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The thin thickness of the sand body and the low oil recovery in the marginal reservoirs of the X area in D oilfield pose significant challenges. Using ultra-short radius horizontal wells is effective for substantially increasing production and designing reasonable well trajectory parameters is crucial for realizing the potential of oil reservoirs. Based on the actual geological system and the rock physical characteristics of the reservoir, and using the theory of oil-water two-phase seepage, a three-dimensional numerical simulation model is established for ultra-short horizontal wells in edge reservoirs to analyze the impact of horizontal well parameters on production. The simulation results show that the production increases with a longer horizontal section length, a greater entry distance, and larger angles between the well and mainstream flow line. The numerical results reveal that the optimal horizontal well length is 200 m, the optimal well orientation is 120°–150° to the main flow line, and the preferred range of entry distance is 50–70 m. For thin layers, horizontal wells located in the middle of the layer are optimal. Based on a coupled analysis of fluid flow in the horizontal wellbore and fluid seepage in the reservoir, a reasonable theoretical length of the horizontal well section is determined, and its reliability is verified with examples. The theoretical analysis is consistent with the simulation results. This study elucidates the influence of drilling trajectory parameters on thin-layer oil marginal reservoirs, and the determination of optimal parameters improves the scientific basis of trajectory design. These findings provide an important reference for residual oil dredging strategies.
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1 INTRODUCTION
Petrophysicist and Bechtel of the United States proposed ultrashort radius horizontal well technology in the early 1980s (Dickinson et al., 1992; Huang et al., 2023; Tang, 2013). This technology can directly drill through an oil and gas reservoir by opening a window in the original well casing to build a deviation expands the drainage area of reservoirs, and greatly improves well production and crude oil recovery (Dickinson et al., 1989; Osama et al., 2023; Toma and Reitman, 1991). This type of well is the main technical means for exploiting the remaining oil in thin oil layers, marginal oil fields, and dead oil areas. In recent years, the sidetracking horizontal well technology has been widely used and developed (Husein et al., 2022; Osama et al., 2023; Zakirov et al., 2023). Existing research methods for optimizing the trajectory of sidetracked horizontal wells are diverse, and they provide trajectory parameters such as horizontal well length and entry distance. For example, the geological model-based method optimizes trajectory design by analyzing reservoir characteristics or dynamic drilling data (Huang et al., 2023; Kim et al., 2024; Saikia, 2013; Toma and Reitman, 1991; Zhang et al., 2019). While this method can adapt to complex geological conditions, it relies on high-quality geological data (Khodanovich et al., 2021; Mahmood and Guo, 2021; Osama et al., 2023; Wang et al., 2022). Meanwhile, the mathematical model-based method describes wellbore trajectories using optimization algorithms to determine the optimal trajectory, allowing for the flexible adjustment of objectives and constraints (Ren et al., 2021; Samuel and Liu, 2009; Yue et al., 2018). However, it struggles with highly nonlinear and complex constraint problems (Wang et al., 2016; Wang et al., 2018). The intelligent algorithm-based method (Huang et al., 2021; Orodu et al., 2011) is suitable for multi-objective, nonlinear, and complex constraint optimization problems, but it requires a large amount of data for training and validation (Biswas et al., 2021; Huang et al., 2022). Research has shown that the precise control of wellbore trajectories is challenging in thin reservoirs and complex structures. Since the X area of the D oilfield has entered the high water-cut development stage, the boundary reservoirs have a certain amount of remaining oil reserves (Huang et al., 2023; Orodu et al., 2011; Tang, 2013). Determining how to effectively exploit the remaining oil in the marginal and thin reservoirs of old wells has thus become an urgent problem that needs to be solved in the current development stage.
The design of a scientifically optimized ultra-short sidetrack trajectory, along with precise target positioning, is particularly crucial for enhancing the recovery rate of hydrocarbons (Lei et al., 2022; Tang, 2013). This study focuses on tapping the production potential of old wells in marginal reservoirs. The research targets a stratum that has been exploited for 10 years, where the production interval has encountered water breakthrough, leading to a declining recovery factor. Based on the trajectory control characteristics of sidetracked horizontal wells and considering thin-layer conditions and reservoir rock physical characteristics, this study establishes a three-dimensional geological model for optimizing the trajectory design of sidetracked horizontal wells. By using the reservoir numerical simulation method, the influences of the angle, length, interval, and other factors on the productivity of sidetracking horizontal wells are simulated to determine the optimal trajectory parameters for sidetracking horizontal wells. The numerical simulation model truly reflects the law of trajectory control of ultra-short sidetracking horizontal wells and can effectively improve the scientific nature of the trajectory design of horizontal wells. Additionally, by considering friction loss in the horizontal wellbore as well as applying the coupling theory of horizontal wellbore fluid flow and reservoir fluid seepage, a method for determining the optimal length of the horizontal section is introduced. The rationality and reliability of the method are verified with example measurements.
The scarcity of data from old wells and the limited marginal scope make it challenging to apply intelligent algorithms and geosteering methods in the target area. However, the geological model simulation approach effectively adapts to the complexities encountered during the late development phase of marginal reservoirs, closely aligning with actual production conditions. The numerical model is designed with high precision and strong applicability, allowing for dynamic parameter adjustments based on production outcomes. This research aims to achieve an optimal sidetrack trajectory design through mathematical analysis and numerical simulation, thereby facilitating the maximum control over the remaining oil reserves in the marginal reservoirs of old wells.
2 THEORY AND METHOD
2.1 Numerical simulation
2.1.1 Seepage mechanism
In this research, when establishing the dynamic seepage model in the study area, simplified assumptions are made for the reservoir and fluid. The basic assumptions for the adopted reservoir numerical simulation method are as follows: 1) The seepage in the reservoir is isothermal. 2) There are two phases of oil and water in the reservoir, and the percolation of each phase follows Darcy’s law. 3) Oil and water are not miscible. 4) The thickness of the oil layer is uniform. 5) Formation rocks and fluids can be compressed. 6) The influences of gravity and capillary pressure are considered (Jiang et al., 2021; Khodanovich et al., 2021; Won et al., 2008).
The initialization of the oil-water two-phase model refers to the initial distribution of unknown quantities, such as the oil and water phase pressure and saturation in the reservoir. The equilibrium method is used for initialization (Jiang, et al., 2017a). The depth of the given reference point, the pressure corresponding to the reference depth, the depth of the oil-water interface, and the capillary pressure at the oil-water interface, as well as the pressure, saturation, and other distributions of the reservoir in the initial state, can be calculated, thus completing the initialization of the oil-water two-phase model. The process of reservoir production is simulated using the pressure difference between the wellbore and the formation (Jiang, et al., 2017a; Jiang, et al., 2017b). The reservoir in the target area is part of an oilfield developed by water injection. Considering the production data of oil and water wells in the area over the years, the reservoir distribution after 10 years of production of old wells is set as the initial production time for the sidetracking horizontal wells through numerical simulation pretreatment. The data for the flow pressure and static pressure over the years are selected to be the reference basis for fitting the pressure and flow pressure of the formation. Therefore, we can acquire the data record of formation pressure and fluid saturation during the production process based on the numerical simulation.
2.1.2 Formation model
The characteristics of reservoirs in the study area are taken as the standard. The core analysis data, well-testing geological data, and other elevant data are used. Based on the theory of oil-water two-phase percolation flow, a formation model is established based on the actual formation system and the basic petrophysical characteristics of the reservoir. The basic parameter settings for the numerical simulation model are shown in Table 1, and they consider the formation conditions, rock physical properties, high temperature and high-pressure physical property test data for the reservoir, and permeability isotropy.
TABLE 1 | Numerical simulation data for the formation model of sidetracked horizontal well.
[image: Table 1]The formation model adopts the Cartesian coordinate system for the three-dimensional block centre grid. The reservoir area is divided into a box grid, with 100, 100, and 10 grid cells in the x, y, and z directions, respectively. The relative locations of the water injection wells according to the actual well location data for the oilfield are shown in Figure 1A. The initial fluid distribution of the horizontal well simulation is shown in Figure 1B. The process of fluid flow and production in the formation are simulated while accounting for the pressure difference between the formation pressure and the bottom-hole flow pressure (Jiang et al., 2021; Wang and Jiang, 2003). Sensitivity analysis of the factors affecting the productivity of sidetracking horizontal wells is then carried out.
[image: Figure 1]FIGURE 1 | Schematic diagram of numerical simulation formation model for sidetracked horizontal wells. (a) Schematic diagram of the relative position of the injection and production wells. (b) Schematic diagram of the fluid distribution at the initial moment of the sidetracked horizontal well.
Based on the theoretical framework of two-phase fluid flow (Wang and Jiang, 2003), and considering the applicable conditions and simulation parameters of the formation model, the finite difference method is used to solve the seepage equation and the convection-diffusion equation for formation water salinity (Jiang, et al., 2017a). This method can discretize continuous problems, and it is one of the most widely used and well-developed methods in numerical simulation. When the finite difference method is used to solve the seepage equation, the region to be solved is divided into finite difference grids and used to replace the continuous solution domain (Deng et al., 2010). The flow variables to be solved are stored on each grid point, and the corresponding difference quotient is used to replace the differential term in the partial differential equation. In other words, the partial differential equations are converted into algebraic difference equations, and the difference equations containing finite unknown variables at discrete points are obtained (Wu et al., 2004; Jiang, et al., 2017a). By solving the difference equations, the numerical solutions for flow variables at the grid points can be obtained.
2.2 Optimization theory of horizontal section length
2.2.1 Fluid flow in horizontal wellbore
Based on the volume balance between the reservoir flow and the wellbore flow, the relationship between the flow variation at any position along the horizontal section of the horizontal well and the reservoir flow to the well is obtained as follows (Chen et al., 2003):
[image: image]
where x represents the coordinates along the horizontal wellbore direction (in m), qw(x) is the total production above position x in the horizontal section (in m3/d), and qs(x) is the wellbore flow rate per unit length of the horizontal well section (in m3/(d·m)). A minus sign (“−”) indicates that the fluid flow occurs in the negative direction of the x-axis.
For horizontal wells in reservoirs with an outer boundary, Equations 2, 3 are the two boundary conditions:
[image: image]
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where Pw(x) is the pressure at coordinate x along the horizontal wellbore direction (in Mpa), Pe is the external boundary pressure of the oil reservoir (in Mpa), and Pwf is the flow pressure in the horizontal section (in Mpa).
2.2.2 Coupled theory
The characteristics of the design of ultra-short radius horizontal wells and the impact of various factors on the production capacity of the well section are accounted for. It is assumed that the horizontal well is located in a reservoir with impermeable top and bottom boundaries, the length of the horizontal well section is L, and the fluid seepage in the reservoir satisfies Darcy’s law. The coupling of the reservoir fluid seepage and wellbore fluid flow is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Schematic diagram of reservoir fluid seepage coupled with wellbore fluid flow.
Crude oil usually enters the wellbore of a horizontal well through good connectivity with the reservoir, thereby facilitating extraction. Due to the presence of friction losses in the horizontal section, pressure drop inhomogeneity occurs in the direction along the horizontal section. When the pressure drop in the reservoir and the pressure drop in the horizontal section are equal, the pressure drop at the end of the horizontal section is very small or zero, and the production capacity of the well decreases. Assuming that the fluid in the oil reservoir has turbulent flow, the flow equation (Chen et al., 2003) for a horizontal well in a horizontal section is given by
[image: image]
where Js is the oil production index of the horizontal well section (in m3/Mpa), and Pwf (x) is the flow pressure at a certain position x in the horizontal section (in Mpa).
The oil recovery index equation for a horizontal well per unit length is given by Equation 5
[image: image]
where K is the formation permeability (in mD), β is the anisotropy ratio of permeability, [image: image] is the oil phase viscosity (in mPa·s), h is the reservoir thickness (in m), [image: image] is the wellbore radius (in m), and Zw is the distance from the horizontal well to the bottom of the oil reservoir (in m).
The flow characteristics of fluids in a horizontal wellbore can be described by Equation 6:
[image: image]
where the resistance to flow in a horizontal wellbore is [image: image], with α taking values in the range of 0–0.25, [image: image] is the oil density under reservoir conditions (in g/m3), d is the wellbore diameter (in m), and cw is the flow resistance in a horizontal well, in MPa·d/m4.
From the principle of volume conservation of fluid in the wellbore and fluid in the reservoir, the relationship between the flow rate changes at any position in the horizontal section of a horizontal well and the fluid flow in the reservoir is derived in Equation 1 (Jia et al., 2018).
The derivation of Equation 4 is obtained as follows:
[image: image]
Assuming that Js is constant, substituting Equation 7 into Equation 1 and differentiating the result yields Equation 8
[image: image]
Both sides are multiplied by [image: image], transformed, and then integrated to obtain
[image: image]
where, Q is the production with pressure drop in the horizontal wellbore (in m3/d), and qw is the well rate at an arbitrary position along the horizontal well (in m3/d).
The boundary conditions of Equation 7 are used to obtain the following expression:
[image: image]
Substituting Equation 10 into Equation 9 yields
[image: image]
2.2.3 Determination of the optimal length
Integrating Equation 11 according to the boundary conditions [image: image] and [image: image] yields
[image: image]
where L is the length of the horizontal well (m).
Equation 12 is the relationship between the well production and the length of the horizontal well section when considering the pressure drop in the horizontal wellbore. When the pressure drop is neglected, [image: image] in Equation 7, the horizontal well production is given by Equation 13:
[image: image]
where [image: image] is production when ignoring the pressure drop inside the horizontal wellbore (in m3/d).
The above equation indicates that a longer horizontal well section is not necessarily better. When designing a horizontal well section, it is necessary to achieve a balance between length and friction loss. The principle (Ben, 1990) for determining the reasonable length of horizontal segments can be expressed as Equation 14:
[image: image]
The value corresponding to the above equation is the optimal length of the horizontal well.
Then, Equation 12 can be transformed into a relationship between horizontal wells at a different horizontal section locations x and production at different locations, as Equation 15:
[image: image]
where [image: image] and [image: image].
3 RESULTS
3.1 Numerical simulation results
The impacts of the sidetracked horizontal well parameters on well productivity are determined, including the horizontal well angle, horizontal well length, interval distance, and horizontal well position. This section describes the numerical simulation research conducted on the trajectory parameters of sidetracking horizontal wells to provide a reference for the optimal trajectory design of sidetracking horizontal wells.
3.1.1 Horizontal well angle
To simulate the impact of the horizontal well and mainstream angle on the production capacity, the changes in the daily production and cumulative production of production wells are simulated when the horizontal well and mainstream angle are 30°, 60°, 90°, 120°, and 135°. The other basic simulation conditions for a horizontal well are as follows: the entry distance is 50 m, the horizontal well length is 100 m, and the well is located in the middle of the oil layer. Figure 3 shows the numerical simulation results of daily production and cumulative production at different angles between the horizontal wells and mainstream lines. From the simulation results, it can be seen that as the angle between the horizontal well and the mainstream line increases, the daily and cumulative oil production gradually increases. When the angle increases to 120°, the production increase is not significant. Figure 4 shows the fluid distribution in the middle of the oil layer at different angles over a production time of 10 years. It can be seen that the oil saturation near the horizontal well varies significantly depending on the angle of the horizontal well relative to the main streamline. When the angle is 30°, after a period of production, part of the horizontal well comes into contact with injected water, reducing the oil saturation to about 0.25, which severely affects the oil production. As the angle of the horizontal well increases, the oil saturation around the well also rises, leading to improved oil production. When the angle reaches 135°, the fluid near the horizontal well approaches the original reservoir oil saturation, and the simulated production values also indicate that the oil production is highest at this angle. The numerical simulation results show that the production is higher at angles between 120° and 150°, with the optimal production occurring at a mainstream angle of 135°.
[image: Figure 3]FIGURE 3 | Plot of different horizontal well angles to the mainstream line versus production.
[image: Figure 4]FIGURE 4 | Fluid distribution in the middle of the formation for different horizontal well angles to the mainstream line. (production time = 10 years).
3.1.2 Horizontal well length
To determine the effect of the horizontal well length on the production capacity, the variations in the daily and cumulative production of producing wells are simulated for horizontal well lengths of 50, 80, 100, 150, 200, and 250 m. The other basic simulation conditions of the model are as follows: the entry distance is 50 m, the angle between the horizontal well and the mainstream line is 135°, and the well is located in the middle of the oil formation. Figure 5 shows the numerical simulation results for the daily and cumulative production at different horizontal well lengths. Figure 6 shows the fluid distribution in the middle of the oil formation with different horizontal well lengths when the production time is 10 years. When the entry distance is constant, horizontal wells of different lengths exhibit significant differences in saturation around the well after the same production period. When the horizontal well is 50 m long, although the oil saturation around the well remains relatively high, its limited length restricts its production capacity, resulting in lower output. As the length of the horizontal well increases, its production capacity also rises, while the oil saturation around the well decreases rapidly, leading to higher production.From the simulation results, it can be seen that with an increase in the horizontal well length, the daily and cumulative oil production increases gradually. When the length increases to 200 m, the horizontal well length continues to increase, the increment of the daily and cumulative oil production is not significant, and the result is optimal when the horizontal well length is 200 m.
[image: Figure 5]FIGURE 5 | Plot of different horizontal well lengths versus production.
[image: Figure 6]FIGURE 6 | Fluid distribution in the middle of the formation for different horizontal well lengths (production time = 10 years).
3.1.3 Entry distance
To determine the effect of the entry distance on the production, the changes in the daily and cumulative production of the producing wells are simulated when the lengths of the entry distance are 30, 40, 50, 60, 70, 80, 90, and 100 m. The other basic simulation conditions of the model are as follows: the horizontal well length is 100 m, the angle between the horizontal well and the mainstream line is 135°, and the well is located in the middle of the oil formation. Figure 7 shows the numerical simulation results for the daily and cumulative production with different entry distance lengths, and Figure 8 shows the fluid distribution in the middle of the oil formation with different entry distance conditions when the production time is 10 years. When the horizontal well length is constant and the entry distance varies, the oil saturation around the horizontal well, particularly on the side closest to the production well, changes significantly during the same production period. When the entry distance is 30 m, the oil saturation near the production well side is approximately 0.3. As the entry distance increases, the oil saturation on this side gradually rises to 0.4, which leads to an increase in the production. From the simulation results, it can be seen that the daily and cumulative oil production gradually increases with the increase in the length of the entry distance. With an increase in the length of the entry distance, the increment of the daily and cumulative oil production is relatively stable. Considering the factors of frictional resistance in the horizontal well sections and engineering costs, the optimal range of the entry distance can be 50–70 m.
[image: Figure 7]FIGURE 7 | Plot of different entry distances versus oil production.
[image: Figure 8]FIGURE 8 | Fluid distribution in the middle of the formation for different entry distances (production time = 10 years).
3.1.4 Horizontal well position
To obtain the effect of horizontal well location on production, the changes in the daily and cumulative production of producing wells are simulated when the horizontal well is located in the upper part of the formation (1.5 m from the top) and in the middle part of the formation and the lower part of the formation (1.5 m from the bottom). The other basic simulation conditions of the model are as follows: the entry distance is 50 m, the horizontal well is 100 m, and the angle between the horizontal well and the mainstream line is 135°. Figure 9 shows the numerical simulation results for the daily and cumulative production of different horizontal well positions, while Figure 10 shows the fluid distribution in the middle of the formation under different horizontal well position conditions after 10 years of production. The position of the horizontal well within the layers has little effect on the distribution of oil saturation around the well. The simulation results show no notable changes in daily production and cumulative daily production. Considering the simulation values and the factors involved in thin-layer drilling operations, positioning the horizontal well at the centre of the layer is optimal.
[image: Figure 9]FIGURE 9 | Plot of different horizontal well positions versus oil production.
[image: Figure 10]FIGURE 10 | Fluid distribution in the middle of the formation for different horizontal well positions (production time = 10 years).
3.2 Optimization length example
The parameters of the Dx well instance are as follows: rw = 0.1098 m, K = 36.4 mD, β = 2.25 Zw = 3 m, Bo = 1.06, μo = 24 mPa·s, [image: image] = 0.87 g/cm3, Pe = 15.1 Mpa, and Pwf = 13.5 Mpa. The relationship between single-layer production and horizontal segment length in a certain boundary reservoir is obtained based on the theory (as shown in Figure 11). From Figure 11, it can be seen that in the absence of frictional losses within the wellbore, production exhibits a linear increasing trend with the horizontal well length. However, when frictional losses are taken into account, the relationship between the two deviates from the linear increase trend once L exceeds 100 m. As shown in the figure, the incremental increase in production gradually slows as the horizontal well length increases. When L = 190 m, [image: image] = 18.7 m3/d, [image: image] = 23.5 m3/d, and [image: image]. Thus the optimal length for the horizontal section of this oil well is determined to be 190 m. After 300 m, as the length of the horizontal well section increases, the production of the horizontal well only increases slightly. If considering economic benefits, as the cost of drilling and completion increases with the length of the horizontal well section, the length of the horizontal well section cannot be too large, and a reasonable horizontal well length would be within the range of 180–300 m. The optimal length of the horizontal well, determined with the numerical simulation method for this well, is 195 m, which is close to the calculated value. This indicates that the numerical simulation method used in this study has certain accuracy and reliability, and this method can be applied to the development and design of horizontal wells.
[image: Figure 11]FIGURE 11 | Relationship between horizontal well production and horizontal well section length.
4 DISCUSSION
The correct design for the reasonable position of a sidetracking horizontal well and a reasonable length for the horizontal section are two key issues in the design of the marginal reservoir development plan. For the design of the horizontal well angle, entry distance, and position in thin oil layers, within a reasonable numerical range, the geological characteristics of the reservoir should also be considered. The geological structural conditions, the lithology within the layer, and the determination of the remaining oil enrichment areas also need to be incorporated (Dong et al., 2020; Zhou et al., 2022; Zhou et al., 2023).
Regarding the issue of horizontal well length, as the length of a horizontal section increases, the production capacity of a horizontal well often increases. This is because a greater reservoir area can be exposed to the production pipeline, thereby increasing the oil flow rate and achieving higher productivity. However, with an the increase in the well length, the impact of frictional losses within the horizontal wellbore on production becomes significant and cannot be ignored. Friction gradually accumulates and has an increasing impact on the production at the bottom of the well. In long horizontal wells, frictional losses significantly increase the total energy consumption of the fluid, which further weakens the increase in productivity caused by wellhead pressure reduction. Previous numerical simulations and productivity theory studies have shown that simply increasing the length of a horizontal section cannot significantly improve the productivity of horizontal wells. When assuming an infinitely long horizontal section, there is a theoretical limit in the production of a horizontal well (Chen et al., 2003). This conclusion is also supported by Figure 11. In this study, the optimal length of a sidetracked horizontal well in complex reservoir models is determined through numerical simulation and theoretical analysis, thereby improving prediction accuracy. The paper examines the trajectory of sidetracked horizontal wells from the perspectives of geology and development, analyzing the relationship between well trajectory and the distribution of remaining oil while targeting the remaining oil with relatively low water content. The optimal horizontal well angle and appropriate entry distance into the layer are then determined. Based on static reservoir descriptions, using numerical simulation as a tool, and guided by theoretical analysis, this study explores new approaches for tapping into the potential of remaining oil reserves.
An increase in the length of the designed horizontal section will lead to an increase in drilling and completion costs. Therefore, while adjusting and analyzing the technology used to develop thin-layer marginal reservoirs, the impact of marginal benefits on cost must be considered. The optimal well trajectory parameters identified in this study require more detailed geological and engineering research to formulate effective strategies to enhance production (Y. Huang et al., 2023). Numerical simulation models can accurately describe the seepage mechanisms of reservoirs without relying on complex optimization algorithms (Ren et al., 2021; Yue et al., 2018). Compared to geological guidance technology (Mahmood and Guo, 2021), this method offers lower equipment costs and simpler data processing. However, currently popular machine learning methods often yield optimization results with poor interpretability (Biswas et al., 2021; Huang et al., 2022). The main difficulty of the numerical simulation method in this study lies in the fact that the establishment of the stratigraphic model must conform to the geological characteristics of the target reservoir, which requires extensive data such as regional geology, core samples, and production data. The advantage of this method is that it enables virtual development, allowing for more flexible design tailored to formation characteristics. On the basis of this study, further research should focus on the distribution of remaining reserves and the selection of favorable areas to derive optimal development strategy, which will provide new opportunities for effectively improving the effectiveness of oilfield development.
5 CONCLUSION
Based on the theory of oil-water two-phase seepage, this study carries out an investigation of the trajectory parameters of side-drilled horizontal wells in marginal reservoirs, leading to the following conclusions.
(1) The numerical simulation results show that production increases with the horizontal section length, entry distance, and the angles between the well and mainstream flow line. Comparing numerical results, the optimal horizontal well length is 200 m. The angle between the horizontal well and the main stream line is 120°–150°, the production is best when the angle of the main stream is 135°, and the preferred range of the layer entry distance is 50–70 m. It is optimal for the horizontal well to be located in the middle of the oil formation.
(2) Based on the coupling theory of fluid flow in the horizontal wellbore and fluid seepage in reservoirs, a method for determining the optimal horizontal section length is derived. Considering friction loss in the horizontal wellbore, the relationship between production and horizontal well length deviates from a linear increase. When the length exceeds a certain threshold, the incremental increase in production gradually declines. The theoretical analysis of the example well aligns with numerical simulation results, confirming the rationality and reliability of the method.
(3) By analyzing the trajectory factors affecting the production capacity of side-drilled horizontal wells, the laws governing the influence of the well parameters is obtained, and the optimal parameter range is determined. This model has characteristics of precise design and strong applicability to geological formations. To maximize oil production, parameters can be adjusted according to the characteristics of different reservoirs. The research results can serve as a basis for selecting optimal lateral drilling well locations.
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