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Abstract. After CO2 is injected into the formation, some CO2 will dissolve in
the formation water and react with rocks, changing the ion type and content of
the formation water, accompanied by water evaporation and salting out. Taking
a depleted gas reservoir in the west Sichuan Basin as an example, CMG simula-
tion software was applied to simulate the gas, water and solid phase equilibrium
in the process of CO2 injection, based on the PR Henry equation, water-rock
reaction kinetics theory, and salting out model. Research showed that: ➀ During
the injection process of CO2, water evaporation caused a gradual decrease in the
formation water saturation, leading to a gradual increase in the salinity of the for-
mation water. However, because the small change in water saturation, the increase
in salinity of formation water wasn’t significant; ➁ Water evaporation reduces the
water saturation of the formation, confirming an increase in the mole number of
H2O component in the gas phase. However, because the mole number of CO2
component in the gas phase increases faster, the mole fraction of H2O component
in the gas phase still continues to decline; ➂ With the gradual increase of CO2
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solubility, calcite which belongs to the carbonate mineral and anorthite, k-feldspar
belong to the feldspar mineral were dissolved, kaolinite and illite which belong to
the clay mineral were precipitated; ➃ Due to the combined action of water-rock
reaction and salt-out, the content of OH- ions in water gradually decreases and the
content of H+, Ca2+, HCO3

−, Al3+, SiO2(aq) ions continuously increases;➄Dur-
ing the CO2 injection process, the precipitation of CaSO4, CaSO4 · 2H2O were
inhibited, and CaCO3 was the main precipitation product. The research results
have certain reference significance for the study of the salt-out law of formation
water during the geological storage process of CO2 in depleted gas reservoirs.

Keywords: CO2 Injection · Depleted Gas Reservoir · Formation Water
Evaporation · Water Rock Reaction · Salt Precipitation

With the development of the economy, human industrial production, and life in large
quantities of fossil fuels, resulting in a sudden increase in carbon dioxide emissions, the
resulting greenhouse effect has seriously threatened the survival of the human environ-
ment. Carbon dioxide capture and storage is an effective way to reduce carbon dioxide
emissions [1]. Depleted gas reservoirs are ideal places for CO2 geological sequestra-
tion. Therefore, CO2 geological sequestration of depleted gas reservoirs has gradually
become a research hotspot nowadays [2].

During the development and gas injection processes of gas reservoirs, salt-out phe-
nomena occur [3, 4]. In the process of gas reservoir development, with the decrease of
formation pressure, the boiling point of water decreases, and the mole fraction of water
in the gas phase increases gradually, resulting in the salting-out phenomenon [5, 6].
However, in the process of CO2 injection, the formation pressure rises and the salting-
out phenomenon still occurs. Zhang et al. confirmed that CO2 injection would lead to
the precipitation of CaSO4 and NaCl through the experiment of CO2 injection in the
brine layer [7]. Peysson et al. confirmed the phenomenon of water evaporation and salt-
ing out by injecting nitrogen into consolidated sandstone cores, which would lead to
the reduction of core injection capacity [8]. In the continuous injection and production
process of gas storage, water evaporation and salting out will affect the normal operation
of gas storage [9–11]. Many factors affect formation salting out, such as temperature
changes, pressure changes, etc.Wang Chunyan et al. [12] summarized the mechanism of
salting-out formation in the continuous injection and production process of gas storage
based on the principles of salting-out thermodynamics and salting-out crystallization
dynamics. Morin and Montel [13] believed that salting-out was caused by mass transfer
when they studied the causes of NaCl precipitation in strata.

Although scholars at home and abroad have carried out many studies on the salt-out
mechanism in the process of gas injection, the following two scientific problems still
exist in the process of CO2 injection in depleted gas reservoirs: ➀ When domestic and
foreign scholars analyze CO2 geological storage, the formation water of the research
object is generally equivalent to NaCl formation water [14–17]. However, the forma-
tion water of depleted gas reservoirs is mostly CaCl2 type, and is there a difference in
its salting out pattern compared to NaCl type formation water? ➁ The CO2 injection
process is accompanied by the occurrence of CO2 dissolution, mineral dissolution and
precipitation, and water evaporation. What are the effects of these three factors on salt
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precipitation? Therefore, it is necessary to use numerical simulation methods to study
the evaporation and salting out laws of the formation water during CO2 injection in
depleted gas reservoirs.

1 Phase Equilibrium Model During CO2 Injection

The gas state equation is a function that characterizes the relationships between gas
temperature, pressure, density, etc. [18]. The PR equation of state and Henry’s law
proposed by Li andNghiem [19] can accurately describe the thermodynamic equilibrium
of CO2 water. Based on the chemical equilibrium equation, reaction kinetics equation,
and saturation index theory, the laws of mineral dissolution, precipitation, and salting
out are analyzed.

1.1 Equation of State for a Gas

Using the PR equation of state combined with Henry’s law, the solubility of CO2 and
evaporation of water can be calculated under different (P, T) conditions. The expression
of the PR equation of state is [20]:

p = RT

(Vm − b)
− a

Vm(Vm + b) + b(Vm − b)
(1)

where, P is the system pressure, MPa; Vm is the molar volume, cm3/mol; R is the
universal gas constant, usually 8.314, J/(mol·K); T is the system temperature, K; a and
b are the equation of state parameters, dimensionless.

For mixtures, the following mixing rules are generally used:

a =
∑

i

∑

j

xixjaij (2)

b =
∑

i

xibi (3)

where:

aij = (
1 − δij

)
a1/2i a1/2j (4)

ai = ai(Tci)αi(Tri, ωi) bi = 0.07796RTCi
pCi

(5)

ai(TCi) = 0.45724R2T 2
Ci

pCi
(6)

where, δij is the binary interaction factor of component i and component j, dimension-
less; xi is the mole fraction of component i, dimensionless; xj is the mole fraction of j
component, dimensionless; pCi is the critical pressure, MPa; TCi is critical temperature,
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K; ZCi is the critical compression factor of gas, dimensionless; ai, bi is the equation of
state parameter of component i pure substance, dimensionless.

According to the laws of thermodynamics, the following is true

ln
f

p
=

∫ p

0

(
Vm

RT
− 1

p

)
dp (7)

where, f is the fugacity of gas component, MPa.
The fugacity coefficient of component i is derived from Eqs. (2) and (3)

ln

(
fi
xip

)
= bi

b
(Z − 1) − ln(Z − B) − A

2
√
2B

⎛

⎜⎝
2

∑
j
xjaij

a
− bi

b

⎞

⎟⎠ ln

(
Z + 2.414B

Z − 0.414B

)

(8)

where, fi
xip

is the fugacity coefficient of component i, dimensionless; Z is the gas com-

pression factor, dimensionless; A and B are both constants, A = ap
(RT )2

, B = bp
RT ,

dimensionless.
The fugacity of components in the gas phase was calculated by the PR equation of

state and in the water phase by Henry’s law. According to Henry’s law, the fugacity of
the soluble gas phase i component in the water phase can be expressed as

fiw = yiw · Hi (9)

where, fiw is the fugacity of component i in the water phase,MPa; yiw is the mole fraction
of component i in the water phase, dimensionless;Hi is the Henry constant of component
i, which is related to temperature, pressure and salinity, MPa.

According to the different temperature and pressure, the Henry constant can be
calculated by the following formula:

ln Hi = ln H∗
i + v∞

i p/RT (10)

where, H∗
i is the Henry constant of component i under reference temperature and pres-

sure; v∞
i is the partial molar volume, cm3/mol, which can be calculated by the relevant

empirical formula.
Henry constant under different formation of water salinity can be calculated by the

following formula [21]:

log10

(
Hsalt,i

Hi

)
= ksalt,imsalt (11)

where, Hsalt,i is the Henry constant of component i under the corresponding salinity;
Hi is the Henry constant of component i under pure water condition; ksalt,i is the cor-
relation coefficient between component i and salinity, which can be calculated by rele-
vant empirical formula without dimensionality; msalt is the salinity of formation water,
mol/kg.
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According to the thermodynamic equilibrium theory, the following formula should
be true when the system is in phase equilibrium:

f vi = f wi (12)

where, f vi is the fugacity of component i in the gas phase; f wi is the fugacity of component
i in the water phase.

At present, the PR-Henry equation has been used to calculate gas-liquid equilibrium,
which can be calculated by Newton-Raphson’s iterative method. The main steps are as
follows [22]:

(1) Input the system temperature, pressure, molar composition of the mixture, and crit-
ical parameters of each component, and estimate the initial value of the gas-liquid
phase composition based on Wilson’s formula;

(2) Calculate the equation of state parameters for the mixture;
(3) Calculate the molar composition of each component in the gas-liquid phase, and

then obtain the corresponding fugacity coefficient;
(4) Comparewhether the gas-liquid phase fugacity difference is less than the error value.

If so, output equilibrium pressure, and molar composition of each component in the
gas-liquid phase; Otherwise, re-estimate the initial value of the gas-liquid phase
composition and return to step (2) to recalculate.

1.2 Mechanism of CO2 Dissolution and Water-Rock Reaction

1.2.1 Type of Water-Rock Reaction

Formation water in gas reservoirs usually contains Na+, K+, Ca2+, Mg2+, Cl−, SO4
2−

and HCO3
− ions, and contains six salt components: CaCO3, CaSO4, CaSO4·2H2O,

NaCl, KCl andMg(OH)2. Some of the CO2 injected will dissolve in the formation water
and react with the rock, changing the type and content of ions in the formation water.

Two-stage ionization exists in carbonic acid generated after CO2 is dissolved in
formation water, and ionization reaction also exists in water [23]:

CO2 + H2O = H2CO3 (13)

H2CO3 = H+ + HCO3 (14)

HCO−
3 = H+ + CO2−

3 (15)

H2O = H+ + OH− (16)

For H2CO3, two-stage ionization will increase the concentration of CO3
2− and cor-

respondingly change the concentration of Ca2+ in equilibrium with CaCO3, which
will affect the chemical equilibrium of CaCO3, CaSO4·2H2O and CaSO4 in forma-
tion water. Ka is assumed to be the equilibrium constant of H2CO3 ionization, and Kb

is the equilibrium constant of HCO3
− ionization, which is defined as:

Ka =
[
H+][

HCO−
3

]

[H2CO3]
(17)
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Kb=
[
H+][

CO2−
3

]

[
HCO−

3

] (18)

The ionization of carbonic acid will make the formation water appear weak acid,
resulting in the dissolution and precipitation of rock minerals in the reservoir. Minerals
can be divided into carbonate minerals, feldspar minerals, and clay minerals according
to mineral composition and rock structure.

(1) Carbonate minerals

Carbonate minerals mainly include calcite, dolomite, magnesite, siderite, and so on.
Calcite and dolomite have faster dissolution/precipitation rates, followed by siderite and
the lowest magnesite [24]. The reaction sensitivity of calcite and dolomite is higher
under the action of CO2 fluid. The calcite dissolution reaction is shown as follows:

CaCO3(calcite) + H+ = HCO−
3 + Ca2+ (19)

(2) Feldspar minerals

Feldspar is one of the important rock-forming minerals in silicate salt minerals con-
taining sodium, potassium, and calcium in strata rocks [25]. Feldspar mineral category
more, according to the composition of elements can be divided into calcium feldspar,
potassium feldspar, and so on. Compared with potassium feldspar, calcium feldspar has
higher sensitivity. The dissolution reaction of anorthite and potassium feldspar is shown
as follows:

CaAl2Si2O8(anorthite) + 8H+ = Ca2+ + 2Al3+ + 2H4SiO4 (20)

KAlSi3O8(k − feldspar) + 4H+ = 2H2O + K+ + Al3+ + 3SiO2 (21)

(3) Clay minerals

Clayminerals arewater-containing aluminosilicatemineralswith a layered structure,
which are the main mineral components of clay rocks. Clay minerals include kaolinite,
illite, plagiochlorite, montmorillonite, etc. The dissolution/precipitation rates of pla-
giorchlorite are relatively high, while those of illite, kaolinite, and montmorillonite are
relatively low. The kaolinite precipitation reaction is shown as follows:

H2O + 2H4SiO4 + 2Al3+ = Al2Si2O5(OH)4(Kaolinite) + 6H+ (22)

1.2.2 Hydrodynamic Equation of the Water-Rock Reaction

Based on the principle of chemical kinetics, the reaction rate of mineral dissolution and
precipitation can be expressed as [26]:

rβ = Âβkβ

(
1 − Qβ

Keq,β

)
, β = 1, · · ·,Rmn (23)
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where, rβ is the chemical reaction rate, mol/(m3·s); Âβ is the specific surface area of
mineral reaction, m2/m3; kβ is the reaction rate constant of mineral β, mol/(m2·s); Keq,β

is the reaction equilibrium constant of mineral β; Qβ is the coefficient related to ion

activity in mineral β dissolution reaction, Qβ =
naq∏
i=1

a
viβ
i ; ai is the activity of component

i in mineral β dissolution reaction; νiβ is the chemical reaction measurement number
of component i, when the mineral β dissolution and precipitation reach equilibrium,
Qβ = Keq,β .

The chemical reaction rate constant can be calculated by the transition state theory,
in which it can be expressed as [27]:

k0 = k∗
0 · exp

[
−Ea

R

(
1

T
− 1

T ∗

)]
(24)

where, k0 is the chemical reaction rate constant, mol/(m2·s); k∗
0 is the standard rate

constant at the reference temperature; Ea is the reaction activation energy, J/mol; R is
the universal gas constant, J/(mol·K), usually 8.314; T ∗ is the reference temperature,
usually 298K; T is the system temperature, K.

1.3 Salting-Out Model

The injected CO2 dissolves in the formation water and reacts with the rock, changing the
type and content of ions in the formation water. At the same time, the injected dry CO2
will cause evaporation of the formation water. Under the combined action of the two, the
ion content of formation water changes, and the salinity of formation water increases,
so that the saturation index of some salt components in formation water is greater than
zero, and the salting-out phenomenon occurs.

At present, the saturation indexmethod is themost usedmethod for the judgment and
study of the salt composition relative to the groundwater saturation state [28]. Saturation
Indices are defined as follows:

SI = lg
(
IAP/Ksp

)
(25)

where, Ksp is the equilibrium constant of the dissolution reaction of salt components;
IAP is the activity product of related ions in the dissolution reaction of salt components.

According to the solubility product rule:
➀ When SI > 0, salt components precipitate in groundwater;
➁ When SI = 0, the dissolution, and precipitation of salt components reach

equilibrium;
➂ When SI < 0, the salt component in groundwater is in an unsaturated state, and

the salt component tends to dissolve.
Assuming that an independent chemical reaction occurs in the system, the chemical

reaction can be expressed as follows:

νAA + νBB = νCC + νDD (26)
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When the reaction (8) is in an equilibrium state, the equilibrium constant K is
expressed as:

K = aνC
C aνD

D

aνA
A aνB

B

(27)

where, K is the reaction equilibrium constant, aA, aB, aC , aD which is the concentration
of components A, B, C, and D when they are in equilibrium.

According to thermodynamic theory, the reaction equilibrium constant can be cal-
culated from the standard Gibbs free energy of chemical reactions. The formula is as
follows:

lg K = −�G�
R

2.303RT
(28)

where, �G�
R is the standard Gibbs free energy of the chemical reaction, kJ/mol.

When the temperature is not equal to 298.15K, the variation of the chemical reaction
equilibrium constant with temperature can be calculated according to the Van’t Hoff for-
mula. If�H�

R is not related to temperature or the temperature variation range is relatively
small, within this temperature range, �H�

R can be treated as a constant approximately.
According to the Van’ t Hoff formula, under constant pressure conditions, there are:

ln K = ln K1 + �H�
R

R

(
1

T1
− 1

T

)
(29)

where, K1 is the equilibrium constant of the reaction at 25 °C, and �H�
R is the standard

enthalpy change of the reaction, kJ/mol.

1.4 Three-Phase Balance Analysis Process

To analyze the effect of CO2 dissolution on the salt formation of CaCO3, CaSO4·2H2O,
and CaSO4, the calculation steps are as follows:

➀ Calculate the solubility of CO2 based on the SRK-HV equation of state;
➁ Calculate the Ka and Kb values at room temperature according to formulas (17),

(18), and (24), and then calculate the Ka and Kb values at corresponding temperatures
according to Van’t Hoff formula (29), thereby obtaining the HCO3

− content at different
CO2 solubility;

➂ Based on the existing formation water ion content and calculated HCO3
− content

data, and based on the saturation index theory in the salt outmodel, the saturation indexes
of CaCO3, CaSO4·2H2O, and CaSO4 can be calculated for different CO2 solubility, and
then the impact of CO2 dissolution on the three types of salt formation can be analyzed.

After the change of gas-liquid equilibrium, mineral dissolution/precipitation, and
formation water ion content was determined by numerical simulation, the salting-out
law was analyzed in combination with the salting-out model. The simulation process is
shown in Fig. 1 below.
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Fig. 1. Simulation flow chart

2 Simulation Example of Water Evaporation and Salting Out
During CO2 Injection

For the CO2 injection process in depleted gas reservoirs, phase equilibrium and salt out
models are used to calculate the system pressure under different CO2 mole numbers, and
obtain the CO2 solubility, water evaporation, and formationwater salinity under different
system pressures; In addition, calculate the saturation index of salt components under
different mineralization degrees, and analyze the formation water evaporation rule, salt
out type, and salt out trend during CO2 injection.

2.1 Simulation Establishment

In the process of CO2 injection in depleted gas reservoirs, the range and degree of
influence of CO2 injection temperature on the reservoir temperature are small due to the
large reservoir depth and high formation temperature, so the CO2 injection process can
be regarded as a constant temperature process. In this study, CO2 injection into the gas
zone of the gas reservoir was simulated. CMG numerical simulation software was used
to establish a 20 × 1 × 1 grid model with a grid step size of 50 × 20 × 20 m. The model
was shown in Fig. 2. The continuous injection was set for 5 years and the injection well
injection rate was 3000 m3/d.

This paper takes the geological characteristics of a depleted gas reservoir in western
Sichuan as an example, and the basic parameters of the model are shown in the Table 1
below [29, 30].

The original components of the model fluid are CH4, CO2, and H2O, and the fluid
composition is shown in Table 2. Under the conditions of initial pressure (6 MPa) and
temperature (94.3 °C), calculated based on flash equilibrium:
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Fig. 2. Grid model

Table 1. Model parameters

Parameter Value

Formation parameter Reservoir temperature
(◦C)

94.3

Reservoir pressure (MPa) 6

Porosity (%) 10

Permeability (mD) 25

Connate water saturation
Swr

35%

Thickness (m) 20

Reservoir top depth (m) 2300

Relative permeability Liquid phase [31] krw =
√

Sw−Swr
1−Swr

⎡

⎣1 −
(
1 −

(
Sw−Swr
1−Swr

) 1
λ

)λ
⎤

⎦
2

Connate water saturation
Swr

0.35

Index λ 0.58

Gas phase [32] krg =
(
1 − Sw−Swr

1−Swr−Sgr

)2(
1 −

[
Sw−Swr

1−Swr−Sgr

]2)

Residual gas saturation
Sgr

0.2

➀ In the gas phase, the molar fraction of CH4 is 0.9767, the molar fraction of H2O
is 0.0133, and the molar fraction of CO2 is 0.01;

➁ In the liquid phase, the mole fraction of H2O is 0.9992, the mole fraction of CH4
is 0.0007, and the mole fraction of CO2 is 0.0001.
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Table 2. Composition of model fluid

Component CH4 CO2 H2O

Mole fraction 0.9767 0.01 0.0133

Considering five reactive minerals in sandstone gas reservoirs, the volume fractions
of each mineral are shown in Table 3.

Table 3. Mineral volume fraction settings

Mineral Chemical formula Volume fraction

Calcite CaCO3 0.0088

Anorthite CaAl2Si2O8 0.0088

K-feldspar KAlSi3O8 0.0176

Kaolinite Al2Si2O5(OH)4 0.029

Illite K0.6Mg0.25Al2.3Si3.5O10(OH)2 0.017

The ion content of formation water is shown in Table 4, and the water type is calcium
chloride type with a mineralization degree of 20000 mg/L.

Table 4. Ion content of formation water

Ion name Na+ Ca2+ K+ Mg2+ Cl− SO4
2− HCO3−

Content/(mg/L) 4060 3070 498 21.7 11805.8 529 15.5

2.2 Simulation Results and Analysis

2.2.1 Pressure Changes During Injection Process

Taking the grid where the Injection well is located as an example, the pressure change
with time is analyzed. From Fig. 3, it can be seen that with the continuous injection of
CO2, the grid pressure gradually increases.

2.2.2 CO2 Dissolution and Water Evaporation Law

The change of CO2 solubility with time at the grid where the Injection well is located is
shown in Fig. 4, from which it can be seen that: with the continuous injection of CO2,
the solubility of CO2 in water is increasing; And the solubility of CO2 increases rapidly
during the initial injection stage.
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Fig. 3. Pressure variation curve with injection time

Fig. 4. Change curve of CO2 molar fraction in liquid phase with injection time

During the injection process, dry CO2 will continuously evaporate water into the gas
phase, resulting in a continuous decrease in the water saturation of the formation. It can
be seen from Fig. 5 and Fig. 6 that with the increase in injection time, themole fraction of
H2O in the gas phase in the grid where the Injection well is located gradually decreases,
and the water saturation continuously decreases, indicating that themole number of H2O
components in the gas phase is increasing.

2.2.3 Mineral Dissolution/Precipitation Patterns and Changes in Ion Content

The dissolution of CO2 in the formation water increases its acidity, leading to mineral
dissolution and precipitation. Taking the grid where the Injection well is located as
an example, Fig. 7 shows the content changes of five minerals with injection time,
from which it can be seen that calcite, potassium k-feldspar, and anorthite are mainly
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Fig. 5. Variation curve of H2O molar fraction in gas phase with injection time

Fig. 6. Water saturation curve with injection time

dissolved, and illite and kaolinite are subject to mineral precipitation. Among them,
the dissolution/precipitation amount of calcite, anorthite, and kaolinite changes greatly,
while the dissolution/precipitation amount of illite and potassium feldspar is small.

With the injection of CO2, water evaporation, and salt precipitation, as well as min-
eral dissolution/precipitation, the ion content of the formation water will continuously
change. Figure 8 shows the change of formation water ion molar concentration with
injection time at the grid where the Injection well is located. It can be seen from it
that with the increase of injection time, the molar concentration of Ca2+, HCO3

−, H+,
Al3+ and SiO2(aq) ions increases continuously, while the molar concentration of OH
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Fig. 7. Curve of mineral dissolution/precipitation amount over time

ions decreases gradually; Moreover, the molar concentrations of Al3+ and SiO2(aq) ions
vary little over time. The reason for the analysis is that during the CO2 injection pro-
cess, the ionization of carbonate leads to a gradual increase in the molar concentration
of H+ and HCO3

− ions in the formation of water. The massive dissolution of calcite
causes the continuous increase of Ca2+ ion concentration in the formation of water. The
dissolution of anorthite provides a large amount of Ca2+, Al3+ and SiO2(aq) ions for
the solution system, resulting in the precipitation of kaolinite; At the same time, the
dissolution/precipitation of illite and k-feldspar minerals will also lead to changes in the
content of Al3+ and SiO2(aq) ions in the solution system; Under the combined action
of the two, the concentration of Al3+ and SiO2(aq) ions in the formation water slightly
increases.

Fig. 8. Curve of ion content in formation water over time
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2.2.4 Analysis of Salt Precipitation Law

In theory, the change in pressure during CO2 injection directly affects the dissolution
of CO2 and the evaporation of water, resulting in mineral dissolution and precipitation,
which in turn affects the ion balance and salinity of the formation water, leading to salt
precipitation. The following will be analyzed separately:

The effect of water evaporation on salt precipitation

As the water evaporates, the water saturation gradually decreases, leading to a con-
tinuous increase in the mineralization degree of the formation of water. Taking the grid
where the Injection well is located as an example, it can be seen from Fig. 9 that the
salinity of formation water only increased by 1341 mg/L in the whole injection process.
The reason is that after five years of continuous CO2 injection, the water saturation of
the grid where the Injection well is located has only decreased by 0.022, so the salinity
of formation water has little change, only 6.71%. This indicates that water evaporation
has a relatively small impact on the mineralization degree of the formation water.

Fig. 9. Variation curve of formation water salinity with injection time

The change in salinity of formation water will cause a change in the saturation
index of salt composition. From Fig. 10, it can be seen that due to the small increase
in mineralization degree, the saturation index of different salt components varies less.
When themineralization degree increases to 20289mg/L, the saturation index of CaCO3
is 0.029; When the mineralization degree increases to 21341 mg/L, the saturation index
of CaSO4 is 0.001. Therefore, as the water evaporates, CaCO3 and CaSO4 will separate
from the formation water.

➁ Effect of CO2 dissolution on salting out
The following will take the formation water data in Table 4 as an example to study

the influence of CO2 dissolution on salting-out during CO2 injection.
Based on the previous Sect. 1.4, the influence of CO2 dissolution on the precipitation

of CaCO3, CaSO4, and CaSO4·2H2O was analyzed. The curve of the saturation index
with CO2 solubility is shown in Fig. 11.
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Fig. 10. Variation curve of salt composition saturation index under different salinity

Fig. 11. Variation curve of saturation index of three salt components with CO2 solubility

From Fig. 11, it can be seen that when considering the effect of CO2 dissolution on
salt precipitation, as the solubility of CO2 increases, the saturation index of CaCO3 grad-
ually increases, and CaCO3 is in a supersaturated state, which will precipitate from the
formationwater;Meanwhile, the saturation index of the other two salts decreaseswith the
increase of CO2 solubility. Therefore, the dissolution of CO2 promotes the precipitation
of CaCO3, while also inhibiting the precipitation of CaSO4 and CaSO4·2H2O.

3 Conclusion

(1) After the injected CO2 is dissolved in formation water, it will cause the dissolution
of calcite, anorthite, and k-feldspar, as well as the precipitation of illite and kaolinite.
Under the combined action of water rock chemical reaction and salt precipitation,
the content of OH− ions in the formation water will gradually decrease, while the
content of H+, Ca2+, HCO3

−, Al3+, SiO2(aq) ions will continue to increase.
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(2) With the injection of CO2, the formation pressure increases gradually, and the mole
fraction of CO2 in the water phase increases gradually. Compared with NaCl forma-
tion water, the precipitation of CaSO4 and CaSO4·2H2O in CaCl2 formation water
is inhibited, and CaCO3 is the main product of precipitation.

(3) During CO2 injection, water evaporation causes a continuous decrease in formation
water saturation, indicating a gradual increase in the mole number of H2O compo-
nents in the gas phase. Due to the small decrease in water saturation, the increase
in the formation of water mineralization is relatively small, indicating that water
evaporation has a relatively small impact on the formation water mineralization.
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