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Table 1 Geochemical parameters and mineral compositions of shale
samples
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Figure1l (Color online) Microcosmic structures and compositions of Longmaxi shale under scanning electron microscope (SEM). (a) The observations

paralleled to shale beddings; (b) the observations vertical to shale beddings.
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Figure 2 (Color online) Shale sample of preliminary preparation. G

Figure 3 (Color online) FEI Qemscan 650F energy dispersive spec-
troscopy (EDS)-field emission scanning electron microscope (FESEM).
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Figure 4 (Color online) GGS42 HTHP filter press.
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Table 2 Shale samples under different soaking time and temperature
conditions
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Figure 5 (Color online) Observations of shale hydration characteristics under different soaking time from beddings-parallel direction (80°C). (a) Shale
characteristics around 1 d soaking; (b) shale characteristics around 2 d soaking; (c) shale characteristics around 3 d soaking; (d) shale characteristics

around 4 d soaking; (e) shale characteristics around 5 d soaking.
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Figure 6 (Color online) Observations of shale hydration characteristics under different soaking time from beddings-parallel direction (120°C). (a)
Shale characteristics around 1 d soaking; (b) shale characteristics around 2 d soaking; (c) shale characteristics around 3 d soaking; (d) shale characteristics

around 4 d soaking; (e) shale characteristics around 5 d soaking.
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Figure 7 (Color online) Observations of shale hydration characteristics under different soaking time from beddings-vertical direction (80°C). (a) Shale

characteristics around 1 d soaking; (b) shale characteristics around 2 d soaking; (c) shale characteristics around 3 d soaking; (d) shale characteristics

around 4 d soaking; (e) shale characteristics around 5 d soaking.
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Figure 8 (Color online) Observations of shale hydration characteristics under different soaking time from beddings-vertical direction (120°C). (a)
Shale characteristics around 1 d soaking; (b) shale characteristics around 2 d soaking; (c) shale characteristics around 3 d soaking; (d) shale characteris-

tics around 4 d soaking; (e) shale characteristics around 5 d soaking.
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Experimental study on hydration damage of anisotropic
shale under high temperature

LU YunHu'*’, LIANG Chuan’, JIN Yan'? & CHEN Mian'’

! State Key Laboratory of Petroleum Resource and Prospecting, Beijing 102249, China;
? Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249, China;
> CNPC Offshore Engineering Company Ltd, Beijing 100028, China

The Longmaxi shale samples are used to investigate the anisotropic hydration damage characteristics of shale under high
temperature conditions. The FEI Qemscan 650F energy dispersive spectroscopy (EDS)-field emission scanning electron
microscope (FESEM) is used to help observe the evolution characteristics of shale clay mineral and micro-structure under
different temperature, pressure and soaking time conditions from beddings vertical and parallel directions. It comes to the
conclusion that the hydration characteristic induced by microscale anisotropy of Longmaxi shale varies a lot. The damage
behavior in the bedding-parallel plane is characterized by dilatation-closure-collapse process of primary fractures which
exists in a large amount of nano-scale and micro-scale corrosion pores. While the damage behavior in the bedding-vertical
plane is mainly represented as a mass of nano-scale and micro-scale corrosion pores. It’s also found that the shale hydration
damage is faster under higher temperature condition when the soaking time and pressure are the same. Besides, under the
same temperature and pressure conditions, the shale microstructure hydration process trends to increase at the beginning
and be flat at last. The higher temperature shorten the time spending on shale hydration and its inner relationship is
required more experiments.

shale, anisotropy, hydration damage, microcharacteristic, high-temperature
PACS: 47.27.-1, 47.27.Eq, 47.27.Nz, 47.40.Ki, 47.85.Gj
doi: 10.1360/SSPMA2017-00217
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