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ABSTRACT

Due to long-term water injection, often oilfields enter the so-called medium and high water cut stage, and it is
difficult to achieve good oil recovery and water reduction through standard methods (single profile control
and flooding measures). Therefore, in this study, a novel method based on “plugging, profile control, and flood-
ing” being implemented at the same time is proposed. To assess the performances of this approach, physical
simulations, computer tomography, and nuclear magnetic resonance are used. The results show that the combi-
nation of a gel plugging agent, a polymer microsphere flooding agent, and a high-efficiency oil displacement agent
leads to better results in terms of oil recovery with respect to the situation in which these approaches are used
separately (the oil recovery is increased by 15.37%). Computer tomography scan results show that with the com-
bined approach, a larger sweep volume and higher oil washing efficiency are obtained. The remaining oil in the
cluster form can be recovered in the middle and low permeability layer, increasing the proportion of the columnar
and blind end states of the oil. The nuclear magnetic resonance test results show that the combined “plugging,
profile control, and flooding” treatment can also be used to control more effectively the dominant channels of
the high permeability layer and further expand the recovery degree of the remaining oil in the pores of different
sizes in the middle and low permeability layers. However, for the low permeability layer (permeability difference
of 20), the benefits in terms of oil recovery are limited.
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1 Introduction

The A oilfield is a conventional heavy oil reservoir (in the oil layer, the viscosity of the crude oil is more
than 50 mPa·s and the density is more than 0.92 kg/m3) with abundant reserves. It mainly consists of four sets
of oil-bearing strata of the Neogene Minghuazhen and Guantao Formations and the Paleogene Dongying and
Shahejie Formations. The sedimentary facies of the oil-containing strata are mainly fluvial facies and delta
facies. In recent years, there has been a continuous deepening of the water flooding activity. This, coupled
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with the characteristics of high average permeability, strong heterogeneity, high oil viscosity, and the
formation of dominant water flow channels has further aggravated the deterioration of the reservoir’s
heterogeneity, resulting in the inefficient and ineffective circulation of the injected water and increasing
the water content [1–6].

To solve the above problems and improve the efficiency of water flooding, researchers have proposed a
variety of treatment options. The research status is shown in Table 1. Meng et al. [7] researched the multi-
stage combination technology of plugging, adjusting, and washing after polymer flooding. The results
showed that the multi-stage combination system using polymer gel as the plugging agent, pre-crosslinked
particles as the regulating and flooding agent, and a high-efficiency oil displacement agent as the washing
agent had a better EOR effect than using a single plugging slug [7]. Liang et al. [8] studied the effect of
deep profile control and flooding by a multistage combination. The results showed that the multi-stage
profile control and flooding technology of “polymer gel profile plugging + polymer microsphere profile
control and flooding” could achieve a good oil increase effect by taking into account the technical
requirements of large pore control and deep fluid flow in medium and low permeability layers. Wang et al.
[9] studied the slug combination and slug dosage of polymer gels, microsphere/pre-crosslinked particles, and
surfactant by using a sand filling physical model. The results show that the combined slug injection method
is better than the single slug injection method, and that the oil displacement effect is best when the
proportion of the slug dosage is 15%, 60%, and 25% [9]. Wang et al. [10] carried out a study on the slug
injection sequence using a combined modulated flooding technology and showed that the injection sequence
of low strength gel, medium strength gel, polymer microspheres, and high strength gel resulted in the best oil
increase effect. Rong et al. [11] studied the oil displacement effect with different combinations of
displacement agents. The results show that the combination of nano-spheres, polymer gel control, and a
displacement agent has a more significant oil displacement effect than the single use of nano-spheres or
polymer gel control or displacement agent, and that the combination of polymer carrying fluid, gel +
microspheres, and the subsequent polymer gel control and displacement technology can improve the overall
sweep volume and displacement efficiency of reservoirs [11].

Table 1: The research status

The
researchers

The research question The research conclusion

Meng et al.
[7]

After polymer flooding, the distribution of remaining oil
is more dispersed, the development of dominant flow
channels is more complex, and the efficiency of
conventional water flooding is low.

Using polymer gel as the plugging agent, polymer
microspheres and pre-crosslinked particles as the profile
control and flooding agent, and surfactant the oil washing
agent, the combined technology of “plugging + profile
control + washing” can effectively block the dominant
channels of the longitudinal and plane water flow, expand
the sweep volume and improve the oil displacement
efficiency, thus achieving the purpose of water reduction
and increased oil recovery.

Liang et al.
[8]

In the process of water injection development in the
heavy oil field, the contradictions between the layers and
within layers are very prominent, such as injection water
inrush and edge and bottom water coning.

The multi-stage profile control and flooding technology
of “strong gel blocking large pore + polymer
microspheres shifting to medium and low permeability
layer” considers the technical requirements of large pore
control and deep fluid flow in medium and low
permeability layers. For the remaining oil mainly
distributed in the medium and low permeability layer and
far away from the mainstream line, it can achieve a good
oil recovery increase and precipitation effect.

(Continued)
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Through a large number of experimental studies, oilfield workers have preliminarily explored the
treatment idea of profile control and flooding of heterogeneous reservoirs with high permeability bands.
High-strength plugging systems such as gels have been used as the pre-plugging slug to improve the
reservoir suction profile, and then pre-crosslinked particles or polymer microspheres have been used to
improve the medium-high permeability sweep volume. Finally, a surfactant such as a high-efficiency oil
displacement agent has been used to improve the oil washing efficiency in the subsequent water flooding
process. Although the above treatment method has achieved a good oil recovery increasing effect in
laboratory tests, the micro mobilization degree of the remaining oil in each heterogeneous small layer is
still not understood, and the micro action mechanism of this method is not clear.

To understand the mechanism of “plugging, profile control, and flooding” treatment, this paper takes the A
oilfield as the research object and uses physical simulation experiments to study the oil recovery increase and
precipitation effect of using a gel plugging agent, polymer microsphere control, and a high-efficiency
displacement agent and their combination. The type and distribution of the remaining oil are quantitatively
analyzed using computed tomography (CT) and nuclear magnetic resonance (NMR). Based on the test
results, the idea of optimizing plugging control and flooding is further proposed. This idea and method are
of great significance to the application and adjustment of profile control and flooding technology in the field.

2 Experiment Section

2.1 Materials and Instruments
The experimental agents include a gel plugging agent, a polymer microsphere control agent, and a high-

efficiency oil displacement agent. The gel plugging agent is a composite gel system composed of inorganic
aluminum gel and polyacrylamide. The polymer microspheres are mainly composed of nano micron polymer
microspheres. The main component of the high-efficiency oil displacement agent is an emulsifying viscosity-
reducing surface activator.

The experimental oil was mixed with kerosene and degassed crude oil in proportion, and the viscosity
was 75.0 mPa·s at a reservoir temperature of 65°C.

The experimental water was injected water from the oilfield, and the water quality analysis results are
shown in Table 2.

Table 1 (continued)

The
researchers

The research question The research conclusion

Wang et al.
[9]

Combined profile control and flooding technology is not
mature and perfect in slug combination mode and slug
dosage.

When the proportion of polymer gel, nanospheres/pre-
crosslinked particles, and surfactant slug is 15%, 60%,
and 25%, respectively, the oil displacement effect is the
best, and the oil recovery can be improved by 38.75%
compared with employing only water flooding.

Wang et al.
[10]

Slug combination of temperature and salt resistant
polymer gel and polymer microsphere under high
temperature and high salt reservoir conditions.

The optimal injection sequence is as follows: low strength
gel, medium strength gel, microgel SMG, and high
strength gel.

Rong et al.
[11]

It is still difficult to plug reservoirs with
high permeability bands and large pores by nano-sphere
flooding.

The combination of nano-spheres and polymer gel
modulator is more effective than using nano-spheres or
polymer gel modulator alone. The combination of
polymer carrier fluid, gel + microsphere flooding, and the
subsequent polymer gel flooding can be selected to
improve the sweep volume and displacement efficiency
of the reservoir.
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The experimental core was an artificial heterogeneous core cemented with quartz sand and epoxy resin.
The permeability of the high, middle, and low layers of the heterogeneous core were 10000 × 10−3 μm2,
3000 × 10−3 μm2, and 500 × 10−3 μm2, and their thicknesses were 2 cm, 2 cm, and 0.5 cm, respectively.
The external size of experimental core was 4.5 cm × 4.5 cm × 30.0 cm, and the core diagram is shown in Fig. 1.

2.2 Experimental Steps

1. The core was vacuumed at room temperature, saturated with formation water, and the pore volume
was measured and the porosity was calculated.

2. At the reservoir temperature of 65°C, the core was saturated with simulated oil (70 mPa·s) to
calculate the oil saturation.

3. At the reservoir temperature of 65°C, the water flooding reached 98% water cut.

4. The profile control and flooding agent with designed slug size was injected according to the
experimental scheme, and then the water flooding reached 98% water cut.

The experimental device is shown in Fig. 2.

Table 2: Water quality analysis

Ion composition and content (mg/L) Total salinity (mg/L)

K+ + Na+ Ca2+ Mg2+ Cl− SO4
2− CO3

2− HCO3
−

2758.3 627.7 249.4 6313.3 91.4 0 166.5 10206.6

Figure 1: Core diagram

Figure 2: Experimental apparatus diagram
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Computed tomography scan experiment: according to the different injection systems, computed
tomography was used to scan the entire core in Step 4 to obtain the distribution of oil and water in the
core and analyze the remaining oil state.

Nuclear magnetic resonance experiment: after the core was saturated with oil, at the production end of
the three different permeability zones, core samples of the same size (0.5 × 1.8 × 3.0 cm3) were cut and
immersed in a certain concentration of divalent manganese ion solution to make the manganese ions
diffuse into the water phase of the core to shield the signal of the hydrogen in the water. Then nuclear
magnetic resonance experiments were carried out to test the signal amplitude of the oil phase in the
different permeability layers [12,13]. After the injection of different systems, the water flooding reached
98% water cut and the core samples of the same size (0.5 × 1.8 × 3.0 cm3) were cut again at the
production end of the three different permeability zones, immersed in the divalent manganese ion
solution, and the signal amplitude of the oil phase in different permeability zones was tested. By
comparing the difference in the oil confidence number before and after the injection of different systems,
the utilization degree of the remaining oil in the small layers with different permeability was analyzed.
The core and the samples for the nuclear magnetic resonance tests are shown in Fig. 3.

2.3 Experimental Scheme
Experiment Scheme 1: saturated oil + water flooding to 98% water cut.

Experiment Scheme 2: saturated oil + water flooding to 98% water cut + 0.1PV high-efficiency oil
displacement agent (CS = 1200 mg/L) + follow-up water flooding to 98% water cut.

Experiment Scheme 3: saturated oil + water flooding to 98% water cut + 0.1PV polymer microsphere
control and displacement agent (CP = 3000 mg/L, slow inflation for 12 h) + follow-up water flooding to 98%
water cut.

Experiment Scheme 4: saturated oil + water flooding to 98% water cut + 0.1PV gel plugging agent (set
for 48 h) + follow-up water flooding to 98% water cut.

Experiment Scheme 5: saturated oil + water flooding to 98% water cut + 0.1PV gel plugging agent (set
for 48 h) + 0.1PV polymer microsphere control (CP = 3000 mg/L, slow inflation for 12 h) + 0.1PV high-
efficiency oil displacement agent (CS = 1200 mg/L) + follow-up water flooding to 98% water cut.

3 Results and Discussion

3.1 Results of the Recovery Experiment
The oil addition effects of the different injection systems are shown in Table 3.

Complete core profile after oil saturation (4.5×4.5×30.0cm) 

(a) 500×103µm2 (b) 3000×103µm2 (c) 10000×103µm2

Figure 3: Core cutting picture
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As can be seen from Table 3, due to the large permeability grade difference and strong heterogeneity in the
small layers, the effect of the expanding sweep volume during water flooding development was very limited.
Therefore, the recovery efficiency from water flooding in the five groups of experiments was low (at about
13%). In terms of EOR increment, the effect of profile control and flooding alone was limited under the
condition of severe heterogeneity. In comparison, the combined treatment effect of gel, polymer
microsphere control agent, and high-efficiency flooding agent was better (recovery rate increased by 15.37%).

Next, with the help of computed tomography scanning and nuclear magnetic resonance testing
technology, the effect of the comprehensive treatment measures on each small layer was quantitatively
studied, and the distribution characteristics of the remaining oil after these measures were analyzed.

3.2 Computed Tomography Scan Test Results
The side view of the remaining oil distribution in each scheme is shown in Fig. 4.

Fig. 4 shows the low-permeability, medium permeability, and high-permeability layers from top to
bottom; these layers have thicknesses of 2 cm, 2 cm, and 0.5 cm, respectively. The right side of the figure
is the inlet end, and the left side is the outlet end. In the figure, red represents oil and blue represents water.

It can be seen from Fig. 4a that the water flooding development is mainly in the bottom high
permeability layer. It can be seen from Fig. 4b that the main displacement area of the high-efficiency oil
displacement agent is still at the bottom of the high permeability layer. As can be seen from Figs. 4c and
4d, both polymer microspheres and gel plugging agents produce plugging effects near the entrance end of
the high permeability layer, and then the water is diverted into the medium and low permeability layer;
the oil saturation at the core inlet is obviously reduced. However, due to the small size of the slug and the
limited plugging depth, the subsequent water in the middle and low permeability layer flows back to the
high permeability area in the core. It can be seen from Fig. 4e that the comprehensive treatment measure
of “plugging, profile control, and flooding” can improve contradictions within and between layers. On the

Table 3: The experimental results

Scheme Scheme composition Waterflood
recovery (%)

Final
recovery
(%)

Increase in
recovery (%)

1 Water flooding control experiment 13.08 13.08 –

2 Efficient oil displacement agent 13.34 17.25 3.91

3 Polymer microsphere control and displacement agent 13.78 19.31 5.53

4 Gel plugging agent 12.81 22.28 9.47

5 Gel plugging agent/Polymer microsphere control and
displacement agent/Efficient oil displacement agent

13.27 28.64 15.37

(a) (b) (c) (d) (e)

Figure 4: Side view of residual oil distribution (a) Scheme 1, (b) Scheme 2, (c) Scheme 3, (d) Scheme 4 and
(e) Scheme 5
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one hand, this treatment measure can improve the displacement efficiency of the high permeability layer, and
on the other hand, it can expand the sweep effect to the middle and low permeability layers. The oil saturation
in the high permeability layer and the inlet end is significantly reduced.

To further study the microscopic characteristics and processes of the remaining oil, the oil phase states in
the experimental process were divided into cluster, column, blind end, oil droplet, and oil slick states
according to the residual oil contact ratio, shape factor, and other parameters based on the computed
tomography scanning results; here, cluster represents the continuous remaining oil and the other states
represent the dispersed remaining oil [14–17].

The three-dimensional construction of all the kinds of the remaining oil is shown in Fig. 5.

Through computed tomography scan analysis, the types and proportions of the remaining oil in the high,
medium, and low permeability zones under different treatments were obtained as shown in Figs. 6–8.

(a) (b) (c) (d) (e)

Figure 5: Type of microscopic remaining oil (a) cluster, (b) column, (c) blind end, (d) oil droplet and (e)
oil slick

Figure 6: Type and proportion of the microscopic remaining oil (10000 × 103 μm2)

Figure 7: Type and proportion of the microscopic remaining oil (3000 × 103 μm2)
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(1) High permeability layer
As can be seen from Fig. 6, compared with water flooding development alone, the use of the efficient oil

flooding agent has less influence on the type and proportion distribution of the remaining oil in the high
permeability layer (10000 × 103 μm2). After adopting the comprehensive treatment of using the gel
plugging agent, the polymer microsphere flooding control agent, and the high-efficiency flooding agent,
although the proportion of the remaining oil in the cluster state in the high permeability layer decreased
compared with the single profile control and flooding measures, the decrease was small on the whole,
indicating that the remaining oil potential in the high permeability layer is not large after water flooding
development; it is also necessary to improve the utilization degree of the medium and low permeability
layer to further improve the recovery factor.

(2) Medium permeability layer
As can be seen from Fig. 7, the single high-efficiency displacement agent and polymer microspheres

control agent in Schemes 2 and 3 did not exert a good effect on the remaining oil in the medium
permeability layer (3000 × 103 μm2), and the proportion of the different types of remaining oil was not
significantly different from that in the water flooding control group. After the injection of the gel
plugging agent in Scheme 4, the dominant channel of the high permeability layer was effectively
controlled, the liquid absorption of the medium permeability layer increased, and the remaining oil was
constantly displaced. The proportion of the cluster state of the remaining oil decreased by 30.8%
compared with water flooding, and the proportion of the dispersed state of the remaining oil such as the
column and blind end increased significantly. The treatment measure of “plugging, profile control, and
flooding” in Scheme 5 that used the gel plugging agent further played a synergistic role of polymer
microsphere regulation, flooding agent, and efficient oil displacement agent in expanding the sweep
volume and improving the oil washing efficiency [18,19]. The proportion of the cluster-like remaining oil
decreased by up to 51.4% as compared with using water flooding alone, and the proportion of the oil
droplet and oil film states increased significantly. The treatment measure of “plugging, profile control, and
flooding” obviously changed the proportion distribution of the different types of the microscopic
remaining oil in the medium permeability layer, indicating that “plugging, profile control, and flooding”
treatment can effectively improve the oil recovery from the medium permeability layer.

(3) Low permeability layer
As can be seen from the proportion of the remaining oil in the different experimental schemes in Fig. 8,

under the heterogeneous condition of a high and low permeability grade difference of 20, the single profile
control and flooding measure has almost no influence on the type and proportion of remaining oil in the low
permeability layer, and it is difficult to recover oil from the low permeability layer. After “plugging, profile
control, and flooding,” the proportion of the cluster state of the remaining oil in the low permeability layer

Figure 8: Type and proportion of the microscopic remaining oil (500 × 103 μm2)
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decreased to 59.3%, which is 24.4% lesser than that utilizing water flooding alone, indicating that “plugging,
profile control, and flooding” effectively alleviated the interlayer heterogeneity difference.

Generally speaking, “plugging, profile control, and flooding” measures can displace more remaining oil
in the high, middle, and low permeability layers. After plugging the dominant channels of the high
permeability layer with the gel plugging agent, polymer microspheres were injected into the medium
permeability layer. After the polymer microspheres expand slowly to increase the seepage resistance of
the medium permeability layer, the subsequent fluid of the high-efficiency flooding agent will reduce the
viscosity of the remaining oil in the low permeability layer, improve the flow of crude oil, and then
achieve a significant increase in oil recovery.

3.3 Nuclear Magnetic Resonance Test Results
Combined with the results of the recovery experiment in Table 3, it can be found that, compared with

water flooding or the single measure of plugging or profile control or flooding, the “plugging, profile control,
and flooding”measure provides the largest increase in recovery and has a significant impact on the remaining
oil types in the high, medium, and low permeability zones, but the final recovery is only 28.64%, which still
has great potential for improvement.

Next, with the help of nuclear magnetic resonance experiments, the remaining oil signal amplitudes of
Schemes 1 and 5 were compared to analyze the remaining oil usage in different pores after the “plugging,
profile control, and flooding” measures.

The nuclear magnetic resonance T2 map is usually a bimodal curve, and the fluid in the macropores is
under a weak force and has a long relaxation time. Therefore, the concave point in the middle of the bimodal
curve is the critical value of the large and small pores, with the right representing the large pores and the left
representing the small pores [20–23]. Table 4 and Figs. 9–11 show the nuclear magnetic resonance
experimental results of each small layer after the water flooding control experiments and after the
“plugging, profile control, and flooding” measures.

Table 4: Nuclear magnetic resonance test results

Peak oil
signal

Scheme 1 Scheme 5

High permeability
layer

Medium
permeability
layer

Low
permeability
layer

High
permeability
layer

Medium
permeability
layer

Low
permeability
layer

Small pore Saturated oil 1163 1383 1414 1235 1338 1403

Follow-up water
flooding to 98%
water cut

1152 1359 1329 945 1084 1213

Difference value 11 24 84 290 254 190

Macropores Saturated oil 1214 904 1080 1033 1025 1028

Follow-up water
flooding to 98%
water cut

0 847 1000 0 394 706

Difference value 1214 57 80 1033 631 322
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Figure 9: Nuclear magnetic resonance T2 spectrum test results (10000 × 10−3 μm2)

Figure 10: Nuclear magnetic resonance T2 spectrum test results (3000 × 10−3 μm2)

Figure 11: Nuclear magnetic resonance T2 spectrum test results (5000 × 10−3 μm2)

(1) High permeability layer

As can be seen from Fig. 9, after water flooding, almost no crude oil signal can be detected in the large
pores of the high permeability layer, indicating that the crude oil in the large pores has been fully displaced,
while the signal amplitude of the crude oil in the small pores has hardly changed. By contrast, after the
“plugging, profile control, and flooding” measures, the signal amplitude of the crude oil in the small pores
decreased to a certain extent, indicating that the “plugging, profile control, and flooding” measures
effectively blocked the large pores in the high permeability layer, and the subsequent fluid flow occurred at
the micro-level, which enlarged the sweep effect on the small pores. Combined with the oil washing effect
of the efficient oil displacement agent, the remaining oil in the high permeability layer was further displaced.

(2) Medium permeability layer

As shown in Fig. 10, due to the serious longitudinal heterogeneity between medium and high permeability
layers, it is difficult for water flooding development to displace the remaining oil in the medium permeable
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layer, and the signal amplitude of the remaining oil in the medium permeability layer remains the same before
and after water flooding. After “plugging, profile control, and flooding” measures are adopted, the signal
amplitude of the crude oil in the medium permeability layer’s large pores decreases significantly, and the
signal amplitude of the oil in the medium and small pores also decreases to a certain extent, indicating that
the “plugging, profile control, and flooding” treatment’s effect is significant. Compared with water flooding,
“plugging, profile control, and flooding” treatment can fully help to displace the remaining oil in the
medium permeability layer, which not only alleviates the interlayer difference, but also improves the micro-
heterogeneity within the layer, so that both large and small pores are affected, and the extent of recovering
the remaining oil in the medium permeability layer is significantly enhanced.

(3) Low permeability layer
Fig. 11 shows the variation of the remaining oil’s signal amplitude before and after the treatment

measures on the low permeability layer. As can be seen from Fig. 11, the amplitude of the crude oil
signal in the low permeability zone decreased after the “plugging, profile control, and flooding”
measures, but the decrease was not large, which is also confirmed by the computed tomography scan
results. The reason is that when the permeability difference between the high and low permeability layers
is large (the value of permeability differential is 20), it is difficult for the polymer microspheres to
improve the liquid absorption capacity of low permeability layer while playing the role of profile control
and flooding in medium permeability layer, and the effect of recovering the remaining oil in the low
permeability layer is very limited.

Combining the results of the computed tomography scanning and the nuclear magnetic resonance
experiments, it can be seen that “plugging, profile control, and flooding” measures can manage the
different permeability layers step by step at the macro-level and can improve the sweep effect of
remaining oil in small pores at the micro-level. Compared with the single profile control and flooding
system, “plugging, profile control, and flooding” measures can play a synergistic role among systems,
and have great advantages and application potential. However, to further enhance the effect of “plugging,
profile control, and flooding” measures and fully recover the large amount of remaining oil distributed in
the small pores of the low and medium permeability layers, it is necessary to consider the combination of
polymer microspheres with different particle size and expansion performance and efficient oil
displacement agents. This will help to conduct multiple rounds of stepwise control and flooding after
using gel plugging agents to reduce the effect of permeability differences and pore size differences in
medium and low permeability layers.

4 Conclusion

(1) The comprehensive treatment measures of using gel plugging agents together with polymer microsphere
flooding control agents and high-efficiency flooding agents can increase oil recovery by 15.37%.

(2) According to the computed tomography scan results, the comprehensive treatment measures of using
gel plugging agents with polymer microsphere flooding control agents and high-efficiency flooding
agents can reduce the cluster state of the remaining oil in the medium permeability layer by 51.4%,
reduce the cluster state of the remaining oil in the low permeability layer by 24.4%, disperse the
continuous phase of the remaining oil into the micro-discontinuous phase, and improve the
recovery degree of oil from the medium and low permeability layers.

(3) Nuclear magnetic resonance results show that the remaining oil in the high permeability layer after water
flooding mainly accumulates in the small and medium pores, and the development potential is limited.
Using a gel plugging agent with a polymer microsphere flooding control agent and a high-efficiency
flooding agent can effectively improve the water flooding profile by treating and adjusting large
channels and small and medium pores in a step-by-step manner; this enhances the recovery degree of
oil from the small and medium pores and reduces the signal amplitude of the crude oil in the pores.
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(4) According to the comprehensive computed tomography scan and nuclear magnetic resonance test
results, for reservoir conditions with strong heterogeneity, after comprehensive treatment, the
remaining oil is mainly distributed in the small pores of the low and medium permeability layers
in cluster, column, and blind end states, which have great potential for recovery. The next step
would be to conduct multiple rounds of step-by-step profile control by combining microspheres
with different particle sizes and expansion properties with high-efficiency flooding agents after
using gel plugging agents to fully recover the remaining oil in medium and low permeability
layers with different pore sizes and permeabilities.
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