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Abstract: Borehole wall collapse and other issues frequently occur during drilling in complex fractured formations. To

prevent such accidents and improve core recovery, wireline coring drilling is commonly used, which requires solid-free

drill

ing fluids with excellent anti-collapse performance. The STJ plant gum drilling fluid is an environmentally friendly

solid-free drilling fluid; however, the filter cake formed by it is sparse, which fails to meet the requirements of borehole

wall protection. Aiming at the problem of sparse filter cake of the STJ plant gum drilling fluid, this study took the STJ

plant gum drilling fluid as the base fluid, combined with the ideal packing theory, and employed research methods such

as laboratory experiments and microscopic analysis to optimize the selection of filling materials and their proportions, as

well as to investigate the filter cake strengthening mechanism of the plant gum drilling fluid. Experimental results
indicate that the solid-free drilling fluid formulated with 2% STJ+3% YT-1+2% YT-2+3% YT-3 exhibits a

sign

ificant reduction in filtration loss. The filter cake formed by this drilling fluid is denser and flatter, and its borehole

wall protection performance is greatly enhanced. Micron-sized filling materials form a dense filter cake through particle

gradation, which is consistent with the ideal packing theory. This research provides an environmentally friendly and

efficient solution for drilling in complex formations.
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Table 1 Experimental materials for this study
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Table 2 Rheological properties of STJ plant gum
drilling fluid

By TR g R/ BYERE/ shbidi/ s

/% JE/s  (mPas)  (mPass) Pa L
1 28 8.5 5.5 3.07 0.56
2 60 21 11.5 9.71 0.84
3 187 38.5 16.5 22.48 1.36
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Table 3 Filtration loss of STJ plant gum drilling fluid
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0 0 0 0
0.5 13 5.5 3.4
1 18 7.8 6.2
3 21.2 11.3 11.9
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7 24.7 13.6 14
10 26.3 14.6 14.9
15 28.5 16 15.9
20 29.9 17.3 16.6
30 32.5 18.9 18
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Fig.1 Filter cake shape
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Fig.2 Microstructure of filter cake
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Table 5 Orthogonal experimental results
s i g R MRS REERL e S
1 15.5 65 21 11.5 9.71 0.84
2 11.3 58 20.5 11 9.56 0.87
3 114 63 20.5 11.5 8.62 0.75
4 11.5 53 21 11.5 9.56 0.83
5 12.4 58 21.5 11 8.83 0.80
6 12.8 60 20.5 12 8.94 0.75
7 15.5 63 21 12.5 9.35 0.75
8 12.4 55 20.5 11 9.26 0.84
9 13.3 59 21 11.5 9.71 0.84
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Table 6 Orthogonal experimental variance analysis

b 1 7845 df ¥y FfA Sig
YT-1 3.440 2 1.720  27.158  0.036
YT-2 1.287 2 0.643  10.158  0.090
YT-3 16.107 2 8.053 127.158 0.008
R 0.127 2
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Fig.3 Filter failure results
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Table 7 Experimental parameters before and after strengthening

e 7 e /[mL(30 min)"]  WFEEE /s FKMBE/(mPass)  AEELEE/(mPass) Bh¥I S /Pa L
2% STJ 18.9 60 21 11.5 9.71 0.84
2% STI+HIHEFE T 11.2 55 21 13.5 9.71 0.72
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Fig.7 Schematic diagram of filter cake

strengthening mechanism
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