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I. INTRODUCTION

A means has been devised to compare the performance of different waste forms in a

repository environment when some of the waste forms makeup a relatively small fraction of the total

inventory. The work was motivated by the need at Argonne National Laboratory to evaluate the

expected performance of ceramic and metal waste forms resulting from the electrometallurgical

treatment of sodium-bonded spent nuclear fuel. These waste forms constitute less than 0.1 % of the

total amount of waste planned for disposal in the proposed Yucca Mountain Repository.

Consequently they can be expected to make a negligible contribution to the dose rate at a well 20 km

from the repository.

To compare waste form performance, the releases of 99Tc,1291,and 237Npfrom the engineered

barrier system (EBS) in the proposed Yucca Mountain Repository were compared among

commercial spent nuclear fuel with cladding (CSNF), defense high-level waste glass (DHLW), DOE

spent nuclear fuel (DSNF), the ceramic waste form (CWF), and the metal waste form (MWF). These

radionuclides were selected because, in the Total System Performance Assessment - Viability

Assessment’ (TSPA-VA) WC and 1291are the dominant contributors to the dose rate at the 20-km

well during the first 40,000 years and 237Npis the dominant contributor after about 60,000 years.

They were also selected because they illustrate the importance of volubility in the interpretation of

the release. Both technetium and iodine are highly soluble in Yucca Mountain groundwater while



237Npis relatively insoluble. In the TSPA-VA model, once radionuclides leave the EBS, they can

no longer be distinguished in terms of the waste form where they originated.

II. EBS MODEL

The EBS includes everything within the drifts where waste is to be interred at Yucca

Mountain. In order to compare the performance of waste forms, the EBS model from the TSPA-VA

modell was recreated in a beta-version of the simulation program GoldSim2. The TSPA-VA model

included waste sources for CSNF, DHLW, and DSNF. Two waste sources were added to the

GoldSim model to accommodate the ceramic and metal waste forms.

In the TSPA-VA model, the number of failed waste packages is determined by multiplying

the total number of packages for a given waste source by the fraction of packages failed and

truncating to an integral number of packages. The fraction of failed packages is specified as a

function of time. With this method of computing package failure, waste sources with a smaller

number of packages will experience first package failure later than waste sources with a larger

number of packages. To prevent this artificial difference from affecting release rate calculations, the

number of packages for each waste form was arbitrarily set to 1000.

The radionuclide release models for the

viability assessment technical basis document.3

CSNF, DHLW, and DSNF

The release model for the

are described in the

ceramic waste form

(CWF) is described by Fanning, et al.4 Fink, et al.5 describe the model for the release of

radionuclides from the metal waste form (MWF). The IWNF model differs from the other models



in that separate release rates are specified for actinides and fission products. All the models except

for DSNF incorporate stochastic parameters to account for uncertainty in model parameters.

In addition to parameter uncertainties in waste matrix release models, additional sources of

variability or uncertainty arise from the random sampling of the duration of dry, long-term-average,

and super-pluvid climate conditions, and the random sampling of flow conditions within each of the

climate periods. Another source of variability is the random selection of the number of waste

packages exposed to dripping or non-dripping environmental conditions. In general, the larger the

number of waste packages placed in dripping conditions, the higher the release from the EBS will

be. To prevent a higher release from one waste source relative to another simply because the

packages from the first source had less favorable flow or placement conditions, these conditions

were made the same for each waste source in the GoldSim model. Thus, if the release from the EBS

is high for one waste source, the release will also tend to be high for all the other waste sources.

III PERFORMANCE ASSESSMENT

Performance assessment calculations for 10,000-, 100,000-, and 1,000,000-year durations

were run. For each radionuclide, the time history of the cumulative release was evaluated as the

average of 1000 time histories. An independent random sample of all stochastic input parameters

in the EBS model was used for each time history.

A. 1291Release from the EBS

Because of its high volubility in Yucca”Mountain groundwater, release of ’291from the EBS

will be controlled by waste form degradation. Figure 1 shows the time history of the normalized



cumulative release (NCR) of 12?Icalculated in a 100,000-year simulation. The NCR is evaluated

by dividing the cumulative mass release of 1291for each waste form by the initial mass of 1291in the

waste form. The NCR provides a measure of the ability of each waste form to retain nuclides within

the Yucca Mountain environment. The curves show that the NCRS for DHLW and the CWF are

similar and higher than for CSNF. In comparing the curves for DHLW and the CWF, it should be

noted that the degradation rate for DHLW includes a cracking factorof21 while the model for the

CWF currently does not include a cracking factor. A curve for the MWF is not shown because 1291

is not present in the MWF, The dissolution rate from DSNF is sufficiently large that the release from

the EBS is controlled by waste package failure. Thus, the NCR for DSNF is the upper bound for the

release of ‘2~.

The curves in Fig. 2 show for the probability distribution of the NCR of 1291from the CWF.

Also included are the upper bound and mean for the NCR. Corresponding plots for the other waste

forms would have a similar appearance. The curves indicate that the probability distribution for the

NCR is strongly skewed toward low releases. Much of the variability indicated in Fig. 2 is caused

by the randomness of the number of packages assigned to various environmental conditions and the

flow that occurs during various climate conditions. Because, as noted earlier, these conditions are

the same for all waste packages, the rank order for the curves shown in Fig. 1 is not expected to vary

significantly.

B. ‘~c Release from the EBS

9~c is also highly soluble in Yucca Mountain groundwater. Although not shown here, NCRS

for this radionuclide would look similar to those in Fig. 1 for CSNF, DHLW, and DSNF, except that
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they are somewhat lower at large times because of the shorter half-life of ‘~c compared to ‘291.

There would be no curve for the CWF because the CWF does not contain 9~c. The NCR for the

MWF is lower than for CSNF for the first 30,000 years. Following 30,000 years, the NCR for the

MWF is higher than for CSNF and lower than for DHLW. Percentile time histories for 9~c are

similar to those shown for the CWF in Fig. 2.

(J 237Np Release from the EBS

Figure 3 shows the unnorrnalized cumulative mass release for 237Npover the first 10,000

years after emplacement. Because 237Npis relatively insoluble in Yucca Mountain groundwater, the

mass releases for DSNF, DHLW, the CWF, and the MWF are the same until about 6500 years.

These releases would also be the same as for CSNF except for a difference in the size of the CSNF

waste package. NCRS are misleading when the release is volubility limited. The waste form with

the highest 237Npinventory will have the lowest NCR. Because the initial inventories of 237Npare

about a factor of five lower in the CWF and a factor often lower in the MWF than for the DSNF,

the releases for the CWF and the MWF from the EBS cease to be volubility limited earlier than for

the other waste forms. Even though the inventory for 237Npis higher in the CWF than in the MWF,

the CWF release ceases to be volubility limited earlier because the CWF release rate model predicts

a lower release rate for actinides than the model for the MWF. The mass releases from the CWF and

the MWF never exceed the mass release from the other waste forms and after about 15,000 years is

at least an order of magnitude lower.

IV. CONCLUSIONS



This work demonstrates a technique for comparing the performance of w%te forms in a

repository environment when one or more of the waste forms constitute a small part of the total

amount of waste planned for the repository. In applying the technique, it is important to identify

radionuclides that are highly soluble in the transport fluid since it is only for these that the release

is controlled by the dissolution rate of the waste form matrix. The techniques presented here have

been applied to an evaluation of the performance of waste forms from the electrometallurgical

treatment of spent fuel in the proposed Yucca Mountain Repository EBS.
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