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Introduction 

The next total-system performance-assessment (TSPA) analyses are designed to aid 

DOE in performing an "investment analysis" for Yucca Mountain. This TSPA must try 

to bound the uncertainties for several issues that will contribute to the decision whether 

the U.S. should proceed with the development of a nuclear-waste repository at Yucca 

Mountain. Because site-characterization experiments and data collection will continue 

for the €oreseeable future,, the next TSPA (called TSPA-IA) will again only be able to use 

partially developed models and partial data sets. In contrast to previous analyses (e.g., 

TSPA-91, SPA-93, and TSPA-95) however, TSPA-IA must address more specific 

questions to be of assistance to the investment-analysis deliberations. 

Problem Statement 

TSPA-IA must test the ability of the Yucca Mountain site and the engineered 

repository system to prevent or mitigate releases of radionuclides as a result of nominal 

and disturbed conditions. Because some of the successful performance of a potential 

Yucca Mountain repository under disturbed conditions will be a result of the infrequent 

occurrence of disruptions such as tectonic events, much of the effort will be directed 

toward evaluating the consequences of nominal-flow processes. The process of 

identifying what features, events and processes (FEPs) are important is developed in the 

Nominal-Flow Scenarios documentl. The scenarios are logically connected sequences 

constructed from the FEPs to identify how radionuclide releases could result from 

specific initiating conditions. The nominal-flow hydrologic scenarios provide 

descriptions of general classes of processes that may be expected to occur due to the 
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presence of the repository, such as movement of groundwater driven by repository 

thermal effects, alteration of chemical properties of the repository host rock, and 

establishment of thermo-hydrologic features. The DOE Waste-Isolation Strategy selects 

an idealized subset of FEPs that occur in some of the nominal-flow scenarios; these are 

presented as hypotheses for conditions that in isolation would guarantee waste 

isolation. 

TSPA-IA must investigate as many of the hydrologic scenarios as is feasible. By 

doing so, the analyses will be systematically developing technical support for the 

investment analysis. The hypotheses given in the Waste Isolation Strategy as being 

critical to successful performance of a repository can be tested by performing analyses 

based on specific FEPs given in the reference hydrologic scenarios. Failure to affirm 

these hypotheses is not, however, a positive indication of failure of the site. The entire 

scenarios from which the hypotheses are extracted must be analyzed. The hypotheses 

and examples of detailed questions that must be answered are: 

* "Theflow of groundwater into the reposito y is low. There will be little water for dissolving 

or transporting radionuclides." 

For this hypothesis to be true, it must be shown that during the repository thermal 

period nonuniform heating does not cause diversion of condensate to parts of the 

repository, and episodic flow does not result in locally saturated flow or fracture 

flow to the waste packages. Either of these occurrences could produce large flows of 

groundwater. After the repository has cooled down, the return of condensates or 

infiltration must be shown to not cause excessive wetting of the waste packages 

despite thermal-mechanical and thermal-chemical alteration of the rock surrounding 

the waste packages that may change the return flow patterns. 

"Heat from the reposito y will cause low humidity in the repository and corrosion of waste 

containers will be negligible for thousands of years. . . .I' 



It must be shown that steam corrosion during the thermal period does not occur; 

that dry oxidation of the waste package does not occur; that non-uniform heating 

does not cause mechanical damage to the containers due to tunnel failure or rock 

fall. In all of these cases, heat alone is not known to be sufficient to ensure waste- 

package longevity. 

”Once waste packages corrode, mobilization of waste in water will be slow.” 

It must be shown that the conditions outlined for the thermal period in the first 

hypothesis do not produce a chemical, physical, hydraulic, or temperature 

environment that will readily mobilize the radionuclides by either dissolution or 

colloid formation. If the container has survived the thermal period, it must be 

shown that rapid corrosion and that mechanical damage from rock fall do not 

provide fast paths for radionuclide mobilization. 

“The engineered barriers . . . will limit migration of radionuclides into the host r9ck and any 

sources of groundwater. ” 

For this hypothesis to be true, it must be shown that during ihe repository thermal 

period neither episodic flow nor condensate transfer produce a ”carrier plume” 

containing contaminants. In the post-thermal period, the re-establishment of the 

groundwater flow field must not establish a carrier plume with contaminants. Such 

a carrier plume, impressed with the signature of the repository, may have 

sufficiently different chemical characteristics from the native groundwater that there 

may be significant alteration of the repository rock. 

“Concentrations of radionuclides in water will be strongly diluted by dispersion and mixing 

in the groundwater system below the reposito y. I’ 

For dilution to occur, it must be shown that the contaminants do not remain at the 

top of the water table, but mix throughout the aquifer. During the thermal period, 

the carrier plume will be strongly heated; it must be shown that this heating causes 

the contaminants to be strongly mixed by convection. During the post-thermal 
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period, when the carrier plume is weakly heated, it must be shown that the flow 

system is not stratified, causing contaminants to remain at  the top of the water table; 

mixing in tkus case must occur by diffusion and dispersion. 

Conclusion 

The example questions given above provide details of the parts of the nominal-flow 

hydrologic scenarios hypothesized by the Waste Isolation Strategy to be important. 

They represent only a glimpse of the complexity involved. Through "SPA analyses and 

laboratory and field experiments the hypotheses can then be tested. By developing 

detailed questions to test the hypotheses in the Waste Isolation Strategy, the TSPA 

analyses begin to reduce the uncertainties in our understanding of the Yucca Mountain 

site. As the scenarios are tested, we can progressively improve our estimates of the 

suitability of Yucca Mountain. It should be emphasized that failure to demonstrate the 

hypotheses given in the Waste Isolation Strategy will not be sufficient for denying site 

suitability. 
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