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Abstract. The Center for Nuclear Waste Regulatory Analyses (CNWRA) was established by the United States Nuclear Regulatory Commission (USNRC) in 1987 as an independent technical and scientific support organization to help USNRC fulfill its responsibilities under the Nuclear Waste Policy Act (NWPA) related to a potential repository at Yucca Mountain, Nevada, and interim storage facilities for spent nuclear fuel and high-level radioactive waste. CNWRA has assembled and retained a highly qualified work force, together with appropriate laboratory, field, and computing facilities, to provide comprehensive long-term support to USNRC for its regulatory activities. 

1.
Introduction

The CNWRA was established by USNRC as a Federally Funded Research and Development Center with the specific mission of providing scientific and engineering support focused on high-level nuclear waste management. Although it is an independent business entity, CNWRA functions as an operating division of its larger parent(Southwest Research Institute, a nonprofit research company with an established infrastructure. Organizational attributes of CNWRA that are essential for its successful support of USNRC include (i) being independent and free from the potential for any conflict of interest, (ii) being competent and capable of providing consistently high‑quality support, (iii) having longevity to assure continuity of support and a “corporate memory,” (iv) complementing USNRC staff to avoid gaps or overlaps in technical expertise, and (v) having clear roles and responsibilities. 

2.
Role of Independent Scientific and Engineering Analyses

CNWRA roles and responsibilities include providing research and technical assistance, developing technical bases for regulations and guidelines, reviewing applicant’s safety analyses, providing hearing support, enhancing public outreach and communications, and providing technical advice. In each area, independent scientific and engineering analyses have been important to the USNRC regulatory process. A few examples illustrate some of these roles.

2.1.
Development and Implementation of Regulations and Guidance

CNWRA helped USNRC develop regulations applicable to the potential repository at Yucca Mountain, Nevada [1], and preparing formal guidance [2] on how the USNRC staff will review and evaluate a license application for the repository. The USNRC staff conducted scoping studies to build confidence that the regulations could be effectively implemented and the review guidance would result in a consistent, technically sound, and comprehensive safety evaluation report.

The regulations [1] for the potential repository establishes (i) an all-pathways, mean annual dose criterion, (ii) a human intrusion criterion, and (iii) groundwater protection criteria. The United States Department of Energy (USDOE) is responsible for presenting its safety case in a license application; for that purpose, it has developed a computer code to analyze the performance of the repository system. Likewise, the USNRC and CNWRA staff developed their own Total-system Performance Assessment (TPA) computer code [3] in an iterative manner to support development of its regulation, enhance staff expertise, and risk-inform its work. Figure 1 illustrates an example calculation using the TPA code.

2.2.
Evaluation of the Relative Importance of Factors Affecting Repository Performance

To effectively and efficiently focus efforts, both developers and regulators of geologic repositories must understand the relative importance of the factors affecting performance. In the U.S. program, this focus is fostered by the risk-informed, performance-based framework of the USNRC regulations and facilitated by application of both process-level (i.e., subsystem-level) and total-system analyses.

Fundamental to the consideration of locating a geological repository at Yucca Mountain is the notion that waste packages would remain relatively dry for long periods in the hydrologically unsaturated rocks [4,5]. The potential for salts in groundwater and atmospheric dusts to accumulate on waste packages and create conditions that could foster localized corrosion led CNWRA to independently examine the deliquescence point of solutions that could contact waste packages [Figure 2].
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	FIG. 1. Individual dose estimated for undisturbed conditions with USNRC−CNWRA TPA code. Each Monte Carlo realization is shown with various percentiles and the mean. The spread represents the effect of parameter uncertainties.
	FIG. 2. Relative humidity in the presence of salts as a function of temperature. Relative humidity can affect potential onset of localized corrosion. 


Results of the deliquescence study provided the in-depth understanding needed to evaluate USDOE studies, assessed the factors affecting the magnitude of the potential effect, and identified the presence of chemical species that could mitigate localized corrosion. These results allowed staff to critically assess the likelihood of localized corrosion in the presence of deleterious and effect-mitigating chemical species.

Relative importance of major repository subsystems down to individual radionuclides can be evaluated. For example, independent analyses examined the relative importance of waste packages and drip shields (designed to prevent infiltrating water from contacting the waste package at high temperatures). Using the best available information about the natural system and proposed repository 

design [6,7], a 350-realization run of TPA estimated the basecase dose under three scenarios [Figure 3]. The results illustrate how these components affect when contaminants begin to reach the accessible environment and the peak dose to a receptor in the accessible environment. 

A similar evaluation of relative contributions of various radionuclides to receptor dose showed that more than 90 percent of the estimated dose results from only three radionuclides: Tc-99 (48%), I-129 (24%), and Np-237 (19%). The independent study also provided important insight into why these radionuclides dominate dose estimates (i.e., long life and low retardation) and what repository system components contribute to total-system results. Armed with these insights, the regulator can focus on the assumptions and technical bases in the license application that ensure dose estimates adequately consider these factors.

2.3.

Evaluation of Alternative Models

CNWRA used alternative models [8,9] and field experiments [10] to test a USDOE hypothesis that strata in the unsaturated zone overlying the potential repository will cause water to flow laterally, thus shedding water from the repository footprint [11,12]. The alternate models and field investigations indicated that faults and fractures in nonwelded tuffs are likely to limit the lateral diversion of flow. One alternative model was calibrated using only field data, such as water table depth [13], while the other included qualitative information in the calibration. Comparisons with the USDOE contaminant plume provided a basis for comments on USDOE methods and assumptions and supported prelicensing interactions with USDOE.

2.4.

Evaluation of Adequacy of Analyses and Hearing Support

Independent scientific and engineering analyses support the regulator in evaluating the adequacy of analyses both before and during the hearing process. For example, to investigate ground response at surface facilities at the potential repository, CNWRA integrated available geologic and geotechnical data to construct a three-dimensional EarthVision® model of the surface facility area [14]. In this model, seismic properties of stratigraphic units were explicitly incorporated in contrast to the USDOE assumption of a single stratum with random distribution of properties. The CNWRA analysis showed that ground response varies significantly across the site and that stratigraphic effects at locations with thick subsurface layers of alluvium and nonwelded tuff can amplify ground motions by a factor of two.
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	FIG. 3. A representation of system sensitivity to subsystem performance. The graphs indicate that drip shields have a relatively moderate influence while waste packages (WP) have a significant influence on system performance (1 mrem = 0.01 mSv).


2.5.

Support to Public Outreach and Communications

Finally, independent analyses bolster public outreach and communication with stakeholders. Various techniques are used to increase the effectiveness of communications. Independent scientific and engineering analyses often underlie the physical models, computer visualizations, and animations that illustrate repository performance. More broadly, the fact that independent analyses have been conducted conveys to the stakeholders that CNWRA and USNRC are fully competent to challenge the assumptions and conclusions of the applicant and independently arrive at a conclusion about the safety of the potential repository.

3.
Conclusion

With CNWRA attributes such as independence, competence, longevity, complementary skills, and clearly defined roles and responsibilities, USNRC is assured of being successfully supported by CNWRA. Since its inception in 1987, these attributes have been important to the success of CNWRA. Independent scientific and engineering analyses have proven to be particularly important, as illustrated in the examples presented.

REFERENCES

[1]
CODE OF FEDERAL REGULATIONS, “Disposal of High-Level Radioactive Wastes in a Geologic Waste Repository at Yucca Mountain, Nevada,” Title 10―Energy―U.S. Nuclear Regulatory Commission, Part 63, Washington, DC: U.S. Government Printing Office (2004).

[2]
USNRC, NUREG-1804, “Yucca Mountain Review Plan,” Rev. 2, Washington, DC: NRC (2002).

[3]
MOHANTY, S., et al., “System-Level Performance Assessment of The Proposed Repository at Yucca Mountain Using the TPA Version 4.1 Code,” CNWRA 2002-05, Rev. 2, San Antonio, Texas, CNWRA (2004).

[4]
CIVILIAN RADIOACTIVE WASTE MANAGEMENT SYSTEM MANAGEMENT AND OPERATING CONTRACTOR (CRWMS M&O), “Yucca Mountain Site Description Document,” TDR-CRW-GS-000001, Rev. 01, ICN 01, Las Vegas, Nevada (2000).

[5]
CRWMS M&O, “Repository Safety Strategy:  Plan to Prepare the Safety Case to Support Yucca Mountain Site Recommendation and Licensing Considerations,” 

TDR-BWI-SBR-LB000001, Rev. 4, ICN 01, Las Vegas, Nevada (2000).

[6]
CRWMS M&O, “Near-Field Environment Process Model Report,” TDR-NBS-MD-000001, Rev. 00, Las Vegas, Nevada (2000).

[7]
USDOE, USDOE/EIS-0250D, “Draft Environmental Impact Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada,” Las Vegas, Nevada: USDOE, Office of  Civilian Radioactive Waste Management (1999).

[8]
USNRC, “Issue Resolution Status Report, Key Technical Issue:  Unsaturated and Saturated Flow Under Isothermal Conditions,” Rev. 2, Washington, DC: USNRC (1999).

[9]
WINTERLE, J.R., “Evaluation of Alternative Concepts for Saturated Zone Flow:  Effects of Recharge and Water Table Rise on Flow Paths and Travel Times at Yucca Mountain,” San Antonio, Texas, CNWRA (2003).

[10]
DINWIDDIE, C.L., et al., “Fault Zone Deformation Overprints Permeability of Nonwelded Ignimbrite: Chalk Cove Fault, Bishop Tuff, Bishop, California,” Vadose Zone Journal, Volume 5, 610-627 (2006).

[11]
CRWMS M&O, “Unsaturated Zone Flow and Transport Model Process Model Report,” TDR‑NBS-HS-000002, Rev. 00, Las Vegas, Nevada (2000).

[12]
CRWMS M&O, “Simulation of Infiltration for Modern and Potential Future Climates,” 

ANL-NBS-GS-000032, Rev. 00, Las Vegas, Nevada (2000).

[13]
CRWMS M&O, “Saturated Zone Flow and Transport Process Model Report,” 

TDR-NBS-HS-000001, Rev. 00, ICN 02, Las Vegas, Nevada (2000).

[14]
GONZALEZ, S., et al., “Preliminary Evaluation and Analyses of the U.S. Department of Energy Geotechnical Data for the Waste Handling Building Site at the Potential Yucca Mountain Repository,” San Antonio, Texas, CNWRA (2004).

� EMBED Unknown  ���











�








� EMBED KGraph_Plot  ���













































































� This paper describes work performed by the Center for Nuclear Waste Regulatory Analyses (CNWRA) for the United States Nuclear Regulatory Commission (USNRC) under Contract No. USNRC–02–02–012. The activities reported here were performed on behalf of the USNRC Office of Nuclear Material Safety and Safeguards, Division of High-Level Waste Repository Safety. This paper is an independent product of CNWRA and does not necessarily reflect the view or regulatory position of USNRC.
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