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A novel method to precondition a rock mass for ease of excavation and enhancement of conductivity is proposed.  The technique of preconditioning involves the use of hydraulic fracture and the DUSEL site provides a unique opportunity to evaluate the method using a “mine-through” study.  Preconditioning has the potential to have a major economic impact in civil, mining, and petroleum engineering.

The main thrust of the work would be (1) to map the rock mass through seismic imaging and traditional coring; (2) to develop systems of fractures in a rock mass to alter its mechanical and hydraulic properties; (3) to verify the existence, presence, location, and nature of these fractures by various means including microseismics; and (4) to investigate the influence of these induced fractures on the strength and stiffness of the rock mass, as well as their influence on the stress field, through detailed instrumentation and modeling. The proposed study would also provide a comprehensive experimental framework for (i) validating the latest, “real-time” computational techniques for 3D seismic imaging, and (ii) performing the research on adaptive (seismic) sensing.  Beyond their obvious relevance to petroleum engineering, the latter items may have significant homeland security applications. 

Outside the applications of preconditioning to enhance the ease of excavation for civil and mining engineering, the project would have major impact on the energy industry through hot-dry rock initiatives and extraction of oil.

· Hot-dry rock initiative.  These projects rely mainly on stimulating one or a very limited number of fractures to extract heat from the rock mass, where a major question of shear versus tensile fractures remains unanswered.  Demonstrating the feasibility of creating a connected network of fractures and exploring the competition between opening and shear modes of growth could have major consequences on the viability.
· Oil and gas extraction. Predicting the behavior and response of fractured reservoirs is one of the big challenges in petroleum engineering, specifically the issue of inducing new fractures in such an environment.  The project would provide the opportunity to perform well testing before and after stimulation, imaging of the fracture systems from the surface, and mine through at a later stage that will provide direct evidence of the nature and existence of these fractures.
· Rapid 3D seismic imaging and adaptive sensing. Presently, 3D seismic imaging is associated with a prohibitive computational cost that is compounded by the need for substantial prior information on the characteristics of subsurface volumes.  This research would include a parametric field study, framed within the context of active seismic imaging, latest inverse solutions and adaptive sensing, aimed at rendering the 3D interpretation of seismic waveforms tractable in everyday engineering and homeland security situations. 

The project would involve a characterization of the site for design of the hydraulic fracture treatment.  Fractures at various spacing would be initiated and propagated using different fluids (e.g. water versus a cross-linked gel) and different color plastic propants.  The excavation would then proceed and a mine-through analysis of fracture mapping would take place.  The goal would be to collect detailed data on fracture-fracture interaction and spacing between fractures maintained over lateral distance; the prevalence or absence of branching or merging fractures would be noted.  A major task would involve quantifying strength and stiffness change for the rock mass at various distances from the experimental site, using seismic imaging and traditional borehole tests.  Remote monitoring of fracture development (microseismics, automated tiltmeters, stress change measurements) and modeling of initiation and propagation would also form major efforts of the project. 

