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SUSJECT: TEMPERATURE DATA ON WESF CAPSULES

As a tollows-up to your seeorandym to 8111 Adas dated Jamuary 16, 199,

we have reviewed the enclosed letters froe the Departaent of Energy (00
regerding tesperature monftoring data on the costyna137 Wrsh Capsules installed
at Radfstion Sterilizers, Inc, in Westerville, Mio. ke have alsc discusse
the datn with ¥, Resfal (D) and G, Tingey (Pacific Rorthwest Ladoratory).

90 4 satisfied that the tesperature dete 15 repetitive pac predictodls, so
they recommend removal of the thermocouple ettached to the dvas, VESF capsule,
Trey nelfeve that the datas odtained from the stationary thermocouple will be
sanquate for evalvailios purposes. Tnerefore, we d5 Aot ohjact to removal of
the thersocouple on the dummy capsule, provided that the stattonary thereoe-
s maintatned,

Jonm &, %, Higkey, Section Leader
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The Immobilization of Radioactive Cesium in
4ighly 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, molecuiar
doping without a cladding, and ion-exchange. The common feature
of all these methods is that they lead to the incorporation of
cesium at high (crrentratfons (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 wused in borosilicate glass 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. 1 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

dissolution

such glasses 1indicate that they have much lower

rates than borosilicate glasses.



w2

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-cladd=d
154 cesium-doped high-silica glasses stabilize at a level of i
(4.4¢1.0)x10°6 g'm~2-d"1. This rate is lower by a factor of 3.6 |
than the dissolution rates of tektites, natural glasses found in
Southeast Asia and Australia which have survived for a period of
7.2x10% years with a very small extent of currosion (field
observations on the extent of corrosion agree very well witn
laboratory measurements).

Reference no. 3 shows that the 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 cesfum-containing
high-silica glass can be summarized in Table I. 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. Howeve:r, 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 result reported in Ref. 3 1is that high-silica
glasses prepared by fon-exchange 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



3o
describes the preparation of glasses doped with multi-element
nuclear waste streams using a technique which includes absorp-
tion, ion-exchange and sintering. The results 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 difference corresponds to a factor 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.
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Figure la.

Figure 3b.11i.

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

The radiocactive isotopes are incorporated into a solid
glass structure as the pores collapse.

1f solid grains of a radioactive material are also present, |
the radicactive material becomes immobilized in the glass |
as the grains sinter together. i
%
|
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.

A borosilicate glass.

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

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

A solution of radicactive isotopes (e.g. Cs-137) is loaded
into the pores.

If desired, the radicactive isotopes are washed away from
the outer layer of the glass to form a clean cladding.

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

|
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