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The specifics of determining hydrogeological parameters for two-phase liquid flowS in porous media
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The two-phase fluid vertical distribution in the groundwater aquifer concept has been repeatedly changed and hydro geological calculation methodology has changed as well. Yet, in the 1950’s-1960’s, it was based on a standard (API-Publication, 2004), but erroneous impression, that the free-phase liquid layer in a ground-water aquifer forms a lens that is strictly separated from the water and floats above it. It was considered that in this lens 100% from the pore volume is filled with free-phase liquid.
As of the 1970’s (Lefebvre, 2006), subsequent studies (Brook, Corey, 1964; Genuchten, 1980) showed that the capillary force influence on free-phase liquid layer deposits range in the groundwater aquifer creates a complex multiphase system, in which free-phase liquid saturation of soil pores changes from its maximum percentage content in the top layer to the minimum at the bottom layer (Fig.1). Field studies have shown (API-Publication, 2004) that the multiphase concept is applicable to coarse granular, as well as, fine sand. However, the sand grain size in this concept has fundamental importance because depending on whether the sand is coarse or fine, a difference can be seen there between in-the-bore-hole-observed (apparent) and in the groundwater aquifer’s saturated part’s actually existing (real) free-phase liquid layer thickness (Abdul et al., 1989). 
[image: image2.jpg]



Fig.1. Physical model of two-phase liquid vertical distribution in the groundwater aquifer. 

LEGEND. zgs – reference level (top of surface), zan – air and free-phase liquid interface, zaw – hypothetical (pizometric) groundwater level, bn - observed free-phase liquid layer thickness in the monitoring well, znw free-phase liquid and water interface, hw –water rising altitude (pressure) in the groundwater aquifer, hn – free-phase liquid rising altitude (pressure) above its and groundwater interface.

The main factors resulting in the difference between in-the-borehole-observed (apparent) and the groundwater aquifer saturated part of the actual (real) free-phase liquid layer thickness, are the capillary forces in the horizon, the free-phase liquid density and the degree of commitment with the mineral soil (Blake, Hall, 1984). The finer the soil and the higher the capillary forces act, the greater is the difference between the in-the-borehole-observed and the real free-phase liquid layer thickness in the groundwater aquifer’s saturated part. Given the fact that borehole capillary forces practically don’t exist, the water level will always be located below the groundwater capillary elevation zone. As a result, free-phase liquid from the groundwater capillary elevation impact zone, where water pressure from below acts on it through the pores, will move to the borehole, where capillary water pressure of this type does not exist, and fill in this space in the bore-hole, starting from the lowest level corresponding to the groundwater capillary zone elevation, beginning in the horizon.
However, the described approach is valid for limited free-phase liquid layer thickness values. It was found that the free-phase liquid layer in the groundwater aquifer increases and reaches a certain thickness (Lefebvre, 2006). This layer mass pressure begins to overwhelm the underlying water capillary elevation and as a result, the difference between the in-the-borehole-observed horizon and the free-phase liquid layer thickness declines (Testa, Paczkowsk, 1989). And vice versa - a decrease in the free-phase liquid layer in the groundwater aquifer increases the part of free-phase liquid that is mechanically linked to the soil, resulting in this liquid losing its mobility that interfere to its accumulation in the borehole. In this case, the in-the-borehole-observed free-phase liquid layer thickness is less than what it should be in accordance with the study design.
The fact that all these processes result in significant changes in the rock filtration properties themselves, which even further reduces the free-phase liquid mobility in soil and with it the likelihood that such a layer will form at all (Burdine, 1953), should also be mentioned as an important additional factor in the mobile fluid volume loss by adsorption.
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