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Deepwater gas fields have high bottom water energy and a high risk of seeing water. Higher requirements are put forward for the water control process to control the water effect. This article is based on the actual background and well design of the X gas field in the South China Sea and on three sets of physical simulation experiments and three sets of numerical simulation experiments. An analysis and comparison of the water control effect of a combination of continuous packer, continuous packer and variable density screen tube, and their adaptability evaluation in deepwater gas reservoirs were performed. The results obtained from the numerical and physical simulations are consistent. The experimental results show that the water control process of a continuous packer is mainly based on the water-seeing and water-blocking ability. It is less capable of extending the time to produce water in the horizontal section. However, its water-blocking ability is strong and is able to seal the water spot quickly. It extends the total production time by 12.29% and increases the total gas production by 5.96%; the combined water control process of the continuous packer and variable density screen tube can effectively play their respective advantages of water control. The combination of the continuous packer and variable density screen tube can effectively be advantageous of their respective water control processes, enabling the gas–water interface to advance in a balanced manner, extending the water-free gas recovery period by 11.61%, extending the total gas production time by 15.76%, and increasing the total gas production volume by 13.75%. Both water control processes have good applicability in deepwater gas fields and have certain sand control capability. It is conducive to the one-time completion operation for the commissioning of deepwater gas fields.
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INTRODUCTION
As China’s gas reservoir exploration and development in the Southeast Qiongdongnan Basin moves toward deeper water, some of the reservoirs are experiencing difficulty in moving water reserves (Chen et al., 2020). This is especially true in terms of gas reservoir production seeing water. The Lingshui 25–1 gas field, for example, faces a water depth of nearly 1,000 m. The design well depth is nearly 4,000 m, the pressure coefficient of the target layer is 1.7–1.9, and the temperature reaches 150°C. In the gas reservoir production environment (Shi, 2015), there are challenges of high bottom water multiples and high energy (Chen et al., 2020). These place higher demands on the water control process and its effectiveness during extraction. By increasing the contact area between the wellbore and the reservoir, the production capacity can be effectively increased. Especially in deepwater gas reservoirs, horizontal wells have become the main production well type. However, the problem of excessive water production has also become more prominent (Sun and Bai, 2017). At present, domestic and foreign horizontal well water control processes are widely used mainly in oil reservoirs. The compressibility of natural gas allows it to be extracted at a higher seepage rate than oil wells, and water intrusion poses a greater risk to gas reservoir development than to oil reservoir development (Xu et al., 2018; Xu et al., 2021).The ability of horizontal wells to produce gas rapidly decreases or even stops when water is present. As a result, the implementation of simple “drainage” and “plugging” water control techniques at a later stage is limited (Wang et al., 2001). A combination of pre- and post-water control techniques needs to be applied. Therefore, there is still much room for exploration of water control techniques for gas reservoirs and their effective implementation. A great deal of research and experimentation has been carried out on water control techniques for horizontal wells. However, they have mainly been applied to oil reservoirs. Considering the high temperature and high pressure production background and characteristics of deepwater gas reservoirs, in this study, it is concluded that both the variable density screen tube and continuous packer water control processes have good water control effects in gas reservoirs.
The principle of the variable density screen tube water control process is to compare the non-homogeneity of the producing formation in horizontal wells. Changing the horizontal well borehole density effectively delays the bottom water or gas top cone entry time in horizontal wells (Zhou, 2007; Pang et al., 2012). Horizontal wells use a low borehole density in the high-permeability section of the producing formation to reduce the rate of inflow at this location. High-density boreholes are used in the low-permeability section of the formation to increase the rate of inflow at this location, equalising the rate of bottom water rise throughout the horizontal section and preventing early cone in of bottom water and see water (Zhou, 2007; Wei et al., 2009; Li et al., 2010). Due to the limitations of the process technology, it is not possible to achieve a completely uniform inflow profile by varying the density of the orifice (Xu et al., 2019; Xu et al., 2020). Hence, it is necessary to improve this by staging different density orifices (Sun et al., 2011). However, the effectiveness of segmented variable density water control is guaranteed by the requirement that the different sections of the borehole have the desired inflow velocity (Wei et al., 2009). Therefore, this requires that in practice, a packer is placed between each section to achieve out-of-tube containment. The packers have high sealing capacity and stability (Rao et al., 2010). However, the high temperature and pressure conditions in deepwater gas reservoirs place higher demands on the packers used in horizontal well section completions (Zhao et al., 2012). In addition, considering that non-uniform flow of crude oil is due to reservoir non-homogeneity and frictional pressure drop along the wellbore, one practical way to reduce this problem is to use inflow control devices between packers by adjusting the inflow and distribution of production within each isolated section (Sun et al., 2011; Wang et al., 2011; Irani et al., 2021). However, the device itself and the packers used in conjunction with it need to meet both high-temperature and high-pressure conditions.
The principle of the AICD flow regulating screen tube water control process in oil reservoirs is based on the difference in viscosity coefficients of oil and water. The different effects of fluid inertia forces and viscous resistance are used to control the discs to achieve water flow inhibition (Yan et al., 2021). This mitigates the “heel–toe effect”, leading to an uneven inflow of crude oil at the “heel” and “toe” ends of the horizontal well, resulting in an uneven cone of bottom water (Zeng et al., 2014). Oil is more viscous than water, but gas is less viscous than water. This opposite viscosity class causes AICD to be non-applicable for gas field applications. The nozzle-type ICD controls the fluid velocity in the horizontal section to maintain uniformity by adjusting the nozzle size and density. It has achieved good water control and oil enhancement results in offshore oil fields. However, its anti-clogging performance and anti-flushing performance make it difficult for its application in high production gas wells. The continuous packer is the annulus between the well wall and the screen tube filled with fine coated polymer granular gravel. The film on the surface increases the resistance to the axial flow of the fluid in the annulus and acts as a barrier to water movement in the annulus. This is similar to the presence of a bare eye external packer between each screen tube, which has the effect of continuously preventing water from entering the horizontal section. The water-blocking, breathable cladding is now fully compatible with high-temperature, high-pressure gas reservoir production environments (Liu et al., 2020). This combination significantly reduces the fugitive flow of produced fluids in the outer annulus by filling the naked eye annulus with lightweight particles. In combination with the downstream ICD/AICD, it reduces the production pressure differential in the high-permeability water-seeing layer and increases the production pressure differential in the low-permeability oil-producing layer, which enables subdivision of the entire well section to regulate the flow and control water (Wan et al., 2020; Yan et al., 2021; Zhang et al., 2021). However, in deepwater reservoirs, the density and viscosity of natural gas are less than those of water. Therefore, ICD/AICD screen tubing cannot be used to produce gas and control water in gas reservoirs. The ICD/AICD is a passive device, and once it is placed in the completion tubing column, it cannot be adjusted during production to ensure flow equalization (Sun et al., 2011).
In response to the abovementioned problems with the water control process, this study considers the advantage of continuous packers to mitigate fluid cascading in the annulus outside the pipe. It can effectively enhance the coincidence of the gas production rate and reservoir inhomogeneity at different locations of the variable density screen tube. By combining the advantages of the two water control processes, a water control process combining a variable density screen tube and a continuous packer is designed. The water control effect of this combination in deepwater gas reservoirs is also evaluated by combining physical and numerical simulation methods.
MATHEMATICAL MODEL
Model-Related Parameters
The H1 well is a designed well location for the Nanhai X gas reservoir, with bare-hole completion and gravel-filled sand control. The gas reservoir temperature is approximately 128°C, the reservoir pressure is nearly 40 MPa, the bottom water multiple is 100 times, the height of water avoidance in the horizontal section is 59.1m, the horizontal section length of the design is 580 m, and the screen tube diameter is approximately 15 cm (Table 1).
TABLE 1 | Main relevant parameters for numerical simulation experiments.
[image: Table 1]Mathematical Models
Considering the H1 well is a bare-borehole completion, continuous packer technology allows for an “infinite section” completion. Flow control was applied to each section by separately modeling the pressure and pressure drop distribution in the horizontal section. The analysis of the effect of different water control processes on the evolution of the gas–water interface under constant production conditions was carried out. The gas reservoir seepage model was readjusted to consider the higher percolation rates of natural gas during the extraction of the gas reservoir. The model was adjusted to better match the parameters of the water control process (Figure 1).
[image: Figure 1]FIGURE 1 | Compound water control process production pressure drop model.
It is assumed that each section of the horizontal well flows in a continuous packer plane radially; the gas reservoir is bottom water–bounded and the fluid conforms to the Darcy flow law.
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According to the continuity equation, it follows that
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Joint compression factor gas equation of state
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The flow at the radius [image: image] can be converted to the standard state flow at [image: image]
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Separating the variables yields
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For steady-state flow, the outer boundary pressure is constant and the mass flow rate in each horizontal section of the packer is constant. Then, there is
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The aforementioned equation can be converted to
[image: image]
Using the concept of anthropomorphic pressure, there is
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Applying the mean pressure equation is equivalent to
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According to the Hawkins equation, the epidermal coefficient is expressed as
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When Ka < K, the additional pressure drop is greater than 0; then, we have
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Combining the pressure drop from the epidermal effect into the total pressure drop, the stable flow Darcy capacity equation is
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According to the distribution characteristics of the permeability size of the horizontal section of the horizontal well, it was mainly divided into five sections. The distance of each section from the location of the heel end is 0–33 m, 33–178, 178–307, 307–358, and 358–580, and the numerical model determines that the average permeability of the formation in the near horizontal section of the well is 23.5 mD, that is, 0.0232 μm2. Combined with the analysis of the coefficient of variation of the permeability of the near well, that is,
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where [image: image] is the near-well permeability of the micro-element of the wellbore in section i, m2 and [image: image] is the average permeability of the near-well, m2. Based on the characteristics of the permeability distribution of the six sections of the horizontal section reservoir, the permeability distribution of each section was more homogenous. Therefore, this analysis will be approximated as six horizontal section microelements to obtain the coefficient of variation between each section of the near analysis. The coefficient of variation for the horizontal section of well H1 was calculated to be 0.4 (Table 2, Figure 1). We believe that the production profile can be improved by optimizing the pore density, but there are fluctuations (Wang et al., 2012). The optimization of the sieve tube borehole density in this study was carried out based on the horizontal well shot hole optimization model (Wang et al., 2012). By setting the flow rate distribution in the horizontal section to the equilibrium state, a system of equations with borehole density as the decision variable is solved. Initially, the screen tube hole densities of the six horizontal section microelements were determined to be 51holes/m, 263holes/m, 62holes/m, 300holes/m, 44holes/m (Table 2).
TABLE 2 | Horizontal sieve pipe section segments and shot hole density.
[image: Table 2]PHYSICAL SIMULATION EXPERIMENTS
Experimental Setup and Procedure
The interior of this experimental setup is a 50 cm × 50 cm × 50 cm square kettle (Figure 2). The 100 water saturation measurement sensors inside the kettle and 20 pressure sensors are evenly distributed throughout the chamber. According to the target gas reservoir conditions, air was used instead of natural gas and distilled water instead of experimental bottom water during the experiments. There was one gas injection valve at the top of the kettle. The gas reservoir bottom water multiplier was large and vigorous. In order to simulate the ability of the bottom water to cone in at the horizontal section position during gas reservoir production, three inlet valves were installed at the bottom of the unit. The valves were connected to uniformly open water injection pipes. The kettle was recharged by an ISCO pump at constant pressure, and a panel with uniform openings was installed above the three water injection pipes to create a bottom water layer by “surface injection” instead of “spot injection.” The balanced injection design prevents the effect of injection operation on the bottom water cone. A small condensing unit was added to the middle of the gas extraction pipe, and the lower part of the unit was connected to a water collection device. A gas flow meter was connected at the end of the gas extraction pipe to determine the rate of gas extraction and count the volume of gas extracted.
[image: Figure 2]FIGURE 2 | Physical simulation equipment for water control processes. (A) kettle body; (B) measuring points and laying inside the equipment; (C) kettle body sealing; (D) sieve tube; (E) measuring points; (F) sand compaction in sections; (G) sand sampling.
Based on the different phases of the physical simulation experiment, the overall procedure was divided into three processes: initial model building, simulation of the water-free gas extraction period, and simulation of the water-seeing period and production shutdown.
1) Initial model building includes sand filling, sand segment compaction, horizontal segment laying, kettle sealing, gas and water injection equipment connection, and gas–water interface building. In particular, the gas–water interface was established considering that the actual reservoir had 23% bound water saturation formation. Therefore, a full model sand body with 100% water content was used to replace the upper aquifer by top pressure gas injection through the kettle body. This was carried out until the formation was 23% saturated with bound water. The final gas–water interface was determined after the criteria were adjusted by cyclic water and gas injection. A stable gas–water interface was obtained for the entire experimental setup for 12 h. That is, the gas–water saturation field of the entire model no longer changes significantly. At this point, the water avoidance height conforms to the geometric model settings.
2) Gas reservoir extraction simulation—The gas production valve of the horizontal well was opened and the gas recovery rate was set to a reasonable recovery rate. The gas recovery situation and total gas recovery volume every 1 h were recorded and the gas recovery rate was calculated. The characteristics of gas and water distribution at different section locations at each time are recorded through 3D visualization software. When the extraction channel began to produce water, the production time and gas-water saturation field were recorded, and the gas–water interface and the location of water production at this time were determined. Total water production was collected and recorded until the gas well stopped producing.
3) The gas well was shut down, and the experiment was completed. The standard for gas well shutdown was when the water content reached 98%. The gas production valve was closed and the experimental data were collated. The total production time, total gas production, and gas–water saturation field were recorded, focusing on completing the characterization of the distribution of water bodies in the horizontal section location.
Experimental Model Design
The geometric model of the physical simulation experiment was designed with a gas–water interface height of 20 cm and a water avoidance height of 20 cm. The horizontal well section was located in the middle position of the kettle. The length was 40 cm, internal diameter 0.5 cm, and borehole diameter 0.1 cm (Figure 3). The model stratigraphic setting was completed by filling with sand and compacting. Reservoir construction was based on the permeability distribution characteristics of the horizontal section trajectory of the H1 horizontal well. That is, a non-homogenous reservoir with five permeability stages. In order to effectively enhance the vertical segmentation characteristics of the reservoir, the kettle was divided into five separate spaces by combining four thin steel plates with sieve holes embedded in the joints of each section of the formation. Each separate space was filled and compacted with quartz sand of different mesh sizes. This was used to simulate water intrusion in a non-homogenous gas reservoir. The sand model was completed by mechanical compaction. The reservoir permeability of each section of the sand-filled model was equated with the corresponding core at a ratio of 10:1. The non-homogenous character of the original formation was ensured (Table 3). This process was achieved by repeated sampling and testing with a core hole and percolation tester until the permeability ratio between the two on the core scale was met.
[image: Figure 3]FIGURE 3 | Composite water control process geometry model and screen tube design. (A) Geometric model of combined water control process. (B) Variable density, and (C) uniform density.
TABLE 3 | Table of H1 well segmentation and physical model parameter design.
[image: Table 3]The physical experiments were divided into three groups: the no water control process experiments, the continuous packer water control process, and the combined variable density sieve tube and continuous packer process experiments. The pore density of the production screen without the water control process model and continuous packer water control process model is of uniform density, that is, 1/cm (Figure 3C, Table 3). The variable screen tube pore density was calculated based on the permeability of different reservoir sections (Table 3). Both the continuous packer water control process model and the combined water control process model were lined with laminated packer particles at the screen tube and bare eye annulus. Based on the experiments, it was found that the filling thickness of the laminated particles had a significant effect on the effective additional resistance generated by the particles themselves. The greater the filling thickness, the greater the additional pressure drop. Thus, a large lateral filling thickness can effectively reduce the lateral gas fugacity. Based on the results of the analysis of the additional pressure drop generated by the thickness of the clad gravel, a thickness of 1 cm was set for this physical simulation experiment (Figure 3, Figure 4). Finally, the results of the simulations on the effect of different water control processes on the water intrusion profile characteristics, time to water production, and the final total production were used to complete the evaluation of the suitability of water control processes in gas reservoirs.
[image: Figure 4]FIGURE 4 | Pressure drop test results from filling thickness on gas flow.
With the assurance that the model and the formation use the same pore medium and that the fluid density and viscosity are constant, if the two similar criteria of the ratio of the gravity and driving forces of the gas and water phases are to be satisfied, the gas recovery rate ratio will be the square of the length ratio (Shen et al., 2013). The experimental model was scaled down to 103:1 based on the actual parameters of well H1. From the similarity criterion, the gas recovery rate was the square of the length ratio, that is, 106:1. The equivalent gas recovery rate for the physical model was thus calculated to be approximately 200 L/d. The reactor volume was 100 L, the average porosity after sand compaction was 22.4%, and the height of the water body in the reactor was 20 cm, so the space occupied by gas was approximately 16.8 L. The ideal gas state equation calculated the gas reservoir environment to be 43.3 MPa. The volume of gas filling in the kettle at ambient temperature and pressure was approximately 5379 L. This met the reasonable gas recovery rate setting for well H1 (Table 1).
Physical Simulation Results
Model 1 was an experiment model without water control measures. Based on the gas–water saturation evolution, the results show that as production progresses, the bottom water starts to cone in from the middle of the horizontal section and finally water is produced in the middle of the horizontal section (Figure 5A). Model 1 gas production began to show water at 13.684 days. When gas production reached 14.692 days, the water content reached above 98% and production stopped, with a total gas production of approximately 2,864.34 L (Table 4).
[image: Figure 5]FIGURE 5 | Evolution of the gas–water saturation field under different water control measures. (A) Conditions without water control process. (B) Continuous containment water control process. (C) Combination of variable density screen tube and continuous packer water control process.
TABLE 4 | Quantitative comparison statistics of simulation results from different models.
[image: Table 4]The experimental results of the Model 2 continuous packer water control process showed essentially no change in the bottom water cone inlet characteristics before water was seen. It was still a central cone inlet. After water emergence, the overlying gravel rapidly sealed the water emergence location, and the other horizontal sections continued to produce. The gas–water interface began to migrate laterally along the horizontal section from the water spot (Figure 5B). When the horizontal section was fully producing water, the gas–water interface profile features were parallel to the horizontal section. Model 2 showed water at 13.693 days of production, approximately 13 min longer than Model 1. Consideration was given to the laying of the overlying gravel, error between models, and total production time. The time difference between the two models was ignored in the later analysis. The time to water was considered to be in approximate agreement. The total gas production time for Model 2 was approximately 16.497 days, and the total gas production was approximately 3,035.05 L. The gas production time was approximately 12.29% longer, and the total gas production was approximately 5.96% higher than that of Model 1 (Table 4).
The combined water control process of Model 3 demonstrated a balanced bottom water cone inlet interface during gas production. It made it more homogenous, and after seeing water, the location of the water is effectively blocked without affecting the continued production of other horizontal sections (Figure 5C). Therefore, it had better water control effect. Model 3 saw water at an extension rate of approximately 11.61% compared with Models 1 and 2. The total production time was extended by 15.76% compared with the no water control condition, extending to 17.007 days. The total gas production was 3,258.19 L, with a gas production growth rate of approximately 13.75% compared with the no water control condition (Table 4).
NUMERICAL SIMULATION EXPERIMENTAL ANALYSIS
Numerical Model Design
Numerical simulations of the combined water control process model were carried out to validate the physical simulations against each other (Figure 6). The radial resistance of the laminated particles before they see water is very small and it hardly affects the flow of the fluid. In contrast, the resistance to axial flow is large, about 104 times the resistance to radial seepage (Wan et al., 2020). Therefore, in the model setup with lamella-sealed particles, the axial permeability of the particle-filled annulus is equivalently reduced by a factor of 104. The radial permeability parameter is not changed so that no lateral fugitive flow occurs during gas production.
[image: Figure 6]FIGURE 6 | Diagram of the water intrusion process in well H1 for different water control models. (A) No water control process. (B) Continuous packer water control process. (C) Combined variable density sieve tube and continuous packer process.
Numerical Simulation Results
The results of Model 1 show that the H1 well, without the implementation of a water control process, began to lift the initial bottom water as a whole upward as production progressed. The bottom water starts to cone in at the middle of the horizontal section. After 7.1 years of production, the bottom water tapered into the horizontal section and started to produce water (Figure 6A). Due to the high reservoir pressure, the bottom water multiplier was high. The horizontal section floods rapidly after water production. Water production rises in a near-linear fashion in the short term (approximately 0.4 years). When the gas production time is 7.5 years, the horizontal well section is completely filled with water. Total gas production was 13.42 × 108 m3 (Table 5).
TABLE 5 | Quantitative comparison statistics of simulation results from different models.
[image: Table 5]Model 2 is a water control process with a combination of a variable density screen tube and a continuous packer. Due to the lateral flow stopping capacity of the continuous packer for the gas, the mutual interference of gas production in each section is reduced and radial seepage is dominant. The percolation rate is related to reservoir inhomogeneity and sieve tube density (Figure 6B). Therefore, based on the basic design of the model, the bottom water below the horizontal section is characterized by a more gentle morphology of the gas–water interface profile during the cone advance. Initially, the main feature is an overall uplift, with a “double-peaked” structure around 7.5 years of production but still with a gentle overall profile. Water starts to appear after 8.0 years of production and ceases after 0.8 years of production. This is 0.9 years later than the time taken by Model 1 and represents an extension of time of approximately 12.67%. Total gas production was 15.47 × 108 m3, with a gas production growth rate of approximately 15.27% of that under uncontrolled water conditions (Tab 5).
DISCUSSION
The physical and numerical simulations carried out in this study for the continuous packer and its combined water control process with the variable density screen tube yielded consistent results. The results of the two simulation methods, Model 2 and Model 3, for both water control processes were within 10% error in the water-free recovery period, total gas production time, and total gas production volume (Table 6). Both the continuous containment and composite water control processes achieved considerable production enhancement.
TABLE 6 | Comparison of error statistics between physical and numerical simulation results.
[image: Table 6]A comparison of the simulation results for both physical and numerical simulations, Model 1 and Model 2, shows that the continuous packer is predominantly water-seeking and water-blocking. The total production time of the process pair with the horizontal well is effectively extended, and the rate of water production is significantly reduced, indicating that the continuous packer has a high water-stopping capacity. Although able to directly stop the bottom water from entering the horizontal section at the-water-seeing location, it does not affect the normal production of gas at other locations in the horizontal section. The gas permeable water blocking effect is more consistent with the physical simulation results recognized (Liu et al., 2020). The process belongs to the late extraction water blocking measures and the main advantages are as follows: 1) no need to find water operation; 2) the whole well section is set up to prevent adaptive water blocking and solve the problem of out-of-tube fugitive flow; 3) once blocking water, there is no need to worry about the problem of extra increase of water outlet point later, and long-term effective; 4) gravel filling has good anti-sand effect. However, there are still certain shortcomings for water control operations, that is, the failure to change the bottom water cone in speed or form. The simulation results of the water control model with the combination of the continuous packer and variable density screen tube solved the abovementioned problems well. The resistance to percolation in the axial direction of the laminated packer particles reduces the out-of-tube fugitive flow. The gas percolation rate at each location in the horizontal section is controlled mainly by the reservoir properties. This, combined with the variable density distribution of the orifice of the screen tube, matches the inhomogeneity of the reservoir. The gas percolation rate is balanced across the horizontal section. The gas–water interface during bottom water ascent in Model 3 has a greater extensional width (along the horizontal production section). The bottom water beneath the entire horizontal section has a smoother gas–water interface during ascent. This ensures efficient and long-term production of the horizontal well.
In terms of physical model design, this is influenced by factors such as size of the kettle itself, ratio of the kettle to the horizontal section, reservoir pore and seepage conditions, and inhomogeneous characteristics. It is not possible to avoid an exact match between the physical model and the relevant parameters or ratios of the actual gas reservoir and its production process. Based on the similarity principle (Shen et al., 2013), it can show the ability of bottom water coning upward under different permeability conditions according to the gas production capacity and pressure drop characteristics of different positions in the horizontal section and complete the characterization of the bottom water coning process. Of course, it is affected by the degree of reservoir inhomogeneity. The absolute flatness of the gas–water interface cannot be satisfied (Wang et al., 2012). In this experiment, due to the large coefficient of variation between sections, the gas–water interface appears to have a “waveform” structure during ascent. Therefore, the best water control effect of the combination of continuous packer and variable density screen tube requires a low degree of reservoir inhomogeneity. When the gas–water interface reaches the horizontal section, the clad packer particles continue to produce the same water control effect as in Model 2. This further enhances the production time after water is seen. However, due to the larger width and gentler morphology of the air–water interface below the horizontal section in Model 3, the initial contact with the horizontal section at the onset of water is extensive, resulting in insufficient ability to extend the total gas production time after the onset of water.
CONCLUSION

1) Numerical and physical simulation studies and comparative analyses were carried out based on production well data from the LS 25–1 gas field. We found that a single water control technique has limited effectiveness in controlling water in deepwater gas reservoirs. A combination of multiple water control techniques is required to achieve the desired results.
2) The results of the study also demonstrate the advantages of the continuous containment water control process for deepwater gas reservoirs. The water control principle is applicable to deepwater gas reservoirs. When a horizontal well starts producing water, no other measures are required to locate the location of the water produced. It is then possible to effectively reduce the amount of water produced at that location. Rapid water flooding of the horizontal well is prevented, thereby ensuring that the horizontal section continues to produce gas at locations where no water was produced.
3) The combination of the continuous packer and variable density screen tube can maximize the water control effect of both processes. It can greatly enhance the recovery rate of the producing wells. At the early stage of gas reservoir production, the overlaid packer particles can greatly reduce the water tampering effect in the annulus of the horizontal section. The radial percolation rate of gas at each location in the horizontal section is consistent with the inhomogeneity of the reservoir, ensuring that the gas production rate in each section of the horizontal well matches the density of the screen tube borehole and slows the bottom water cone in and balancing the gas–water interface during production. After water is seen, the overburden sealing particles continue to prevent bottom water from entering the horizontal section and causing flooding.
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