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ABSTRACT 

Processes that prevent or delay the migration of radionuclides in the geosphere relative to ambient water 

velocity are called retention processes. These processes can be chemical (e.g., ion exchange, sorption, and 

mineral precipitation) or physical (e.g., matrix diffusion from fractures into rock matrix or filtration of colloidal 

particles). Such retention processes can significantly delay and reduce the rate at which radionuclides are 

released to the biosphere and hence reduce the dose to biota, including humans. Retention processes are 

considered important components of the safety case (e.g., radionuclide delay in the unsaturated and the 

saturated zones) and are listed as principal factors in the U.S. Department of Energy Repository Safety 

Strategy (M&O, 2000) for the proposed Yucca Mountain site.  

The regulatory perspective on any topic related to safety, including retention processes, is formed in response 

to the primary regulatory mission of gaining reasonable assurance (or determining that the same cannot be 

gained) that public health, safety, and the environment will be protected. While the implementor alone is 

responsible for the design, construction, operation, and closure of a repository, once such a facility is approved 

(or licensed) by the regulator, in the public's mind the regulator is as much responsible for the integrity of the 

facility as the implementor. The public can easily lose confidence in the regulator's competence and 

effectiveness if the safety of an approved facility comes into question. Therefore, it is the regulator's job to 

evaluate potential vulnerabilities in the implementor' s safety case. The intensity of regulatory scrutiny of the 

retention processes will depend on the importance of these processes to the implementor's safety case.  

Specifically, the depth of examination of these processes during regulatory reviews will depend on the 

contribution they make to meeting the performance objectives (e.g., see Eisenberg and Sagar, 2000 for a 

discussion of importance analysis).  

Since repository safety is to be assessed for thousands of years after closure, simulation of repository 

behavior through mathematical modeling is an essential element of a safety case. The conceptual model of 

the engineered and natural barriers, mathematical formulation of the retention processes including coupling 

with thermal and hydrologic processes, estimation of model parameters, and numerical implementation of the 

model including consideration of both the model and parameter uncertainties are components that must be 

examined to determine whether the incorporation of the retention processes in the safety case is acceptable.  

The regulatory approach envisions an adequate description of the retention processes consistent with their



contribution to the safety case (see Davis et al., 1991 and Wingfore et al., 1999). In a regulatory review, 
greater uncertainties may be acceptable if the retention processes have a small effect on the overall safety 
of the repository.  

While, it is preferable to have as realistic a description of the various processes in performance assessment 
as possible, a wholly realistic description is not absolutely necessary to support regulatory decisions. For 
example, from a regulator's perspective, it will be acceptable to entirely neglect (not take credit for) retention 
processes in a safety case even though this may not be a realistic assumption. In such a situation, so long as 
it is assured that neglecting retention processes does not negatively effect repository performance, and so long 
as other regulatory requirements (e.g., defense-in-depth and/or multiple barriers) are satisfied, it should be 
acceptable to the regulator even though the overall system performance estimated using this assumption will 
itself not be realistic (i.e., it will tend to over-estimate radionuclide releases to the biosphere). Such 
assumptions can contribute to a safety margin-the difference between the unknown realistic value and the 
estimated conservative value of the performance measure such as radiation dose. Multiple barriers and 
defense-in-depth measures also contribute to safety margins. It is a good idea for the implementor to provide 
qualitative arguments whether an assumption in the safety case adds to or detracts from the safety margin, 
if quantitative estimation of the safety margin is not feasible.  

In this paper, we discuss the various questions posed by the workshop organizers with respect to two of the 
retention processes-ion exchange (or sorption) and matrix diffusion.  

This paper documents work performed in part for the U.S. Nuclear Regulatory Commission (NRC) by the 
Center for Nuclear Waste Regulatory Analyses under contract NRC-02-97-009. This work was conducted 
on behalf of the NRC Office of Nuclear Material Safety and Safeguards, Division of Waste Management.  
The paper is an independent product and does not necessarily reflect the views or regulatory position of the 
NRC.  
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