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Rock fractures (joints) govern rock mass behavior; specifically the deformation, stability and hydraulic properties of rock masses.  Important characteristics of fracture patterns, particularly fracture extent and interconnectivity, must generally be inferred from limited one-or two dimensional exposures such as boreholes or rock outcrops, or from rock core.  Such observations then serve as input for three dimensional models which are used to make predictions of rock mass behavior. The problem is that it is usually impossible to determine the actual 3d fracture pattern subsequent to making predictions; i.e. to verify whether the fracture pattern models are correct or not.  DUSEL provides unique opportunities to access a large amount of information about the rock mass, and this in a number of ways; which are the objectives of this research:

· The rock mass at Homestake is exposed at multiple faces; e.g., rock pillars, parallel drifts, and multiple levels.  This provides a wealth of opportunities for direct characterization of the 3d fracture network geometry.

· Creation of new underground space or enlargements and modifications of existing tunnels and chambers.  Such excavation involves removal of rock mass slices, again allowing real time construction and verification of fracture geometry models.

· Fracture data from the vast collection of rock core will be utilized in the fracture network characterization.

· Observations and measurements of water inflow and water characteristics.  According to Campbell (http://homestake.sdsmt.edu/Resources.htm), brittle deformation during the Tertiary is responsible for the network of joints that transmits meteoric water into the mine workings. Information on connectivity and permeability is also provided by groundwater temperature and chemistry. Campbell reports that drifting, cross-cutting, and diamond drilling have locally intersected these “watercourses”, as they are called by the miners, and encountered medium to high temperature (45 to 85ºC) water under low to high pressure .  The fracture network studies will make use of infiltration studies already carried out, and of additional seepage data collected during the early stages of DUSEL. Tracer experiments on a number of scales will also be carried out in this context.

· Ground-truthing and calibration of indirect or remotely sensed measurement methods such as seismic, radar, etc.  Signals measured with such methods are in principle related to the fracture pattern.  However, information obtained by geophysics requires “ground-truthing,” which is best achieved by direct correlation with the observed fracture geometry and other rock mass properties. The three-dimensional exposures mentioned above provide opportunities for such ground-truthing. Calibration of geophysical measurements against extensive exposures of rock surfaces in the DUSEL will potentially result in advances in geophysical imaging and interpretation, which will in turn be of benefit in numerous fields, including hydrocarbon extraction, underground construction and groundwater modeling.

