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Thermal-Mechanical Modeling of a Large-Scale Heater Test
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ABSTRACT

DECOVALEX (acronym for the DEvelopment of COupled models and their VALidation against
EXperiments in nuclear waste isolation) is an intemational cooperative project to support the
development of mathematical models for coupled processes in the geosphere and their
applications and validation against experiments in the field of nuclear waste isolation. The
DECOVALEX project has been designed to increase understanding of coupled
thermal-hydrological-mechanical processes as they affect rock-mass responses and
radionuclide release and transport from a repository to the biosphere and also to assess how
these processes can be described by mathematical models. In the Phase I of the program,
modeling of the drift-scale heater test at the Exploratory Studies Facility at Yucca Mountain,
Nevada, U.S.A. was designated as one of the tasks. This task involved modeling the thermal-
hydrological-mechanical-chemical behavior of the drift-scale heater test. The results presented
in this paper will focus on predicting (i) temperature-induced mechanical deformation
surrounding the heated drift, and (ii) thermal-mechanical effects on rock mass permeability.

The thermal-mechanical modeling was conducted using a continuum approach. Three litho-
stratigraphic units were modeled in the simulations: Upper Lithophysal, Middle Nonlithophysal,
and Lower Lithophysal litho-stratigraphic units with a circular drift, 5 m in diameter, in the middle
of the Middle Nonlithophysal litho-stratigraphic unit. Rock-mass propertied were used for the
simulation. Sensitivity analyses were also conducted to examine the potential effects of rock'
mass quality on the rock responses, including deformation and permeability. The temperature
data set provided by the DECOVALEX program was used in the simulation.

This paper will present the modeling results of thermally induced mechanical responses in
terms of principal stresses, extent of yielding, rock deformation, and roof and wall convergences.
The effects of temperature will be examined at thermal times of 3 months, 1 year, and 4 years.
Discussions will include a comparison of the predicted displacements at specified locations
surrounding the heater drift with the field displacement data obtained from the multiple-position
extensometer measurements.

To assess the thermal-mechanical effects on rock mass permeability, a continuum model
representing a deformation-permeability relationship was developed to predict thermal-
mechanically induced permeability variations. This paper will present the development of this
continuum model. Using this model, the effects of excavations and temperature variations at the
three thermal times mentioned in the previous paragraph will be discussed in detail. Also, the
predicted variations of permeability at specific locations will be compared with the measured
data from field. Furthermore, study results on sensitivity of strength and deformation properties
to rock-mass thermal-mechanical response and permeability changes will be reported.
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