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Mechanism, characteristic, and significance of water—rock
interaction in shale gas reservoirs
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Abstract: Horizontal well multi-stage hydraulic fracturing technology makes the development of shale gas reservoirs efficient.
However, water-rock interaction between shale rock and the work fluids like water-base drilling fluid, alkaline oil-base drilling
fluid, slick-water fracturing fluid, pre-acid fluid, and oxidizing rubber breaking fluid may potentially affect wellbore stability, frac-

turing stimulation effect, shut-in performance, and flowback efficiency during the drilling process. This paper discusses the signifi-
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cance of water-rock interaction on shale gas development by systematically summarizing the mechanism of water-rock interaction
and the response characteristics of shale pore structure under water-rock interaction in shale gas reservoirs in China and abroad.
Shale is found rich in water-sensitive components such as clay minerals, acid-sensitive components such as carbonate minerals,
alkali-sensitive components such as quartz, and oxidative-sensitive components such as organic matter and pyrite. The hydrolysis of
shale components is very poor, while hydration swells and associated fracture generation due to clay minerals are prominent. The
distribution of pores and fractures in shale is closely related to the chemically unstable components of quartz, carbonate minerals,
organic matter, and clay minerals. Chemical dissolutions include acidizing, alkali, and oxidative dissolutions. The dissolution of
shale components under water-rock action induces the dissolution and enlargement of pores and fractures, which also impairs the
mechanical properties of rock. It is pointed out that optimizing working fluid, like the application of oxidative-acid and oxidative
fracturing fluid, is conducive to improving the fracturing stimulation effect, promoting adsorption gas production, and improving
shale gas recovery. Meanwhile, determining the maximum shut-in time based on the inflection point of the pressure drop curve and
constructing the pressure control production system considering the protection of the diversion capacity of the fracture network can
guide the reasonable pressure control in the whole process of gas well production, extend the stable production period, and increase
the production of a single well.

Key words: shale gas reservoirs; hydraulic fracturing; working fluids; water-rock interaction; oxidation; shut-in; pressure control
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Tablel Hydrolysis mechanism and hydrolysis constant of mineral components in shale "

TGy TSt S v 2 K %%/ (mol/L)
Ji A CaCOy , = Ca®' |+ CO™ ) 3.8x10”
HzAf CaMg(CO,), , = Ca*' , +2CO,7 ) + Mg ) 10"

9 Si0, (, — HSiO; (,,, + H' 10°9 ~ 1017
PRl (KH,0,Na) (AL,Mg,Fe), (Si,AD, (Si,AD,0,,[(OH),,(H,0)] = K'+Na’+Mg* +2 ~ 68 AI(OH) +H,SiO," +4(OH )" 10482107
[ ALSi,0, (OH), = 2AP*" + 2H,SiO, + H,0 1077~ 104
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L . . . . 1.1x10"% ~
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WA FeS, , + H,0 ,—4Fe’™  +7S"+ S04 +8H" 10132~ 107176
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Table2 Comparison of mineral components before and after hydrolysis of shale samples from North America %
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Table3 Stability and weathering mechanism of shale components in surface environment?”
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Table4 Mass loss and porosity change after acid treatment of

shale samples from North American” %

0.8 2.06 1.89 2.00 5.82

Marcellus 1.4 2.32 1.56 1.41 -9.12
3.0 2.71 2.11 1.29 -38.86

0.8 4.51 3.56 2.12 -40.45

Barnett 1.4 5.03 5.89 2.59 -56.03
3.0 9.79 2.44 10.47 329.10

0.8 7.73 2.67 3.29 23.22
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0.8 8.12 1.89 2.71 43.39
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oxidation solution (Contact point porosity
obtained from Reference[33])
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Fig.1 Production regularity characterization of wells in a
shale gas block in Sichuan Basin
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Fig.2 Judgment on reasonable shut-in time of shale gas well
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Fig.3 Change of average wellbore pressure derivative with
shut-in time for wells in a shale gas block in Sichuan Basin
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