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Fundamental Theory and Key Mechanical
Problems of Shale Oil Gas Effective Extraction

ZHUANG Zhu, LIU Zhan-li, WANG Yong-liang

(Applied Mechanics Laboratory, School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The shale oil gas extraction is just beginning in China. Many of fundamental theories and key scientific (mechanical)
problems should be clarified and addressed. In this paper, the whole process of shale oil gas extraction was naturally divided into
four interrelated sections and discussed in detail: the mechanical characteristics of engineering geology and prediction theory of
shale for finding shale oil gas; multiplicity coupling safety and quality well drilling theory for exposing to shale oil gas; dynamic
random crack control mechanism for the shale layers and a novel concept hydraulic fracturing theory for gas release; multiscale
permeability characteristic and production theory for the shale oil gas transfer. In order to achieve the goal of effective and
sustainable extraction, a novel research concept of compatibility between the flow capacity in shale and the gas supply from
matrixes was proposed to avoid the “no gas supply” phenomena. Solving these key fundamental scientific (mechanical) problems
could lay a reliable foundation for the efficient extraction of shale oil gas, which is both theoretically and practically significant.

Key words: shale oil gas; engineering geology mechanics; well drilling theory; hydraulic fracture; multiscale permeability;
sustainable gas production
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1. Engineering geology mechanics for finding shale oil gas
®Geological characteristics and tectonic stress model
®Scepage stress sensitivity and pore pressure model
®Fracture mechanism and brittleness evaluation

®Failure mechanism and prediction theory

: 2. Well drilling for exposing shale oil gas 3. Hydraulic fracturing for releasing shale oil gas :
1| ®Multi-field coupling model ®Large scale physical simulation 1
1| ®Reservoir damage mechanism ®Numerical simulation of hydraulic fracturing 1
1| ®Wellbore stability and integrity theory ® Anhydrous fracturing theory !
: ®Drilling evaluation and design ®Fracturing design and optimization :

g e B . )

4. Permeability analysis for transferring shale oil gas
®Multi-scale, multi-time and multi-physics theory
®Simulation method of extraction

®Verification and application of simulating tool
®Reservoir evaluation and optimization
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Fig.1 Relationship of fundamental theory and key scientific (mechanical) problems of shale gas extraction
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Fig.2 The situation and goal of shale gas extraction
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Fig.19 Large scale physical simulation system Fig.20 Hydraulic fracturing in shale rock
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