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Targeted viscosity reduction for chemical cold recovery of heavy oil: technologies and field cases

Mengyun Zhao, Hang Xu", Lin Meng, Ningkai Shu, Qiuying Du, Lili Cao, Wenfang Song, Xi Lu

Institute of Oil Production Engineering, Petroleum Exploration and Production Research Institute, SINOPEC;
Beijing

[ Abstract] Heavy oil, as a strategic resource in China, presents significant development challenges due to its
high viscosity. Conventional thermal recovery technologies suffer from high energy consumption (350°C steam),
substantial carbon emissions, elevated costs, and engineering issues such as steam channeling and water
encroachment. To address these technical bottlenecks, this study systematically investigated key technologies for
targeted viscosity reduction in heavy oil cold chemical recovery. Through high-resolution mass spectrometry and
molecular dynamics simulations, the viscosity contribution rates of n-n stacking and hydrogen bonding in heavy oil
were quantified for the first time (exceeding 60%). Based on these findings, a dopamine-amide-benzene sulfonic acid
ternary copolymer dual-target viscosity reducer was designed, achieving a bulk viscosity reduction rate of >80%. An
innovative self-assembling particle plugging mechanism was proposed, leading to the development of a
hydroxymethylacrylamide-maleic acid-decenol ternary copolymer plugging agent, which resolved the challenge of
targeted delivery for viscosity reducers (adjustable particle size range: 0.1 um-2 mm). A groundbreaking downhole
alternating hydrodynamic field injection technology was pioneered, with the invention of a pulse generator (pulse
energy: 18 kW) that tripled chemical injection efficiency. Field applications at Well Chen 371-Ping 14 in the Shengli
Oilfield demonstrated remarkable results: the chemical-to-oil ratio reached 1:81.5, representing a 110-fold
improvement over the steam-to-oil ratio (1:0.74) of thermal methods, with cumulative incremental oil production of
7400 tons and a 60% reduction in carbon emissions. The research outcomes have been included in the National
Advanced Technology Catalog and established as industry standards, providing critical technical support for the green
development of heavy oil resources.
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