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Abstract

To accurately predict the sustained annular pressure of CO: injection wells during the carbon stor-
age process, aiming at the CO:z leakage caused by leakage points in tubing strings, this paper takes
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into account the pressure-volume-temperature equation of state and the compressibility of annular
protective fluid. Fully considering the significant volume expansion difference induced by CO: phase
change, a prediction model for sustained annular pressure applicable to CO: injection wells is estab-
lished, and the variation laws of sustained annular pressure, leakage rate, and annular CO: phase state
are investigated. The sustained annular pressure of the field CO: injection well rises rapidly at first,
then increases slowly, and eventually tends to be stable. The leakage rate rises slightly, followed by a
rapid attenuation, and finally gradually reaches equilibrium. Changes in annular temperature and
pressure significantly affect the phase distribution of COz along the depth, making COz evolve gradually
from a gaseous state and supercritical state to a gas-liquid-supercritical state, and finally transform
into a liquid state and supercritical state. Larger equivalent diameter of leakage point, deeper leakage
depth, and higher initial annular pressure shorten the time for sustained annular pressure to reach a
stable value, and the leakage depth exerts a remarkable influence on the stable value of sustained an-
nular pressure. The research results are of great significance for ensuring the integrity of tubing strings
and wellbore barrier safety, as well as the long-term safe operation of CO: injection wells during the
carbon storage process.
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Figure 1. Schematic diagram of sustained annular pressure in CO2 injection well
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Figure 2. Prediction results of sustained annular pressure and leakage rate
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Figure 3. Phase distribution of COz2 in the annulus
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Figure 4. Effect of different equivalent diameters of leakage points on sustained annular pressure
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Figure 5. Effect of different leak point depths on sustained annular pressure
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Figure 6. Effect of different initial sustained annular pressures on sustained annular pressure
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