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Abstract: [Objective] To screen the indigenous functional microorganisms in reservoirs and
explore their oil recovery mechanisms, we conducted field tests to determine the process and
technical feasibility of enhancing crude oil recovery by indigenous microorganisms. [Methods]
We collected samples from the Yingdong Oilfield and used oil plates to screen for the target
bacteria. Next, we evaluated the environmental adaptability and optimized the culture
conditions of the strain. Further, we measured the emulsifying, viscosity-reducing,
paraffin-resistant, and hydrocarbon conversion abilities of the isolate to evaluate the oil
recovery competence of the strain and explored its oil recovery mechanism. Finally, we carried
out the microbial enhanced oil recovery tests in the oilfields. [Results] We isolated Bacillus
velezensis B6 from the oil-water sample with an emulsifying activity index (EI24) of 100.00%,
a viscosity reduction rate of 97.20%, and a paraffin resistance rate of 86.90%, which indicated
that strain B6 had good emulsifying and viscosity-reducing abilities and improved oil recovery
potential. Strain B6 could reduce heavy components in crude oil and increase light
hydrocarbons to improve crude oil properties and quality. Moreover, we carried out single-well
huff and puff and paraffin removal operations in Yingdong Oilfield, Yuejin Oilfield, and
Huatugou Oilfield with a total of 62 well-times in the field test, which resulted in a cumulative
oil increase of 1 460.36 tons and an average delay of 47 days in the well flushing cycle. The
economic benefit was CNY 3.425 million, and the input-output ratio was 1:4. [Conclusion]
The laboratory studies and field tests proved that indigenous B. velezensis B6 can significantly
improve the oil recovery and well paraffin removal, with great application potential.
Keywords: microbial huff and puff; emulsification and viscosity reduction; large-scale
fermentation; microbial paraffin removal
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Figure 1

Phylogenetic tree analysis of strain B6. The phylogenetic tree (bootstrap consensus tree) of 16S

rRNA gene of strain B6 was constructed by neighbor-joining method. Numbers at nodes are bootstrap values
(>50%) based on 1 000 replications. Bar, 0.000 1 substitutions per nucleotide position.
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Figure 2 Analysis of growth curves of strain B6 in different environments. Effects of pH (A), temperature (B),
salinity (C), and media (D) on the growth of strain B6. Medium A and Medium B represent improved LB
medium and fermentation medium, respectively. Error bar represents the standard deviation (SD).
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F= 1 ARIEFEDPEK B BIIKM M EETEMN
Table 1

Evaluation of oil recovery performance of strain B6 in different media

Media Surface tension (mN/m)  EI24 (%) Paraffin control rate (%) Viscosity reduction rate (%)
Improved LB medium 27.95 96.54 86.90 95.08
Fermentation medium 27.33 100.00 74.00 97.20
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Figure 3  Analysis of four components of crude oil.
Unpaired t test, *: P<0.05; **: P<0.01; ****:
P<0.000 1.
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Figure 4 Analysis of C10—C40 composition in crude oil. Medium A and Medium B represent improved LB

medium and fermentation medium, respectively.
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Figure 5 Evaluation of microbial single well huff and puff and oil-well paraffin removal. Fluid production (A),
oil production (B), and water content (C) are used to evaluate the effectiveness of microbial single well huff and
puff. Purge period (D) and oil-well load (E) are used to evaluate the effectiveness of paraffin removal. Paired t

test, *: P<0.05; ****: P<(0.000 1.
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