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é Problem

Performance assessment of a deep geologic repository for nuclear
waste requires simulation of radionuclide concentrations at
kilometer-scale distances from the repository and simulation of
processes occurring at meter and centimeter scales, such as
repository resaturation and nearfield reactive transport. Even with
high performance computing, the computation can become
prohibitively expensive.

*Coupled heat and fluid flow
*Waste package degradation
*Waste form dissolution
*Radioactive decay and ingrowth
*Solubility, sorption
*Advection, dispersion, diffusion
*Biosphere
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Figure 1. Performance assessment simulations are performed with GDSA
(Geologic Disposal Safety Assessment) Framework [1], which uses
PFLOTRAN [2] to couple multiphase fluid flow, reactive transport, and other
process models, and Dakota [3] to sample input parameters and generate
multiple realizations for uncertainty quantification and sensitivity analysis.

Model

Multi-scale modeling that uses fully-coupled, finely-discretized one-
dimensional (1D) continua embedded in a three-dimensional (3D)
model domain achieves subgrid-scale refinement in and around
each waste package, enabling resolution of cm-scale processes
affecting radionuclide fluxes from a repository in a kilometer-scale
model domain.
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Figure 2. Schematic illustration of embedded 1D continuum. a) The 1D
continuum is embedded in a 3D grid that occupies the X, Y, and Z
dimensions. b) The 1D continuum occupies a virtual 4" dimension. c) Each
1D continuum represents a cylindrical waste package and the surrounding
cylindrical volume of engineered materials (such as steel waste package
overpack, bentonite buffer, cement liner) between the waste package and
the wall of the emplacement drift. The 1D continuum is discretized into
volumes representing concentric cylindrical shells, and the location of the
outermost volume coincides with the location of the 3D grid cell in which
the 1D continuum is embedded.
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Simulations

A comparison of a 1D embedded continuum to various
discretizations in 3D was made using a simulation of heat
conduction. Accurate thermal modeling is important because
temperature influences reaction constants. Numerically, heat
conduction is the same as diffusion of a conservative tracer.

Host Rock
Disturbed Rock
Buffer

Waste Package

_ _5 _5,
w/o 1D w/ 1D A=>/3m A=>/gm A=>/y7m
525 cells 540 cells 4,095 cells 17,685 cells 132,615 cells
0.38 minutes 3.4 minutes 45 minutes

0.04 minutes 0.05 minutes

Figure 3. Five simulations of a hot spent nuclear fuel waste package in a
buffer-filled drift were run, each with different discretization and identical
waste package and buffer volume, heat source, and material properties.
Cells in the 3D discretizations ranged from 5 m to 5/27 m on a side. The 1D
continuum was discretized into 15 cells and embedded in a 5-m cell.

Results

The 1D continuum acts as a perfect heat source to the 3D cell. The
buffer temperature predicted by the 1D continuum simulation
corresponds almost exactly to the temperature predicted in the 3D
simulation with 5-m discretization (Figure 4b). However, the 1D
continuum simulation predicts temperatures about 30 degrees
warmer in both the waste package center and the buffer than
predicted by the finely discretized 3D simulations.
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Figure 4. Temperature versus time in (a) the waste package center and
(b) the buffer adjacent to the waste package.

Future Work

Over-prediction of temperatures within the 1D continuum (waste
package) and the associated 3D cell (buffer) is due to the coarse grid
resolution in the 3D domain adjacent to the 1D continuum. In the
future, a more sophisticated interface with the 3D domain will be

developed.
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