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Abstract

In the process of oil and gas exploration and development under complex geological conditions, drill-
ing operations in low-pressure formations often encounter severe challenges, with well leakage and
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the loss of measurement-while-drilling (MWD) signals being two key problems. When encountering
low-pressure and easily leaking formations, a large amount of drilling fluid leaks, causing a drop in
the liquid column pressure in the wellbore. In severe cases, the “loss of return” phenomenon occurs,
meaning that the circulation system cannot establish an effective circulation and the drilling fluid
cannot return to the surface. Under such conditions, the mud pulse MWD system often experiences
signal transmission interruption or complete loss of signal, seriously affecting real-time geological
steering and engineering decision-making. Based on actual drilling cases, combined with fluid me-
chanics, signal transmission theory, and field practical experience, this paper systematically ana-
lyzes the fundamental reasons for the loss of MWD signals after well leakage and loss of return in
low-pressure drilling. The research points out that the main influencing factors include: the loss of
effective circulation channels in the wellbore, which prevents the propagation of mud pulses; the
significant drop in the annular liquid level, which intensifies signal attenuation; the interference of
the drill string structure and wellbore geometry changes on the propagation path of acoustic and
pressure waves; and the inability of surface sensors to capture weak signals due to insufficient fluid
flow. Through the establishment of a simplified physical model and numerical simulation, the above
mechanisms were verified. Finally, targeted countermeasures were proposed, including optimizing
the drill string assembly design, adopting electromagnetic MWD or positive pulse systems, strength-
ening well control technology, and implementing intermittent signal transmission modes. The re-
search results have significant guiding significance for improving the safety of drilling in complex
formations and ensuring the continuity of MWD data.
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Figure 1. Comparison of ground pressure signal waveforms under normal and non-return conditions

E 1. ERS5RBRTATHEENES K

2
§05
g 1
25
0 2 4 6 8 10 12 14 16
(a) 225 m IEH TH R
2
LHOVAVAVAVAV VAV NI VAVAV AV VAV,
a4 -1
25
0 2 4 6 8 10 12 14 16
(b) 2225 m IE%# T T
2
IIE) 0-5/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
§ ]
25
0 2 4 6 8 10 12 14 16
(€) 2225 m KR THT

Figure 2. Signal amplitude attenuation curve along well depth
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