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In an extension of our work on the radiolytic processes that occur in the waste tanks at the

Hanford site, we studied the gas generation from grout samples that contained nuclear waste simu-

lants. Grout is one option for the long-term storage of low-level nuclear waste solutions but the

radiolytic effects on grout have not been thoroughly defined. In particular, the generation of

potentially flammable and hazardous gases required quantification. A research team at Argonne

examined this issue and found that the total amount of gases that were generated radiolytically from

the WHC samples was an order of magnitude higher than had been predicted. The observations

imply that novel pathways for charge migration from the solid grout to the associated water are

responsible for gas evolution. The grout samples produced hydrogen, nitrous oxide, and carbon

monoxide as well as nitrogen and oxygen. Yields of each of these substances were determined for

doses that are equivalent to about 80 years storage of the grout. Carbon monoxide, which was

produced in 2% yield, is of particular importance because even small amounts may adversely affect

catalytic conversion instrumentation that has been planned for installation in the storage vaults.

These studies were supported by WHC. The expertise, the knowledge, and the instrumen-

tation that Argonne exploited in this study were developed during many years of support by the

Division of Chemical Sciences, Basic Enersv Sciences.
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Some low-level radioactive liquid wastes from the tanks at Hanford might be mixed with

cement and other solids for long term storage as grout. Consequently, it is important to determine

the rate of radiolytic and thermal production of gases in this grout. In addition to the obvious

issues of safety involved in the gas generation in general, in this particular case the rate of release

of the gases relative to the rate of its generation is also important because accumulation of gases in

the solid may lead to its cracking, leaching and a variety of other adverse effecis. The same task

force at CHM/ANL that studied gas generation from the tanks' waste simulants in the past, was

requested to measure the yields of gases from the grouted waste simulants as well.

The radiolytic and chemical rates of the following gases were measured: H2, N2,02, CO,

CKU, and N2O at several dose rates and up to 100 Mrad, a dose equivalent to more than 80 years

storage of typical grouted waste. After this period of time, the dose rate would have decayed to

about 15% its initial value. Two batches of WHC-supplied samples of grouted simulated waste

have been y-irradiated for these studies. The first batch included waste simulant that represents the

feed solution that was temporarily stored in the tanks. For the second batch, the same simulant

was preirradiated to 35 Mrad prior to incorporation into the grout and therefore it simulates waste

that was stored in the tanks for approximately a decade prior to grouting. Figure 1 compares the

yields of Kb generated from these two batches of samples. Similar experiments were conducted to

determine the yields of the other gases and the results from these experiments are summarized in

Table 1. Whereas there are differences in yields of individual gases between the two batches, the

sum of the yields of all gases is similar in both.



Two other types of experiments were conducted in order to ensure that all the gases that are

released by the irradiated grout are accounted for in the gas chromatographic experiments described

above. In the first, the total pressure that is generated by the grout has been measured and was

compared to the sum of the gases that were determined separately and are given in Table 1. The

very good agreement between these two measurements is shown in Figure 2. In another set of

experiments a mass-spectrometric analysis was conducted on the mixture of gases and revealed

only trace amounts of H2S and NH3 in addition to the gases already discussed. We conclude that

the gases given in Table 1 constitute the bulk of the mixture.

The decrease in H2 and N2 yields, and the increase in O2 yields following preirradiation can

be rationalized based on the assumption, experimentally verified elsewhere, that the concentration

of organic solutes has decreased, and nitrite increased, upon the preirradiation. Organic

compounds contribute to H2 generation, they are required for the production of N2+N2O and they

inhibit O2 production. Most surprising is the high total yield of gases and the high yield of H2.

Model calculations show that if the radiation energy that is absorbed in the solid does not escape to

encounter H-containing chemicals (water or organics), H2 yields should have been much smaller.

To obtain the high yields observed one needs to assume escape of charge carriers from the solid to

the aqueous phase and/or low nitrate and nitrite concentrations in the aqueous phase. If reduction

of H2 yields is desired, we recommend increasing the concentration of these two scavengers,

provided it does not adversely affect other properties of the grout.

Special effort was invested in the determination of CO yields because of its adverse effects on

catalytic converters. An induction period in the production of CO, and an actual decrease in yield

above about 60 Mrad for the preirradiated samples suggest that CO is a secondary radiolytic

product, and that CO eventually is also destroyed radiolytically.

Thermal rates of gas generation were also measured in the range 24-90°C since the

temperature of the grout may be higher than the ambient. Only at 90°C were small amounts of

gases generated although outgassing of trapped gases occurs at all temperatures studied.
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Figure 1. Generation of H2 from grout samples following irradiation at 130 krad/h.
Squares are non-preirradiated samples and circles are preirradiated samples. Top scale is
"Equivalent Grout Time" calculated assuming initial dose rate in the waste of 0.3 krad/h
and half-life of 30 vears.



Table 1: Yields of gases generated by radiolysis of the grout samples. All were irradiated at 130
krad/h to a total dose of 100 Mrad. Yields were determined from slopes as in Figure 1.

Gas

H2

N 2

O2

N2O

CO

CH4

Non-Preirrad.
Samples

G
/molecules \
v lOOftV '

0.056

0.12

0.026

0.011

0.0042

G(CH4) £ 1 x 10-5

0.217

Preirrad.
Samples

6
/molecules \v inOeV J

0.041

0.058

0.078

0.010

<, 0.0028

G(CH4) < 1 x 10-5

0.190
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Figure 2. The total amount of gas generated upon irradiation of non-preirradiated grout samples at
130 krad/h. Solid curve shows results from total pressure measurement; Circles are the sum of the
individual gases measured by gas chromatography.
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