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Co-occurring characteristics of pore gas and water in shales .

a case study of the Lower Silurian Longmaxi Formation in the southeastern Sichuan Basin
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Abstract; In this paper, the co-occurring characteristics of pore gas and water in the Longmaxi Formation shales
in the Sichuan Basin, South China were investigated. Water vapor and methane adsorption by the means of gravimetric
methods were carried out to quantitatively determine the behavior of gas and bounding water in micro—nano pores. The
impact of the shale compositions and pore structures on the occurring characteristics were discussed. Results showed
that the storage capacity of bound water in different types of shales varied dramatically, and the characteristics of
bound water could be described by the water vapor adsorption curve and the GAB model. There is an apaprent positive
correlation between the maximum monolayer water molecule adsorption capacity and the clay mineral content in
shales, indicating that clay minerals provide the main active adsorption sites for water molecules. The adsorption
capacity of shale to water molecule is higher than that of methane molecule overall, and methane molecule mainly
exist in pores with the form of monolayer adsorption. Bound water, adsorbed gas and free gas could be stored in
different pore ranges of different shales. Pores with diameters lower than 2 nm are occupied by bounding water and
adsorbed gas. For shales with TOC<2.5%, free gas would be stored in pores with diameters larger than 5 nm approxi-
mately, while for the shales with TOC>2.5%, free gas would be stored in pores with diameters larger than 3 nm
approximately. The higher the TOC content, the higher the proportion of the free-gas storage space.
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Table 1 X-diffraction mineral composition and water vapor adsorption results
of Lower Silurian Longmaxi Formation shale in southeastern Sichuan Basin

(TOC)/ X A5 M s A A K FE S B 2R
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L e A L 2 . [

% % T/ % " (mmol « g™!)

Sw-1 2271.8 1.02 53.3 40.4 2.0 0.76 0.42 0.60 5.72
Sw—4 2 286.4 2.83 47.5 37.1 6.5 0.70 0.39 0.68 4.83
Sw-5 2 289.8 2.93 40.9 45.8 6.3 0.62 0.34 0.71 4.75
Sw-9 2 308.3 2.06 35.0 51.7 8.5 0.51 0.28 0.7 5.49
Sw-10 JY11-4 2311.6 1.91 34.1 53.8 5.6 0.49 0.27 0.69 5.73
Sw-14 2329.5 3.58 35.1 53.9 6.3 0.55 0.31 0.74 5.1
Sw-17 23423 3.54 26.3 58.5 10.6 0.42 0.23 0.78 5.54
Sw-18 2 347.1 4.16 26.1 61.2 6.4 0.43 0.24 0.77 5.81
Sw-20 2 3559 6.20 25.2 65.9 2.8 0.45 0.25 0.83 6.48
JY2-1 2 572.5 5.69 18.4 58.3 20.0 0.30 0.17 0.79 2.78
JY2-2 w2 2 566.8 4.40 25.3 63.8 7.4 0.47 0.26 0.71 2.18
JY2-3 2 470.9 0.80 64.3 31.6 1.4 1.83 1.02 0.27 241
JY2-4 2 460.3 2.98 44.5 46.3 4.9 0.77 0.43 0.59 2.32
HD-2 2 130.4 1.49 52.1 35.8 7.3 1.15 0.64 0.42 2.54
HD-5 PY1 2 138.1 2.36 41.4 43.0 9.9 0.62 0.34 0.56 3.36
HD-6 21429 2.78 46.4 48.6 2.2 0.64 0.36 0.63 3.95
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from three wells in Lower Silurian Longmaxi Formation shale in southeastern Sichuan Basin

Fig.1

Water vapor adsorption—desorption curves of shales selected
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Fig.2 Experimental and GAB model fitting water vapor

adsorption curves for two typical shales from Lower Silurian
Longmaxi Formation in southeastern Sichuan Basin
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Fig.3 Impacts of clay mineral content and TOC on the maximum capacity of monolayer water molecule

adsorption of shale in Lower Silurian Longmaxi Formation in southeastern Sichuan Basin
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Table 2 Full diameter distribution and methane isotherm adsorption
results of Longmaxi Formation shale in southeastern Sichuan Basin
SRR PP e 45 T W B 45
FEdh 18K IR/ kB LAY Vo Py WREVY BRI
(m?+g!)  (mL-g?!) (m? - ') MPa (mmol - g1) (m® -t
Sw-1 2271.8 9.8 0.014 25 1.80 3.93 0.08 3.22
Sw-4 2 286.4 18.4 0.024 54 3.14 4.16 0.14 6.04
Sw-5 2 289.8 18.5 0.024 40 3.00 3.66 0.13 6.07
Sw-9 2 308.3 12.4 0.019 86 2.37 4.37 0.11 4.07
Sw—10 2 311.6 11.3 0.018 36 2.32 5.86 0.10 3.71
Sw—14 2 329.5 20.0 0.026 97 3.08 3.66 0.14 6.57
Sw—17 23423 15.4 0.022 95 2.94 3.48 0.13 5.06
Sw-18 2 347.1 19.2 0.026 71 3.24 3.32 0.14 6.30
Sw-20 2 3559 26.7 0.034 44 4.07 2.76 0.18 8.76
JY2-1 2 572.5 24.6 0.035 20 3.86 1.16 0.17 8.08
JY2-2 2 566.8 17.3 0.030 00 3.52 1.55 0.16 5.68
JY2-3 2 470.9 9.4 0.007 39 1.68 3.67 0.08 3.09
JY2-4 2 460.3 17.3 0.019 81 - - - 5.58
HD-2 2 130.4 11.4 0.017 40 2.40 2.57 0.11 3.74
HD-5 2 138.1 11.8 0.023 90 2.14 2.78 0.10 3.87
HD-6 21429 15.6 0.020 60 3.13 2.01 0.14 5.12
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Fig.4 Ratios between experimental maximum adsorption capacity and theoretical monolayer adsorption capacity of different shales
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Longmaxi Formation, southeastern Sichuan
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