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_ . SUMMARY . -

Laboratory work was continued'bn hydriding of zirconium sponge and
rod.ﬁnéer varying conditions of temperature (400-90b°c) and pressure
(0-1000 -torr) . to determine optimum ¢onditions for the formation of
hydrideé with desiraﬁleﬁmechanical properties. Titanium. sponge and
rod were also hydridéd for comparison. Zirconium and titanium samples
contaihing tritium were prepéred'and iﬁitiai léaéﬁ data were obtained.
Leach rates for 'zirconium in distilled water ianged from 1.1 x 10_6 to -
4.8 x 10.-6 cm/day under static conditions and from 2.1 x 10_6 té 1.1 x 10-5
‘cm/day under dynémic conditions. The leach rates fof titanium sponge
and~rod under static conditions ranged Lrom 2.2 x".].O_7 to 1.7 x 10=6
ch/day. Constructidn of the engineering scale equipment has been

completed and testing has been started prior to operation.

Lysimeter testing of polymer impregnated tritiated concrete (PITC)
specimens at the Savannah River Plant (SRP) has continued. After
sixty-two weeks, the average of the four-test specimens indicates a
linear rate of release with a slope of 5.23 x 10_'2 cm/yr beginning
after 250 days. A duplicate PITC static leach specimén‘in distilled
water after 386 days.indicates a linear rate of release with a slope of
3.18 x 10_2 cn/yr. - Developmental work is continuing on the injector
technique for PITC. Nontritiated prototype specimens, as well as
tritiated specimens féf static leach testing in.distilled water, were

prepared.

_'Vi_



I. TRITIUM STORAGE IN METAL HYDRIDE

A program has been initiated to demonstrate a safe and economical
process for the fixation of tritium as a tritide in a metal hydride.
For tritium absorption and retention purposes, zirconium appears to be
most desirable although alternatives such as Ti, Hf, V,Nb and certain
alloys of these can also be used. The choice of zirconium as the lead-
ing candidate metal for this study is based on its known properties and
on chemical and physical properties of the hydride. The process can be
reversed, if desired, by heating the hydride above its decomposition
temperature (defined as the temperature at which the hydride dissocia-
tion pressure is above 1 atm) and collecting the evolved gas. While
the fixation process will be developed for long term storage or disposal
by burial, retrievability of the tritium will be considered for future

needs such as for use in controlled thermonuclear reactors.

A. Hydrogen-Metal Reaction Studies

Hydriding was carried out in metal or glass tubes connected to a
manifold which gave access to gas reservoirs, pressure gauges, and a
vacuum line (see Figures 1 and 2). All volumes were calibrated, so
that the progress of reaction could be followed by pressure measure-
ments. The reaction vessel was kept at a controlled temperature by a
tube furnace. 1In a typical experiment, a 2.5 g metal specimen was
outgassed while being heated from room temperature to a chosen reaction
temperature. Hydrogen was then admitted by opening the valve to one
of the hydrogen reserwvnirs, previously filled to a known pressure.
The pressure during hydriding thus varied from an initial high to a
final low point which was often close to zero. Hydriding was usually
rapid; and, since the reaction is exothermic to the extent of about

39 kcal per mole H_ reacted, the temperature sometimes rose as much

2
as 50°C above the control point. Hydrided samples were cooled, weighed
to provide a check on the hydrogen uptake as deduced from pressure
readings, and examined visually to determine whether cracking or signs

of physical degradation were present.



Figure 1. Low-Pressure glass system for hydriding studies.



High-Pressure metal system for hydriding

Figure 2.

studies.



The experimental results for zirconium sponge and rod are given
in Tables 1 and 2. In Figures 3 and 4 are shown sponge and rod
specimens, respectively, with the experimental conditions for their
preparation given in Tables 3 and 4, respectively. The results may be

summarized as follows:

1. Zirconium sponge is much more readily hydrided than rod.
Sponge was hydrided to a H/Zr atom ratio of approximately 1 in
one minute at 450°C (samples 30a-30d), and to H/Zr atom ratios
of 1.77 and 1.92 in five minutes at 500°C (samples 34e and
34f) . These ratios for sponge can be compared with rod, which
required 60 mimtes at G00°C for a H/Zr atom ratio of approxi-
mately 1 (sample 29a) and 15 minutes at 650°C for a H/Zr atom
ratio of 1.15 (sample 33b).

2. Sponge can absorb more hydrogen than rod before cracking occurs.
H/Zr atom ratios approaching 2 were attained with sponge
(samples 30f, 32c, and 34f) at 450-625°C. Rod invariably
cracked at H/Zr atom ratios above 1 unless a higher hydriding

temperature was used (9OOOC, sample 31d).

3. With both sponge and rod, control of pressure was important.
Cracking pended to occur when the reaction vessel was opcncd
to reservoirs containing hydrogen at 900 torr and the final
pressure after hydriding was also high. This effect was more

pronounced at lower temperature and higher H/Zr atom ratio.

The physical integrity of the hydride product is dependent on a
number of factors. Higher temperature, lower pressure, and lower H/Zr
atom ratio, in general, appear to cause less physical degradation. In
addition, the form and size of the reaction metal have an effect. Solid
metal apparently is less able to undergo the changes in crystalline
structure and density that occur during hydride formation and heating
and cooling compared with a porous material that is better able to
absorb the stresses. The larger, more massive pieces are also subject

; L "
to greater degradation. Scheele and Burger conclude that tubing



Experimental Hydriding of Zirconium Sponge

Hydriding press.,

Sample Weight, Hydridigg ___torr H/ZF aggy Ti?e, Notes
No. g temp., C Initial Flngl_ ratio - min
29¢ 2.5685 - 600 460 2 1.07 .15  No change
29d 2.6845 600 460 1 0.83 20 No change
29e . 2.6365 600 460 8 . 1.07 3 No change
* 30a 3.7932 450 700 0 "1.06 1 No change
30b 3.0606 450 528 0 1.01 1 No change
30¢ 3.0505 450 507 0 0.91 1 No change
30d ~ 2.9086 450 506 0 1.03 1 No change
30e 3.0946 450 986 56 1.54 26  No change
30£ 2.8868 450 984 20 1.82 24  No change
3le  2.2418 900 985 590 1.04 34  No change
31f 2.3808 900 985 342 1.52 44 No change
32a 1.7207 625 928 390 1.76 107  Brittle, fragments
32b 1.7182 625 926 338 1.86 110 Brittle, fragments
32¢ 1.6200 625 977 414  1.95 " 43 Some chips
32 2.2268 625 " 974 200  1.42 43 Some chips
34e 1.5159 500 510 8 1.77 5 No change
34f 1.4527 500 510 2 1.92 5  No change
(a)

Atom ratio determined by weight gain. .



TABLE 2

Experimental Hydriding of % Inch Zirconium Rod

>

Hydriding_press.,

Sample Weight, Hydriding torr H/Zr atom - Time, " Notes
No. g . temp., °C -Initial  Final ratio (3 min .
292 2.8898 600 475 10 0.98 '60 Fine cracks
29b  2.8935 700 475 10 . 0:91 - . 65  Fine cracks
31 2.9139 900 968  4R8 0.89 11 . No vracks
3 2.8779 . 900 968 297  1.29 13  No cracks
3¢ 3.1783 900 991 463 0.9% 50  No cracks
31d 2.9700 900 991 246 1.44 45 No cracks
332 2.6324 . 650 . 524 1 0.93 105  Cracks
33b 2.5296 650 s 85 1.15 .15  Cracks
33c  2.2353 800 404 60 0.85 75  No cracks
33d 2.5255 - 800 - 467 39 1.00 35  No cracks
34a 2.3120 850 501 0 1.27 74 Cracks
34b  1.8514 . 850 . 325 92 0.76 30 No cracks
“3he  2.6234 900 362 100 0.59 32 No cracks
34d 2.6060 900 362 . 40 0.71 3 Na cracks
(a)

‘Atom ratio determined by weight gain.



TABLE 3

Experimental Conditféﬂsvfor Sponge Samples in Figure 3

.Hydriding press.,

Sampie Weight, Hydriding torr H/Zx afom Time,
No. 8 temp., C Initial Final ratio a ~min
. a Not hydrided . )

16b 1.7833 500 229 63 . 1.9 28
32b 1.7182 625 926 338 1.86 110
3le 2.2418 900 985 590 1.04 34
28k 3.6274 425 617 0 1.13 -
28c . 1.2077 450 71 0 1,97 20
30d © 2.9086 . 450 506 0 1.03 - - 1
15e-  2.0952 . 600 190 19 1.75 46
N

(a)

Atom ratio determined by weight gain.



.TABLE &

' Expefimentdl Conditiéns for Rod Simples in Figure -4.

i “yydriding press.,

25b

(a)Atom ratio determined by weight gain.

Sample ¥'it 'Weight, 4mHydriQing. . _torr T - - ‘HfZr dtom = Time,
No. ‘ Form " - g - "“temp., C- -Initial =~ ‘Final - ‘ratio min
b 1" Rod Not hydrided

23b  ° %" Rod 2.7693° 7 200-475 410 60 © 0.79 95
2854 4" Rod - -+2.7530°  400-640°° 170 T - 61 -0.76 240
23g " %" Rod 2.7296 750 -0 344 ° 33 ¢ 1.74 200

. 26b %" Rod © - 2.8016°  400-600 692 . 55 - 1.28 215
33d° %" Rod ~° 2.5255 800 ' 467 - - 39 - "1.00 35
25a Zircaloy = '1.8329" 600 374 - 230 1.74 - 160

' Zircaloy: 2.3689 800 ' 140 46 0,79, 1 145



i s

Figure 3.

29b

Zirconium sponge and hydrides.

200

3od 2ha

Figure 4.

£ob

Zirconium rod and hydrides.
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accepted hydrogen with less destruction of physical integrity.

The zirconium-hydrogen system has been investigated by Beck and
Mueller,2 and the pressure, temperature, composition relationships
correlated by them are shown in Figure 5. The alpha and beta zirconium
phases, as well as the delta and epsilon hydride phases, are indicated
in these diagrams. Changes in physical and chemical properties can
occur during hydriding and heating and cooling, especially during phase
change, and thus lead to physical instability of the product. Beck and
Mueller have determined and correlated a number of physical properties
of the zirconium-hydrogen system and have observed a "brittle range"
between 60.0 and 62.5 atom % hydrogen, which is in the all-delta

region.,

The work of Gulbransen and Andrew3 shows that the hydride reaction
at 300°C obeys the square root of pressure law, and that therefore the
rate determining step is diffusion of hydrogen monatomically into the
zirconium lattice. If diffusion is assumed to be controlling in the
temperature range of our investigation, nonhomogeneity in hydrogen
concentration during reaction would be expected. Because of differences
in the physical properties (density, yield strength, coefficient of
expansion, etc.) as related to hydrogen concentration, stresses induced
in the metal during hydriding and heating and cooling can lead to
physical breakdown of the product. Scheele and Burger,l however,
examined the interior and exterior of a rod sample for uniformity of
hydriding and found the hydrogen content to be the same. This does

not preclude the existence of nonhomogeneity during rcaction.

Reaction at higher temperature appears to cause less physical
degradation and may be due to stress relieving as suggested by Scheele
and Burger.l In addition, the equilibrium hydrogen pressure is
significantly increased at the higher temperature, especially at the
higher H/Zr atom ratios, and would lead to suppression of higher H/Zr
atom ratio product formation at the surface. The diffusion and initial

reaction in the interior of the metal on the other hand should be

- 10 -
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enhanced at.the higher temperature. Thus, the overall effect would be
a more uniform formation of hydride and.less induced stress. With
sponge the diffusion distance in the metal is greatly reduced and there

is the;efore lessvof‘such an effect.

:_B. Rehydrldlng of Zirconium Sponge

Two sponge samples were hydrlded dehydrlded and .then rehydrlded
several tlmes to a H/Zr atom ratlo of approx1mately l 9 Sample 15b Af
lost 9 mg of the original 2. 3648 g after five cycles and some air darkenlng
and brlttleness was ‘observed. Sample 17a had no 51gn1f1cant welght change

after: four cycles and broke lnto several pieces.

These xesults suggest that:zirconium sponge be'considered as a
candidate material for retrievable tritium storage, despite some

evidence of physical degradation.

lc; Hydriding of Titanium

Tltanlum sponge and rod samples were hydrided and the results are.
given in Table 5. Longer reaction times were required in comparlson'
with zirconium to achieve c¢omparable hydrogen-to-metal (H/M) atom
ratios. For sponge at SQOOC, a 29 minute reaction time was required
for a H/M ratio of 1.40 (sample 35a), and 77 miniites for a.H/M atom
ratio of 1.79 (sample 35d). At a higher temperature (55090), a longer,
rather than shorter, reaction time was required probably because of the
high'equilibrigm hydrogen pressure at that temperature. Titanium rod '
required 445 minutes at 6OOOC for ratios of 1.44 and 1.16, probably
for the reason just given, as well as because of its form. In general,
- the specimens remained intact and less britcleness was observed when

compared with zirconium.

D. Leach Testing

Leach tests were begun on tritiated zirconium and titanium hydrides
under both 'static and dynamic conditions. Specimens were placed in .
10-25 ml of distilled water in glass containers. Magnetic stirring

bars were used to determine leach rates under dynamic conditions. 1In '

- 12 -



" TABLE 5

. Experimental Hydriding of Titanium Sponge and Rod

Hydriding -

Hydridinglﬁréss.,'

Notes

Sample. Weight, a torr: . H/Ti ato? Time,
No. g . temp.,  C Initial Final ratio (a min
" Sponge
35a°  1.0019 500 500" 20 1.40 29
35b 1.0064 500 500 18 1.44 30°
35¢  1.0287 " 500 802 250 1,72 77
35d 1.0144 '500 801 202 1.79 77
35e 1.0136 550 608 97 1.64 65 Tritiated
35f 1.0365 550 607 29 1.80 230 Tritiated . _
35g  1.0079 550 567 53 1.39 155 Tritiated .
35h 1.0097 550 663 70 1.42 145  Tritiated
‘Rod
35i 1.2061 - 600- 670 .86 1.44 445  Tritiated
353 1.0807.. . 600 627 176 1.16 445 Tritiated
35k 1.1961 550 599 -- . 1,09 -- Tritiated
351 1.1966 550 605 - - 0.86 --  Tritiated
(a)

Atom ratio determined by weight gain.

- 13 -



both cases,_l or 2 ml aliquots of leachant were removed at the end of
the test period for sampling, filtering, and counting in a llquld

. scintillation counter. The leachant was not changed

" Leach rates for zirconlum under static and dynamic conditions are .
given'in-Tables 6 and 7, respectively. The leach rates expressed as
(cumulative fractidn tritium'release-ber~day}”x'(V/Sf~rah§ed from
1.1 x lO—6 to 4;8 x 10—6 cm/day-under static conditions and from 2.1 x
10-6"to 1.1 x 107° cm/day ‘under dynamlc condltlons The factor (v/S),
“where V is the specimen volume and S is 1ts geometrlc surface area, is
included so that the tritium release as expressed is independent of
sample geometry and size. ZirconiunAsponge is irregularly shaped and
qnite purvus and its (V/8) was conservatively estimated to be_eqniValent
to a geometric cylinder of equal_weight with a diameter of onexhalf

its length.

' The total tritium act1v1ty in the zirconium hydrlde spec1mens used
for statlc testlng ranged from lO4 to lO5 counts per minute, and the.
total trltlum act1v1ty was approx1mately ten times greater for the
dynamlc spec1mens, which, however were leach tested for much shorter
periods of time. The leachant trltlum activity for both static and
dynamic tests was barely above detectible limits and therefore a '
quantitative comparison and interpretation is difficult. Nevertheless,
the data‘indicated that lnng term ctorage of Lrilium in zirconium in
either solid or sponge”form appears to be feasible.

Leach rates for titanium in distilled water under static conditions
are given in Table 8. The (oumulative fraction tritium release per .
day) x (v/S) ranged from 2.2 x 10—7_to 1.7 x 10_6 cm/day, with two
samples below the detectible limit and the remainder barely above the
detectible limit. The_titanium sponge is also irregularly shaped and
porous and its (V/S) factor was conservatinely.estimated to be egquivalent
to that of a 1/16 inch cube-shaped geometric solid. ‘The leach rates

for titanium appear to be at least as good as the? are for zirconium.

E. Engineering Scale Studies:

An engineering-scale study of the storage of waste tritium as a

- 14 ~



TABLE 6
(a)

Static Leach Testing Zirconium in Distilled Water

(Cumulative

Sample ~ ... . H/Zr atom Cumulative v/s, cm fraction tritium-
No. : ratio fraction tritium_ A release rate) x (V/S),
release rate, day ’ cm/day
20b ~ Sponge 1.99 3.1x 107 . 0.095® 2.9x107°
" 20e Sponge 1.98 . 2.5x%x107 - 0.095® " 2.4 x107°
20m  Sponge 1.65 4.8x 10 . - 0.099® 4.8 x.107°
20n  Sponge 1.99 2.2 x 107> 0.113 % 2.5 x 107°
28¢ - Sponge 1.5 1.3x107” . o0.a32® 1.7 x'107°
2c %" Rod 0.81 0.9 x 107 0.127 . . 1.1 x 1078
24e 3" Rod 0.84 : 1.6 x 107° ~ 0.104 . 1.6x 10°°
(a)

Leach time period of 74-116 days.
(b)V/S for sponge estimated to be equivalent to a éeometfic cylinder of diameter
- one half the length and of equal weight.

.~ 15 -



TABLE. 7

(2)

Dynamic -Leach Testing of Zirconium in Distilled Water

. ’ . . (Cumulative
‘ Sa@P}e Fofm - H/Zr atom Cuyulat;Ye.ri " u/s om fraction tritium -
No'. ST . ratio fraction tritium_,~ : ='"° release rate) x (V/S),
' release ‘rdte; day o cm/day
302 ‘Sponge ©°  1.06 1.8x107° - 0.166® 1 2.5%107°
30b spomge.. 1.01° . 1.4 %107 . - 0.136® . 1.0x107°
30c Sponge 0.91 - 1.6 x 1072 - - 0.136® . 21 x107%
30d  sponge . . 1.03 . .. 2.5x10> . 0.132® - 3.3.x 1070
338 %" Rod’  0.93° .- 4.7x10°° -  0.127 ° 6.0 x-10°°
33b %" Rod - 1;15 ot 7.8x107° . . 0.126 . 9.8 x 1078 ..
33¢ %" .Rod - - 0.85 0 8.1x 07 . 0.123 . - 1.0.x°107°
33d ¥" Rod  1.00 9.0 x 107° .0.126 1.1 x 107
(a)

Leach time period of 15-17 déys.
(b) '

V/s for sponge estimated to be equivalent to a :geometric cylinder of -.

diameter one half.the length and of equallweightli

- | - 16 -



.

TABLE 8
(a)

Static Leach Testing of Titanium in Distilled Water

o .
! -

"(CumulatiVef

Sample Form H/Zr atom _ Cu?ulatiYe. ‘ v/S. cm fra;tion tritium
No. . "5 ratio -. . ifraction tritium_ f72 77 release rate) x (V/S),
\- ‘;elggse’rape, day_{ P S pm/day
35¢  -Sponge  I.64 ‘- 7 8.4Ux 107° 6.026® 2251077
35f . --Sponge.-  1.80". © 5.2 x107° c0.026® - 141070
35g . Sponge '1.39. . 1.7 x 107° . 0.026®): - bb x 1077,
35h Sponge 2 1.42. o () - . “0.026(b)4 - ().
358 Rod’. . l.s4. . 1.5x 107 0.111. .. 1.7x107°
355  Rod 1.16 9.5x10° 006  1.0x10°
35k Rod  1.09 9.6 x107°  o0.104 1.0x 107
351 Rod 086 (o) ©0.1100 T T (o)
(a)Leach'timé period of 26 days.

(b)
(c)

“Below- detectable limits.

V/S for sponge estimated to be equivalent to a 1/16 inth geometrié¢ cube. -



tritide in a metal hydride is underway. In this process, concentrated
tritium effluent, such as from the Mound Laboratory isotone exchanger,
is reacted with metal such as zirconium to.form a stable tritide~hydride
combound'suitable for disposal at burial sites or for storage in a
retrievable form for use such as-in‘controlled thérmbnuclear-reactors.
Ihe developmental work at BNﬁ, however,'will be limited to operation

'with tracer.quantities of tritium.

In the engineerlng scale flowsheet (see Figure 6), a feed stream
of Hz or HT is regulated by a flow rate controller provided with a flow
integrator. The pressure is monitored by gauges and pressure trans—
ducers (maximuw Jdeslgn pressure: 100 psig). A vacuum system consisting
of a cold trap, diffusion pump; and mechanical pump capable.of producing’
a vacuum level‘of 10_4 to lo—s'terr‘is provided for outgassing the
reactibn metal and removal of trace quantities of oxygenl which has an
inhibiting effect on the tritiae—hydride reaction. .The reaction vessel
{see Figure 7) is approrimately 3 inches in diameter ané.l9 inches _
high and is provided with a perous metal filter to‘prevent discharge of
- reaction product fines. An eleetric heater clamped externally to‘the
vessel is used to,provide an.qperating temperature-up to 600°C._ g '
Temperatures,in the reactor are monitored externally and also internally
with a centerline thermowell The reaction metal will be placed in a
wire mesh basket 1n51de the reactor to perm1t optimum poeitioning for
temperature control and measurement, "and also to avoid expan51on
problems that can result from hydride formation. The vessel can be
charged with one individual rod or'sponge specimen up to its maximum

capacity of approximately 5 kg of metal.

Construction of the engineering scale equipment has been compleLed

and testing has been started prior to operation.

IT. POLY‘MER IMPREGNATED TRITIATED CONCRETE (PITC)

A. Lysimeter Testing of PITC Specimens

The Savannah River Plant (SRP) suggested that specimens containing
r

one to ten curies of tritium would proyide adequate.detectibility in
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lysimeter testing and that a specimen eizeﬁof one cubic foot would

be convenient, Beeause‘of the low rate of'tritiumArelease expected

in the_l§simeter testing of PITC, ten curies of tritium were added to
each specimen. The specimens were prepared in five gallon (0.67 ft")
screw-top polyethylene carboys; The”cgntainers represented a standard

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

The size of the spec1men and its contalner were not compatible w1th
the‘end—0ver—end drum tumbllng technlque% belng developed for large scale
PITC composites. It was determlned that a conventional dough type
mixer (Blakeslee model B-20) when'peed7w1th a water to cement ratio of
0.22 preduced a product of similaf'dehslty as that obtained by end-over-end
-tumbling with -the.same water to .cement ratio. _Since:the resultant
polymer loading in a homogeneous cemeAt casting using spak.impregnatien
is dependent upon the initial deneity, the PITC specimens produced by
this ‘method are representative.of the»product produced by end-over-end
tumbling. ' ‘

The amount of watef necessary to giﬁe‘a water to cement ratio of
0.22 for each,cement casting was determined. Two mllliliters of
tfitiated water with a‘specific actiQity of 5 Ci/ml were added 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 consistency was: obtained. The cement mix was transferred to a
. five gallon polyethylene rarhny whinhuwas vibrated to provide proper
packlng of the mix. The’ carboy was sealed and placed in an oven for

five days at 40 C' to’ ensure complete curlng of the cement.

"After removal from the oven, the casting was allowed to equilibrate
to room temperature before bolymer impregnation. The soak impregnation
technique developed at BNL was employed, in which sufficient monomer
is introduced into the void space above the specimen in its centainer
ahd.allowed to soak into the concrete. The specimen was impregnated
with styrene monomer containing 0.5 wt.% AIBN: (2 2' - [AZobis—2—
methylpropionitrile]) as a polymerization catalyst. After addition

of the mondmer, the carboy was sealed and the monomer allowed to soak
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into the concrete overnight. The carboy containing the tritiated
concrete was then placed intc an oven at 65°C over the weekend for
polymerizetion;ofﬁthe monomer. . .Subsequent . to -the equilibration:or_the
PITC to room temperature, the polyethylene carboy was sliced away. Four
polymer 1mpregnated trltlated concrete spe01mens were prepared by this
technique. . I

' Table 9 llStS the formulatlonal data for the four PITC spec1mens '
sent to SRP for ly51meter testlng. Each specimen contalned ten curles'
of tr1t1um The specimen geometry is cyllndrlcal with approx1mate
dimensions of 27 cm diameter x 28 cm for a composite volume of O. 566 ft3.
The tritiated concrete had a density of 91.5 * 0.3 1b/ft . Impregnation
produced PITC specimens with a density of 106.6 % 0.2 lb/ft3 and a
polymer loading of 16.5 * 0.3%. '

The four PITC specimens shipped to SRP were buried without containers
in individual lysimeters as shown in'figure 8.- Each iysimeter 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 approximately 15‘cm above the soil surface.
The PITC specimen was buried;l.S m below the soil surface and approximately
1.2 m above the bottom of the lysimeter usin§ SRP soil excavated during
placement of the steel tank; Rein falling on the expoeed soil at the
lysimeter surface permeates the soil, contacts'the PITC specimen, and
accumulates in a yravel layer on the sloping bhottom of the lysimeter.’
A pump is used to collect the percolate water.- After the initial time
required for soil saturation, percolate water.was collected weekly with

volume and traitium concentralluu Jdala compiled.

The tritium concentration in the air above the~lysimeter was also
measured periodically. This required the placement of a cover on the
open top of the lysimeter for approkimately 24 hours. Figure 9 shows
the lysimeter with the top cover 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.

* Union Carbide Corporation, New York
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" TABLE 9

Formulational Data for PITC Specimens - for Lysimeter Testing at SRP

Specimen Fofmulafion, Wt.% HTO Content Initial Impregnated Poiymer

Number Cement =~ . Water o/ fe3 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 7.47 23.5 27.4 | 16.6

Each specimen contains ten (10) curies of tritium.-

N
— "_________.__\__
.52 m
PITC 3.05m
PERCOLATE | SOIL
WATER PUMP\W -
| X
k .83 m—— § -

Figure 8. SRP pést lysimeter for measurement of the rate
of tritium release from polymer impregnated tritiatcd
-concrete (PITC). : .
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Figure 9. 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 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 10 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 fourteenth week; prior to this time, soil in the lysimeter absorbed
all incident rainfall. Figure 11 shows the total cumulative tritium
release in the lysimeter percolate water for sixty two weeks since
burial after correction for the percolate tritium content from a control
lysimeter. The cumulative rainfall after the first fourteen weeks is
also shown in this figure. No tritium content in the air was noted for
either the specimen or control lysimeters and as such, subsequent
references to tritium release are understood to refer to tritium in the
percolate water. The initial tritium releases are seen to be very low.
This may be partially an artifact due to channeling of water down the
sides of the lysimeter which otherwise might have been absorbed in the

soil.

The tritium releases from the lysimeters have been averaged in
Figure 12 and expressed as (cumulative fraction tritium release) x
(V/s) where V is the specimen volume and S is its geometric surface
area. The factor (V/S) is included so that the tritium release as
expressed is independent of sample geometry and size for leach times
which are short relative to total tritium release. The lysimeter

test specimens exhibit a (V/S) ratio of 4.545 cm; for comparison,

- % =




Figure 10. PITC specimen being lowered into lysimeter.
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(V/S) for a thirty gallon drum is approximately 9.0 cm. Regression
analysis of the average data obtained after the thirty sixth week
provides a linear least squares fit with a slope of 1.43 x 10'-4 cm/day
corrésponding to a daily fraction tritium release rate of 3.5 x 10-5.
In Figure 13, this least squares fit is expressed as:

(a_/a) (v/9) = 5.23x10™° t (yr) - 3.58x10 2, cm

thus giving a slope expressed as cm/yr while the second term implies
that this rate of release bégan after 250 days and no prior tritium
release occurred. This projects a complete tritium release after 87.6
" years. When this release is corrected for decay, it is seen that the
maximum fraction of the initial contained tritium which appears in the
en?ironment is 7.2% after 17.7 years from the beginning of the initial

tritium release.

The tritium releases projected have been fof the lysimeter average
with 0.566 ft3 specimens (V/S = 4.545 cm) with no container. Figure 14
projects the cumulative tritium release corrected for decay for 30
gallon drum size waste forms (V/S = 9.0 cm) as a function of container
lifetime. A fraction tritium release rate of 5.23 xlO_2 cm/yr is
assumed. The maximum quantity of tritium present in the environment
appears 17.7 years after container failure. This fraction of the
initially contained tritiumis 2.15 x 1072, 1.22 x 1072, 2.24 x 103,
. and 1.33 x 10 2 for container lifetimes of 10, 20, 50, and 100 years.

B. Static Leach Testing of the 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
in distilled water at BNL. This specimen which also cdntains ten curies
" of trltlum had a density of 95.4 lbs/ft3 prlor to impregnation and 107.7
lbs/ft afterwards for a polymer loading of 12.9%.  The lower polymer
load;ng in this specimen as compared to the lysimeter test specimens
results from the higher initial density of the concrete (due to more
'vibfatory tamping) and a minimization of polymer on the upper surface

of the composite. Leach testing was performed by immersing the specimen
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without a container in 40. liters of distilled water such that all
surfaces were exposed to the leachant. The leachant was not changed;
one cm3 was taken durlng sampllng for analysis by liquid scintillation
counting. The results after 386 days of leachlng are shown in Figure 15.
The rate of release is approximately linear with a slope of 3.18 x 10 =2
cm/yr. A complete release after 143 years is projectea as indicated in
Figure 16. When corrected for decay, it becomes apparent that the

maximum fraction of the initially contained tritium appearing in the

environment is 4.55 x 10_2 after 17.7 years.

C. Preparation of PITC by the Injector Technique

While the end-over-end drum tumbling method has been pursued to
date and developed to a workable forh,Tit is desirable to pfoduce PITC
by a technique which is more’direotiy compatihleEWith;the glove box
| operations in use with high level tritiated aqueous waste. Such a
technique using an injector to dlstrlbute the aqueous tritiated waste

in dry cemént is in’ development

A schematic diagram of the'ihjector‘teohnique is shown in Figure
17. 1In this process, the cement casting container is filled with
dry cement and compacted hy vibration. The injector, which is simply
a hollow tube containing several orifices along its ;ength through
which the aqueous waste is dispersed, is inserted ihto 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 extexnal surfaces of the cement as evidenced by dampness.
The injector is withdrawn and the cément casting is allowed to cure.
After the casting .has curcd,,catalyzed styrene monomer 1s introduced
into the castlng contalner 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 the same as the previously developed end-over-end

drum tumbling method.

As shown in Figure 18, this process does not produce a homogeneous

composite., Rather the agueous waste content is higher near the centerline
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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 19.

Prior to the preparation of PITC specimens by the injector technique
for leach testing in distilled water and leach testing at SRP two

specimens were made with nontritiated water to establish a procedure.

The "cold" prototype specimens were cast in five gallon screw top
autoclavable polypropylene carboys similar to the carboys used previously
for preparation of specimens for lysimeter testing at SRP. For each
of the two specimens, 19.2 kg of dry portland type III cement was
compacted for ten minutes with a vibrator. Water was fed into the
center of the cement through a vertical glass injector tube (1.2 cm I.D.)
with the end fused down to a 1/16 inch diameter opening and positioned
five inches from the bottom of the carboy. In addition, two sets of
four 1/16 inch diameter openings equidistant about the circumference
were located one inch apart with the lower set one inch above the
bottom of the tube. A total of 4.23 kg of water in each specimen to
give a water to cement ratio of 0.22 was fed in at a rate of approximately
44 ml/min. After completion of water injection, the injéctor was
withdrawn and the, cement was cured over a five day period in an oven
set at 40°c. The specimens were then cooled to room temperature and
impregnated with styrene monomer catalyzed with AIBN (2,2' - [azobis-2
methylpropionitrile]) by overnight soaking. Polymerization then took
place in an oven set at 65°C. Specimen I was catalyzed with 0.5 wt.%

AIBN for comparison with specimen 2, for which 1.0 wt.% AIBN was used.

On initial visual inspection after removal from the carboy
container, the external polymer surface of specimen 2 appeared to be
less opaque and slightly harder (see Figure 20). Examination eight

weeks later indicates that no cracking has occurred on either
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specimen Both specimens measured 28 cm in diameter with an average
height of 26. 3 cm, representlng a volume of 0.572 ft3 each. The
composite densities for specimens 1 and 2 were both 90.4 lb/ft3 prior
to impregnation and 112.5 and 112.4 lb/ft3, respectively, after
1mpregnatlon, correspondlng to polymer loadings of 24.5% and 24.3%,
respectively. These polymer loadlngs do not represent optimum values,

since excess polymer was present on top of both castings.

Two specimens for leacn'testing;in distilled water 'were prepared
with tritium labeled water that provided an activity level of 4.6 Ci
for each specimen. The procedure described prev1ously was used to
prepare spe01mens Tl and T2 that were 1mpregnated w1th polystyrene
contalnlng 0.5 and 1. O wt % AIBN, respectively, having densities after
impregnation of 110.7 and 111.9 lb/ft3, respectively, corresponding
to polymer loadings of 22.5 and 23.8%, respectively. The composite'
‘measurements and densities prior to impregnation were identical to
the previous two specimens. Static leach testing in distilled water

will be initiated.
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