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Imm1sc1ble ﬂuld ﬂow ina fracture
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ABSTRACT: ' A stratified: continunm model is used-to:geénerate fracture void geometries
to investigate the effect of trapping on immiscible flow threugh-a fracture:: For.a wetting
phase invading a fracture initially saturated with a nen-wettingphase, trapping of the non-
wetting phase occursiin local maxima that are.surrounded, by smaller apertures. Trapping
of the non-wetting:phase results in high.residual saturation:and low;values ofiwetting. .
phase telative; permeabilnty . An epoxy cast of a natura] fracture was used ta vnsua]ly
observe trapping in a fracture.

1 INTRODUCTION

Energy sources such as.coalbed-methane, geothermal springs, and.oil fields often occur
in fractured reservoirs and involve. the flow of two phases in fractures. Multiphase flow,
through fractures i also:a.concern for contaminant transport and. ;he{;solatlon of.
radioactive waste.. Anunderiying question of the movement of two fluids through a
fractute is how the fracture. geometry affects residual saturation and relative .. .
permeabilities. In reviewing the literature, few experimental measurements have been
made of relative permeability in fractures (Barton, 1972; Merrill, 1975; Bawden &
Rogiers, 1985). These experiments were performed on artificial fraotures or fractures
represcnted by parallel glass platcs Scveral investigators have undertakep theoretical
investigations of multiphase flow in fractures, Some models involve the; l{Se of capillary
theory to study multiphase flow through fractures idealized as parallel plates (Evans,
1983; Bvans & Huang, 1983; Rasmussen et al,, 1985) or wedge-shapeq fractures with
continuously varying apertures [Rasmussen, 1987]. Pruess & Tsang (1990) numencally
analyzed relative permeabllltles of a rough-walled fracture for a lognormal apertiire
distribution and various spatial correlations. They found that rclat;i\r péml‘éab;htles are '
sensitive to the nature and range of spatial cortelation of the aperpii . Pyrak-Nolte et al..
(1990) examined unsaturated flow in single fractures for the cage of a:jon-wetting phase’,
mvadmg a wetling phase fluid (such as mercury m_]eclcd mtg a fraeture‘! aturated w1th air
in rock).

Pruess & Tsang (1990) investigated numcncally the el'fect-of different aperturc :
distributions on two-phase flow through a fracture using gl@b acgessibilityi
Acocssnblllty determines which apertures will be occupied:by'} hich. phage: For wetting-
phase invasion, global accessibility allows all sites to be occupied evVen if'they are not
connected to the inlet. This paper will examine the effect of global accessibility compared
with inlet accessibility with trapping for a wetting phase invading a fracture initially. .
saturated with a non-wetting phase. Numerical and experimental.results will be
presented.
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2 EXPERIMENT

A labaratory study was undertaken to observe trapping in natural fraciures, To visually
cxamine the distribution of each phase in the [racture, an epoxy cast of a natural fracture
in granite was made. The natural fracture measured 52 mm in diameter. A mold of each
fraciure surface was made using Wood's metal, i.c., a Bismuth-based, low melting point
metal. The molds of each surface were [illed with epoxy and allowed to solidify, After
the epoxy solidified, the mold with epoxy was placed in boiling water w0 remove the
Wood's metal, The two casis of the [racture surfaces were placed 1ogether o form the
fracture. The sides of the specimen were sealed except for two ports for the fluid inlet
and outlel. These ports were approximately 3.18 x 102 m in diameter and were
diametrically opposed. The fracture was first saturated with a non-wetling phase (a dye
with a surface tension = 50.7 dyncs/em, and a viscosity = 1.37 ¢p) using an inlet
pressure of 635 Pa. The wetting phase was a mineral oil (surface tension = 30,3
dynesfem; viscosity = 28,05 cp). The oil was invaded imo the dye-saturated fracture
using an inlet pressure of 1044 Pa. The velocity of invasion of the oil was approximately
1.8 x 10 mys and was kept al this rale to avoid viscous fingering (Wong, 1988). Once a
connected path across the cast was [ormed and stabilized, the oil flowrate was measared
at 5.0x 10 m/s. The entire invasion of oil into a dye-saturated [raclure was caplured on
video tape. Figure 1 is a drawing from a video image when the distribution of the welling
phase (oil) and the non-welting phase (dye) reached steady-state. In the image, large
regions of trapped dye (non-welling phase) are observed and the oil (wetting phase) flow
path is tortuous.

3 MODEL

In this analysis of the effect of rapping on two-phase flow, fracture void wpologies are
generated using a siratified continuum model. A continuum model is used because the
distribution of void aperiures is continuous and there is no underlying lattice structure.
The simulated fracture void patlerns are based on a fractal construction that produces
spatially correlated aperture densities with an approximately log-normal size distribution.

Figure 1. Oil (wetting phase: black) invaded into a fraciure saturated with dye (non-
welling phasc: white) under capillary pressure effects,
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