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Abstract
To meet the increasing demand for oil and gas, surfactants are used in conventional oil and gas reservoirs to increase oil recovery. This mechanism of using surfactant reduces the Interfacial Tension (IFT) at fluid/fluid interface and wettability at rock/fluid interface to mobilize trapped oil out of the pores. However, there are two main limitations of the surfactant flooding process—first, high reservoir temperature & salinity, and second, adsorption of surfactants on the rock surface. Surfactant adsorption alters wettability of reservoir rock from oil-wet to water-wet but can reduce oil recovery, especially in conventional reservoirs with high Total Dissolved Solids (TDS) and temperature. This study tested two synthetic amphoteric surfactants, one nonionic biosurfactant, and a base case with produced brine to understand wettability, IFT, surfactant adsorption, and its effect on oil recovery in Bone Spring sandstone formation. Brine has a high TDS of 164,000 ppm, and test conditions were kept at 145oF and 500 psi pressure. First, surfactant stability tests were performed on all three surfactants. Then, IFT measurements were performed between crude oil and surfactant solutions along with produced water. Next, wettability alteration was studied by measuring contact angle on oil saturated rock samples before and after being exposed with three surfactants and produced brine. Then, surfactant adsorption experiments were performed using UV-Vis spectrophotometer to calculate the amount of surfactant getting adsorbed on the rock sample. Surfactants and produced brine imbition experiments were performed on core samples, and oil recovery was quantified using 12 MHz Nuclear Magnetic Resonance (NMR) spectrometer. Lastly, Scanning Electron Microscopy (SEM) measurements were performed on core samples to study surfactant and salt adsorption on rock surface post surfactants and produced brine imbition. Results showed that all three surfactants show reduction in IFT and altered wettability, but nonionic biosurfactant show ultra-low IFT and makes the sample most water wet as compared to amphoteric surfactants. Imbition experiments show that nonionic biosurfactant has the highest oil recovery while synthetic amphoteric surfactants have oil recovery lower than produced water. Oil recovery, wettability, and IFT alteration depend on surfactant adsorption, which can lead to loss of surfactants from solution to rock surface. This study suggests that nonionic biosurfactant with glycolipids can be effectively used in this sandstone reservoir at high TDS and temperature.
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