[DEXyESI

Acta Microbiologica Sinica
2023, 63(6): 21732184
http://journals.im.ac.cn/actamicrocn e,

DOI: 10.13343/j.cnki.wsxb.20230001 EE
Geomicrobiology BskpteXil=2

PRYIR 1 S P00 Pk B L 36t 3ok e sl 2 4 7R s R =2 Ml

BRE Y, mE Y, REY, R¥ER O’

1A A R T AR 5T B 2 i R GRS Ry, dERT 100083
2 o [ A T S AN w SR I ST B, e Ta R ESAK 834000
3 PREATHCRMCR E K EH NS E, Jbat 100083

REPREE, ATEL, BRAE, U2, ELLBE. PR GRCAR H Bk B X I e A 3 B S 0], SR 2R, 2023, 63(6):
2173-2184.

CUI Qingfeng, YU Li, ZHANG Qun, DAI Xuecheng, WANG Hongbo. Indigenous microbial flooding and its influence on
microbial activities in reservoirs[J]. Acta Microbiologica Sinica, 2023, 63(6): 2173-2184.

 E: [B¢] FRbEcf XA RN KIKT@AEb bR, KEHREE, BRELAFEHNA
SRAA A, ABT R I AAT ) AR A0 I 1t WA A A S R, A R R A A B R
kRSN, Urk] RAGBENEZMIFRR, RAIR 56N Rk A I
oA o e BT M LR e R B0 KB R AR L 5 A R
WA IRt B A M E S Hoh . [ER] AR ENREFN TG, WRBREDKE
FE, mEBREEMAENR T, mALHADRAHRAERRET 23 MBS &4
MR AN RHEDREIEIR, SRERKMENRRGE, RbHZHIIL, RALHRKERE
52%. [##] *FF A RMAENE A F G 09 /RIT-EBAR bR, W IR A M I b HA T b Rk
WENGHRE, A LFOERRSFERG RS, HAEDBEEN . A REE A REA
AR K AR A 7T AN A SR A R Ak A0 B I L E OB 4G E B AEAE, b LA R A A 4 B
N KB RBEASE

EHEIT: ARMADIRG; dBRMKAEY,;, BT, MAEMED, BGRKE

TIE . o E A RFE P S BORIT KT H (2021DJ1605, 2021DJ1102)

This work was supported by the PetroChina Science Research and Technology Development Project (2021DJ1605,
2021DJ1102).

*Corresponding author. Tel: +86-10-83597100, E-mail: cuiqf69@petrochina.com.cn

Received: 2023-01-01; Accepted: 2023-03-03; Published online: 2023-03-11



2174 CUI Qingfeng et al. | Acta Microbiologica Sinica, 2023, 63(6)

Indigenous microbial flooding and its influence on microbial
activities in reservoirs
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Abstract: [Objective] The Liuzhong area of Xinjiang Oilfield is a typical ordinary heavy oil
reservoir with poor water flooding effect and rich indigenous microorganisms. We studied the
application potential of indigenous microbial flooding in this reservoir by analyzing the impact of
indigenous microbial flooding on the microbial activities in the reservoir. [Methods] During the
implementation of indigenous microbial flooding, we employed high-throughput sequencing and
the techniques of analytical chemistry to systematically determine the microbial community
structure, total bacterial count, number of functional microorganisms, and properties of the
produced fluid. [Results] The injection of the activator and air into the reservoir in the field test
significantly activated the indigenous microorganisms, changed the bacterial community
structure, and increased the number of total bacteria and functional bacteria by 2-3 orders of
magnitude. Moreover, it significantly enhanced the metabolic activities of indigenous
microorganisms. After interaction with formation fluid, the crude oil was obviously emulsified,
and the oil recovery was finally improved by 5.2%. [Conclusion] Indigenous microbial flooding
significantly affects the microbial activities in the water drive ordinary heavy oil reservoirs with
abundant indigenous microorganisms, demonstrating significant technical advantages and great
application potential. The microbial community structure, number of functional microorganisms,
and concentrations of related metabolites can be used as indicators to evaluate the on-site
activation effect of indigenous microbial flooding. The findings of this study provide technical
reference for other on-site experiments of indigenous microbial flooding.

Keywords: indigenous microbial flooding; reservoir microorganism; activation; microbial activity;
enhanced oil recovery
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Figure 1

Mechanism of indigenous microbial flooding.
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Table 1 Ionic compositions of formation water in 6-middle block

Sample Na™+K* Mg Ca* ClI" (mg/L) SO,* HCO; pH  Salinity Water
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) type

T6190 3419.92 36.43 60.07 3 693.44 208.20 2 817.02 7.68 10235.07 NaHCO;

formation water
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Figure 2 Composition of bacterial community structure in the produced liquid before and after the test.
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Figure 3 Quantitative analysis results of functional bacteria and functional genes in produced fluid of central

oil well.
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Figure 4 Monitoring results of relative content of gas components in central oil well before and after test.
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Figure 5 Carbon isotope analysis results of
methane gas in central oil well before and after the
test.
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Figure 6 Analysis results of acetate, bicarbonate
and pH of produced fluid from central oil well.
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Figure 7 Status of produced liquid crude oil from central oil well before and after test. A: 0 d, the formation
water was colorless and the oil-water interface was clear. B: 30 d, the crude oil was emulsified and the
formation water became brown. C: 180 d, the crude oil and formation water formed water-in-oil emulsion.
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Figure 8 Optical microscope photographs of emulsion (400x). A: 30 d, the crude oil and formation water
formed oil-in-water emulsion. The water was continuous phase. B: 180 d, the crude oil and formation water
formed water-in-oil emulsion. The oil was continuous phase.
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