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Abstract: By establishing the geological and adsorption models for the high-quality shale segment (target layer) of
the Wufeng-Longmaxi Formation in the Changning Area, we simulated and calculated the shale adsorption capacity
and the evolutionary process of hydrocarbon adsorption, which systematically revealed the effect of regional
tectonic-thermal evolution on the evolutions of shale adsorption capacity, hydrocarbon composition, and adsorption.
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The results show that organic matter abundance is the main factor affecting the change in shale adsorption capacity,
which means that the decrease in organic matter abundance caused by the hydrocarbon generation correspondingly
reduces the shale adsorption capacity, which is slightly impacted by temperature and pressure under a usual
geological condition. Four tectonic evolutionary stages, including the sedimentation (from late Caledonian to early
Hercynian), early-stage accumulation (from late Hercynian to Indosinian), main accumulation (early Yanshanian),
and the adjustment period (from Yanshan to Himalayan), have not only controlled the shale gas accumulation, but
also controlled the processes of shale adsorption capacity and hydrocarbon adsorption at the target layer of the
Wufeng-Longmaxi formation in the Changning Area. According to these four tectonic evolutionary stages, we further
divided the process of hydrocarbon adsorption into four stages: unsaturated adsorption of liquid hydrocarbon
(< 70,000 tons/km?), saturated adsorption of liquid hydrocarbon (70,000-245,000 t/km?), saturation adsorption of
liquid-gaseous hydrocarbon (245,000-235,000 t/km?), and saturation adsorption of gaseous hydrocarbon (235,000—
243,000 t/km?). The gaseous adsorption in the target layer of the Wufeng-Longmaxi shale mainly occurred in the
later three stages. During the early-stage accumulation period (drying coefficient is less than 50%; gas content is less
than 0.30 m’/t), the shale began to generate large amounts of gaseous hydrocarbon in the adsorbed state, which is
mainly composed of ethane and Cs. gases with low methane content. During the main accumulation period (drying
coefficient 50%— 95%, gas content rising from 0.30 m*/t to 2.73 m*/t), methane adsorption gas rapidly increased to
210,000 t/km? because of the abundant cracking of liquid hydrocarbon, while ethane and Cs. adsorption respectively
reached nearly 10,000 t/km® after changing from increasing to decreasing. During the adjustment period (drying
coefficient is equal to or greater than 95%, gas content is equal to or greater than 2.73 m’/t), methane adsorption
increased from 210,000 t/km? to 215,600 t/km” eventually, while ethane and C;. adsorption were steady at the level
of 10,000 t/km”. It should be noticed that although the adsorption simulation results maintain consistency with the
adsorption characteristics of actual shale gas reservoirs, the volume of free gas as well as the drying coefficient are
lower than those in real cases. This is attributed to stronger migration and diffusion of methane under real geological
conditions, so that methane existing in a free state accumulates in advantageous positions and then forms shale gas
reservoirs with high free methane contents and high drying coefficients.

Key words: PetroMod; shale; adsorption capacity; adsorption simulation; Wufeng-Longmaxi Formation
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Fig.] Diagram of study areas and structural elements (after reference [8])
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Table 2 Boundary conditions of Well Ning 209 for 1D basin modeling

AFE] (Ma) KB (m) B (Ma)  EHE (mW/m®)
0.0 0 0.0 60
200.0 0 25.0 60
253.0 40 97.5 60
450.0 100 220.0 65
BFE] (Ma) ZKEFHNREE (°C) 240.0 70
0.0 20.66 259.0 90
200.0 21.33 270.0 70
253.0 23.01 290.0 60
450.0 23.00 440.0 60
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Fig.2 Compositional kinetic model of Tang(2011)_SARA_TII for high-quality shale segment of the Wufeng-Longmaxi Formation
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Table 3 Parameters of Langmuir bulk adsorption model of high-quality shale segment of the Wufeng-Longmaxi
Formation at 65.4 C (from reference [10])

5 R, (%) Vi (cm®/g) pL (MPa) FIRAEEE (C) FiRZ TOC (%) Eges(Eags) (kJ/mol)
YC4-47 2.64~3.55 2.72 2.50 65.4 3.34 14.1
YC4-54 3.06~3.41 2.88 0.72 65.4 4.52 16.4
YC4-61 3.28~3.62 3.19 1.79 65.4 5.44 12.9
YC4-64 3.10~3.55 3.27 2.50 65.4 4.07 17.8
YC4-65 3.20~3.53 3.25 2.04 65.4 5.74 16.1
SR 3.30 3.06 1.91 65.4 4.62 15.5
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Fig.3 Burial and heating history of well Ning 209 in the Changning area
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Fig.5 Evolutions of hydrocarbon and processes of gaseous hydrocarbon adsorption in the target layer
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