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Abstract: As part of the ongoing international DECOVALEX project, four research teams used five 
different models to simulate coupled thermal, hydrological, and mechanical (THM) processes near 
underground waste emplacement drifts. The simulations were conducted for two generic repository types, 
one with open and the other with back-filled repository drifts, under higher and lower post-closure 
temperature, respectively. In the completed first model inception phase of the project, a good agreement was 
achieved between the research teams in calculating THM responses for both repository types, although some 
disagreement in hydrological responses are currently being resolved. Good agreement in the basic thermal- 
mechanical responses was also achieved for both repository types, even though some teams used relatively 
simplified thermal-elastic heat-conduction models that neglect complex near-field thermal-hydrological 
processes. The good agreement between the complex and simplified process models indicates that the basic 
thermal-mechanical responses can be predicted with a relatively high confidence level. 

1. INTRODUCTION 
This paper presents results from an international 

multiple-team simulation study on thermal, 
hydrological and mechanical (THM) interactions 
around underground waste emplacement drifts. The 
study is part of the international DECOVALEX- 
THMC project, denoted Task D T H M  (Birkholzer 
et al., 2006): Two generic repository types with 
horizontal emplacement tunnels are considered. 
The first type is a low temperature (below boiling) 
repository in a deep saturated crystalline rock 
formation with emplacement in back-filled tunnels, 
a concept considered in many ~ u r o ~ e a n  countries 
and Japan. The second type is a high temperature 
(above boiling) repository in a deep unsaturated 
volcanic rock formation with emplacement in open 
gas-filled tunnels, a concept considered by the 
United States. 

The initial material properties. for the two 
repository types are derived from measurements 
and previous DECOVALEX analyses of two major 
in situ experiments-the FEBEX In Situ Test 
(Alonso et al., 2005) and the Yucca Mountain Drift 
Scale Test (Rutqvist et al., 2005)-representing 
data and processes occurring at the two repository 
types. 

Four international teams, fiom China, Germany, 
Japan, and USA are participating in this task. 
Altogether, five different numerical simulators for 

coupled THM analysis are applied (Table 1). 
Among the five simulators, two main approaches 
can be distinguished. Three simulators- 
ROCMAS, THAMES, and FRT-THM-are based 
on single-phase fluid flow approach, whereas two 
simulators-TOUGH-FLAC and Geosys/Rockflow 
-include two-phase fluid flow (liquid and gas) 
approach. Several of these simulators have been 
applied in previous DECOVALEX projects for 
simulation of coupled processes in either one or the 
other of the two repository types. 

In this study, the research teams conduct 
predictive analysis of the long-term coupled THM 
processes for the two repository types. The 
simulations are conducted on two-dimensional 
drift-scale models containing one horizontal 
emplacement tunnel, which for each repository 
type has different dimensions and thermal load 
(Figure 1). The simulations are conducted in three 
phases: (1) model inception, (2) preliminary model 
prediction and sensitivity analysis, and (3) final 
model prediction with uncertainty range. 

This paper presents the results from model 
inception phase, in which all the properties are 
explicitly provided (Table 2) and changes in 
hydrological properties are neglected. 
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3. EVALUATION OF MODEL 
APPROACHES , 

Results of this study show that a reasonable good 
agreement was achieved in calculating THM 
responses for both repository types by various 
model approaches, thus demonstrating how 
different models and approaches can be adapted to 
both back-filled and open-drift systems. All models 
listed in Table 1 properly simulate the basic 
thermal-mechanical responses, including 
temperature and thermal stress evolution. All 
models are also capable of simulating coupled 
THM behavior under single-phase flow conditions 
in Repository Type B for the assumed simplified 
bentonite mechanical properties and equivalent 
continuum flow. At the moment, only the TOUGH- 
FLAC code with its capability for full multiphase 
dual-continuum fluid flow and heat transport can 
properly simulate fluid flow for Repository Type 
A. However, with the application of a dual- 
continuum or similar approaches that correctly 
account for fracture-matrix interactions, the results 
of other models could be much improved with 
regard to fluid flow, so that the remaining 
deviations in the evolution of saturation near the 
drift wall can be resolved. 

Despite some differences in the evolution of 
near-field thermal-hydrological processes, the 
agreement in the predicted thermal-mechanical 
responses in the rock mass is good (see Figure 5). 
The near-field thermal-hydrological processes only 
affect the temperature evolution in the bentonite 
buffer and close to the drift wall, whereas these 
have a negligible effect on the regional temperature 
field. As a result, predictions of thermal- 
mechanical changes in the rock mass can be made 
with relatively simple models, without the need for 
detailed simulations of complex near-field thermal- 
hydrological processes. If the purpose were only to 
predict thermal-mechanical responses, a relatively 
simple thermo-elastic, heat-conduction model 
would be sufficient. However, to accurately predict 
the impact of thermal-mechanical responses on 
permeability and the flow field, a proper fluid flow 
model, which includes fracture-matrix interactions, 
is necessary. 

4. CONCLUSIONS AND DISCUSSION 
In this paper, we present the results of an 

international multiple-team study of coupled 
thermal, hydrological, and mechanical (THM) 
interactions associated with' open and back-filled 

repository-drift designs in volcanic and crystalline 
rocks. A good agreement was achieved in the 
calculated THM responses for both repository 
types, although deviations related to multiphase 
fluid flow and matrix-fracture interactions should 
be resolved. The study shows that predictions of 
thermal-mechanical changes in the rock mass can 
be made with relatively simple models, without the 
need for detailed simulations of some of the 
complex near-field thermal-hydrological processes. 
This implies that the basic thermal-mechanical 
stresses can be predicted with a relatively high 
confidence level. The research teams are currently 
working on Phase 2, which is the preliminary 
model prediction and sensitivity analysis of long- 
term permanent (irreversible) changes, and the 
impact of those changes on the fluid flow field 
around the emplacement drift. Those calculations 
will require a fully coupled THM analysis with 
accurate modeling of the fluid flow field, including 
fracture-matrix interactions. 
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