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ABSTRACT: A siratified percolation model is used to analyze saturated and unsaturated fluid flow through single frac-
tures and the scaling behavior of saturated fluid flow through single fractares, The stratified percolation model simulates
experimentally observed correlations in fracture flow path geometry. Using percolation theory and the principle of con-
servafion of volume, deviatlons from cubic law behavior for fluid flow through single fractures result from a nonlinear
relaiionship between apparent aperture closure (from farfletd displacement. measurements) and void aperture closure,
From the analysis of unsaturated fluid flow In a fracture, it was found that non-wetting phase permeability decreases
rapidly with increasing weiting phase saturation, Also, the cross-over in permeability of the wening and non-wetting
phases Is essentially Invariant with stress. Renormalization group techniques are applied to Investigate the dependence
of fluid flow through a fraciure on sample size,

INTRODUCTION result of all these studies is that vold geometry is vari-
A major challenge in the analysis, design and bullding  able in size and shape, and the geometry of the voids
of underground structutes is to understand how changes  determines fluid flow through the fracture and fracture
in effective stress affect the hydraulic properties of a  deformation,
fractured rock mass. The key w understanding the A standard approach has been to model fluid flow
hydraulic, mechanical and selsmic properties of natural  through a fracture as if it were betwecn parallel plates.
fracturés is to quantify the topology of the vold spaces  In this approach fiuid flow through the fracture is pro-
in fractures and understand how fluid flow and defor-  portional to the cube of the aperure of the fracture
mation properties are coupled through this wpology. ("cublc law™). Several investlgators have made meas-
In addition, by understanding the fracture topology, an ~ Wremenis of foid flow through both induced and
indication can be obtained of how fluid flow and defor-  natural fractures and found relationships between flow
mation properties scale with different sizes, and aperture much greater than cubic (Iwai, 1976;
Fluid Row through a frachre is fundamentally  Engelder and Scholz, 1981; Raven and Gale, 1985
different than Buid flow through a porous medium. In  Pyrak-Nolte et al., 1987). These deviations from cubic
a fracture, fluid flow occurs in roughly a two-  law behavior have been auributed 10 variable void
dimensional plane and is controlled by the distribution  cross-section (Engelder and Scholz, 1981} or to surface
of apertures. The complex flow paths of a fracture  roughness and fow path tortaosity (Tsang, 1984),
arise because a natural fracture consists of two rough Few investigators have examined the effect of scale
surfaces in partial contact, Between the areas of con- of observation on Auld flow through fractures. Exper-
tact, there exist volds of varlable geometry and aper-  mental evidence (Witherspoon et al., 1979; Raven and
ture, If a fracture is placed under stress, the fracture  QGale, 1985) showed opposing trends, with hydraulic
voids deform, resulting in an increase of contact areas,  conductivity increasing or decreasing with increasing
a reduction of void aperture and a reduction in fracture sample size. From a numerlcal investigation, Neuzil
void volume. The vold geometry of a fracture will be and Tracey (1981) concluded that smaller specimens
influenced by the roughness of the individual fracture will have smaller values of conductlvity than larger
surfaces and the correlations between the two surfaces  specimens under the same siress because fewer large
(Swan,. 1983; Brown et al,, 1986). Other investigators flow channels exist. From a theoretical study of the
- have made measurements of fracture contact area (fwal,  effect of sample size on the hydraulic and deformation
1976; Bandis et al,, 1983), fracture flow path geometry properties of a fracture Tsang and Witherspoon (1983)
(Pyrak-Nolte et al., 1987; Gentler ot al, 1989), and - determined that large scale roughness of the fracture
size and diswibution of fracture apertyres. The basic controls the hydraulic and mechanical properties of the
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