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Abstract To address the challenges of the oil-based drilling fluid system’s deteriorating rheological properties and insufficient
plugging pressure resistance under high-low temperature cycling conditions in the Yaha gas storage reservoir drilling, a tempera-
ture-sensitive high-temperature thickener, RHT, was developed. Optimized plugging materials and supporting agents were selected
to construct a high-temperature resistant oil-based drilling fluid system. Characterization methods, including infrared spectroscopy,
nuclear magnetic resonance hydrogen spectra,thermogravimetric analysis, and differential scanning calorimetry (DSC), were used to
analyze RHT’s molecular structure, thermal stability, and temperature-sensitive characteristics in depth. The systematic evaluation of
its rheological control in emulsions and oil-based drilling fluids was conducted. Experimental results showed that RHT significantly
improved the shear-thinning and thixotropic properties of the emulsion, demonstrating excellent rheological control capabilities
under high-low temperature cycling conditions. At 80 °C, the dynamic yield stress increased by 87% without any increase in plastic
viscosity; at 220 °C, the dynamic yield stress increased by 220%, with a dynamic plastic ratio of 0.49 Pa/(mPa-s). The drilling fluid
system maintained strong rock-carrying capacity after aging at 220 °C and effectively sealed 20~40 mesh sand beds and 1~3 mm
cracks, achieving a maximum pressure resistance of 8 MPa. In the field application of the Yaha gas storage reservoir well X, this
system significantly enhanced the rock-carrying and plugging performance of the drilling fluid, reducing complexities such as fluid
loss and stuck pipe incidents, thereby providing strong technical support for the efficient development of the Yaha gas storage reservoir.
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Fig. 1 Synthetic route diagram of temperature-sensitive rheology modifier RHT
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Fig. 4 Thermogravimetric curve of temperature-sensitive rheology modifier
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Table 1 Effect of RHT on the rheological properties of oil-based drilling fluid system
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Fig. 12 Sand bed condition after lost circulation experiments with different mesh sizes
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Table 2 Presents the pressure resistance and cumulative fluid loss of various plugging systems under different sized crack plates

TEARE F7 (MPa) F A Ziw 2% 5 /mL

WRIRR SERRGT

2 3 4 5 6 7 8
3# I mm 9 11 13 15 16 16 16 16
4# 1 mm 8 10 11 13 14 14 14 14
3# 3 mm 115 136 152 162 187 192 199 208
44 3 mm 82 96 107 123 129 136 142 146

x3 ARIBREZNEMREREESHRERRELE

Table 3 Rheological properties of oil-based drilling fluid system after aging at different temperatures

W& AV/(mPa-s)  PV/(mPa-s) YP/Pa 6%;/3%; G'/G"/(Pa/Pa)  Zh¥ALL/(Pa/mPa+s™) ES/V
1# 220°C#fk16h 79 63 16 16/15 11/14 0.25 1614
24 220°C#fk 16h 84 67 17 17/16 12/15 0.25 1654
3# 220°C&fk 16h 88 70 18 19/18 13/17 0.26 1787
4 220°C#4k 16h  90.5 72 18.5 20/19 14/19 0.26 1801

T DA PENLREE A 80 °C
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Table 4 Outlines the selection strategies for anti-loss plugging drilling fluids
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Table 5 The application and effectiveness of RHT in Yachu-X well oil-based drilling fluids
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