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Micro Mechanism of Oil Displacement by Water Gas Dispersion System
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Abstract: Low permeability reservoirs have small pores, fine throats and large seepage resistance, and the recovery percent of
conventional water drive is only about 20%. Gas injection development is not only limited by gas sources, but also seriously
affected by gas channeling and other problems; therefore, it is urgent to develop key technologies to continuously improve oil
recovery in low permeability reservoirs. The oil displacement technology of water gas dispersion system is a new technology
to improve oil recovery. This technology can realize the control of seepage resistance and supplement energy at the same
time, thus greatly improving the water displacement efficiency of low permeability reservoirs. In order to understand the
micro oil displacement mechanism of water gas dispersion system, the flow characteristics and distribution laws of fluid in
the displacement process were recorded, identified and quantitatively calculated through water drive, gas drive and water gas
dispersion system oil displacement experiments by means of micro etching model, high-speed camera acquisition and ImagePro-
Plus6.0 software identification. The experimental study shows that the main producing area of water drive is the main channel,
and the remaining oil is mainly distributed in the edges and corners of the model; the characteristics of CO, gas channeling are
obvious, the gas mainly flowing in the pore center and forming a water/oil film on the pore wall; the most remarkable feature
of water gas dispersion system for oil displacement is that it mixes with the oil phase “highly” after entering the pores. The
mixed microbubbles can not only produce “plugging” effect, increasing the seepage resistance of the main channel, but also
promote the subsequent fluid to change direction and enter the small pores that are not swept by water drive or gas drive, with
obvious effect of expanding the swept volume. And it can significantly displace the remaining oil at the edges and corners, and
even recover all the residual oil in the blind end. The oil recovery efficiency of water drive, gas drive and water gas dispersion
system drive is 71.6%, 82.0% and 91.0%, and water gas dispersion system plays a prominent role in improving oil displacement
efficiency.
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Fig.1 Microscopic visual oil displacement experimental device
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Tab.1 Experimental operation parameters
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Fig.2 Pore structure
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Tab.2 Constrain water saturation of different
displacement methods
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Fig. 3 End state of saturated oil
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Fig. 4 Status of microscopic model with different injection volume
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Fig. 5 Residual oil type after water flooding
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Tab.3 Water drive recovery rate
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Fig. 6 Process of CO; drive and EOR calculation
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Tab.4 CO,; drive recovery rate
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Fig.7 Characteristics of water-gas dispersion flooding in pores
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Fig. 8 Effect of bubbles on seepage direction
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Fig. 10 Effect of dispersion system on residual oil in blind end
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Fig. 11 Recovery rate analysis of water-gas dispersion system flooding
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Tab.5 Recovery rate of water-gas dispersion system flooding
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