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Research progress and prospect of CO,—water—rock interaction on
petrophysical properties of CO, geological sequestration

YANG Shugang"?, CAI Mingyu'?,ZHANG Kunfeng'*,CAO Dongdong"*,ZHAO Xinglei'*, LIU Shuangxing'
(1.CNPC Research Institute of Safety and Environment Technology, Beijing City, 102206, China; 2.State Key Laboratory of
Petroleum Pollution Control, Beijing City, 102206, China)

Abstract: The CO,-water-rock interaction is the core issue of CO, geological sequestration. The injection of CO, disrupts the chemi-
cal balance of rock-formation water, and the changes in the chemical properties of formation water, primary mineral dissolution,
and secondary mineral precipitation will lead to changes in the physical properties of reservoir and caprock, such as porosity, wetta-
bility, and mechanical properties and thus directly affect the CO, injection capacity, sequestration efficiency, and sequestration se-
curity and stability. Based on the mechanism of CO,-water-rock interaction, this paper systematically expounds on the research prog-
ress of the effects of CO,-water-rock interaction on porosity, permeability, wettability, and mechanical properties of formation
rocks. The results show that the change in rock porosity and permeability caused by CO,-water-rock interaction is closely related to
its initial porosity and permeability characteristics and mineral composition, and the change of rock porosity and permeability char-
acteristics directly affects the injection capacity and sequestration potential of the reservoir and the sealing capacity of the caprock.

The change in wettability is related to the initial hydrophilic and oil-philic characteristics. The CO,-water-rock interaction usually
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weakens the water wettability of the hydrophilic rocks and enhances that of the oil-philic rocks, thus affecting the microscopic distri-

bution and seepage characteristics of the multiphase fluids in the pores of the rocks. Due to the dissolution of cement and the forma-

tion of dissolution holes, the CO,-water-rock interaction will cause rock damage, and the mechanical parameters such as compres-

sive strength, tensile strength, and elastic modulus will decrease. To a certain extent, the security of sequestration is affected. Un-

der the setting of carbon neutrality, the CO,-water-rock interaction and rock physical property response under the scenarios of micro-

nano-scale pore, deep microbial mediation, impure CO, or industrial tail gas injection, and full sequestration cycle still need to be

further studied.
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Tablel Common chemical reaction equations of CO,-formation water

5253 S 75 AR WD)
1 €O,(g)+H,0(1) <> H,CO,(aq) /
2 H,C0,(aq) <> H*(aq)+HCO, (aq) /
3 HCO,” <> H'(aq)+CO; (aq) /
4 Ca*(aq)+C0,” (ag) — CaCO,(s) Jr AT
5 Fe*(aq)+C0,* (aq) — FeCO,(s) ES RN
6 Mg (aq)+C0O,> (aq) — MgCO,(s) ES 30
7 Ba*(aq)+C0,* (aq) — BaCO,(s) BEELAT
8 Ca’ (aq)+Mg’* (aq)+2HCO, (aq) — CaMg(CO,),(s)+2H"(aq) EPava
9 Na*(aq)+AI*(aq)+2H,0+HCO, (aq) <> NaAl(CO,) (OH),(s)+3H"(aq) eg:LLisEe
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Table2 Common chemical reaction equations of CO,-formation water-rock minerals

58] AR AR ESN WETY)
1 V.5 24 CaCO,+H"—Ca>+HCO,” S ATV
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4 B abk KFe,(AlSi;)0,,(OH), + IOH"—AP** + K* + 3Fe’" + 3Si0,+ 61,0 paE
5 A 2KAISi;0, + 9H,0 + 2H—2K* + ALSi,0,(OH), + 4H,Si0, e
6 - 2NaAlSi,04+ H,0 + CO,—2Na* + 2HCO, + ALSi,0,(0OH), + 4Si0, AT A
7 NaAlSi,04 +H,0 + CO,—NaAlCO,(OH), +3Si0, SRR A
" -
8 A1 NaALSi,0,,(OH),+H,0+C0O,~NaAlCO,(OH )+ ALSi,0,(OH) , + Si0, 4 %wiuﬁ?%‘
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9 CaAlSi,0, + H,CO, + H,0—CaCO, + ALSi,0,(OH), [ Gy e
A 2 B
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