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A Review on Enhanced Recovery of Shallow and Medium-Depth Coalbed Methane through
Surface Well Development: Mechanism, Key Controlling Factors and Main Technologies

LUO Pingya, ZHU Suyang, LI Xiaogang

(National Key Laboratory of Oil and Gas Reservoir Geology and Exploitation Southwest Petroleum University, Chengdu, Sichuan
610500, China)

Abstract: In recent years, research in China’s coalbed methane (CBM) field has focused on the development of deep and coal rock gas.
However, China's shallow and medium—depth CBM resources are abundant and have a high degree of reserve confirmation. Currently, the
main challenge is the difficulty in effectively mobilizing the large amount of adsorbed gas. If the remaining adsorbed gas can be effectively
utilized, the production capacity of shallow and medium—depth CBM can be significantly increased. To clarify the development direction of
surface well construction technology for enhancing recovery in shallow CBM, this study conducts an in—depth discussion based on the "in-
situ desorption — matrix diffusion — cleat seepage — fracture conductivity" chain mass transfer model. It reviews the definition and
connotation of shallow CBM recovery rate, where matrix diffusion, as the key link connecting microscopic desorption and macroscopic
seepage, is identified as the core bottleneck restricting the overall recovery rate. Further, the influencing factors are systematically classified

into two categories: the main seepage control factors affecting the pressure drop sweep efficiency, such as fracture conductivity, well pattern
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layout, and pressure drop transmission speed; and the main diffusion control factors affecting desorption efficiency, including matrix block
size, gas diffusion coefficient, water saturation, temperature and pressure conditions. On this basis, the current mainstream enhanced
recovery technologies, such as well pattern optimization, gas injection displacement (CO,, N, flooding), negative pressure extraction,
desorption agent injection, physical field energy enhancement (acoustic wave, microwave, electric field), microbial stimulation, and hydraulic
fracturing, are systematically reviewed, analyzing their applicable conditions, field application effects, and failure mechanisms. The study
finds that although these technologies can increase production under certain conditions, they generally have the common limitations of
"difficult matrix access, easy energy dissipation, and limited production increase", that is, external energy is difficult to effectively act on the
matrix interior, the pressure drop sweep range is limited, the increase in desorption efficiency is insufficient, and the production increase
effect rapidly decreases over time, making sustainable development difficult to achieve. The study emphasizes that for shallow CBM
development, the speed of mobilizing recoverable reserves (i.e., the kinetic process) is more practically significant than their absolute value
(thermodynamic state). Rapid and efficient mobilization of adsorbed gas within the matrix is the key to increasing production and recovery.
Therefore, surface well construction technology for enhancing recovery should focus on three aspects: increasing matrix mass transfer power,
reducing matrix block size, and enhancing the gas phase flow capacity of the matrix. Among them, reducing matrix block size is currently the
easiest direction to break through, while increasing matrix mass transfer power has limited influence, and enhancing the gas phase flow
capacity of the matrix requires long—term research and development to achieve breakthroughs.

Keywords: Shallow coalbed methane; Ground well construction; Enhanced recovery; Controlling factors; Technical limitations; Development
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Fig. 1 Schematic diagram of the chain mass transfer model of

coalbed methane
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Table 1
Analysis Methods of Coalbed Methane

Research Progress on the Recovery Rate
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Fig.2  Schematic Diagram of Main Controlling Factors on the
Recovery of CBM
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Fig. 3 Optimization of well spacing in to enhance CBM recovery mechanism
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Table 2 Pilot tests on Increasing Coalbed Methane Recovery Rate through Injection of Gas
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Table 3 Practical of Negative Pressure Gas Extraction from CBM in China
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Fig.4 Mechanism of enhancing CBM recovery through changes

in physical fields
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Fig. 5 Schematic diagram showing the differences in the fracture network formed by the two approaches
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