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Laboratory experiments conducted at Purdue University on rock specimens indicate that slip initiation along pre-existing frictional discontinuities (faults) can be well-predicted following fracture mechanics theories. We have found that the critical energy release rate, GIIC, can be used as an indicator for slip initiation. However GIIC is not a material property; it strongly depends on the normal stress applied to the discontinuity, on the frictional properties of the slip surface, and on the slip required to decrease the frictional strength from peak to residual. 

DUSEL offers the distinct opportunity to work at a large scale over an extended period of time where laboratory observations can be compared with field measurements, and perhaps most importantly where differences due to scale and time effects can be detected and accounted for in a theoretical framework. At the deep underground site, a large a number of discontinuities (e.g. shear zones) under the water table will be accessible for observation and testing. We propose to investigate long-term effects regarding coupled flow and mechanical processes on the rock matrix and on selected discontinuities.

Large scale testing can be accomplished by applying fluid pressure to the existing discontinuities over a large volume of rock, of the order of 100-1000 m3. We envision three types of tests: (1) long term, where the objective is to gather information about stress, strain, and permeability relaxation over extended periods of time, of the order of 10 to 30 years, and investigation of subcritical crack growth; (2) short term where we induce hydraulic fracturing on the intact rock and slip along frictional discontinuities; and (3) a combination of short and long term tests, focusing on slip and healing processes on frictional discontinuities. An array of borings can be drilled through the rock mass reaching the target discontinuities. Some of the borings can be used to impose pressure conditions and others to monitor displacements, excess pore pressures, total stresses, and acoustic emission and seismic wave propagation. Different magnitudes of loading can be tried by increasing the pressure on the boreholes, and different volumes of rock can be tested by placing seals and packers at different locations along the borings and by increasing the number of boreholes that are pressurized. This setup allows one to run short term tests as well as long term tests by maintaining the fluid pressure over the period of time desired. With this method a discontinuity can be chosen and isolated with packers; as the discontinuity is pressurized, opening along the discontinuity, slip, flow, etc. can be monitored at a number of locations through the boring array. The objective is to systematically and over a long period of time collect and store data in a format that can be easily accessed and interpreted through different disciplines. The system also offers flexibility as new borings can be drilled when needed or when other experiments, not envisioned at the beginning of the project, are deemed necessary.

The goals of the research are: (1) validate laboratory experiments; (2) quantify scale effects; (3) quantify time effects; (4) identify the mechanisms of slip along frictional discontinuities; (5) determine effects of slip on flow of fluids; and (6) provide a theoretical framework for slip along frictional discontinuities.











































