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1.0 INTRODUCTION

1.1 .Purpose

The U.S. Department of Energy is responsible for the design, construction, operation, and

decommission of a site for the deep geologic disposal of high-level radioactive waste (HLW).

This involves site characterization and the use of performance assessment to demonstrate

compliance with regulations for HLW disposal from the U.S. Environmental Protection

Agency (EPA) and the U.S. Nuclear Regulatory Commission. The EPA standard states that

a performance assessment should consider the associated uncertainties involved in

estimating cumulative release of radionuclides to the accessible environment. To date, the

majority of the efforts in uncertainty analysis have been directed toward data and parameter

uncertainty, whereas little effort has been made to treat model uncertainty. Model

uncertainty includes conceptual model uncertainty, mathematical model uncertainty, and any

uncertainties derived from implementing the mathematical model in a computer code (e.g.,

coding errors, computational limitations, user errors). Currently there is no systematic

approach that is designed to address the uncertainty in conceptual models. The purpose of

this investigation is to take a first step at addressing conceptual model uncertainty. This will

be accomplished by assessing the relative impact of alternative conceptual models on the

integrated release of radionuclides to the accessible environment for an HLW repository site

located in unsaturated, fractured tuff.

1.2 Conceptual Model Uncertainty_

Flow and transport models used in performance assessment are, without exception, built

upon a set of fundamental assumptions and simplifications of a physical system and on how



that system behaves. This set of assumptions and simplifications is herein referred to as the

conceptual model of the system. The development of a conceptual model generally involves

simplifying the real system so that it can be represented with a tractable mathematical

model that, in turn, can be solved using available analytical and/or numerical techniques.

The conceptual model, therefore, provides a description of the geometry of the system, the

boundary and initial conditions associated with the system, the physical and chemical

processes occurring within the system, and how those processes occur (i,e., the variables and

parameters chosen to represent those processes).

Models, by definition, are simplifications of reality and therein lies their inherent

uncertainty. The large degree of uncertainty associated with a conceptual model for an _

HLW repository is generally the result of the large spatial and temporal scales of interest

for an HLW disposal site and the inability to test the performance of a real site under post-

waste-emplacement conditions over regulatory time frames. In addition, the "real" system

is often poorly characterized, making the development of a conceptual model a formidable

task.

More specifically, some of the key assumptions that go into the development of flow and

transport conceptual models for unsaturated, fractured media are: dimensionality (i.e., one-,

two-, or three-dimensional); matrix and/or fracture flow; degree of interconnection between

the matrix and the fractures (i.e., value of the transfer term); structural features (e.g., faults);

stratigraphy (i.e., number of hydrogeologic units and dip); boundary conditions; magnitude

and variation of dispersivity; solute mass-transfer coefficient between the matrix and
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fractures; and solute retardation.

These large uncertainties imply that only limited information is available to support or

refute alternative conceptual models. Consequently, a number of alternative conceptual

models may be plausible for a single site. Furthermore, it is not clear whether the

uncertainty associated with each conceptual model can be quantified with an adequate

degree of confidence. As a result, performance assessment would have to acknowledge in

some manner ali the plausible conceptual models to assure that ali the possible realizations

of a given site's behavior have been considered.

2.0 DESCRIPTION OF ANALYSES

2.1 Choosin_ Concevtual Models
v

A number of plausible, alternative conceptual models were defined based on a general

understanding of the observations made at the proposed HLW disposal site at Yucca

Mountain, Nevada. For the most part, the alternatives are each based on the same system

geometry, boundary conditions, and parameter values, but are differentiated by

fundamentally different assumptions of the flow and transport mechanisms in the system.

A simple, but systematic approach is illustrated in Figure 1. This approach was based on

defining each of the alternative conceptual models, such that the fundamental assumptions

that segregated the models were explicit, and therefore, could easily be articulated. Note

that although some of the fundamental assumptions illustrated in Figure 1 apply to both

flow and transport (e.g., dimensionality), the figure does not explicitly include some
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Figure 1 - Generalized, flow chart of major assumptions needed
to develop a conceptual model for unsaturated flow at Yucca Mountain
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transport assumptions (e.g., matrix diffusion). A more generalized flow chart including

transport could be developed based on the same idea. Figure 2 presents an example of the

logic that mightbe followed in choosing a conceptual model. This investigation was not

intended to be exhaustive in terms of the conceptual models chosen; rather, the emphasis

was put on elucidating the potential impact of uncertainty in conceptual models on the

results of a performance assessment. In fact, only a limited number of conceptual models

could be assessed because of (1) available resources (i.e., time) and (2) mathematical and

numerical constraints. In other words, although numerous conceptual models are

conceivable, time constraints and existing mathematical and numerical techniques precluded

the quantitative analysis of many of them.

The conceptual models chosen are nominally distinguished in terms of a single fundamental

assumption. The conceptual models were chosen because they address some fundamental

assumptions of flow and transport that are considered critical to site performance. The

conceptual models that were chosen for this analysis are (1) matrix-dominated flow and

transport; (2) fracture-dominated flow and transport; (3) dual-continuum matrix/fracture

flow and single continuum transport; (4) fracture dominated flow with matrix diffusion of

radionuclides; and (5) an alternative stratigraphic representation of the hydrogeologic system

different from the stratigraphy used in the four prior conceptual models.

2.2 Conce_p_._,.,alModel Analysis

Quantitative analysis of, ground-water flow and radionuclide transport for each of the

conceptual models was conducted using the DCM-3D 1(ground-water flow) and NEFTRAN
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Figure 2 - Flowchart logic for the selection of a conceptual model
for unsaturated flow at Yucca Mountain
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II 2 (radionuclide transport)computer codes. The DCM-3D code is a three-dimensional

numerical model based on a dual-continuum concept, implementing the Richard's equation ,,"

for unsaturated flow in both matrix and fracture continua. The code is capable of being run

in a single-continuum mode and in one, two;or three dimensions. The NEFTRAN II code

uses the distributed velocity method to simulate convective-dispersive transport of multiple

radioactive chains with more than one member through a series of one'dimensional flow

tubes. In addition, NEFTRAN I1 can simulate matrix diffusion. Matrix diffusion is

important because, in theory, the matrix can essentially act as a storage volume and enhance

retardation of the radionuclides. 3

The performance criterion chosen as a measure of comparison between the alternative

conceptual models was total integrated release of radionuclides to the water table, expressed

in terms of a complimentary cumulative distribution function (CCDF). This performance

measure is consistent with the proposed EPA Containment Requirements (40 CFR 191).4

In addition, simulating release of radionuclides beyond the water table to the accessible

environment could result in a proportionately larger number of zero-release realizations for

certain conceptual models. The larger number of zero-release realizations would likely

make any type of uncertainty analysis less meaningful.

Data and parameter uncertainty was treated primarily for the radionuclide transport

parameters. These parameters include longitudinal dispersivity, mass-transfer coefficient for

matrix diffusion and matrix retardation factors. Uncertainty wus assumed for the

fracture/matrix transfer coefficient in the fracture/matrix flow simulations. A full

-7-



uncertainty analysis for flow was not conducted because of time constraints; however, this

is not considered necessary for the purpose of this investigation, which is to qualitativelyi

evaluate conceptual model uncertainty.

3.0 RESULTS

CCDF's generated for each of the alternative conceptual models will be qualitatively and

graphically compared to one another using a sensitivity-analysis-type approach. That is, the
I

co_._parisonshould assist in disseminating those fundamental assumptions, if any, that have

the greatest impact on the performance measure.

4.0 CONCLUSIONS

Some important qualifications should be noted for the current analysis. These caveats are

listed below and are due mainly to the limited scope of this investigation, and also to the

numerical and mathematical constraints on the calculational tools applied:

• A limited number (5) of conceptual models were analyzed.

• The analysis was confined to one-dimensional models.

• Uncertainty in only transport parameters was used in generating the CCDF's.

• A limited number of radionuclides were transported.

• No attempt was made to quantify the uncertainty in the fundamental assumptions

made (i.e., conceptual model uncertainty was not quantified).

• Integrated release of radionuclides to the water table was the only performance
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measure used for comparison of alternative conceptual models.

• The investigation is preliminary and based on limited data; therefore, the results

should not be taken as representative of a repository located at Yucca Mountain,

Nevada.

The above limitations notwithstanding, the comparison between CCDF's can be used to

assess the importance of fundamental assumptions on a given repository performance

measure. This investigation, therefore, directly addresses the issue of conceptual model

uncertainty. This is considered to be a critical issue for performance assessment of HLW

disposal sites. Consideration of conceptual model uncertainty in performance assessment

should help provide assurance that public safety is evaluated through a technical basis.
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