COLLABORATIVE RESEARCH: The Feasibility of Combined Rupture- and Permeability-Evolution Experiments at a DUSEL

Summary

Intellectual Merit: Understanding the evolution of the deformability and transport properties of rocks are important in a broad range of endeavors in geological engineering and in geological science. These include the interaction of stresses and fluid pressures related to rupture and nucleation within the earthquake cycle, in the mechanical response around engineered underground openings, and in the recovery of fluids and energy from fractured reservoirs. In each of these endeavors, the interactions of mechanical and transport behavior are intrinsically linked, with further overprinted influences of thermal, chemical, and biological effects. Despite this fundamental importance, these interactions remain poorly constrained; this is true in both the strength and the nature of the couplings, but also related to the influence of scale on the progress of these interactions. Fundamental uncertainties exist as to how localization evolves with rupture, and how this in turn controls the evolution of undrained response, and the evolution of transport properties. 

Towards resolving these issues of fluid-mechanical coupling we propose to examine the feasibility of conducting “block-motion” experiments at a deep underground science and engineering laboratory (DUSEL). Such a field experiment will examine the evolution of static and dynamic strength and transport properties at intermediate length-scales (2 × 2 × 2 m) where current data are meager. 
These experiments would be designed:

· To evaluate scaling in dynamic rupture at intermediate length scales,

· To define the role of reactive fluids in promoting or suppressing the rupture process, including the roles of stress path, the evolution of undrained changes in void volume, the evolution of permeability and the roles of temperature and chemistry on these processes.

· To evaluate intermediate-scale strength and deformability characteristics for application to the subsequent design of DUSEL caverns, and

· To evaluate the feasibility of deploying MEMS accelerometers and transducers and in applying data fusion methods to reconcile processes of stress and pressure transfer concurrent with the evolution of rupture.  

The activities of this study are to examine the feasibility of such a test and to propose methods for its conduct which, specifically:

· Determine fundamental mechanical and transport properties of rocks at the Homestake DUSEL site, including their evolution with rupture,

· Upscale these data to elucidate modes of rupture and to examine appropriate modes of safely and controllably loading the block by tributary stresses, by applied fluid pressures and thermal stresses, or by loading through hydraulic jacks, 

· Evaluate monitoring strategies and necessary measurements to recover the broadest and best constrained suite of output data, and,
· Define the likely range of near-field dynamic loads imposed by rupture.

Broader Impacts: These scoping experiments and related analyses will bear importantly on the feasibility to conduct dynamic rupture experiments at a DUSEL, broadly related to earthquake mechanics and the evolution of the transport properties of deforming rocks. These will provide important data at intermediate scales where few data exist, and where unusual control may be exerted on experimental variables. The strength data will provide fundamental data for the safe design of DUSEL caverns at depth.
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