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Abstract: Based on the characteristics of multiphase flow in riser annulus during dual-gradient drilling with riser gas
injection, a multi-phase flow model for the riser gas injection dual-gradient drilling wellbore was established. The model
was solved with the finite difference method and combined with the actual parameters of a deep water well in the Gulf of
Mexico. The influences of drilling parameters on the bottom hole pressure and the annulus pressure, and the influence
factors on the gas injection flow rate were discussed. The research results show that, the bottom hole pressure of dual-
gradient riser gas injection drilling is lower than that of conventional drilling, and is more suitable for subsea narrow-density

window drilling; the magnitude of the gas injection flow rate during the dual-gradient riser gas injection drilling process has
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great effects on the bottom hole pressure and the annulus pressure, and the water depth as well as the drilling fluid density
are 2 important factors influencing the gas injection flow. In the design of the dual-gradient drilling parameters for riser gas
injection, the appropriate gas injection flow rate should be selected and the drilling fluid density should not be too large to
ensure the safety of dual-gradient riser gas injection drilling. The research has guiding significance for the design of dual-

gradient drilling with riser gas injection and field operations.

Key words: deep water; dual-gradient; multiphase flow; gas injection; narrow density window
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Fig. 1 The physical model for dual-gradient drilling with riser gas injection
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Table | Basic data of a deep water well in the Gulf of Mexico

parameter value unit
well depth 7132 m
water depth 1828 m
riser ID 488 mm
choke line ID 114 mm
casing OD 298.45 mm
casing ID 273 mm
drilling fluid density 1.12 g/em’
drilling fluid displacement 34 L/s
formation pressure 119.4 MPa
nitrogen injection rate 22 m’/min
gas injection pipeline ID 31.75 mm
drill pipe OD 88.9 mm
geothermal gradient 0.03 C/m

plastic viscosity 28 mPa-s
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Fig. 5 Comparison of simulation results with measured results
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Table 2 Related calculation parameters of a deep-water well in the Gulf of Mexico
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parameter

value

unit
water depth 1980 m
well depth 3498 m
drilling fluid density 12 g/em’
drilling fluid viscosity 31 mPa-s
riser ID 488 mm
choke line ID 114 mm
casing OD 298.45 mm
casing ID 273 mm
drilling fluid displacement 34 L/s
gas injection flow 15 m’/min
sea water density 1.02 g/em’
drill pipe OD 127 mm
gas injection pipeline ID 31.75 mm
geothermal gradient 0.03 C/m
gas injection pipeline diameter 88.9 mm
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Fig. 6 During the gas injection process of dual-gradient drilling with riser gas injection: (a) the annulus pressure distributions in dual-gradient drilling and
conventional drilling; (b) the bottom hole pressure in dual-gradient drilling with gas injection; (c) the annulus pressure contour ; (d) variation laws of

the wellbore temperature field
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Fig. 7 At different gas injection flow rates: (a) the annulus pressure; (b) the bottom hole pressure; (¢) the gas content at the mudline;

(d) the gas-liquid velocity variation
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Fig. 8 Under different drilling displacements: (a) the annulus pressure; (b) the bottom hole pressure; (c) the gas content at the mudline;

(d) the gas-liquid velocity variation
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Fig.9 Under different drilling fluid densities: (a) the annulus pressure; (b) the bottom hole pressure; (c) the gas content at the mudline;

(d) the gas-liquid velocity variation
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Fig. 10 The effects on gas injection: (a) the water depth; (b) the drilling fluid density; (c) the drilling fluid displacement
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