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Fig. 1  The schematic of wellhead back pressure increasing rate
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Table 1 Basic data of the simulated well

parameter value parameter value
well depth H /m 4 000 rate of penetration v, /(m/h) 1.8
open hole diameter D /mm 311.2 surface temperature T /°C 15
drill pipe outer diameter Dy, /mm 139.7 geothermal gradient T, /(C/m) 0.023
drill pipe inner diameter D /mm 118.6 initial choke pressure P;, /MPa 1
nozzle area A, /mm? 660 formation permeability £ /mD 5
pumping rate Q) /(L/s) 33 formation thickness h /m 6
mud plastic viscosity u /(mPa-s) 45 formation supply radius r, /m 150
mud yield point 7 /Pa 8 skin factor S 2
mud density p / (kg/m*) 1730 formation pressure P; /MPa 73

cuttings particle sphericity 0.792 4 pit gain detecting level V /m? 0.5
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A Real-Time Identification Method for the Bottomhole
Gas Invasion State in Managed Pressure Drilling
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Abstract . Real-time identification of the bottomhole gas invasion state is the key to well con-
trol during managed pressure drilling ( MPD ), which is directly related to the selection of fol-
low-up operations involving the gas circulation exhaust based on standpipe pressure control or
the conventional shut-in procedure. In view of the factors of gas migration expansion and disso-
lution, it is pointed out here that the equilibrium between outlet flow and inlet flow does not di-
rectly mean the stop of bottomhole gas invasion, and there is a precedence relationship be-
tween them. Based on the rapidly increasing wellhead back pressure control method, an MPD
wellbore-formation coupling model for multiphase variable-mass flow was established, and the
finite difference method was used to iteratively solve this model. The calculated results agreed
well with the experimental measured ones. The simulation results show that the obvious inflex-
ion point of the outlet flow is a sign for distinguishing the precedence relationship between the
outlet-inlet flow equilibrium and the bottomhole gas invasion stop. Once the bottomhole gas in-
vasion stops, the 2nd derivative of the standpipe pressure will quickly drop to near zero and
keep stable thereafter. According to the above parameter variation characteristics, a real-time i-
dentification method for the bottomhole gas invasion state based on the outlet and inlet flow as
well as the real-time monitored standpipe pressure was proposed. This study has guiding signifi-

cance for the improvement of the MPD well control theory.

Key words: managed pressure drilling; outlet and inlet flow; wellhead back pressure; stand-
pipe pressure; 2nd derivative
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