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Abstract

Qilfield problems owing to asphaltene precipitatiare well known. Asphaltenes can block pore thraatshange the
formation wettability and thereby reduce the hyadrbon mobility. Simulation of asphaltene precifiita during gas
injection requires a comprehensive thermodynamidehavhich accounts for the complex phase behafiasphaltenes. In
this paper, PC-SAFT EOS is implemented for thet fiime in a compositional reservoir simulator to dabasphaltene
precipitation. The additional computational timé RC-SAFT compared to the cubic equations-of-staieh as Pen-
Robinson (PR EOS) is decreased by improving it$ finding algorithm. A deposition and wettabiligfteration model is
then integrated with the thermodynamic model tousate the dynamics of precipitated asphaltenedfef@int gas injection
scenarios are modeled to show the effect of gastion on apshaltene precipitation and deposition.

Simulation results show that the profile of the dged area by asphaltene deposition is governetidoghape of the
asphaltene precipitation envelope for the reseffliginl. The damage caused by asphaltene depositicough plugging and
wettability alteration, was revealed as a declmerioductivity index curves. Results indicate thatservoir fluid can have
precipitation risk during gas injection even ifdibes not exhibit precipitation in the primary reepylife of a field. The
computational time of the simulations using PC-SAEDS were compared to those using PR EOS for diffenumber of
components. Results of these comparisons shofeds#ility of using PC-SAFT in compositional siratibns.

I ntroduction

Mixing oils with a solvent incompatible with aspteales may lead to asphaltene destabilization asultrie a sticky solid
phase (Gonzaleet al. 2008). Asphaltenes can block pore throats onghahe formation wettability by adsorbing onto the
reservoir rock and thereby reduce the hydrocarbability (Leontaritis et al. 1994). Deposition may cause serious
formation damage anywhere in the reservoir domespecially around the production well where the imax pressure
decline happens.

Asphaltene deposition problem during oil producti@ms motivated several research studies on phaseibe modeling
of asphaltenes as a function of temperature, pressnd composition. In spite of extensive researctasphaltene phase
behavior, few studies have been reported on thalation of asphaltene precipitation during gasdti@. The potential of
asphaltene precipitation in gas flooding is notaligupredicted because reservoirs often containt la@ls, which have low
asphaltene contents. However, light oils have loasghaltene solubility and therefore a greateiitiked of asphaltene
destabilization under physical or chemical distades (Sarma 2003). In some cases, the reservoimbaprevious
asphaltene precipitation during primary productom therefore the potential of precipitation is ne@ked for gas injection
(Sarma 2003). Examples are the hydrocarbon gastiop project in Rainbow Keg River “B” pool (Nagalal. 1990) and
CO, flood pilot project in Midale field in Canada (Betau and Payne 1991). These gas floods experieasgidaltene
precipitation after gas injection into the resery@ven though there was no prior asphaltene ptatign problem in
preceding primary production or water flood phases.

Existing thermodynamic models for asphaltene pittipn are categorized into two main fundamenigbraaches:
colloidal and solubility. Models based on the elal approach assume asphaltenes as suspendigaaicles, which are
peptized by resins in a colloidal system (Leonar@nd Mansoori 1987, Leontaritis 1988). The theofythe colloidal
behavior of asphaltenes is attributed to Nellems{@@24). He expressed the asphaltic compounds$gdracarbon medium
containing dispersed aggregates or flocs of aspmedt which are stabilized by resins and other logtbmns absorbed on
their surface. In 1987, Leontaritis and Mansoodpmsed a colloidal model to predict asphalteneipitation onset. Based
on the colloidal approach, Victorov and Firoozabét®96) proposed a thermodynamic micellization nhadewhich
asphaltenes are considered to exist in the crudeitiiin micelles. Micelles consist of an asphattecore stabilized by
protective layers of resins and components othan tsphaltenes (Victorov and Firoozabadi 1996, &ah Firoozabadi
1998). Asphaltenes and resins in micelles are erntbdynamic equilibrium with their monomers in oihder stable
conditions (Pan and Firoozabadi 1998). As longhasniicellar cores are thermodynamically stablehaltpne particles are
not problematic in crude oil. However, the thermuaiyic equilibrium can be disturbed by physical leeroical interactions.
These interactions can dissociate the protectieé ahd cause asphaltene flocculation (Allenson\&tadsh 1997).

According to the solubility approach, asphaltenesdissolved in the crude oil and form a real sotu{Hirschberget
al. 1984, James and Mehrotra 1988, Buekal. 1990). In solubility models, precipitation is cafexed to occur in a solid-
liquid equilibrium (SLE) or a liquid-liquid equilfium (LLE) state. One of the SLE solubility modédsthe solid model
proposed by Nghiem and Coombe (1997). Nghiem ararbe (1997) assumed that the heaviest componéme ioil can be
split into a non-precipitating component and a jpitating component (i.e., asphaltenes).

Flory-Huggins regular solution based models (Hibsoly et al. 1984, Rassamdargh al. 1996) and EOS models are
other examples of the solubility approach. SAFTd@haret al. 1990) is an EOS model used by Tit@l. (2003) to model
asphaltene phase behavior. This EOS, which is basedtatistical mechanics, can efficiently accofmt molecular
polydispersity. Tinget al. (2003) assumed that polar-polar interactions rsignificant in asphaltic crudes and van der Waals
forces can sufficiently explain the interactiongwzen the molecules. That is, they neglected teecation term in SAFT.
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