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Application and mechanism of microbial drilling fluid for wall
stabilization and core protection in deep overburden drilling
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Abstract: To address technical challenges such as borehole wall instability and low core recovery in deep overburden
drilling, this paper constructs two microbial drilling fluid systems suitable for wire-line coring-sodium carboxymethyl
cellulose (CMC) and biopolymer (XC)-based systems—using Bacillus pasteurii as the core microorganism, based on

microbially induced carbonate precipitation (MICP) technology and by comprehensively balancing microbial growth
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characteristics with drilling fluid rheological requirements. Engineering application tests were conducted in deep
overburden coring for a major hydropower exploration project in western China, achieving a total footage of 258.75 m.
Concurrently, the mechanism of wall stabilization and core protection of microbial drilling fluids was investigated
through X-ray diffraction (XRD) and scanning electron microscope (SEM) analyses of core sample surfaces and
interiors. The results indicate that a CMC dosage of 0.8% and an XC dosage of 0.3% ensure good microbial growth
while meeting the rheological requirements for drilling fluid in the drilling process. The optimized formula is determined
as: 0.8% CMC/0.3% XC -+ Bacillus pasteurii (OD,,=0.8) + 0.5% NaCl + 2% urea + 2% tryptone. Both
microbial drilling fluids exhibit excellent rheological properties and biological activity. Field applications demonstrated
effective borehole wall stability maintenance, with core recovery rates exceeding 90% , enabling long-section open-hole
drilling in deep overburden and significantly simplifying the borehole structure. The microorganisms in the drilling fluid
induced calcium carbonate crystal formation (e.g., vaterite, calcite) on core surfaces and around borehole walls. These
crystals deposited on the surfaces of loose overburden particles and within pores, effectively cementing the loose
particles to form a dense protective layer, thereby achieving wall stabilization and core protection. This study provides a
novel solution for technical problems such as borehole wall instability and low core recovery in deep overburden core
drilling, holding significant engineering application value for improving the quality of deep overburden drilling and
exploration.

Key words: deep overburden; microbially induced carbonate precipitation (MICP); microbial drilling fluid; wall

stabilization and core protection; borehole wall instability; core recovery rate; Bacillus pasteurii
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Table 1 Components and materials

of microbial drilling fluid
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Table 2 Formulas of solid-free drilling fluid and their properties

PR E/ % RIS EE /s RWBE p/(mPars)  BIVERE 1/ (mPa-s) iU 1o /Pa I p/(grem ™)
0.4 23.01 21.01 15.1 7.95 1.00
0.6 52.23 34.50 21.2 12.15 1.01
CMC
0.8 98.44 51.12 29.7 20.74 1.01
1.0 168.02 65.04 36.5 28.50 1.02
0.1 20.03 6.75 3.7 3.14 0.98
) 0.2 22.41 10.94 4.9 5.75 0.98
A 0.3 28.49 14.56 6.6 7.46 1.00
0.4 34.23 17.25 7.5 9.75 1.00
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Fig.1 Growth curves of Bacillus pasteurii
in CMC drilling fluids
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Fig.2 Growth curves of Bacillus pasteurii
in XC drilling fluids
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Table 3 Drilling parameters

B AL %= Bt AL B/ m HifL 42 /mm i /KN 34/ (r-min ') & /(L'min")
0~6.06 172 8~15 142~166 52
Zkdj41 6.06~40.43 150 0~2 142~166 30
40.43~152.02 122 0~2 100~207 25~30
0~5.32 172 9~14 142~166 52
Zkdj42 5.32~38.06 150 0~2 100~306 30
38.06~150.76 98 0~2 100~306 20~30
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Table 4 Performance parameters of

microbial drilling fluids

p/(g- /s ﬂ,\/ ﬂp/ 7,/

[ fi# em”?) HelS (mPa+*s) (mPa-s) Pa

) A 1.01 98 425 24.1 185
WA -CMC
e 1.07 111 51.3 28.7 115

AH  1.01 57 20.6 12.7 8.1

PA-XC
e 105 79 3813 17.6  14.2
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