Available online at www.sciencedirect.com

ScienceDirect GEOTHERMICS

s

ELSEVIER Geothermics 37 (2008) 429443

www.elsevier.com/locate/geothermics

Estimation of wettability in gas—liquid—rock systems

Kewen Li*?* Roland N. Horne?
2 College of Engineering, Peking University, Stanford, CA 94305-2220, USA
b Stanford Geothermal Program, Stanford University, Stanford, CA 94305-2220, USA

Received 20 April 2007; accepted 12 March 2008
Available online 29 April 2008

Abstract

The wettability in gas—liquid—-rock systems, including geothermal (steam—water—rock) systems, is central
to defining the relative permeability and capillary pressure, which govern the forecasts of future production
and reinjection performance. Since the frequently used Amott and USBM approaches are appropriate only
for specific liquid-liquid—rock systems, we developed a model to evaluate the wettability in gas—liquid—rock
systems. The method can be applied to determine the wettability at specific wetting-phase saturation if
the capillary pressure and relative permeability at this fluid saturation are known. The proposed model
can also be used in liquid-liquid—rock systems. The validity of the technique was tested qualitatively and
quantitatively using experimental data from different rock—fluid systems. The calculated wettability indices
in gas-liquid-rock systems were higher than in liquid-liquid-rock systems, as expected. Results also show
that the wettability index calculated using the new method may or may not be independent of fluid saturation
in the cases studied. In addition, the wettability index in drainage was seen to be greater than that in imbibition,
a wettability difference that is particularly important in steam—water—rock (geothermal) systems because of
the impact on reinjection.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Wettability is defined as the tendency of a given fluid to spread on a solid surface when two
immiscible liquids or a liquid and gas are present (Bear, 1972). This phenomenon influences
multiphase flow in a geothermal reservoir and controls the fluid distribution, for example, steam
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Nomenclature

F lithology factor

k absolute permeability

Kair air permeability

kew relative permeability of the wetting phase

kw effective permeability of the wetting phase

P, capillary pressure

P. entry capillary pressure

Shwr residual saturation of the non-wetting phase

Sw wetting-phase saturation

Swr residual wetting-phase saturation

S¥ normalized wetting-phase saturation

Wi wettability index

Wi wettability index at the wetting-phase saturation of Sy,
W ratio of the wettability index of fluid pair 1 to fluid pair 2
Greek symbols

0 apparent contact angle through the liquid phase

Ow apparent contact angle through the water phase at a wetting-phase saturation of Sy,
A pore size distribution index

o interfacial tension

¢ porosity

Superscripts

n for fluid pair » (=1, 2)

exists in the fractures while water exists in the matrix in many cases. Wettability also affects
capillary pressure and relative permeability values and is important during fluid extraction (i.e.
when the reservoir is produced or drained) and fluid recharge (i.e. when the reservoir is recharged).
During reinjection, an important mechanism is for water to imbibe strongly into the rock matrix,
which depends on the wettability of the steam—water—rock system.

It has been proven experimentally that wettability in gas—liquid—rock systems can be altered
from strong preferential liquid-wetness to preferential neutral gas-wetness by chemical treatment
(Li and Firoozabadi, 2000). A lot of attention has been paid to the study of this effect because
of its importance in natural gas reservoirs. However, it still remains a challenge to evaluate the
wettability alteration quantitatively in gas—liquid-rock systems. The difficulty is not limited only
to the characterization of the steam—water—rock systems found in geothermal reservoirs, so many
of our remarks are applicable also to gas—water—rock systems in general.

Wettability is often represented by contact angle or wettability index. Slobod and Blum (1952)
developed a method to evaluate the wettability of reservoir rocks from the threshold capillary
pressures measured in oil-water—rock and air—oil-rock systems. However, the semiquantita-
tive method was based on the assumption that the contact angle through the liquid phase in
gas—liquid—rock systems is zero. This assumption implies that there would be no differences
among the wettabilities of gas—liquid-rock systems. This may not be true in certain cases, espe-
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