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Adsorption Characteristics of SiOQ, Nanoparticles in Ultra-low Permeability Sandstone
LU Teng, DU Liping, PENG Dongliang, LI Zhaomin
(Key Laboratory of Unconventional Oil & Gas Development (China University of Petroleum (East China) ) , Ministry of Education, Qingdao, Shandong
266580, P R of China)

Abstract: Nanoparticles have a good application prospect in enhancing oil recovery due to its unique nano-effects, but the ultra-low
permeability reservoirs have small pore throats, and the adsorption of nanoparticles has a greater impact on the physical properties
of the reservoir. Based on the displacement experiments of SiO, nanofluids in the ultra-low permeability cores, combined with the
ultraviolet-visible spectrophotometer, the adsorption capacity of nanoparticles in cores was tested, and the core slices after
displacement were observed by scanning electron microscope. The research results showed that when mass fraction of nanofluids
increased from 0.01% to 0.50%, the core injection pressure increased, and the retention rate of nanoparticles increased, being of
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7.60%—87.50%, as a result, the permeability loss rate could reach up to 96.46%. The subsequent displacement of NaCl solution
only took away a few unstably adsorbed free nanoparticles, but did not alleviate the adsorption obviously, because of the formation
of effective plugging in the rock core. In order not to affect the subsequent injection of fluids, the mass fraction of SiO, nanofluids
injected into ultra-low permeability sandstone should not exceed 0.01%. The scanning images of core sections after displacement
demonstrated that the nanoparticles were concentrated on the pore throat and matrix surface at the front of the core, occupying the
fluid seepage channel, which caused structural changes in the pore throat. As the concentration of nanofluids increased, the particle
aggregation phenomenon became more obvious.

Keywords: nanoparticle; ultra-low permeability; adsorption; plugging
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Evaluation and Application of Polymer Microsphere and Surfactant Compound Profile Control and

Flooding System
WU Tianjiang'?, ZHAO Yanhong’, CHENG Chen'?, CAO Rongrong'*
(1. 0il and Gas Technology Research Institute, Changqing Oilfield Branch Company, PetroChina, Xi’an, Shaanxi 710018, P R of China; 2. National
Engineering Laboratory of Low Permeability Oil and Gas Field Exploration and Development, Xi’ an, Shaanxi 710018, P R of China; 3. Research
Institute of Xi’ an Changqing Chemical Group Company, Ltd, Xi’an, Shaanxi 710018, P R of China)

Abstract: According to the characteristics of Changqing low permeability reservoir, polymer microsphere and surfactant compound
profile control and oil recovery technology was proposed. Polymer microsphere was prepared by acrylic acid,
2-acrylamide-2-methylpropanesulfonic acid, 2-mercaptobenzoic acid, ammonium persulfate and sodium bisulfite. Surfactant
complex system was prepared by alkanolamide polyoxyethylene polyether sulfonate and coconut oil fatty acid diethanolamide. The
oil-water interfacial tension of surfactant and surfactant/polymer microsphere mixture was studied, the profile control and
displacement performance of polymer microsphere and mixture was investigated, and the injection mode of compound flooding was
optimized. Finally, it was applied on Ansai oilfield. The results showed that the initial particle size of polymer microsphere was
generally 50—300 nm. It had hydration expansion characteristic with expansion ratio of 20—100 times. The aggregation
characteristic of microspheres during hydration and expansion was observed by SEM. The microspheres had good dispersion and
sphericity, and the particle size distribution was Gaussian normal distribution. The most economical concentration of surfactant was
3 g/L. The viscosity of the mixture increased after adding surfactant to polymer microsphere, and the dispersed phase particle of
microsphere shielded the interfacial activity and micelle formation ability of surfactant, which resulted in the decrease of interfacial
tension and was not conducive to surfactant flooding. Polymer microsphere solution had good plugging performance to core. When
the mass concentration of microsphere was greater than 4 g/L, the plugging rate was about 80%. The oil displacement efficiency of
polymer microsphere and surfactant by slug injection mode with volume ratio of 1:1 was better than that by mixed injection of two
systems. The application effect of this technology in Ansai oilfield was good, and the cumulative oil increase was 3576 t.

Keywords: nano polymer microsphere; surfactant; compound profile control and flooding ; enhanced oil recovery; Ansai oilfield

(425568 11, continued from p.68)

rapid rise of water cut, so water control is urgently needed. Based on the reservoir features and wells production performances, the
terpolymer was prepared using acrylamide, 2-acrylamide-2-methylpropanesulfonic acid and dimethyldiallyl ammonium chloride for
selective water shutoff in horizontal well. The effects of crosslinking agent N, N- methylene bisacrylamide on the strength and
swelling rate of water shutoff agent were studied. The injection performance and plugging ability of water shutoff agent were
investigated. On the basis of laboratory experiment and well performance, the oilfield trials of water shutoff for 6 horizontal wells
were carried out in Kunbei oilfield. The experiment results showed that the amount of crosslinking agent had great influence on the
strength and swelling rate of water shutoff agent. When the dosage of crosslinking agent was 1.5% of the total mass of monomer,
the strength of water shutoff agent was moderate. It could be stretched, and the swelling rate reached the highest. The average size
of water shutoff agent particle was 420 um, which could form effective plugging in the fracture of Kunbei reservoir. After injecting
water shutoff agent into sandpack column, the injection pressure of subsequent water flooding increased by 5.06 times, and the
plugging rate of water flooding was 83.5% and that of oil flooding was 20%, showing a good selectivity to oil and water. The water
shutoff agent was applied in Kunbei oilfield and the remarkable effect of increasing oil and reducing water was gained.

Keywords: glutenite oil reservoir; horizontal well; terpolymers; selective water shutoff agent; Kunbei oilfield
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