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ABSTRACT

Effects of internal alpha radiation on borosilicate glass,
a perspective matrix for long-term storage of Savannah River Plant
(SRP} radicactive waste, were evaluated in samples containing 45 wt
% simulated waste [Fe(OH);-Mn0,] and either 0.5 wt % *""Cm or 1 wt %
2%%py. A glass containing 2°®Py without simulated waste was also
studied for comparison. The glasses were examined for changes in

physical stability, leachability, and dilatation,

Alpha dose rates in the test glasses ranged from 4.5 x 10"
to 1.3 x 10'° alpha dis/(g-day). After 420 days, microcracks
had formed; however, no macrostructural damage to the glasses
was observed. Leachabilities for 2**Cm and 2%®Pu were <7 x 107°
g/ (cm?-day) and were not affected by the radiation. Continuous
leaching by water for 5 days removed <10™°% of the isotopes.
Alpha radiolysis caused expansion of the simulated-waste glasses
in proportion to dose. Application of these results to glass
containing radioactive Savannah River Plant waste indicated that
internal alpha radiolysis will not cause detrimental effects
during long-term storage (>10° years) of the waste glass.
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EFFECT OF INTERNAL ALPHA RADIATION ON BOROSILICATE GLASS
CONTAINING SAVANNAH RIVER PLANT WASTE

INTRODUCTION

Borosilicate glass is currently being evaluated!’? as a
long-term storage matrix for radioactive waste generated at the
Savannah River Plant (SRP). For incorporation in glass, this
waste will be a dry mixture of hydrous oxides primarily of iron,
manganese, and aluminum contaminated with fission products,
uranium, and transuranic elements.? The glass has properties of
high strength and low leachability that make it an attractive
solidification matrix.

Processes in which glass will be used for solidifying radio-
active waste have been in operation®*® or are currently being
tested at other sites.®s7 Also, studies® ' of the effects of
internal alpha radiation on glasses containing simulated waste
have been performed. These studies have examined the effects of
alpha radiation on leachability, stored energy, and density
changes of the glass. However, these processes and studies are
not directly applicable to solidification of SRP waste because
the composition of the waste differed from that at SRP.

This report presents results of the evaluation of the effects
of internal alpha radiation on a borosilicate glass developed
especially for solidifying SRP radioactive waste. ’? To accelerate
the effects of alpha damage that will occur during long-term
storage of the glass, relatively large amounts of the alpha
emitters ***Cm or 2?°Pu were incorporated in test glasses. The
alpha emitters increased the alpha dose rate so that the alpha
dose that would be accumulated in SRP waste glass during several
thousand years storage could be obtained in the test glasses in
a few months,

CALCULATED ALPHA DOSES TO GLASS CONTAINING SRP WASTE

The alpha dose received by glass containing SRP waste depends
upon the radionuclide content of the waste. Principle alpha
emitters in this waste are 2*“Cm (t% = 18 years), 2?°®pPu
(t = 88 years), and 2%%pu gt% = 2.4 x 10* years). Approximately
1 x 10° Ci of ?**Cm, 2 x 10° Ci of ?%®pu, and 2 x 10" Ci of
23%py will be solidified.® To calculate the alpha dose, the
assumed total mass of solidified waste glass was 2 x 10% k%.
With this alpha content, the initial dose rate was 7 x 10’
dis/(g—day). The accumulated dose to the glass from decay of
the ?**cm, 2%%pu, and 2%°pu is shown in Figure 1.
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FIGURE 1, Cumulative Alpha Dose to Glass Containing Radicactive
SRP Waste



The total dose was calculated by adding the doses from
decay of cach isotope. The dose from each isotope was cal-
culated from the equation.

1o (l'e_ht)
t X
where
Dt = dose at time t from a specific isotope, d/g glass
I0 = initial dose rate for that isotope, o/(g-yr)
A = decay constant for that isotope, (year)~!
t = decay times in years

The inflection in the curve at 103 years occurs when 2“"“Cm
and ?38Py have decayed, and the dose from decay of 239py has not
yet become significant.

TEST GLASSES CONTAINING 2*“Cm OR 2*®Pu AND SIMULATED WASTE

Oxide composition {(by wt %) of the glass-forming mixture
for the glasses test was 52,5% Si0Oa, 10% B,03;, 22.5% Naz0,
10% TiO,, and 5% Ca0. Previous experiments' have shown that this
glass composition is acceptable for incorporation of solid SRP
radioactive waste.? Simulated dry waste [50 mol % Fe(OH); and
50 mol % MnO,] was added to portions of glass-forming mixture for
two of the samples to the level of 45 wt % waste. 2*"Cm was added
to one waste-oxide mixture and ?3®Pu to the other. These isotopes
were added as small volumes of nitrate solutions and were thoroughly
dispersed in the respective mixes. Another glass containing 2®%Pu,
but no simulated waste, was also made. The final mixes were slowly
heated to 1150°C in ceramic crucibles and held at that temperature
for 3 hours., The melts were poured into graphite molds, annealed
at 500°C for 1 hour, and then cooled slowly. The glasses were
then stored at ambient temperatures and relative humidity (v60%).

Initial densities and other properties of the three test
glasses are shown in Table 1. The glasses were shiny, opaque,
and brownish-blue in color. Glasses containing simulated waste
had much larger densities than normal glass because oxides of
iron or manganese fill vacancies in the glass network.



TABLE 1

Properties of Three Test Glasses Containing 2"*Cm or 23°pu

Glass Mass, g 16.4 14.5 7.93
Isotope Present 244 Cm 238y 23%py
Wt % Simulated Waste 45 45

Wt % 2**Cm or ?3°pu 0.49 0.97 0.81
Density, g/cm?® 3.0474 3.1164 2.6187
Surface Area, cm? 14.1 13.5 -

Alpha Intensity,
af (g-day) 1.3 x 10'® 5.2 x 10'% 4.5 x 10"

Isctopic analysis of the curium and plutonium indicated
that >99.9% of the alpha activity resulted from ***Cm and *°°pu,
respectively. 2*“Cm and 2°°Pu contents of the final glass
buttons were measured calorimetrically to 0.1%. Specific activi-
ties and alpha particle energies used for dose rate calculations
were taken from the literature.'! The dose rate in the test
glasses was 6000 times greater than the calculated initial dose
rate in the glass containing actual SRP waste. The test glasses
were studied for 420 days. For the glasses containing simulated
waste, this corresponded to a alpha dose exceeding 2 x 10'7
alpha disintegrations per gram of glass. More than >10° years
would be required for the glass containing SRP waste to receive
this dose (Figure 1).

EFFECT OF ALPHA RADIATION ON ACTINIDE LEACHABILITY

The effect of alpha radiation on leachability of the
actinide elements was examined to determine if the leachahility
of SRP waste glass would change during long-term storage. The
leachabilities for 2**Cm and “3®Pu in the test glasses contain-
ing simulated waste were determined soon after the glasses were
made and then 274 to 278 days later (Table 2). No significant
differences were observed. The largest dose in the test glasses
after 278 days was 3.7 x 10'7 a/g. This dose was in the test
glass containing *“*Cm. More than 10° years storage would be
necessary for SRP waste glass to accumulate this dose (Figure 1).
These results indicate that leachability of actinide elements
will not significantly change as a result of radiolysis during
long-term storage of the waste glass.,



TABLE 2

Leachability of 2%“Cm or ?3®Pu from Borosilicate
Glasses Containing Simulated Radioactive Wastea

Age of  Leachability,
Glass, g/(em* - day) Fraction Leached
daysb 2WWCm Glass 298Py Glass 2%%0m Glass 23%Py Glass

6 0.16 x 107% 2.7 x 107% 0.14 x 107°% 3.2 x 1078
274 0.34 x 107% 6.2 x 107% 0.29 x 107% 7.3 x 107°
275 0.98 x 107 5.2 x 10°%  0.84 x 10™% 6,1 x 107 °
276 0.70 x 107°% 4.6 x 107  0.60 x 107° 5.4 x 107°
277 0.56 x 107% 1.6 x 107% 0.48 x 107® 1.9 x 107%
278 0.21 x 107% - 0.18 x 1079 -

a. Waste was 50 mol % each of Fe(GH}s and MnOj.

b, Samples were leached in 150 mL of distilled water at
ambient temperature for 24 hours. Fresh water was
added daily.

Another result evident in Table 2 is that the leachability
did not significantly change with leach time. Over a 4-day
leach period, the fractions of activity leached were 2 x 10-8
for “**Cm and 2 x 10”7 for %%®Pu., The consistently higher values
for *?®Pu suggest that this isotope is not held in the matrix as
strongly as is 2%*Cnm.

Other workers®:® have also found no affect of alpha dose on
leachability., Also, the values in Table 2 agree with those
determined for leachability of alpha activity from test samples
of glass containing actual radioactive SRP waste.’

Leachabilities were measured in 150 mL of stirred, distilled
water at 25°C. Leach water was changed daily. Leachabilities,
L, were calculated from

L = £(M/A) (1/t)

where
f
M/A

the fraction of 2*“Cm or 2°°Pu leached during time t

the mass-to-surface area ratio of the sample

The amount of isotope leached was based on measurements of alpha
activity of leach water.
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EFFECT OF ALPHA RADIATION ON GLASS VOLUME

Because other studies’?s!® had shown that radiation can cause
glasses to contract or expand, the effect of internal alpha radia-
tion on the density of the tests glasses was examined. Results
indicated that the glasses expanded with increasing alpha dose
(Figure 2). For glass containing SRP waste, the dose after 10°
years storage will be 8 x 10'® o/g of glass (Figure 1). At this
dose, Figure 2 indicates a fractional expansion of <0.1%., Over
the time period of 10° years storage, this fractional expansion
is insignificant.

Other studies!?,1? have shown that vitreous silica and also
borosilicate glasses containing only small quantities of glass
network modifiers such as Naz0 or K:0 exhibit negative dilatations
when externally irradiated. This contraction has been explained
by radiolytic displacement of bonded oxygen into the free volume
of the glass network.!?

In glasses containing simulated waste, the free volume is
filled with network modifiers such as MnOz or Fez03. In this
case, bond breakage leads to network expansion or positive
dilitation, Such expansion has also been observed in vitreous
silica containing aluminum as an impurity when the glass is )
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FIGURE 2. Positive Dilation due to Internal Alpha Radiolysis of
Borosilicate Glasses Containing 2““Cm or 23®Py
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irradiated externally with X-rays, gamma rays, or electrons.'®
The hypothesis that expansion results when the network free
volume is filled with waste is supported by a lower rate of ex-
pansion for glass containing 2*°Pu but no simulated waste
(Figure 2). This glass still expanded, because of the effect of
the relatively large amounts of sodium, calcium, and titanium in
the glass. However, expansion is not so fast because the free
volume in the network is higher than with the other two test
glasses containing simulated waste. For the three glasses, ex-
pansion rates in volume percent/Grad are 0.017 for the 238py
glass with waste, 0.012 for the 2440 glass with waste, and only
0.0043 for the 258Pu glass with no waste. In other studies,®
internal alpha radiolysis caused a lead borosilicate glass to
expand and a zinc borosilicate glass to contract. Glass composi-
tion appears to govern whether the glass expands or contracts.

Glass densities were determined at 22 *1°C by weighing
samples in air and in carbon tetrachloride. Each determination
included a density measurement of a silicon standard. Reproduc-
ibility of standards indicated that errors caused by experimental
technique were negligible,

EFFECT OF ALPHA RADIATION ON GLASS MICROSTRUCTURE

To determine the effects of internal alpha radiation on glass
microstructure, the three test glasses were fractured, and fresh
surfaces were examined by electron microscopy. A glass of compo-
sition identical to that containing the simulated waste but not
containing 2“*Cm or ??®Pu was also fractured and examined.
Typical results are shown in Figure 3. All three radioactive
glasses exhibited randomly oriented mircocracks that were not
present in the nonradioactive glass. These microcracks may re-
sult from stresses produced by radiolytic bond breakage, and may
account for the observed positive dilatation. Current data are
insufficient to establish whether the cracks are due to alpha
radiolysis or helium accumulation. These microcracks did not
agpear to increase significantly the leachabilities of Z4%Cm or
23%py (Table 2).

Another effect of alpha decay on glass microstructure
abserved only in the radiocactive glasses was the blistering of
portions of the glass surfaces after 20 to 30 seconds of exposure
to the electron beam in an electron microscope. The blistering
is shown in Figure 4 where a square of blisters, formed at a
magnification of 2000X, appears in the middle of an image photo-
graphed at 500X. The microcracks are also evident in this figure.
All attempts to form these blisters on nonradioactive glass con-
taining simulated waste failed. In the two radicactive glasses,
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FIGURE 3.  Electron Microscope Images of Borosilicate Glasses
Containing Simulated Radigactive Wastes




FIGURE 4. Blister Formation on a Borosilicate Glass Containing *?%Pu
Due to Exposure to a Beam in an Electron Microscope

agglomeration of helium initiated by electyon beam-heating of
the sorface could account for blister formation., Formation of
bubbles and microcracks by dissolved gases in glasses has been
reported previausly.l5 Heating of a silicate glass containing
23 mol % argon to 245°C caused bubble formation; when a similar
glass containing 1 wol % heliwm was heated to 560°C, micro-
cracks formed.

HELIUM ACCUMULATION IN THE GLASS

fn glass containing alpha emitters, helium will be generated
internally by neutralization of the alpha particles. This
helium must either diffuse from the glass or be accommodated
within the glass, either interstitially or in voids in the glass.
The hypothesis that this helium accumulation might cause the
glass to crack or break was tested. Test glasses were observed
afrer they had accumulated helium concentrations at least twice
that calculated for SRP waste glass after 10° years storage.
No macrostructural damage was evident. Only the microcracks
discussed previcusly had formed, and these did not affect the
leachability of the glass.

The waste plass stored for 10° years will have accumulated
0.006 em? He{STF}jcm3 glass. The helium concentyations in the
rest glasses of the same units stored for 420 days were U.001
for the **“Cm glass, 0.025 for the 2*®Pu glass with simulated
waste, and 0.018 for the *?%Pu glass without simulated waste,
These concentrations were calculated by assuming no diffusion
of He from the glasses. Published data®:'® indicate that no
diffusion from the glass would occur at room temperature.



in another study,® a test glass had accumulated 0.071 em?
He(STP) /cm® glass, or nl2 times higher than the concentration
in the SRP waste glass after 10° years. No visible damage was
reported for this test glass. The same study also confirmed
that helium had not diffused from the glass.

STORED ENERGY RESULTING FROM ALPHA RADIATION

Internal alpha radiolysis of glass containing SRP waste
will produce stored energy in the glass. The main concern with
stored energy is that it will be released by some mechanism and
cause a rapid temperature rise in the glass. This temperature
excursion could cause damage to the glass or its container or
cause volatilization of radioactive material, Although stored
energy was not studied for glass with SRP waste, results of
published studies®s !® are applicable. The maximum amount of
stored energy observed has been 35 cal/g of glass at doses
in excess of 2 x 10'® a/g of glass.® These data® indicate that
a 6 x 10® o/g, the maximum dose that will occur with glass
containing SRP waste, the amount will be less than 6 cal/g.
Calculations®® indicate that this amount of stored energy can-
not cause a temperature excursion in excess of ~50°C, This is
not sufficient to cause damage to the glass or its container or
cause volatilization of radioactive material,
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