CONCRETE
'BY THE INJECTOR METHOD
While the end—over-end,drum tumbling mgthod Has been pursued to date
and developed to a workable forﬁ, it is desirable to'produce'PITC'by a
technique which is more directly compatible with the glove box operations
in use with high level tritiated aquéous waste. Development of such a
technique us%ﬁg_an injector to distribute the aqueous tritiated waste in

dry cement is continuing.

A schematic diagram of the injector technique is éhown in Figure 15.
In this process, the cement casting container is filled with dry cement and
compacted by vibration. The injector, which is simply a hollow tube con-
taining several orifices along its length through which the aqueous waste is
dispersed, is inserted into the dry cement. Tritiated aqueous waste is then
introduced 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 casting is
allowed to cure. After the casting has cured, catalyzed styrene monomer is
. introduced into the casting container and allowed to soak through the com-
posite. After the casting has been completely permeated,K by the. monomer,
the monomer is thermally polymerized Subsgquent to the waste.lngection,
this process is the same as the previously developed end-over-end drum

tumbling method.

As shown in Figure 16, this process does not produce a homogeneous com-
posite. Rather the aqueous waste content is highgr near the centerline of
the composite coincident with the injector anddecreasesvaé the surface is
approached. The polymer loading, however, is highest near the surface 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 TITC Ly this technique is shown in Figure 17.

The injector technique was employed to proddce a full scale casting,

which with present considerations coincides with the 27 gallon size uti-

4 lized for tritiated waste immobilization at Monsanto Mound Laboratory.

In this demonstration, a thirty gallon mild steel drum containing a 27

- 15 -
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Figure 15. Conceptual fixation of aqueous waste in polymer
impregnated concrete by the injection technique.
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Figure 16. Fixation of aqueous waste in polymer im-
pregnated concrete by the injector technique.
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aqueous wastes in polymer impregnated concrete.

17 -



gallon polyethylene insert was filled to 80% capacity by volume with portland
type III cement. The drum was vibrated as the cement nas added to aid
compaction. This drum filling process was completed in fifteen minutes with
the addition of 112 3 kg of dry cement. A glass injector tube with a
diameter of 1.2 cm was inserted along .the longitudinal axis of the container u
such that the lower end of the tube was located three inches above the bottom

of the container. The 1n3ector tube had a: 1/16 inch diameter opening at its

bottom and four sets of four 1/16 inch dlameter open1ngs located equidistant

around the circumference .of the tube with the lowest set 1/2 1nch above the

bottom opening and each subsequent set spaced at four 1nch 1ntervals along

the length of the 1n3ector. ‘A totdl of 28 Q kg of water was injected into

this casting over a period of two hours. |After curing for twenty-four hours

in a clamshell heater maintained at 30°C to ensure complete hydration,.the .

casting was impregnated by a soak technique with styrene ‘monomer containing

0.5 wt.%Z AIBN (2,2' - [azobls—Z—methylprop1onitrile] ) as the polymerization

catalyst. The casting was not, cooled to amblent temperature prior to the

soak impregnation which was allowed to continue overnight. The casting was

heated to 50°C for twenty—four hours to polymer1ze the styrene. The in-

itial casting density of 96.3 lb/ft was 1ncreased to 110.9 lb/ft

impregnation with a resultant'polymer loading of 15.3%.

The casting was sectioned:longitudinally and ekamined fur its physical
appearance, integrity, and polymer distribution; The polymer loading was
greatest at the external surfaces, however, penetration to the center of the
casting was noted. :The casting: exhlblted good 1ntegr1ty and did not crumble

or otherwise fall apart during sectlonlng

- 18--



IV. PITC TECHNOLOGY TRANSFER

Mr. Joyce Déuby of Monsanto Mound Laboratory, Dayton, Ohio, spent one
week at Brookhaven National Laboratory in September to study the techniques
of producing PITC., The areés'bf discussion and demonstration included the

following:

1l. 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. water/cement ratio
b. mixing procedure -
¢c. soak impregnation

d. -polymerization procedure

3. -Injegtor method
a. f@ater/cemept ratio
b. iinjeéfor design
¢. dinjection rates
d. soak impregnation
'.é. pplymerization procedure

4, Availability and suppliers of materials for PITC production
o ' ' |

5. Review of the Mound faclllty layout as relevant to the imple-
mentation of PITC techniques. .

Reference.

(1) Colombo, P., et. al,, "The Fixation of Aéuequs Tritiated Waste in
Polymer Impregnated Concrete and in Polyacetylene', BNL-20898,
Brookhaven National Laboratory, Upton, New York, October 1975.
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