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Research on Gas-Charging Water Depths and Gas-Charging Rates of
Dual-Gradient Drilling with Gas-Charging in Risers

ZHU Xiaohua', RAN Liang', JING Jun', SUN Hanweng', WANG Chengtao', ZHANG Yipeng’
(1. School of Mechanical Engineering, Southwest Petroleum University, Chengdu, Sichuan, 610500, China; 2. Sichuan BOMCO
Petroleum Drill Bit Co. Ltd., Chengdu, Sichuan, 610051, China)

Abstract: To determine the gas-charging water depths and gas-charging rates of dual-gradient drilling with gas-
charging in risers, a differential element model was built for calculating the annular pressure of risers. The model was built
according to the drift flow theory of gas-liquid two-phase flow, considering the influence of annular pressure variations of
risers on the gas volume during gas flow. Then the model for calculating gas-charging rates was derived for dual-gradient
drilling with gas-charging in risers, and field tests were used to verify the results of model. Taking a deep-water well in the
South China Sea as an example, the effects of operating parameters on the gas-charging water depths, annular pressure at the
mudlines, and gas-charging rates were analyzed by the model proposed for dual-gradient drilling with gas-charging in risers.
The results showed that in dual-gradient drilling with gas-charging in risers, the regulation effects of bottom-hole pressure by
gas charging are most significant in a water depth within 300 m, with the fastest response. In a water depth range of 300.00—
1 100.00 m, gas charging only played an auxiliary role in bottom-hole pressure regulation. When the water depth
exceeded 1 100.00 m, a high gas-charging rate was required for dual-gradient drilling by gas charging. When the
wellhead back pressure was small, gas charging was highly efficient in regulating annular pressure of risers at the
seabed mudlines. The research indicated that in the dual-gradient drilling with gas-charging in risers, gas-charging
points could be selected according to water depth, and gas-charging pipelines should be properly deployed.

Key words: riser; dual-gradient drilling; gas-charging rate; annulus pressure; wellhead back pressure
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Fig.1 Basic principle of dual-gradient drilling with gas-charging in risers
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Fig.2 [Experimental devices for dual-gradient drilling with gas-charging in risers
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Table 1 Test data of onshore wells

SR/ (m  min )

M2 FHE/(Ls') SEEASES/MPa SEASES/MPa HH%270.00 mibJE S1/MPa MR, %
S a5

1-A 25.0 3.09 4.80 274 1.48 1.545 3.6

2-C 25.0 3.05 448 2.67 1.83 1.936 5.8

3.F 213 325 3.12 2.55 2.15 2.269 5.5

5-F 15.4 3.17 1.34 247 2.18 2.323 6.5

6-E 13.0 3.12 0.80 236 2.14 2.296 7.3
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