























































































































































































































































































	Table of Contents
	List of Figures
	Fig. 1 - Full-Scale Heater Experiments
	Fig. 2 - Configuration of Time-Scaled Heater Experiment
	Fig. 3 - Heater Power Decay Curve
	Fig. 4a - Finite Element Model
	Fig. 4b - Details of Area "B" in Fig. 4a
	Fig. 4c - Details of area "C" in Fig. 4b
	Fig. 5a - Finite Element Mesh for the Time-Scaled Experiment
	Fig. 5b - Finite Element Mesh for the Time-Scaled Heater Experiment
	Fig. 5c - Finite Element Mesh for the Time-Scaled Heater Experiement
	Fig. 5d - Finite Element Mesh for the Time-Scaled Heater Experiement
	Fig. 6 - Temperature Rise Due to Peripheral Heaters
	Fig. 7 - Stripa Full Scale 1
	Fig. 8a - Stripa Full Scale 2
	Fig. 8b - Stripa Full Scale 2
	Fig. 9a - Vector Plot of Displacement - 30 days
	Fig. 9b - Vector Plot of Displacement - 90 Days
	Fig. 9c - Vector Plot of Displacement - 180 days
	Fig. 9d - Vector Plot of Displacement - 360 days
	Fig. 10a - Vector Plot of Displacement - 204 days
	Fig. 10b - Vector Plot of Displacement - 214 days
	Fig. 10c - Vector Plot of Displacement - 376 days
	Fig. 10d - Vector Plot of Displacement - 406 days
	Fig. 11a - Relative Displacement of Anchor Points Stripa Full Scale 1 (One Heater 3.6kW) - Vertical Extensometer
	Fig. 11b - Extensometer Anchor Point Designation
	Fig. 12 - Relative Displacement of Anchor Points Stripa Full Scale 1 (One Heater 3.6kW) - Horizontal Extensometer
	Fig. 13 -  Relative Displacement of 2 Anchor Points Stripa Full Scale 1 (One Heater 3.6kW) - Vertical Extensometer
	Fig. 14 -   Relative Displacement of 2 Anchor Points Stripa Full Scale 1 (One Heater 3.6kW) - Horizontal Extensometer
	Fig. 15 - Relative Displacement of Anchor Points Stripa Full Scale 2 (Central Heater 5kW) - Vertical Extensometer
	Fig. 16 - Relative Displacement of Anchor Points Stripa Full Scale 2 (Central Heater 5kW) - Vertical Extensometer
	Fig. 17 - Relative Displacement of Anchor Points Stripa Full Scale 2 (Central Heater 5kW) - Horizontal Extensometer
	Fig. 18 - Relative Displacement of Anchor Points Stripa Full Scale 2 (Central Heater 5kW) - Vertical Extensometer
	Fig. 19 - Thermally Induced Radial and Tangential Stresses
	Fig. 20 - Termally Induced Radial and Tengential and Axial Stresses
	Fig. 21 - Full Scale Experiment 1
	Fig. 22 - Full Scale Experiment 2
	Fig. 23a-c - Contour Plots of Thermally Induced Radial Stress
	Fig. 23d-f - Contour Plots of Thermally Induced Radial Stress
	Fig. 24a-c - Contour Plots of Thermally Induced Axial Stress
	Fig. 24d-f - Contour Plots of Thermally Induced Radial Stress
	Fig. 25a-c - Contour Plots of Thermally Induced Tangential Stress
	Fig. 25d-f - Contour Plots of Thermally Induced Tangential Stress
	Fig. 26 - Interference Plot for Radial Displacement
	Fig. 27 - Interference Plot for Vertical Displacement
	Fig. 28 - Interference Plot for Thermally Induced Radial Stress
	Fig. 29 - Measured and Predicted Relative Displacment
	Fig. 30 - Time-Scaled Drift

	List of Tables
	Table 1. - Dimensions of the Full-Scale Heater Experiments
	Table 2. - Summary of the Three Series of Thermoelastic Models
	Table 3. - Material Properties for Granite Used in Thermal and Thermo-Elastic Calculations
	Table 4. - Maximum Relative Displacement
	Table 5. - Maximum Relative Displacement
	Table 6. - Maximum Relative  Displacement
	Table 7. - Thermally Induced Radial, Axial, and Tangential Stresses

	Abstract
	Introduction
	2. -  Heater Experiments Being Modeled
	2.1 - Full-Scale Experiments
	2.2 - Time-Scaled Experiment

	3. - Finite Element Thermomechanical Models
	3.1 - Numerical Code Used
	3.2 - Assumptions and Approximations
	3.3 - Finite Element Meshes and Boundary Conditions
	3.3.1 - Full-Scale Experiments
	3.3.2 - Time-Scaled Experiment

	3.4 - Applied Loads
	3.5 - Material Properties and Heater Powers
	3.5.1 - Model Series 1
	3.5.2 - Model Series 2


	4. - Results and Discussions
	4.1 - Full-Scale Experiments
	4.1.1 - Displacements
	4.1.2 - Stresses
	4.1.3 - Interference Between the Two Full-Scale Experiments


	5. - Further Modeling Work
	5.1 - Better Approximation of Geometry
	5.2 - Modeling for Variable Rock Properties and Discontinuities
	5.2.1 - Laboratory Rock Properties
	5.2.2 - Discontinuities and Hetergeneities


	6. - Summary and Conclusions
	7. - Acknowledgements
	8. - References
	Appendix A - Model Testing
	A.1 - Comparison with Analytic Solution
	A.2 - Boundary Condition Checking
	A.3 - References

	Appendix B - Scaling Laws for Displacement and Stress
	B.1 - References

	Appendix C - A Note on the Comparison of Predictied Thermal Stress with USBM Gauge Measurements
	C.1 - Introduction
	C.2 - Stress Plots
	C.3 - Borehole Displacement Plots
	C.4 - Error Estimate
	C.5 - References


