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Abstract

Phase equilibrium calculations are one of the nsaps in the compositional simulation of hydrocarbo
reservoirs, well tubing, oil and gas pipelines aallvas separation units. The main phases in alfrdoatbon
production systems from a reservoir to a stock tamkgas, oil, and water. In most studies, the @gu@hase is
considered bulk and phase equilibrium calculat@msconducted only on the oil and gas phases.ne sonditions
such as thermal processes, the solubility of wigterther phases and also hydrocarbon componerttseinvater
phase cannot be ignored. The robustness of equitibzalculations for a wide range of compositidesyperatures,
and pressures, including near critical area andlsgmbint curve, is essential for rapid and staliteulation studies.
In this study, we propose the three-phase equilibrcalculations in detail for water, oil and gasagpdés. All the
handling steps and strategies to establish a rodmctefficient phase stability testing and flaskcwaation are
explained. Moreover, appropriate tolerance values decision-makings in the algorithm are definede W
successfully present the effectiveness of our dlgor for some three-phase samples covering a watge of
composition and production conditions.

Keywords. phase stability testing; flash calculations; sssive substitution; Newton-Raphson method; BFGS
method; phase envelop; CPU time

1. Introduction

Water and hydrocarbon components are inevitablés pr all oil and gas reservoirs. Presence of water
hydrocarbon phases and hydrocarbon componentster phase can significantly affect the resultshef teservoir
simulation. Studies on the real samples of the dgahbon reservoirs show that the presence of watéhe
hydrocarbon phases can result in scale formatiomgwo water evaporation in or near a well. Moregvtcan
change the saturation curve of the phase envelap,n@ay have a major effect on the gas in placeutalon.
Meanwhile, there are some issues regarding thebiibfuof hydrocarbons in water, such as hydrocarlass in
water, water pollution of aquifer in contact witietreservoir, interaction of hydrocarbon with dhdj fluids leading
to the risk of gas kicks, etc. [1].

Phase equilibrium analysis is one of the main paftall compositional reservoirs and productiontegs
simulations in their initialization and all the nenonlinear iterations steps. It should be noteat the three-phase
equilibrium calculations are required to model wditgdrocarbon mixtures, e.g. steam injection, tn sombustion
and CQsequestration [2].

Currently, the most common equations of state trofeum industry are cubic such as Peng-Robins&) énd
Soave-Redlich-Kwong (SRK). Water solubility in thgdrocarbon phases is easily calculated using ctiorel
cubic equations of state whereas these equati@ndedicient for predicting hydrocarbon solubility water phase
[3]. Different models of water-hydrocarbon threeapl equilibrium calculations have recently beenduse
overcome this deficiency. Most of the models argebaupon the equality of component fugacities lic@xisting
phases. Some authors like Economou and DonohueEpnomou and Tsonopoulos [5], Oliveira et al. [6]
developed the non-cubic equation of state (Eo®ptoulate water-hydrocarbon equilibrium by takingpi account
the self-associating character of water in ordeémiprove the accuracy of the phase envelope cornipnte&Sgreide
and Whitson [7] used the cubic EoS with two modifions to predict the brine-hydrocarbon system&abéor at
high pressures and temperatures. In the first noadién, a specific temperature dependency parameter in the
EoS for water component is employed, resultingniprioving the prediction accuracy of the water vapassure
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