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Silica suspensions combined effect with PPG, polymer and low salinity water flooding for enhanced oil

recovery
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Low salinity water flooding (LSWF) and preformed
particle gel (PPG) have recently drawn great
interest from the oil industry. LSWF can only increase
displacement efficiency, and it has little or no effect on
sweep efficiency whereas PPG can plug fractures and
improve sweep efficiency, but they have little effect
on displacement efficiency. The coupled method
bypasses the limitations of each method when used
individually and improves both displacement and
sweep efficiency. Polymer gels have been widely
applied to plug high permeability streaks or fractures,
and to improve sweep efficiency of chase water
floods. The oil recovery from fractured reservoirs is
usually low, which is usually caused by the existence
of areal formation heterogeneity. Combining two
methods in one process to enhance oil recovery
represents a needed cost savings in the oil industry.
Microgels are used as conformance control agents
to improve oil sweep efficiency and control excess
water production. Low-salinity water flooding (LSWF)
is used as a wettability alteration agent in carbonate
reservoirs and improves displacement efficiency.
We developed a cost-effective, novel, enhanced oil
recovery (EOR) technology for carbonate reservoirs by
combining the four technologies into one process. The
objective of this paper is to provide a comprehensive
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understanding of the combined technology and
to demonstrate how the combining method can
improve oil recovery. The oil-wet carbonate cores
provided a higher improved oil recovery than water-
wet carbonate cores during LSWF compared to
traditional bulk gel treatments, PPG forms stronger
plugging but will not form an impermeable cake in the
fracture surface; therefore, PPG allows low salinity
water to penetrate into the matrix, thereby producing
more oil from the matrix. Preformed particle gels
(PPGs) is a diverting agent that is used to solve the
conformance problem in low permeability rich oil
zones. It is injected to reduce thief zone permeability
and then divert displacing fluid into poorly swept
zones. The focus of this study is to see how PPGs, low
water salinity, polymer and silica particles perform in
porous media by creating flow resistance to injected
fluid thereby changing the wettability and enhancing
the sweep and displacement efficiency. Silica particles
modify the surface wettability and also modify the
gel particles strength, LSWF modify the mechanical
properties of PPG such as swelling ratio, and polymer
increase the sweep efficiency of chase water flood
and PPG plug the high permeability zones to divert
the water flow into low permeability zone to displace
the remaining oil.
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