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Model Development; (ii) Computational Model Development; and (iit) Model Evaluation. Specific
research activities that will be puisued in these tasks are described in the following section.

3.1.1 Task 1: Conceptual Model Development
3.1.1.1 Ohjective

The objective of Task 1 is to develop conceptual and mathematical models of: (i) the important
physical processes such as infiltration, fracture-matrix interactions, multiphase flow, and radiocolloid
transport that may significantly affect the isolation capability of the proposed HLW repository and
(ii) potentially important disruptive event scenarios. The physical processes and disruptive events to be
studied will be based on the findings and recommendations of the IPA activity.

3.1.1.2 Justification

A major issue in assessing the performance of the proposed repository at Yucca Mountain (YM)
is the identification of physical processes and events that may significantly affect its performance relative
to the U.S. Environmental Protection Agency (EPA) standard, 40 CFR Part 191. The recent [PA Phase
2 study has identified a number of physical processes and disruptive events that appear to have a
significant affect on the complementary cumulative distribution function (CCDF) required by the EPA
standard. The sensitivity analysis conducted under IPA Phase 2, for example, identified infiltration and
the associated flow in the fractures and matrix as the most important factor controlling the CCDF for
YM. The sensitivity analysis also showed that water flow rate past the waste package was an important
factor. Disruptive events such as climate change, volcanism, seismo-tectonics, and human intrusion are
important considerations for future system states, however other scenarios need to be considered.

An improved understanding of water flow phenomena in fractured-porous tuff is a fundamental
prerequisite to making sound assessments of total-system PA. Both theoretical and experimental studies
are required to develop this understanding. With regards to theoretical studies, a first principles approach
is needed that draws on well-established mathematical laws of fluid dynamics. Flow in individual fractures
with imbibition into the rock matrix, for example, can be studied by using thin film theory in combination
with unsaturated flow theory. Analysis and interpretation of laboratory data for unsaturated hydraulic
properties can be used to check mathematica! theories. The laboratory data generated by the Geochemical
Analogs Research Project for the Pefia Blanca site provides an excellent opportunity for supporting the
experimental aspects of conceptual and mathematical model development.

Four basic types of site-induced (i.e., geologic in origin) disruptive scenarios were considered
in the IPA Phase 2 exercise. However, other site- and repository-induced disruptive scenarios can be
postulated for the YM site. A general selection methodology needs to be applied to develop a more
complete representation of the future states of the repository system. In order to assess the actual effect
of these disruptive events, conceptual models and corresponding mathematical formulations which embody
the physics of each process must be developed. This includes development of correspending probability
models that describe the likelihood of occurrence of the disruptive events. The scenario and consequence
models developed under this task will be utilized in the IPA Phase 3 exercise for the YM site.

3-2
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3.1.1.3  Activities
Activities within Task 1 include the following:

* Conceptual Model development for the four identified disruptive scenario classes. Conceptual
models wiil be developed for seismo-tectonic and volcanic events, the climatic change
scenario, and for the possibility of deliberate or inadvertent human intrusion. In addition to
the conceptual models, possible alternative mathematical formulations and practical methods
for implementing the mathematical model through computer programs will be described. For
each scenario and associated physical processes, possible simplifications and assumptions will
be identified and an assessment made to determine importance to overall system
performance. Available computer programs which implement the identified conceptual
models and that are applicable to the 1PA effort will be analyzed in detail. To the extent
possible, scenario probabilities will be estimated using empirical methods, statistical models,
expert opinion elicitation, and information available in the scientific literature. Simple
consequence modules will be developed to represent these scenarios; these modules will be
suitable for incorporation into the TPA code for the repository system. The results of this
activity will provide key input to the IPA effort.

e Development of conceptual models for matrix-fracture interaction in unsaturated regimes.
Currently there are three alternative approaches that have been used to model flow of water
and transport of radionuclides between rock matrix and fractures: (i) the equilibrium
approach which assumes that the water pressures in the matrix and the fracture are equal;

‘ (ii) the dual continuum approach in which the water pressures in the matrix and fractures are
represented by distinct state variables coupled through a flux transfer equation; and (iii)
discrete fracture models in which the geometry and hydraulic properties of the fractures are
explicitly defined. Theoretical work will be performed that examines the flow of water in
fractured porous media at the laboratory scale. This work is aimed at evaluating the
applicability of the current modeling approaches. The experimental data, obtained from tuff
core samples, will be provided by the Geochemical Natural Analog Project. These activities
will be reported in the IM 191094-002 and 191094-004.

¢ Conceptual model development for two-phase flow in high temperature regimes. Simple
conceptual models for PA will be developed for two-phase flow in nonisothermal and
high-temperature regimes. An investigation will be conducted to gauge the importance of
two-phase phenomena to the performance objectives of the proposed repository. The
investigation may include: (i) the hot repository concept where nearby host rock
temperatures above 100-200 °C are expected to persist for hundreds of years; and (ii)
magmatic intrusion where molten rock at temperature on the order of 1,000 °C approaches
the repository. Each of these processes and events may introduce unique two-phase flow
regimes. For example, condensate dripping in fracture networks may be important for the
hot repository, and large-scale thermally driven convection currents may be important for
magmatic intrusion into the vicinity of Yucca Mountain. The simpiified conceptual models
are expected to accurately represent the physics, yet conservatively bound the consequences,
of two-phase flow so that the models are useful to the IPA work currently being conducted.
As a first step toward this goal, a review of the state-of-the-art in modeling two-phase flow
. in nonisothermal and high temperature regimes will be reported as IM 191094-003.
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¢ Participation in international activities. Scenario analysis has been recognized as a major step
in PA at the international level. The Organization of Economic Cooperation and
Development has organized a group to identify a method that may find international
acceptance. Participation in such group activities will be of help in formulation of scenario
analysis methods.

3-3A
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e Modeling Reactive Transport. A number of areas in PA modeling require consideration of
mass transport with chemical reaction. Examples in the near field are localized corrosion,
waste form dissolution ir-‘uding consideration of colloid formation, and transport of
radionuclides away from the waste package. In the far field portion of the geologic setting,
reactive transport models are needed for analysis of nonlinear sorption phenomena, colloid
dissolution, mass redistribution leading to changes in near field hydraulic properties (e.g.,
fracture coatings), and mass redistribution leading to changes in the geochemical
environment surrounding the waste packages.

Reactive transport models must take into account a variety of physicochemical processes
including advection, diffusion, electromigration, sorption, precipitation, dissolution, colloid
formation, chain decay of radionuclides, and a wide variety of chemical kinetic formnlations.
Because of the large number of processes, it is imperative that only those which may
significantly impact the ability of the repository to meet its performance criteria be analyzed
and incorporated into IPA models. However, those important processes which are
exceedingly complex to model in detail should not necessarily be replaced by simple models
if current modeling strategies are too computationally expensive to incorporate into PA
models. Because the objective of Task 2 is to improve computational methods so that
increased levels of detail and realism can be added to PA models, considerable effort will
be devoted in this activity to analyzing, developing, and implementing computationally
efficient procedures for modeling complex reactive transport processes.

3.1.3 Task 3: Model Evaluation
3.1.3.1 Objective

The objective of this task is to develop a systematic methodology for the validation of models.
This methodology is expected to provide the basis for a staff technical position on regulatory requirements
for model validation. The NRC is currently developing a regulatory framework for providing guidance
on model validation. This framework is being developed as a joint effort with the Swedish Organization,
SKI. As used here, the term model validation implies an accuracy assessment (National Research Council,
1990) process consisting of: (i) a comparison of model predictions against experimental data; and (i) an
evaluation of goodness-of-fit. The degree of correlation between model calculations and experimental data
is then used to establish a basis for confidence in the model’s predictive capability. Thus, the validation
process is viewed from the perspective of building confidence in models and not to produce "validated”
models in a generic sense.

3.1.3.2 Justification

Mathematical models of water flow and radionuclide transport will be extensively used to assess
the ability of the proposed Yucca Mountain HLW repository to meet the performance objectives outlined
in the EPA rule and in NRC regulations. In view of the reliance placed on mathematical models, it is
essential that the theory upon which they are based be well established, and. i sntar as possible, that they
be adequately tested (i.e., verified and validated). From a regulatory <.andpoint, the goal of model
validation, regardl.ss of how it is achieved, is to reduce the risk tha* use of the model may lead to
incorrect decisions regarding the safety of the repository. Although is goal of validation is primarily
based on the need to establish certification procedures for models which satisfy the policy objectives of
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the regulatory agencies and the courts, its satisfaction will also meet the technical requirements regarding

the correctness of model hypotheses.

3:1.3.3

3.14

3.14.1

Activities

Task 3 acrivities are delineated below:

Validation methodology development. It is apparent that long-term predictive models can not
be fully validated for a specific site. A model validation methodology that is acceptable in
the regulatory arena will be developed. This methodology will be documented in a
NUREG/TR report.

Methodology demonstration. The validation methodology developed above will be
demonstrated with respect to an NRC PA model using data from the Las Cruces Trench
Experiment, and to the extent feasible, data from the University of Arizona experiments at
Apache Leap test site. This work will examine the effects of model complexity on model
predictions; this may provide insight on how much characterization data is enough to yield
sound calculations. Progress on this methodology demonstration will be documented in the
semi-annual research reports.

Participation in projects similar to INTRAVAL and GEOVAL. CNWRA staff will actively
participate in international projects to learn from the international experience as well as to
make use of validation data scts at the international level. In addition, natural analogues may
provide data sets for limited long-term validation of PA models. An effort will be made to
identify appropriate data sets.

Development of nondirnensional parameters. The approach of nondimensionalizing the
processes involved in PA may be investigated to see if: (i) time- and space-scales can be
interchanged; and (ii) a validation experiment based on a specific site can be designed and
executed in reasonable time.

Task 4: Semi-Annual Research Reports

Objective

The objective of this task is to provide an account of PA Research work in the CNWRA semi-
annual research reports.

3.1.4.2 Justification

Research progress and current research findings are required to be reported in the semi-annual
research reports.

3.1.4.3 Activities

The sole activity of Task 4 is to provide summary reports of research findings which will be

included in the semi-annual research reports.
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3.2 SCHEDULES, MILESTONES, AND DELIVERABLES

The milestones listed in Table 3-1 are a combination of several new milestones and two
milestones carried over from FY93. With regard to the new milestones, the first three digits of the
milestone number denote the project and task number (e.g., 192 indicates Task 2 of the nineteenth
specific research project); the following three digits identify the fiscal year in which the specific milestone
within the task is to be completed. In cases where multiple deliverables may be needed to support a single
activity, an additional three digits have been added to indicate the sequential numbei of the deliverable
within the activity. Upon approval, these milestones and activities will be incorporated into the integrated
CNWRA schedules. In addition, contributions will be made to the CNWRA semi-annual research report.

Table 3-1. List of milestones and completion dates

=SB e == ——————
Milestone Milestone Completion |
Number Type Deliverable Description Date \
112008-000 | Intermediate | Technology Transfer - PORFLOW Code TBD FY9%4
191094-001 | Intermediate | Review of Scenario Selection Methodologies 03/31/94
191094-002 | Intermediate | Study of Water Film Flow in a Fracture with 06/30/94
Imbibition
191094-003 | Intermediate | Near-Field Conceptual and Mathematical 08/31/94
Models for Flow
191094-004 | Intermediate | Analysis of Hydraulic Characteristics of 07/29/94
Hydrothermally-Altered Tuff
194094-020 | Intermediate | Semi-Annual Report 1994 - 1 08/12/94
193095-000 | Intermediate | Topical Report on Model Validation 09/30/95
Methodology
192095-001 Major Topical Report on Advanced Computational 09/30/95
Methods in PA
191095-003 | Intermediate | Report on Scenario Classes for IPA Modules 11/30/94
191095005 | Intermediate | Topical Report on Conceptual and 08/31/95
Mathematical Models of Matrix-Fracture
Interactions in Tuff
192095-010 | Intermediate | Topical Report on Evaluation of Massively 09/30/95
Parallel and Heterogeneous Computing
194095015 | Intermediate | Semi-Annual Report 1994 - 2 02/15/95
194095-020 | Intermediate | Semi-Annual Report 1995 - 1 08/12/95
T e T e s oy e e b oo e
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Figure 4-2. Project staff support

4.3 PERSONNEL

Because of the multidisciplinary nature of the PA Research Project, it will draw personnel from different
elements of the CNWRA as well as obtain assistance from outside experts who will act as consultants.
At the present time, key CNWRA personnel for this project are: Robert Baca, Amvrossios Bagtzoglou,
A. Berge Gureghian, Vivek Kapoor, Sitakanta Mohanty, Peter Lichtner, Randall Manteufel, David
Turner, and Gordon Wittmeyer. Other CNWRA participants may be identified later. The outside
consultants wili include Drs. A K. Runchal, M.S. Seth, D. Dougherty, and H.D. Nguyen.

44  CORPORATE RESOURCES

4.4.1 General Resources

The following resources will be used:

¢ SwRI library and document retrieval system

e Library Databases - National Technical Information Service, DOE, Geosearch, Rock

Mechanics, etc.; and

* SwRI support resources for drafting, publications services, general administration, etc.
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Table A-4. PA research task 2 estimated spending plan, FY94
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