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1. Introduction

The U.S. Department of Energy and its contractors are currently evaluating a site in
Nevada (Yucca Mountain) for disposal of high-level radioactive waste. The project
is technically and politically complex, and has multiple stakeholders, as well as
schedule constraints. All of these factors contribute to a difficult environment in
which to provide a transparent (clear and understandable) and traceable
documentation of the analyses of the site. This paper provides a case study of the
approach used to develop analyses and documentation for the evaluation of the
performance of the site, including example results. In particular, reference is made
to the Viability Assessment of Yucca Mountain [1], a report to the U.S. Congress
that will be used in the decision-making for future investigation of the site.

Two of the major goals of the performance assessment portion of the Viability
Assessment (and in future assessments of the site) were to provide both
transparency of analysis and traceability of information to the stakeholders.

• Transparency includes imparting a high level of understanding to the
stakeholders, many of whom are not technically sophisticated in the nuances
involved in radioactive waste disposal. The use of graphics and multiple levels
of detail in the documentation were determined to be of crucial importance to
transparency.

• Traceability includes developing the documentation of all analysis decisions,
models and data so that the results are reproduceable by other analysts without
intervention from the project analysts. Configuration control of software and
data is imperative to traceability.

The technical complexity of radioactive waste disposal requires evaluation of
uncertainties in the processes and rates that will occur in the disposal system in the
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future. Forecasting the performance of the system with models attempts to establish
the limits of the possible performance outcomes of the disposal system. The
forecasting is limited by available data and our current ability to assess what might
happen to the disposal system through the course of time. Processes that are linked to
or provide feedback to other processes compound the uncertainty in the behavior of
the system through time. Describing the uncertainties in the system presents a
significant challenge to providing transparency.

In addition to the technical complexity of the project, there is considerable political
complexity of organization that must also be understood and properly managed in
order to accomplish the technical goals of transparency and traceability. The project
is managed by a Management and Operating Contractor to the U.S. Department of
Energy, that is comprised of over 20 organizations, including corporations, national
laboratories, and the U.S. Geological Survey. The alignment of the multiple
organizations requires a high level of coordination.

The remainder of this paper discusses the general approach to the performance
assessment analyses and documentation followed by example results and general
conclusions. The conclusions include discussion of some of the key improvements
necessary as the project proceeds toward licensing.

2. Approach

The overall approach to providing a transparent and traceable document for the
Viability Assessment involved developing a clear analysis method, followed by
development of the text and graphics necessary to meet the objectives. The analysis
method was developed by performance assessment analysts with experience in
previous performance assessments. The documentation required coordination of
technical integrators, technical specialists, graphic specialists, technical editors, and
production specialists.

2.1 Transparency

Developing understanding of the method and results of the total system performance
assessment required a multi-level demonstration of the analyses. Graphics and text
were aggressively developed to provide information appropriate to a specific
audience. Several different levels of detail were used in communicating results,
depending on the audience. A progression of documents from complex to simple
(3,000 pages in a technical basis document to 8 pages in an overview) were
developed to satisfy the mix of audiences comprising the various stakeholders.

It was determined after presentations to reviewing organizations that transparency
hinges on an easy to understand graphical portrayal of the physical processes
evaluated by the models. In particular, the figures showing model conceptualization
had to be at the appropriate level of detail for the technically literate, but not
radioactive-waste literate, person to quickly understand. Graphical specialists
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worked with the performance assessment analysts to develop these figures. The
progression and improvement in these conceptual figures from previous performance
assessments is significant.

The analyses were discretized into several parts, for ease of computation and clarity
of presentation. Each part had key processes associated with it. These processes
were captured graphically, an example of which is provided in Figure 1.

The individual discrete analyses were linked together to develop the total system
performance assessment. The information flow diagram showing how the many
parts were linked together is shown in Figure 2. The analyses utilized several
hundred parameters with uncertainty ranges.

The text was initially developed by the analysts, reviewed by a technical editor and
then sent to production. An assumption was made that the analyst would need help
in order to write the type of summary document required for Congress. The review
by a technical editor was oriented toward avoidance of acronymns and technical
radioactive waste jargon, and providing a fresh look at the text from someone who
was somewhat removed from the analysis. Consensus between the analysts and
editors was achieved, though this step provided some difficulty.

Finally, multiple levels of review were conducted to ensure that the documentation
met its goals for transparency and traceability. The documents underwent extensive
internal review during their development. Technical editors attempted to open the
technical details for understanding by non-radioactive waste technical personnel.
Project reviewers provided both technical and appropriateness reviews. In addition,
external reviews of the approach and procedures was solicited. A Performance
Assessment Peer Review Panel was organized consisting of six experts in the key
areas of the PA. They were periodically briefed on the approach and interim results.
They provided useful comments several times during the development of the PA that
helped improve the transparency and defensibility of the analyses. Additional
briefings and comments were received from the U.S. Nuclear Waste Technical
Review Board, and the regulator, the U.S. Nuclear Regulatory Commission.

Another aspect of the development of the analyses involved the use of expert panels
to attempt to better characterize the uncertainty in several areas (waste package
degradation, saturated zone flow, infiltration, etc).

2.2 Traceability

The traceability of the analyses requires the ability to explicitly identify the sources
of data used, the version of software used, and the models used. The regulator and
other interested parties need to be able to reproduce the results of the analyses
without assistance from the performance assessment analysts. Explicit
documentation of all steps taken in the analyses, of the software, and of the input
used to generate the analyses need to be available to attain the goal of traceability.
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The software traceability was attained through the use of configuration management.
Software versions are controlled, and the version used for a particular analysis is
recorded. Some data was retrieved directly from the controlled database. Other data
passed from organization to organization was sent to the database and given a
tracking number prior to use by the downstream organization. Additional
traceability was afforded by documentation of the specific details of a calculation or
analysis in proceduralized documents. Figures in the performance assessment
documentation were labeled with data or file names for ease of retrieval.

Portions of the analyses are more easily traced than others. For example, the top
level of the performance assessment model hierarchy is fairly self-contained in the
total system performance assessment code and it's associated linked files, making
reproduceability of that part of the analyses straightforward. However, moving
down the model hierarchy and "pulling the data string" to the basis of the process
models feeding PA or to the data supporting the process models is more complex
and for the VA analyses was not easy to achieve. Steps are being taken to improve
traceability in these areas.

3. Results

The analyses of the repository system performance were recorded in a multi-tier
documentation package [1], [2]. This provides documentation for several discrete
segments of the stakeholder population; technical specialist, technical generalist, and
general educated public.

The results of the analyses were presented in three basic ways. First, best estimate or
expected value results provided the dose rate as a function of time for the simulation
that sampled the mean value from the uncertain parameter ranges (Figure 3).
Second, probabilistic results were presented as complementary cumulative
distribution functions of the peak dose from 100 realizations of the uncertain input
parameters. Third, differential sensitivity analyses were performed to determine the
sensitivity of dose rate to variations in key input parameters. These latter were
variations of one parameter at a time with respect to the expected value simulation.
The probabilistic results were analyzed by linear regression to determine the most
important factors causing uncertainty in the dose rates to the critical population
group. The linear regression analyses and differential analyses were then examined
together to rank the key factors affecting dose rates. The primary factors included
the number of waste packages contacted by seeping water, the waste package
degradation rates, and the dilution in the saturated zone. The identification of these
factors important to performance helped inform an ongoing effort to optimize the
design of the repository and further decrease potential doses.
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4. Conclusions

The recent assessment of the Yucca Mountain potential repository attempted to
develop transparent and traceable documentation. The assessment was largely
successful in this effort, providing meaningful graphics and easy to understand
descriptions of the analyses for multiple audiences. While there are obviously many
areas in the modeling and data collection that could be improved with sufficient
resources, the document has been well received as an accurate, understandable
assessment of the analyses.

A few difficulties were encountered in the efforts to produce transparent and
traceable documentation of the performance assessment analyses. Streamlining the
text from a typical technical document to more of a layman's document, was not
always easy. The data transfer steps that are proceduralized were not always
smooth, as we worked out some of the bugs in the data transfer system. For some of
the graphics, there was a mismatch between the analyst's hardware/software and the
production hardware/software, causing difficulties in printing the graphics.

One thing that was clear as the many organizations worked to pull the document
together, is that relationships between people are still necessary in spite of all the
technology brought to bear on the problem. A high level of cooperation and
integration is necessary for the process to work smoothly.

Significant effort is being made to continue to improve the processes that lead to
traceability. Multiple teams are taking the sequencing of models/data apart and
finding all of the transfers required as the project moves toward Site
Recommendation and potential Licensing. Likewise, the effort to achieve
transparency is evolving and will improve with the next iteration of the analyses.
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Figure 1. Example Graphic showing processes potentially present in the system [1],
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Figure 2. Diagram of information flow in the total system performance assessment
(after [1]).
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Figure 3. Example expected value results for the base case scenario at 10,000,
100,000, and 1,000,000 years [1].
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