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R4+ 0.5 g KCl + 6.8 g KH,PO,+0.2 g MgSO,+
0.07 g CuSO,+11 mg FeSO,+0.5 mg MnSO,+0.09 mg
ZnSO,, pH=7) H , 7F 37 “CHa i IR % K5 = 5 h 5 37
72~96 h, 9K J5 FH e BB O MUK e B A T 500 7
B WS LI W R A AR IR A R TR TR R

)RR SR B P LZ3-2 P A 2R A LAk
), BARSZ I A B A0 R K 10 mL LZ3-2 BRI A
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BS3096 HY & U ; 5t : LB 15 35 5£/0. 5% 540 2 /K 5
6#: LB 1535 5£/0.5% BS3096 it L 15 ; 7#: LB K %
H£/0.5% BS3096 114 % I ; 8#: e JCAILER 5 R 5L/
0.5% 15 401 b 2 7K 5 O« 18 BE TG AL 4 1% 5% 4£/0.5%
LZ3-2 1) 175 W& 5 10#: 1 BE JC AL £k 15 77 57£/0.5%
LZ3-2 W R W o
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Fig. 4 The relationship between core imbibition recovery
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FH 10 A IR B R R I 25 R AT LB
O AE R TR I8 R R oA EIE R Y
Fo N T IGUERR T A YR NG MR 24, ik
(A A7 A2 38 W = A 5 ), (i ] ES K5 3% 2£/0.5%
BS3096 4 I ¥ ik . ES K5 97 3£/0.5% BS3096 119 & %
B RY 1 g BiR+200 mL ES 557 55 ES 537 5/
0.5%BS3096 14 & P 2500 J5 19 1 g BRI AR +200 mL
0.9% AEFER K 3 LB IR HATIE R SL 5, BRI
RGBT R AR A& S BioR . 3SR B W)
H1(0~9 h) R P B, KALE il 7 B 40
B RE VER e LR E SOk, B S
PR MR BN 5 B TR . IR+ R 3
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FE T I PR 5 B — g AR, O ELAN B eSO
A AR H B4 A= 0 3 T T 1 R0 AT LA ARG Sk K A 1
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A IR SRR 2 | S B ] A SE A, TR (A HE R
B AR ) FLIE 8 T8, (98 W W 3 1) /N FL B o O -4
THBR A o 2 AT R ISR R R R 2 7.5 1 43 A .
SRIM , 76 8 R +0.9% 42 HLER /K Hh , 20 B e B 0 3.5 %
107 cells/mL , BS3096 A 7= A= A An] A R (1 AL 7 4
BUCRIBCR UG 32.73% , (HACR LA 2 /K 47
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Fig.6 Spontaneous imbibition recovery of biosurfactants pro-
duced by different microbial metabolisms
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Fig.7 Spontaneous imbibition recovery of different surfac-
tant system
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Microorganisms and Their Metabolites Enhancing Imbibition Recovery of Low Permeability Reservoirs
FU Jian">?, LIU Yulong" **, ZHANG Cengian"**, WANG Chenyue"**, SUN Shanshan'"**, SHE Yuehui"**, ZHANG Fan*
(1. School of Petroleum Engineering. Yangtze University, Wuhan, Hubei 430100, PR of China; 2. Cooperative Innovation Center of Unconventional Oil
and Gas, Wuhan, Hubei 430100, P R of China; 3. State Key Laboratory of Low Carbon Catalysis and Carbon Dioxide Utilization, Wuhan, Hubei
430100, China; 4. School of Energy . China University of Geosciences(Beijing ) , Beijing 100083, P R of China)

Abstract: Spontaneous imbibition is an important method for oil recovery in low permeability reservoirs. There are few reports on
the main oil recovery mechanism of microbial enhanced imbibition recovery. In this paper, the patented strains of Brevibacillus
potsdamus BS3096 and Pseudomonas aeruginosa LZ3-2 isolated from the reservoir environment in the laboratory were used. Through
spontaneous imbibition experiments, the selection of bacteria and medium, the growth conditions of microorganisms, the
metabolites of bacteria biosurfactants, the effects of bacteria and other factors on microbial enhanced oil recovery were studied. The
experimental results showed that the imbibition fluid containing lipopeptide biosurfactant produced by BS3096 could reduce the
oil-water interfacial tension from 0.8848 to 0.2055 mN/m, and the contact angle from 116.4° to 42.8°, so that the wettability of the
rock changed from oil wet to water wet. The decrease of oil-water interfacial tension and the change of rock wettability had a
significant effect on the recovery of imbibition crude oil. The imbibition recovery of lipopeptide biosurfactant produced by BS3096
could reach up to 60%. The recovery rate of rhamnolipid produced by Pseudomonas aeruginosa PAO1 was 56.26%. The glycoprotein
bio-emulsifier produced by LZ3-2 had emulsifying effect on crude oil, and the emulsification rate was 6.96 %. In the imbibition
experiment, BS3096 bacteria accumulated in the core, selectively blocked the large pore throat channel, and diverted the
imbibition fluid to the small pores in the low permeability area to displace the crude oil, which could increase the recovery rate by
7.5 percentage point. Under the same experimental conditions and surfactant concentration, the order of spontaneous imbibition of
biosurfactants and chemical surfactants was biotype > anion > nonionic > cation. The imbibition recovery of lipopeptide
biosurfactants was 11.8—44 percentage point higher than that of chemical surfactants. This study provides an efficient, economical
and environmentally friendly method for improving oil recovery in low permeability reservoirs, and provides theoretical support for
the application of microorganisms and their metabolites in the field.

Keywords: low permeability reservoir; microorganism; enhanced oil recovery; spontaneous imbibition; biosurfactant; oil recovery

mechanism
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