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A new apparatus is described for determining permeability (water) in geologic materials as a
function of confining pressure (to 200 MPa), pore pressure (to 25 MPa), and deviatoric stress
(500-800 MPa). The samples are relatively large (0.15 m diameter XO.29 m long) and may be
intact or contain a single through-going fracture. Permeabilities of 10-'10-4 m (10_10-12 D)
may be measured, simultaneously, with electrical conductivity and acoustic velocity and
amplitude. Crack closure is also monitored for the fractured samples. All experimental control
and data-acquistion functions are performd by a microcomputer. A discussion of data-analysis
techniques and typical data are also presented.
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FIG. 1. Schematic of test samples
and sample and caps showing ap-
plied loads and measurements. The
dotted lines show the crack orien-
tation for the fractured samples.
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FIG. 3. Numerically generated pressure vs log times histories. (a) Effect
of effective pore volume on pressure time histories. (b) Effect of per-
meability on pressure time histories. Typical data for Westerly granite
are shown.
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FIG 4. Schematic of sample jacketing technique for mounting con-
entrance, strain, velocity, and amplitude transducers, and insulating

the sample and electrical leads is also diagrammed.
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FIG. 6. Schematic of the pressure vessel. The sample assembly and
vessel closure are shown. The moveable piston for application of axial
loads is also shown at the bottom.

the sample, and the scam is soldered. Another layer of
silicone rubber is clamped over the sample-end interface,
and the interface region is potted in a flexible epoxy
resin. The acoustic transducers are cemented to the lead
mounting pads with a conductive epoxy resin, and the
strain gauge beam mounting feet are placed on the inner
mounting pads. The lead jacket is scaled around the tef-
lon and lead mounting pads with a flexible epoxy resin.
All critical seal areas then are covered 'with a layer of
flexible silicone rubber caulk.

A typical encapsulated sample assembly is shown in
Fig. 5. The jacketed sample with end caps comprises the
lower two-thirds of the assembly, while the load cell and
vessel closure make up the remainder. The vertical posts
serve to position the sample on the load cell, while the
spiral tube and one similar to it (not shown) connect the
end caps to the vessel closure and, ultimately, to the pore
pressure reservoirs. The conductance electrode leads exit
the jacket at the top end cap and are connected to the
electrical feed throughs at the vessel closure. The acoustic
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FIG. 8. Schematic of thepore pressure system for low-permeability

measurements. The components shown inside the dashed
rectangle are located in an insulated enclosure for thermal stability.
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FIG. 11. Complete permeability apparatus. The pressure vessel and
pore pressure system are to the right. The contining and axial load
pressure system and the instrumentation rack are on the left The ter-
minal is in the foreground. The acoustic velocity, amplitude instru-
mentation, and the plotter are not shown.
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FIG. 12. Typical pressure decay curve for a very low-permeability
material (>10` 2 m). The sample was intact.
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FIG 13 Permeability, acoustic velocity, pulse amplitude, and electrical
conductance data for intact Westerly granite. Data from Nur and Sim-
mons shown as solid circles.
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FIG. 14. Permeability, acoustic velocity, pulse amplitude, and electrical
conductivity data for fractured Westerly granite.
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