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Based on the tight oil reservoir conditions of Lucaogou Formation in Jimusar Sag,
Xinjiang, this paper conducts a full-scale characterization experiment of pore
structure and designs the optimization numerical simulation of the development
scheme based on the geological model combination with the fluid occurrence state.
A comparative study on the development methods of tight reservoirs shows that the
enhanced oil recovery effect of CO2 flooding is obviously better than that of CH4

flooding and water flooding. When the production bottom hole pressure is lower
than the formation fluid saturation pressure, changing the production bottom hole
pressure has little impact on the productivity of CO2 flooding in tight reservoirs. The
recovery factor increases with the increase of injection rate, but when the injection
rate is higher than 15,000m³/d, the increase of oil recovery and the oil change rate
decrease obviously; The complex fractures near the well can help to increase the
swept volume of CO2 flooding, while the complex fractures far away from the well
will cause channeling, which is not conducive to production. Combined with the
occurrence state of the fluid, it is obtained that in the process of CO2 displacement,
when the adsorption is considered, when the adsorption components are the same,
with the increase of the adsorption capacity, the recovery factor decreases; When
the adsorption capacity is constant, the higher the proportion of heavy components
is, the lower the recovery factor is; With the increase of adsorption capacity, the
permeability decreases more. The fluid occurrence state in tight oil reservoirs is very
different from that in conventional reservoirs, and the adsorption phase accounts for
a larger proportion, which seriously affects the flow capacity of the fluid during the
development process. However, conventional numerical simulation rarely considers
the influence of fluid occurrence state.
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1 Introduction

The main difference between tight reservoir and conventional reservoir is that it is
generally tight, resulting in poor physical properties. The specific performance is as follows:
low matrix permeability, large variation range of reservoir porosity, complex pore throat
structure, micro nano scale reservoir units and flow channels in the reservoir, and strong
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heterogeneity (Hu et al., 2010; Jarvie, 2010; Clarkson and Pedersen,
2011). At present, the production of tight oil requires targeted use
of technologies such as manual transformation, massive drilling,
multi branch wells or horizontal wells, The overall idea is to
“artificially construct an oil flow channel with high conductivity
and rely on the reservoir’s own energy for exploitation”, which can
achieve high production in a short time, but cannot achieve stable
production (Li and Zhang, 2011). Scholars have defined tight oil
reservoirs according to permeability characteristics after long-term
field investigation and experimental exploration: overburden
permeability is less than 0.1 μm2 × 10−3 μm2 of tight sandstone,
tight carbonate rock or mixed rock (Andrews, 2012; Jarvie, 2012;
Liang et al., 2012). The depletion development capacity is
extremely weak, and there is no possibility of high and stable
production without artificial reservoir reconstruction (Kong et al.,
2019). However, after fracturing, horizontal wells and other
measures, the productivity has been improved to a certain
extent (Jia et al., 2012; Tong, 2012; Hou et al., 2021). North
America has made a double breakthrough in technology and
production, enabling tight reservoirs to replace conventional
reservoirs as the main source of oil resources (Lu et al., 2012;
Montgomery and O’sullivan, 2017; Hou et al., 2022).

China is rich in tight oil resources (Li et al., 2020). In recent years,
many tight oil reservoirs have been put into production, which can
effectively supplement China’s oil resources. Taking Yanchang
Formation of Ordos Basin as a typical representative (Zou et al.,
2012; IEA, 2016), the first industrialized tight oil production area in
China has been built (BP, 2016; Zhang et al., 2015). Tight oil in China
reservoirs is characterized by deep burial depth, poor physical
properties, micro nano scale pores, strong heterogeneity, poor fluid
physical properties, and difficulty in producing (Tian et al., 2014; Shi
et al., 2015; Yang et al., 2016). Before industrial production can be
formed, a lot of research work needs to be carried out to solve
problems such as fluid flow and reservoir reconstruction, and the
goal of achieving high and stable production is a challenge (Du et al.,
2014).

The Lucaogou Formation in Jimusar, Xinjiang, is a tight oil
source reservoir with high organic carbon content, strong
hydrocarbon generation capacity, stable distribution, and
relatively concentrated vertical and wide horizontal
distribution of tight oil desserts. The reservoir space is
dominated by intergranular and intragranular dissolved pores.
Microfractures are underdeveloped and only a small amount of
them is developed in carbonate rocks. High pressure mercury
injection data show that the reservoir is developed with nano pore
throat, and the pore throat structure of the upper dessert body is
superior to that of the lower dessert body. Dessert has good oil
content and high saturation. The oil saturation is between 70%
and 95%. The fluid property is poor. The density of the top
“dessert” crude oil is 0.882 g/cm3, and the viscosity at 50°C is
50.27 mPa s. Studying the specific occurrence state of fluid in
micro nano scale pores is the basis for its exploitation and can
propose effective exploitation methods. The pore structure of
tight reservoir is dense, usually micro nano level. The fluid
adsorption layer formed due to adsorption will account for a
large proportion and will also affect the effective diameter of
pores. It is important to describe the fluid occurrence mechanism
accurately and comprehensively. The occurrence state of tight oil
will be comprehensively affected by temperature, pressure, pore

size, pore mineral composition, fluid composition and other
factors (Liu et al., 2020). For unconventional reservoirs such as
tight oil, the occurrence state of fluid in reservoirs is quite
different from that of conventional oil and gas reservoirs
(Kong et al., 2021). At present, the occurrence state of pore
fluid in tight oil reservoirs of Lucaogou Formation in Jimusar
Sag, Xinjiang is unclear, the description of the availability of pore
fluid is not accurate, and the development effect is not ideal.

At present, the effective development mode for tight
reservoirs is depletion after fracturing and gas injection
development. Therefore, this study combines the research
results of fluid occurrence state and fluid availability, designs a
targeted development plan and conducts numerical simulation
research. By comparing and analyzing the effects of different
development methods, bottom hole pressure, injection rate,
occurrence state and fracture distribution on the development
effect, the effective development methods for tight reservoirs are
determined.

This study takes the Lucaogou Formation in Jimusar Sag as an
example to carry out the feasibility of CO2 injection in typical work
areas to improve the recovery rate and optimize the injection
production and construction parameters to maximize the
productivity. In this paper, a real reservoir geological model is
established, and the effects of different development methods,
production systems, oil occurrence state such as absorption and
engineering factors on productivity are compared and discussed in
combination with the actual situation, and the development
parameters are optimized.

2 Reservoir geology and model
establishment

First, based on the reservoir data of Lucaogou Formation in
Jimusar Depression, Xinjiang, 42 (I) × 39 (J) × 8 (K), the top
depth is 3,144.3 m. The fourth layer in the K direction adopts the
reverse five-point method to arrange wells and establish the horizontal
well in the J direction. By default, the length of the horizontal section of
the injection well is 475 m, the length of the horizontal section of the
production well is 275 m, the interval between the major fractures is
70 m, and which is 50 m in secondary fractures. There are six major
fractures in the injection well, four major fractures in each production
well, and four secondary fractures in each major fracture. To form an
effective flow in the formation, the secondary fractures at the
corresponding positions are interconnected. The formation and
fracture parameters are shown in Table 1, and the geological model
is shown in Figure 1.

3 Establishment of numerical model and
optimization of development mode

3.1 Establishment of numerical model

Carry out relative permeability test experiment with tight cores in
the target block, obtain oil-water two-phase relative permeability curve
and gas-liquid relative permeability curve, and apply the relative
permeability curve to the numerical model, as shown in Figure 2.
Crude oil composition is shown in Table 2.
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TABLE 1 Formation and fracture parameters.

Formation parameters Value Fracture parameters Value

Porosity 0.02–0.16 Fracture spacing/m Major:70; Secondary:50

Permeability/10−3 μm2 0.001–0.26 Number of major fractures Injection:6; Production:4

Initial oil saturation 0.8 Half-length of fracture/m 125

Temperature/°C 71.6 Width of fracture/m 0.0038

Formation pressure/kPa 40,000 Effective fracture permeability/10−3 μm2 199.36

FIGURE 1
Geological model of target reservoir and distribution of fractures.

FIGURE 2
Porosity distribution map of target reservoir.
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3.2 Feasibility analysis of development mode

Based on depletion development, this section has carried out water
flooding, CO2 flooding and CH4 flooding, respectively. Simulation
scheme is shown in Table 3. Compare and analyze the enhanced oil
recovery range of each means and the composition of the fluid at the
outlet end and discuss its applicability from the mechanism. The CMG
numerical simulation software component model GEM module is
used for this section and subsequent numerical simulation.

The reason why the production bottom hole pressure in the depletion
stage in the simulation scheme is set as 2 × 104 kPa is that, considering that
the real crude oil of the target reservoir contains a lot of dissolved gas, the
production bottom hole pressure needs to be maintained at a high level in

order to ensure that the formation fluid still has good fluidity after
depletion development. CH4 and CO2 injection rate is set to 1.5 m³/d ×
104 m³/d underground conditions. However, CH4 and CO2 have strong
compressibility, and the injection amount converted according to the
formation conditions is about 60 m³/d. However, the compressibility of
displacement medium water can be ignored, so the injection rate of water
flooding is set as 60 m³/d。

The enhanced oil recovery (Figure 3) and remaining oil saturation
distribution (Figure 4) obtained by different development methods are
compared and analyzed. It can be seen from Figure 3 that the
enhanced oil recovery of CO2 flooding is much higher than that of
water flooding and CH4 flooding. The enhanced oil recovery of CO2

flooding is 26.86%, that of CH4 flooding is 14.84%, that of water
flooding is 13.92%, and that of pure depletion development is 13.25%
after three years. At the initial stage of CO2 flooding, it can be found
that the recovery factor has been significantly improved, and then the
growth rate has decreased slowly. It can be seen from Figure 4 that
CO2 flooding and CH4 flooding can effectively form a displacement
channel to effectively use the crude oil within the well control range,
while the water flooding has poor injectivity, and the oil saturation
near the production well has not decreased, only relying on depletion
development near the production well to maintain productivity.

4 Productivity sensitivity analysis of tight
reservoirs

The development mode of five wells depletion + intermediate wells
gas injection displacement is adopted, and the basic model parameters
are formulated according to the domestic and foreign oilfield

TABLE 2 Oil component parameters.

Components Critical pressure/bar Critical temperature/K Eccentricity factor

CO2 72.80 304.20 0.22

C1 45.24 189.67 0.01

IC4 43.49 412.47 0.15

FC7 37.69 556.92 0.25

FC12 31.04 667.52 0.33

FC19 19.29 673.76 0.57

FC30 15.38 792.40 0.9422

TABLE 3 Injection mode comparison scheme design.

Development mode Depletion development Displacement development

Time Production bottom
hole pressure

Time Injection bottom
hole pressure

Production
bottom hole
pressure

Injection
rate

/a /kPa /a /kPa /kPa /m³/d

Water flooding 3 20,000 20 50,000 8,000 60

CH4 flooding 50,000 15,000

CO2 flooding 50,000 15,000

Depletion / /

FIGURE 3
Recovery comparison of different development methods.
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development experience. As shown in Table 4, the value ranges of
different parameters are designed and different fracture distribution
schemes of no fracture, no secondary fracture, one secondary fracture
(in the middle of the main fracture), one secondary fracture (at the
edge of the main fracture) and two secondary fractures are simulated
to compare the effects of the location of the main fracture, secondary
fracture and secondary fracture on the recovery and residual oil
saturation. The fracture design scheme is shown in Table 5, and
the fracture distribution is shown in Figure 5.

4.1 Analysis of bottom hole pressure influence

The influence of bottom hole pressure of production wells on
productivity is compared and analyzed, and the results are shown in
Figure 6. It can be seen from the figure that during the development
process, with the development, the production bottom hole

pressure will affect the productivity. In the first 12 years of CO2

injection, the lower the production bottom hole pressure, the
greater the production pressure difference, and the higher the
recovery factor. After 15 years of production, the production
difference caused by the production pressure difference
gradually decreases. At the end of production, the final recovery
factors of the schemes with the production bottom hole pressure of
0.4 × 104 kPa, 0.8 × 104 kPa and 1.2 × 104 kPa are very close, it is also
higher than the development plan with the production well bottom
pressure of 1.6 × 104 kPa. When the production well bottom
pressure is 2 × 104 kPa, the recovery factor is the lowest.

The reason why the impact of production pressure difference
on productivity increases first and then decreases is that the crude
oil in the target block contains a large amount of dissolved gas. At
the initial stage of development, the formation pressure decreases
slowly, the fluid phase does not change, and no dissolved gas is
separated. With the development, the formation pressure

FIGURE 4
Distribution of remaining oil saturation in different development methods (the second layer).

TABLE 4 Bottom hole pressure comparison scheme design.

Optimization parameters Value range of each parameter

Production bottom hole pressure/kPa 4,000 8,000 12,000 16,000 20,000

Injection rate/m³/d 5,000 8,000 10,000 15,000 20,000
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FIGURE 5
Fracture distribution of geological model in different scheme.

TABLE 5 Fracture parameter design.

Simulation
scheme

Fracture spacing/m Number of fractures Half-length of
fracture/m

Width of
fracture/m

Effective fracture
permeability

Major Secondary Major Secondary /10−3μm2 Secondary

1 / / / / / / / /

2 50 / 10;6 / 125 / 0.0038 199.36

3 50 / 10;6 1 125 25

4 50 / 10;6 1 125 25

5 100 50 6;4 2 125 25
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gradually decreases and is lower than the bubble point pressure
(the bubble point pressure of the crude oil measured by the high
temperature and high pressure PVT experiment at the formation

temperature is 15.3 MPa, and the minimum miscible pressure of
the crude oil and CO2 calculated by the WINPROP component
simulator is 18.75 MPa) Peng and Robinson, 1976, resulting in the
release of dissolved gas, volume expansion, and the formation of
dissolved gas flooding, thus making up for the lack of production
pressure difference. However, when the production bottom hole
pressure is 15.3 MPa higher than the bubble point pressure, such
as 16 MPa and 20 MPa in the production plan, the dissolved gas
cannot be separated and the dissolved gas flooding cannot be
formed, so the final production capacity is lower than the other
three plans. To screen more suitable bottom hole pressure of
production wells, the production gasoline ratios of the three
schemes are analyzed and compared, and the results are shown
in Figure 7. It can be found that with the decrease of bottom hole
pressure of production wells, the production gasoline ratio will
increase. With the increase of production pressure difference,
crude oil will be degassed seriously, which is not conducive to
production. Therefore, in combination with oil production rate
and gas oil ratio, 8000 kPa is selected as the best production well

FIGURE 6
Effect of bottom hole pressure on recovery.

FIGURE 7
Effect of bottom hole pressure on gas oil ratio.

FIGURE 8
Effect of different injection rates on oil recovery.

FIGURE 9
Comparison curves of oil recovery and oil exchange ratio with
different injection rates.

FIGURE 10
Effect of different fracture distribution on oil recovery.
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bottom hole pressure, which can not only consider efficiency, but
also maintain a certain degree of stable production.

4.2 Analysis of injection rate

In the production process, due to the strong heterogeneity of tight
reservoirs, it is not the more injection, the more production. There is a
reasonable injection volume, which makes the injection and output
have the best economic benefits. Therefore, this section compares and
evaluates the injection volume of CO2 and optimizes the injection
volume according to the proportion of injection and production.

The influence of different injection rates on productivity is
analyzed and compared. The results are shown in Figure 8. It can
be seen from the figure that in the early stage of displacement
development, the injection rate has little impact on productivity.
When the displacement development exceeds 3 years, the recovery
factor increases with the increase of injection rate. When the injection
rate increases from 0.5 m3/d × 104 m3/d to 1 m3/d × 104 m3/d, the
recovery factor changes in the early and middle stages, while when the
injection rate increases from 1 m3/d × 104 m3/d to 2 m3/d × 104 m3/d,
the recovery factor is different in the late stage of development.
Therefore, the greater the injection amount, the later the effective
period. This is because the greater the injection amount will produce

FIGURE 11
Distribution of remaining oil saturation with fracture distribution in different scheme.
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higher injection pressure. However, in the early stage of development,
when the oil saturation is high, CO2 cannot effectively enter the
formation, so it can only supplement the formation energy. With the
development, the oil saturation decreases, the gas saturation of CO2 in
the formation gradually increases, and the crude oil and CO2 are more
in contact, at this time, the high oil carrying capacity of CO2 is
reflected. On the contrary, with the decrease of oil saturation in the
middle and later stages of development, the formation energy
cannot be supplemented. The contact area between CO2 and
crude oil is smaller than the large injection volume, and the
recovery factor is significantly reduced.

According to the above results, it can be found that the greater
the injection rate is, the higher the recovery factor is and the longer
the high yield is maintained. However, it can be found that there is
a difference between the enhanced oil recovery when the injection
volume is increased from 1 m3/d × 104 m3/d to 1.5 m3/d × 104 m3/d

and the enhanced oil recovery when the injection volume is
increased from 1.5 m3/d × 104 m3/d to 2 m3/d × 104 m3/d.
Therefore, by comparing the oil exchange ratio, the oil exchange
ratio is defined as the ratio of the cumulative oil production volume
to the cumulative gas injection volume to screen the best injection
volume.

It can be seen from Figure 9 that with the increase of injection
volume, the recovery factor increases and the oil exchange ratio
decreases, which means that the CO2 required to obtain unit crude
oil increases with the increase of injection volume and the recovery
cost increases, but more crude oil can be obtained correspondingly.
From the curve in the figure, it can be found that when the injection
volume increases to 1.5 m3/d × 104 m3/d, the recovery factor increases
slowly, and the oil exchange ratio decreases rapidly. Combined with
the matching degree of recovery factor and oil exchange ratio, select
1.5 m3/d × 104 m3/d as the best injection rate.

FIGURE 12
Full-scale pore size distribution of tight core samples.

TABLE 6 Comparison scheme design considering adsorption.

Displacement mode Time Production BHP Injection rate Adsorption component Adsorption capacity/mol%

/a /kPa /m³/d

CO2 flooding 10 8,000 5,000 None /

C19 5

C19 8

C19 10

C19 15

C30 3

C30 5

C19 + C30 1 + 4

C19 + C30 2 + 3

C19 + C30 3 + 2

C19 + C30 4 + 1
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4.3 Analysis of fractures

This section makes a comparative study on the distribution design of
fractures. Artificial fractures are needed to form oil flow channels. This
section makes a comparative analysis on the number and length of main
fractures and the impact of secondary fractures on productivity.

Combined with the occurrence state of the fluid, it is obtained that
in the process of CO2 displacement, the recovery factor decreases with
the increase of the adsorption capacity, when the adsorption

components are the same. The influence of different fracture
distributions on oil recovery is compared and analyzed, and the
results are shown in Figure 10. It can be found that the ultimate
recovery factor of different fracture distributions from high to low is
one secondary fracture (middle) > 2 secondary fractures > no
secondary fractures > 1 secondary fracture (edge) > no fractures.
The result is not as expected: The more secondary fractures, the better.
This is because compared with the reservoir matrix, the fractures are
high conductivity channels. Excessive infilling fractures will cause the

FIGURE 13
Part of geological model and distribution of fracture.

TABLE 7 Geological and fracture parameters.

Formation parameters Value Fracture parameters Value

Porosity 0.076–0.1542 Fracture spacing/m 75

Permeability/10−3 μm2 0.027–0.2556 Number of major fractures Inj:4; Pro:3

Initial oil saturation 0.8 Half-length of fracture/m 100

Temperature/℃ 71.6 Width of fracture/m 0.0038

Formation pressure/kPa 40,000 Effective fracture permeability/10−3 μm2 199.36

FIGURE 14
Effect of different adsorption capacity of single component on oil recovery (a.C19, b.C30).
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formation of high permeability channels between injection and
production wells, which is not conducive to the further spread of
displacement phases. According to the experiment results, the effective
permeability of the fracture is 200 mD, which is a high conductivity

channel for CO2 because of its high flow ability, excessive infilling
fractures will cause the connection of the fracture which make the CO2

flow in the fractures but not motivate the oil in the matrix. Therefore,
the key to improve the recovery of tight reservoirs through fracturing
is to conduct complex volume fracturing in the near well zone, while
the fracturing effect in the far well zone is not ideal. By comparing the
effect of fracture distribution on oil production rate, the existence of
fractures has greatly improved the oil production rate in the short
term. When the development time is long, the oil production rate of
the non-fracture scheme is relatively higher, because fractures will
induce the directional migration of displacement phase, so that the
swept volume of the non-fracture scheme will be smaller, but more
efficient. Combined with Figure 11, it can be found that Scheme 3 has
the largest swept volume.

5 Influence of oil occurrence state on
production

5.1 Reservoir fluid occurrence characteristics

According to the previous research, reservoir fluids can be divided
into three categories according to their occurrence state: body phase
available crude oil, movable adsorption phase and immovable
adsorption phase (Liu et al., 2021). This section makes a
comparative analysis on the productivity considering adsorption.

Firstly, low-temperature liquid nitrogen adsorption experiment, high-
pressure mercury intrusion porosimetry (MIP) and nuclear magnetic
resonance experiment (NMR) were carried out, the obtained pore sizes
were combined. According to the experimental principle of various test
methods, the liquid nitrogen adsorption test was selected to obtain the
interval with pore size less than 270 nm, the high-pressure mercury
intrusion test was used to obtain the interval with pore size of
270 nm–1000 nm and the nuclear magnetic resonance test was used
to obtain the interval with pore size greater than 1000 nm, as shown in
Figure 12. To unify the standard, all experimental data are converted into
cylindrical core with a diameter of 25 mm and a length of 20 mm, with a
mass of about 10 g.

According to the integration results, it can be obtained that the size
distribution of compact core is within the range of 6.5 nm–19.2 μm, in
which nano scale pores are dominant, while a small number of micro
scale pores exist.

5.2 Simulation scheme design

According to the theoretical simulation of Dong et al. (2021).
Based on the theoretical calculation of the matching relationship
between adsorption capacity and pore size, it is preliminarily
determined that the adsorption capacity is 3%–15%, and the oil
recovery and reservoir physical property changes are compared.
The specific simulation scheme is shown in Table 6.

Due to the consideration of adsorption, the amount of
simulation calculation is greatly increased, so part of the
geological model grid is intercepted, and the model size is 23
(I) × 19 (J) × 4 (K), the top depth is 3214 m. A single injection-
production horizontal well group is established. The geological
model is shown in Figure 13 and the physical properties of the
model are shown in Table 7.

FIGURE 15
Effect of different components with the same adsorption capacity
on oil recovery.

FIGURE 16
Model position of comparison grid.

FIGURE 17
Influence of different adsorption capacity on grid pressure.
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5.3 Production conditions considering
occurrence state

The effects of different adsorption capacity of single component
on oil recovery (Figure 14) and the effects of the same adsorption
capacity and different components on oil recovery (Figure 15) were
analyzed respectively. The adsorption capacity is the mole fraction of
the adsorption phase.

It can be seen from Figure 14 that with the increase of adsorption
capacity, the recovery factor shows a downward trend. For
C19 component, the recovery factor without adsorption is 20.78%;
When the adsorption capacity is 5%, the recovery rate is 19.54%;
When the adsorption capacity is 8%, the recovery rate is 18.34%;
When the adsorption capacity is 10%, the recovery rate is 17.85%; The
recovery rate is 15.67% when the adsorption capacity is 15%. At the
same time, with the increase of adsorption capacity, the decline of oil
recovery increases. Compared with no adsorption capacity, the
adsorption capacity of 5% decreases the oil recovery by 1.24%;
Compared with 5% adsorption, 10% adsorption decreased the
recovery by 1.69%; Compared with 10% adsorption, 15%
adsorption decreased the oil recovery by 2.18%. For
C30 component, when the adsorption capacity is 3%, the recovery
factor is 20.02%; When the adsorption capacity is 5%, the recovery
factor is 19.58%.

It can be seen from Figure 15 that when the adsorption amount
is the same, which is 5%. The more the heavy components are, the
lower the recovery factor is. When the adsorption components are
all C19, the recovery factor is 19.54%; The recovery factor is 18.77%
when C19 accounts for 4% and C30 accounts for 1%; When
C19 accounts for 3% and C30 accounts for 2%, the recovery
factor is 18.66%; When C19 accounts for 1% and C30 accounts
for 4%, the recovery factor is 18.33%; When all are C30, the
recovery factor is 18.20%. According to the previous research
results, the light components can be extracted by CO2 to further
improve oil recovery, while the heavy components will be adsorbed
on the pore surface and are difficult to use.

For the same grid on the mainstream channel at the same
development time, the physical property analysis is carried out.
The grid is selected as the second layer grid (12, 10, 2) (Figure 16).
The physical property compared is the grid pressure (Figure 17).

It can be seen from Figure 17 that with the increase of
adsorption capacity, the pressure of the grid will also increase,
indicating that the lower the permeability of the grid, the lower the
effective pore size will be combined with the adsorption phase,
which will result in the decrease of the permeability (Lei et al.,
2020). Therefore, in the numerical simulation of unconventional
tight oil, it is necessary to consider the reduction of effective
permeability caused by adsorption, otherwise the simulation
result will be higher than the actual value.

6 Conclusion

Conventional numerical simulation of different fractures rarely
considers the influence of fluid occurrence state. The experiment
shows that there are two parts of fluid in nano-porous: adsorption
phase and bulk phase. This paper considers the influence of
occurrence state on reservoir physical properties and fluid flow
ability in numerical simulation for the first time.

1) The enhanced oil recovery effect of CO2 flooding is obviously
better than that of CH4 flooding and water flooding, which are
26.86%, 14.84% and 13.92% respectively. The content of light
components in CO2 flooding production fluid is higher than the
average content of formation crude oil, which can effectively
extract the light components in crude oil.

2) When the production bottom hole pressure is lower than the
formation fluid saturation pressure, changing the production
bottom hole pressure has little impact on the productivity of
CO2 flooding in tight reservoirs. When it is higher than the
formation fluid saturation pressure, the productivity decreases
with the increase of the production bottom hole pressure, and
the optimal production bottom hole pressure is 8,000 kPa.

3) The recovery factor increases with the increase of injection rate, but
when the injection rate is higher than 1.5 m³/d × 104 m³/d, the
increase of oil recovery rate is significantly slowed down, and the
oil change rate is significantly reduced. According to the extent of
enhanced oil recovery rate and the economic benefits of oil change
rate × 104 m ³/d is the optimal CO2 injection amount.

4) The complex fractures in the near well zone help to improve the swept
volume of CO2 flooding, while the complex fractures in the far well
zone will cause gas channeling, which is not conducive to production.

5) When adsorption is considered, the recovery factor decreases with
the increase of adsorption capacity; When the adsorption capacity
is fixed, the recovery efficiency of the adsorbed heavy component is
lower than that of the adsorbed light component. The adsorption
can cause the permeability to decrease. With the increase of the
adsorption amount, the permeability decreases.
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