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SUBJECT: TEMPERATURE DATA cal WE5F CAP $ULE$

As a follow-up to your memoraeum to $111 Adas dated January 15, Im,
we have reviewed the acciosed letters from the Department of Energy (NE)
regarding temperature monitoring data on the cesive-137 WEtf Capsules installed
at Radiation 5tertitters, Inc. In Westerville, Ohio. ke have also discusted
the data with V. Restni (DX) and G. itngey (Pacif te. Rorthwest Lehratory).

DOF 15 satisfied that the temperature data is repetitive Md predictable, sn
they recommeM rewval of the thermocouple attached to the Juany lif SF capsule.
They believe that the data obtained from the stationary thermocouple will de
saquate for ersivation purposes. Therefore, we do not obP ct to re% val of
the thermocouple on the dwesy capsule, provided that the stationary therno-
15 maintained.

John W. 9 utet.ty, Section Leader
Industrial, % dical, and Academic

Section
Material Licensing branch
Division of fuel Cycle and

Material $4fety
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The Immobilization of Radioactive Cesium in
afghly Durable Silica-based Glasses.

Several techniques which have been developed at The Cathol-

ic University of America's Vitreous State Laboratory have been

proved suitable for the immobilization of high levels of cesium
in highly durable silica-based glasses. These techniques

include molecular doping with a high-silica cladding, molecular
doping without a cladding, and ion-exchange. The common feature1

of all these methods is that they lead to the incorporation. of

cesium at. high c ncentrations (up to 15%) in a silica-based

glass. matrix to form a product which has much lower leach rates

than- those obtained with the borosilicate glass compositions

commonly used in nuclear waste vitrification. At the same-time,

these techniques require processing temperatures which are simi-

lar to those used in borosilicate gl a s s preparation or even

lower (850-1150*C), obviating the need for the very high temper-

atures required for the prepar' tion of high-silica glasses by

conventional methods and avoiding the loss of cesium through

volatilization which results from the use of such high tempera-

tures.

The enclosed re-prints and pre-prints describe these tech-

niques in detail and report the results of characterization stu-

dies on the resulting products.

Reference no. I describes the preparation of high silica

glasses with 15% cesium doping with and without a cesium-
.

depleted cladding. It is shown that short-term leach tests on

such glasses indicate that they have much lower dissolution

rates than borosilicate glasses.

g
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Reference no. 2 describes the long-term results of these

leach tests (5 years at 22*C). It shows that after approximate-

ly 10 days the dissolution rates of both cladded and non-cladded

15% . cesium-doped high-silica glasses stabilize at a level of'

.

(4.4 1.0)x10-6 g.m 2 .d-1 This rate is lower by a f actor of 3.6 ;-

than the dissolution rates of tektites, natural glasses found in

Southeast Asia and Australia which have survived for a period of f

7.2x105 years with a ve ry small extent of corrosion ( fiel d

observations on the extent of corrosion agree very well with

l aboratory measurements) .

Reference no. 3 shows that thp activation energy of the

leaching process of the high-silica glass is (17.5 1.5) kcal.

Based on this result, the dissolution rates of cesium-containing

high-silica glass can be summarized in Table 1. The absolute

values of the leach rates of all the various glasses reported in

Ref. 3 are inaccurate (by a factor of 2.6) due to the use of an

incorrect specific areas in the powder tests. However, the

results clearly demonstrate that at 70*C, for instance, the

leach rates of the cesium-loaded high-silica glass are lower by

a factor of 115 compared with those of the borosilicate glass

PNL 76-78.

Another re s ul t reported in Ref. 3 is that high-silica

glasses prepared by ion-exchance appear to be considerably less

durable than those prepared by molecular doping. The durability

of high-silica glasses prepared using ion-exchange techniques

has been subsequently improved to make them comparable in dura-

bility by glasses prepared by molecular doping. Reference no. 4

'
.
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describes the preparation of glasses doped with mul ti-el ement

nuclear waste streams using a technique which includes absorp-

_ tion, i on-exchange and sintering. The resul t s of leach tests

show that high-silica glasses loaded .with 30% of defense wastes

have cesium leach rates which are lower by at least one order of
.

magnitude than those of borosilicate glasses and . Synroc-type

ceramics, and that at long contact times between glass and water

the dif ference corresponds to a f actor of at least two orders of

magnitude. The dissolution rates of high-silica glasses doped

with cesium alone (see Table) are even lower than those of the
composite waste glasses described in Reference no. 4.

,

_ _____m.m________________________._ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



,. .

-
.

! ! i

-

-_

-
s

_

_ -__
-

.

-

_ -_

__
.

)
s

m s
u a
i l

s Gl 9 8 7 6 6
ee - - - - - -

Csdd 0 0 0 0 0
a e2 1 1 1 1 1

f ed- x x x x x
oldm 2 2 2 4 9
ea- , . . . .

eRl g 3 2 1 1 5
t - C
a (

R
-

)
s

m s
u a
i ll
s G- 8 7 4 5 4
ee d - - - - -

Csd. 0 0 0 0 0
a e2 1 1 1 1 1

f ed- x x x x x
ol dm 5 6 7 3 8
ea- . . . . .

eRl g 9 6 3 4 1

t c
a n
R U

(

s
sn
ao 4 4 2 2 1

l i 1 - - - - -

Gt - 0 0 0 0 0
- u r 1 1 1 1 1-

I fl y x x x x x
oo - 1 3 1 7 9

- E s m . . . . .

4 L es u 1 7 4 4 1

- B ti
A aD
T R

s
sn
ao I

l i - 7 6 5 4 3

Gt d.
- - - - -

u 0 0 0 0 0
fl 2 2 1 1 1 1

oo - x x x x x
s m 3 4 4 9 2

es - . . . . .

ti g 6 4 2 2 1

aD
R

'e
r
u
t
a
r* 4 2 0 0 0 -
eC 2 4 7 9
p
m
e
T



- - _ _ _ _ _ _ _ _ _ - _ _ - - _ - _ _ _ _ _ _ . - _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ _ _ _ _ _ _ _ .

.

.

-5-

References

1. J. H. Simmons, P. B. Macedo, A. Barkatt and T. A. Li to vi tz ,

" Fixation of Radioactive Waste in High Silica Glasses",

Nature (London), 278,-729-731 (1979).

2. Aa . Barka tt, M. S. Boul os , A1. Ba rk att, W. Sousanpour, M. A.

Boroomand, P. B. Macedo and J. A. O'Keefe, "The Chemical

Durability of Tektites - A Laboratory Study and Correlation

with Long-term Corrosion Behavior", Geochimica et Cosmochim-

ica Acta (1984), in the press.

3. Aa . Bark a tt, J . H. Simmons and P. B. Macedo, " Evaluation of.

Chemical Stability of Vitrification Media for Ra di o a.c ti ve

Waste Products", Physics and Chemistry of Glasses, 22, 73-85

(1981).

4. P. B. Macedo, Aa. Barkatt and J. H. Simmons, " A Flow Model

for the Kinetics of Dissolution of Nuclear Waste Forms ; A

Comparison of Borosilicate Glass, Sy n roc and High-Silica

Glass" in Scientific Basis for Nuclear Waste Management,

Vol. V, ed. W. Lutze, North-Holland, New York, NY, 1982, pp.

57-69.

1

1

- _ - _ _ _ - _ _ _ _ _



. _ - _ _ _ _ __ _ __. . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _

.

,

e

rigure 3a.

i

da.24 .

YkhY-?.k% y' _ -
E re =- w g ',-

s ,.'

T-iUN~ g'. g, Ng .

;

-
.

| * [T7 rigure 3b.i- rigure 3b.11. -

3a. Radioactive isotopes (e.g. Cs-137) are loaded onto a porous
glass powder by a process of absorption and ion-exchange.

3b.i. The radioactive isotopes are incorporated into a solid
glass structure as the pores collapse.

)- 3b.ii. If solid grains of a radioactive material are also present,
|-

the radioactive material becomes imobilized in the glass
' as the grains sinter together.

;
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1. A'borosilicate glass.

2. The glass is heat-treated and phase-separated into high-silica
and low-silica regians.

3. The low-silica phase is dissolved and renoved by leaching in
acid solution, leaving a porous glass with an interconnected
structure.

4. A solutian of radioactive isotopes (e.g. Cs-137) is loaded
into the pores. ]

5. If desired, the radioactive isotopes are washed away frca -j

the outer layer of the glass to form a clean cladding. |

l
I

6. The glass is collapsed by sintering at 800*C into a solid,
having a protected core of radioactive material surrounded by
long-lasting high-silica envelope
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