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Laser telemetry monitoring system for natural gas leakage in slickline well testing
JIN Yilang', LIU Qilin', YANG Guo', JIN Ziyi®, LI Shunyu', LUO Yanxu'
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2. Sichuan Shale Gas Exploration and Development Company Limited, PetroChina Southwest Oil & Gasfield Company, Chengdu,
Sichuan 610051, China

Abstract: To address the challenge of timely detecting wellhead leakages during slickline well testing operations—caused by elevated
equipment layouts, scattered interfaces, and the spatiotemporal blind spots inherent in manual inspections—a monitoring system based
on laser telemetry technology was developed. Employing a non-contact detection method, the system pre-calibrates five key risk points
and performs cyclic scanning with laser methane sensors at an interval of 8 seconds per point. Integrated with an edge computing unit
for automatic threshold determination, it establishes a closed-loop response mechanism encompassing “front-end acquisition, edge-
based determination, local audible and visual alarms, and remote video linkage. ” Both laboratory and field tests demonstrate that the
system responds consistently at a standard gas concentration of 10 pL/L and triggers an alarm within an average of 45 seconds following
a simulated leak at the well site. The packet loss rate during remote data transmission is only 0.83%, and a single 100 Ah power
supply module can sustain continuous system operation for 10 to 12 hours. This system achieves continuous monitoring and rapid remote
alarming for wellhead leakages, effectively enhancing safety monitoring capabilities in mobile operation scenarios and demonstrating
significant engineering application value.

Keywords: slickline well testing; gas leakage monitoring; laser telemetry; cyclic scanning; edge computing; remote linkage
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Fig.1 Principle of laser absorption scanning ( LAS)
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Fig.2 Principle of remote methane detection
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Table 1 System parameters and deployment list
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Table 3 Indoor standard-gas test results and comparison
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Table 5 Summary of remote linkage performance and reliability results
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