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Abstract

Sustained casing pressure (SCP) in the tubing-casing annulus induced by microscopic leakage from
premium tubing connections in deep gas wells is investigated. A coupled computational model in-
tegrating metal-to-metal sealing microcontact leakage theory, bubble force balance, and a real-gas
equation of state is developed to describe premium-connection leakage, bubble migration, and well-
head gas accumulation. The connection leakage rate is used as the bubble source term. Bubble ve-
locity, displacement, and radius are tracked at each time step, and annular pressure is updated from
the gas accumulated at the wellhead. The applicability of the model is defined by the assumptions
of low gas holdup, discrete spherical small bubbles, and negligible coalescence, breakup, and disso-
lution. A deep gas well is analyzed to investigate the effects of leakage depth, tubing pressure, seal-
ing-surface roughness, and mean sealing diameter, and a qualitative sensitivity matrix is established
for parameter coupling. The results show that bubbles rapidly accelerate over a short initial period
and then approach a stable slip velocity. Bubble expansion accelerates near the liquid level as the
ambient pressure decreases. SCP increases with gas accumulation, whereas the leakage rate contin-
uously decreases because of annular backpressure. Tubing pressure and leakage depth, as well as
sealing-surface roughness and sealing length, exhibit clear coupled constraints on the leakage and
pressure-buildup processes.
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Table 2. Main calculation parameters
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Figure 1. Bubble radius curves at different leakage depths
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Figure 2. Bubble radius curves at different tubing pressures
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Figure 3. Bubble velocity curves at different sealing-surface roughness values
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Figure 4. Evolution of SCP and leakage rate at different mean sealing diameters
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Figure 5. Evolution of leakage rate and SCP at different leakage depths: (a) leakage rate; (b) SCP
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