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ABSTRACT 

The Yucca Mountain Project is developing 
performance assessment approaches as part 
of the evaluations of the suitability of Yucca 
Mountain as a repository site. Lawrence 
Livermore National Laboratory is developing 
design concepts and the scientific 
performance assessment methodologies and 
techniques used for the waste package and 
engineered barrier system components. This 
paper presents an overview of the approach 
under development for postclosure 
performance assessments that will guide the 
conceptual design activities and assist in the 
site suitability evaluations. This approach 
includes establishing and modeling for the 
long time periods required by regulations: (1) 
near-field environment characteristics 
surrounding the emplaced wastes; (2) 
container materials performance responses; 
and (3) waste form properties. All technical 
work is being done under a fully qualified 
quality assurance program as specified in 
10 CFR Part 60. 

INTRODUCTION 

The Yucca Mountain Project of the U. S. 
Department of Energy (DOE) is currently 
evaluating the suitability of Yucca Mountain 
in southern Nevada as a repository site. The 
overall evaluation of a prospective geologic 
repository site includes evaluations to 
determine whether the repository and waste 
package subsystems can satisfy the 
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regulatory requirements for both the 
preclosure and postclosure periods. The 
Project includes performance assessments to 
assist in these evaluations and to guide the 
development of the repository design, the 
waste package design concepts, and the site 
characterization program. The performance 
assessments focus on developing and 
applying methods to determine the isolation 
potential of the unsaturated tuff at Yucca 
Mountain, but also include assessments of 
the response of the waste package and 
engineered barrier components in the near-
field underground environment surrounding 
the emplaced waste forms. 

The methods must be based on an 
understanding of the fundamental concepts of 
release mechanisms of radionuclides from the 
waste package, and of radionuclide transport 
and fluid flow in unsaturated, fractured rock 
in the near-field. They mus; be capable of 
addressing both expected conditions and 
unexpected potentially disruptive conditions 
that might exist during the required regulatory 
isolation periods. In addition, the 
performance assessment methods must be 
efficient enough to accommodate numerous 
parameters and their associated uncertainties 
as models are developed to demonstrate 
compliance with regulatory criteria governing 
radionuclide release to the appropriate 
regulatory boundaries for both the preclosure 
and postclosure periods. The current 
methods are based on the existing 
characterizations and other available 
information about the site, repository 
conceptual design, waste package design 
concepts, waste forms, candidate container 
materials, near-field geochemistry, near-field 



fluid flow, and near-field reactive chemical 
transport phenomena. The final methods will 
ultimately be supported by new data obtained 
during the period of site characterization. 

This paper presents an overview of the 
approach to postclosure performance 
assessments being developed and applied for 
the Project to the waste package design 
concepts, other engineered barrier 
components of the geologic repository 
system, and the near-field underground 
environment surrounding the emplaced 
radioactive wastes. Performance 
assessments are used in an iterative feedback 
approach as part of a systems engineering 
approach to: (1) aid in establishing realistic, 
yet conservative, design requirements; (2) 
guide both the waste package and the 
engineered barrier system design process; 
and (3) demonstrate the necessary regulatory 
compliance. 

These performance assessments, when 
focused on file waste package and engineered 
barrier systems, also generate valuable 
programmatic information for management 
by providing recommendations for the 
following: 
• performance assessment subsystem 

model development needs; 
• research and development (R&D), labora

tory and field data needs; 
• amount and accuracy of near-field envi

ronment, container materials and waste 
form characterization testing; 

• distribution of performance allocations 
between the engineered barriers, natural 
barriers, underground facility, and waste 
package design concepts; 

• critical site characterization activities; 
• alternative licensing and regulatory 

compliance strategies. 

OVERVIEW 

For the Yucca Mountain site, the waste 
package consists of the waste form within a 
disposal container. The waste form is either 
spent fuel from commercial nuclear power 
plants or vitrified waste generated from the 
reprocessing of spent fuel. Like the site and 
the repository subsystems, the waste package 
is a major element of the mined geologic 

disposal system. For the Yucca Mountain 
site, it is the principal engineered barrier. 
The waste package and other engineered 
barrier components, ^uch as shield plugs, 
borehole supports and so forth, will be 
designed to meet various functional and 
regulatory requirements including those 
specified by the Nuclear Regulatory 
Commission (NRC) in 10 CFR Part 60. 
Among these are the preclosure requirements 
for radiation protection, for criticality 
prevention, and for maintaining the option to 
retrieve emplaced waste. For the postclosure 
period of interest to this paper, the 
requirements include the performance 
objectives of: (1) contributing to the limiting 
of long-term releases of radioactive materials 
to the accessible environment such that they 
conform to applicable regulatory 
requirements for up to 10,000 years after 
permanent closure (10 CFR Part 60.112); (2) 
providing substantially complete containment 
within the waste package for a period of 300 
to 1,000 years (10 CFR Part 60.113); and 
(3) thereafter, controlling the rate of 
radionuclide release from the engineered 
barrier system (10 CFR Part 60.113). 

Postclosure performance evaluations of 
the waste package and engineered barrier 
components consider the expected and 
unexpected near-field environments after 
waste emplacement for specific design 
concepts of the waste emplacement boreholes 
and the entire underground repository, 
including the shaft and ramps between the 
surface and underground facilities. To 
demonstrate regulatory compliance for the 
long-term containment and isolation 
requirements, performance assessments must 
systematically: (1) identify and screen all 
significant processes and events that may 
affect the geologic repository and the near-
field environment surrounding the emplaced 
waste; (2) evaluate and model the effects of 
these processes and events on the 
radionuclide releases over the appropriate 
time periods from the engineered barrier 
systems and through the unsaturated 
fractured rock via appropriate near-field flow 
and reactive chemical or radionuclide 
transport phenomena; (3) integrate the near-
field and far-field fluid flow and transport 
models to estimate calculated radionuclide 



releases to the accessible environment; and 
(4) combine estimates of all these effects to 
the extent practicable into a complementary 
cumulative distribution function (CCDF) 
displaying the probability that the amount of 
radioactive material released to the accessible 
environment will not exceed the specified 
values taking into account any uncertainties in 
the numerical predictions. 

For the significant processes and events, 
or scenarios, taken into account in the 
performance assessments, the individual or 
coupled release model of radionuclides from 
the waste package, the engineered barrier 
system, and the repository must be specified. 
Releases may potentially occur by water and 
fluid pathways, in which dissolved or 
colliodial radionuclides are transported 
through the near-field environment by water; 
by gas pathways, in which gaseous 
radionuclides are transported in gaseous 
forms; and by direct pathways, in which 
radionuclides are transported directly to the 
accessible environment by mechanical means 
such as future human activities or magmatic 
extrusion. 

In the Project, performance assessments 
directly support waste package design efforts 
by: (1) predicting the performance of a given 
design for specific scenarios including the 
associated near-field environment conditions 
over the appropriate time period; (2) 
comparing the performance results with the 
resulatory performance objectives and other 
performance measures to demonstrate 
regulatory compliance; and (3) if necessary, 
recommending rpecific proposed constraints 
or modifications to the initial design concept 
being assessed to improve the waste package 
or engineered barrier system performance. 
The assessments use the currently available 
design concepts, site characterization data, 
materials testing data, waste form 
characterization data, near-field geochemistry 
predictions, near-field flow and reactive 
chemical transport data to evaluate the 
performance for various scenarios. 

Because only preliminary data are 
currently available for essentially all 
scenarios, initial performance assessments 
are limited to development of assessment 

methodologies, to bounding or scoping 
calculations, to sensitivity studies, and to 
parametric variations. For these initial 
assessments, only best estimates of values 
are available for parameters. Three major 
documented compilations are now in 
progress for the Yucca Mountain site of the 
best available parameters for the reference: 
(1) near-field environment characteristics 
including the geochemical, thermal, 
hydrological, geomechanical, and radiation 
field properties; (2) spent fuel and glass 
waste form properties; and (3) container 
material properties. Future laboratory and 
hot cell R&D testing, as well as surface-
based testing and underground site 
characterization activities are also planned to 
obtain measured values of these parameters. 
All of this technical work and the planning 
itself are being done under a qualified quality 
assurance program as specified in 
10 CFR Part 60. 

Unless the site conditions or test results 
are markedly different from those assumed in 
the reference compilations, the measured 
values will represent refinements or 
confirmations to the initial estimates and will 
likely only reduce the uncertainties. The 
initial assessments will use values for 
parameters which are estimated to be 
bounding values in the reference properties 
compilations. Such assessments are used to 
update the waste package and engineered 
barrier system designs, to verify or revise the 
initial performance allocations of the waste 
package and engineered barrier system 
components, to identify and prioritize needed 
model development R&D and laboratory 
tests, and to recommend specific critical 
surface-based and underground site 
characterization activities. As the data bases 
for the near-field environment, waste forms, 
and container materials are developed, and as 
more data become available, each iteration of 
the performance assessments will become 
more complex, more predictive and final. 

It is anticipated the final performance 
assessments prepared for the repository 
license application and the safety analysis 
report will be generally consistent with the 
responses calculated during the earlier 
performance assessments but will likely only 
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reduce the magnitude or level of the bounc"' 
in the bounding assessments. For those 
cases where unexpected results are obtained 
in either the R&D tests or in the site 
characterizations that adversely affect the 
performance assessment modeling results, 
institution of modifications to the waste 
package designs and engineered barrier 
system designs becomes a viable option to 
mitigate calculated adverse effects. 
However, because of the use of discrete and 
separate sequential design phases, (i. e., 
advanced conceptual, license application, and 
the final procurement, engineering and 
construction designs) each containing more 
detailed design details and degrees of 
completion, and because of the frequent and 
iterative nature of performance assessments, 
corrections to the design activities to improve 
the performance can be made with minimal 
loss of completed design work. 

Because performance assessments are 
used as evaluations of the design, designers 
and technical staff conducting performance 
assessments must interact continuously, 
iteratively, and actively during all design 
phases. Performance assessments will 
always use the currently available design 
information, laboratory and field test data, 
and site characterization data to compare the 
predicted response of the current repository 
and waste package designs with regulatory 
performance criteria. Performance 
assessments will be continuously made 
available to the designers through timely and 
frequent reports, nominally one per year. 

When predicted responses deviate 
significantly from performance criteria 
requirements, the design may need to be 
changed', resulting in a revised design. The 
revised design will be used in the next 
iterative performance assessment to verify 
that the revised design performs better. In 
some cases during the initial phases of this 
Project, as the requirements are still being 
defined or revised, a recommendation for an 
alternative interpretation of the requirements 
or design bases may also be proposed based 
on the performance assessment results. 
Should alternative design requirements be 
proposed, or be determined from the 
performance assessments that data are not 

sufficient, these needs will be identified in 
reports to management at specific and 
iterative times. The designers and 
management will utilize these reports to 
develop the design concepts that can meet the 
regulatory requirements and to guide the site 
characterization activities. Performance 
assessments are a key part of the process 
being developed to support design 
developments and site suitability evaluations. 
In addition, they are a key part of the 
approach being used to develop a waste 
package and engineered barrier system that 
meets regulatory criteria. 

FINAL REMARKS 

The methodology and approach for 
performance assessments are now being 
developed. Detailed planning documents for 
the technical activities are being prepared, 
reviewed, approved, and implemented. The 
documents specify the detailed technical 
approaches for conducting performance 
assessments and developing design concepts 
of the waste package and engineered barrier 
systems. Technical approaches for 
establishing the near-field waste package and 
engineered barrier system environment 
characteristics, including fluid flow and 
reactive chemical and radionuclide transport 
phenomena, for conducting container 
materials testing and modeling, and for 
characterizing spent fuel and glass waste 
forms are also being implemented. All 
activities are in full compliance with the 
quality assurance requirements specified in 
10CFRPart60. 
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