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INTRODUCTION
Xinjiang conglomerate reservoir is the main reservoir type in Xinjiang oilfield development and also the typical representative of conglomerate reservoir in the world (Zou et al., 2007; Jia et al., 2016; Zheng and Fan 2019). Most of these reservoirs belong to conglomerate reservoirs dominated by alluvial fan-braided river deposits at the edge of the Piedmont continental basin (Chen et al., 2016). The reservoirs include Permian, Triassic, and Jurassic systems, with an average porosity of 11–18.8% and permeability of 0.01–817 mD, and the reservoir properties are poor (Qu et al., 2013; Lu et al., 2015; Zhang et al., 2016). The main reservoir space types are intergranular dissolution pores, intergranular dissolution pores, and microfractures. The development practice of conglomerate reservoirs shows that the waterflooding development effect is poor (Wu et al., 2014). The JL2 reservoir is a typical conglomerate reservoir in Xinjiang oilfield. The 23 vertical wells in the JL2 reservoir had an average initial production of 4.2 t/d, resulting in low production and poor development. So far, CCUS and its application have been carried out worldwide and achieved remarkable results for low-permeability reservoirs (Park et al., 2017; Khather et al., 2019). The numerical simulation of this reservoir proves that CO2 flooding is an effective EOR method for low-permeability conglomerate reservoir (Huang et al., 2016; Ding et al., 2017). Through further research on well type, it is concluded that the development effect of CO2 injection in vertical well and horizontal well is better than that of vertical well (Wang et al., 2017). Therefore, based on the understanding of the development of low-permeability sandstone reservoirs, the current production wells are mainly horizontal wells. As we know, horizontal well has the advantages of large contact area with reservoirs. Horizontal wells have high initial productivity and slow production decline and also can effectively control gas channeling (Yin et al., 2021).
Eight horizontal wells have been put into production in the JL2 reservoir, with an average initial productivity of 32.9 t/d. The practice of CO2 injection in conglomerate reservoir further shows that horizontal well development is a reasonable development mode for low-permeability conglomerate reservoir and can effectively reduce the risk of gas channeling (Liu et al., 2019). At the same time, due to the low permeability, conglomerate reservoir must be developed by fracturing. Although the average productivity of horizontal well is high, there are also differences between the productivity of each horizontal well. Because of the special geological conditions of conglomerate reservoir, the productivity of horizontal well is complicated (Zhao et al., 2020). Therefore, the initial productivity of horizontal wells is affected by many factors. Based on in-depth analysis of geological conditions and fracturing parameters of a single horizontal well, most scholars adopted single-factor or multi-factor analysis methods to find out the main controlling factors affecting horizontal well productivity (Figure 1).
[image: Figure 1]FIGURE 1 | Grey correlation analysis method for horizontal well productivity. Sources: Liang et al. (2013) and Luo et al. (2021).
SINGLE-FACTOR ANALYSIS
A total of eight horizontal wells were put into production in JL2 oilfield in 2021. Also, eight horizontal wells were deployed in two small zones, P3w11 and P3w12, with a well spacing of 100 m. The two sets of wells were longitudinally staggered and separated to form a three-dimensional well pattern. Because of the poor permeability of conglomerate reservoir, horizontal wells are put into production by volume fracturing. By analyzing the relationship between the length of the horizontal section and the initial productivity of the eight horizontal wells, it can be found out that the productivity of the eight horizontal wells is weakly correlated with the length of the horizontal wells, and the productivity of horizontal wells does not increase with the increase of the length of the horizontal section, which is inconsistent with the understanding of theoretical research. Through the analysis of all reservoirs drilled in the horizontal section of a single well, it can be seen that there are certain differences in the properties of reservoirs drilled in different horizontal wells. With oil saturation as the main evaluation index and permeability and porosity as the auxiliary evaluation index, the horizontal reservoir is classified and evaluated, and the reservoir is divided into three types. Therefore, the thickness of the first- and second-type reservoirs drilled by each horizontal well can be calculated. On the basis of reservoir classification and evaluation, the relationship between the initial productivity of the eight horizontal wells and the thickness of the first-class oil layer and the total thickness of the first-, second-, and third-class oil layer can be obtained. It can be seen from the figure that there is a strong correlation between the productivity of horizontal wells and the length of class I reservoir. The initial productivity of horizontal wells increases with the thickness of class I reservoir drilled, and the initial productivity increases, while the correlation with the total thickness of class I and class II reservoir is weak.
Due to the poor physical properties of the conglomerate reservoir, the oil production of the horizontal wells is very low without fracturing, so all the eight horizontal wells were put into production by fracturing. Different fracturing parameters will inevitably lead to different initial productivities of horizontal wells. This study analyzed the relationship between the total number of stages, total number of clusters, average stage spacing, average cluster spacing, total amount of fracturing fluid and sand addition, and initial productivity. The statistical analysis of the productivity of the eight horizontal wells and the number of fracturing stages and total clusters shows that there is little correlation between the productivity of horizontal wells and the number of fracturing stages and total clusters, but there is such a rule that the horizontal wells with fewer fracturing stages and total clusters have a lower initial productivity, so the number of fracturing stages and total clusters has a greater impact on the initial productivity of the horizontal well. The statistical analysis of the productivity of the eight horizontal wells and the average fracturing stage spacing and cluster spacing shows that the average fracturing stage spacing and cluster spacing have no regular influence on the productivity of each horizontal well, which can be judged to be a weak correlation between the productivity of the horizontal well and the average fracturing stage spacing and cluster spacing. The relationship between average fracturing stage spacing and average cluster spacing and horizontal well productivity is shown in the figure. The statistical analysis of the productivity of the eight horizontal wells and total fracturing fluid and sand addition shows that there is a certain correlation between the productivity of the horizontal well and total fracturing fluid and sand addition. With the increase of total fracturing fluid and sand addition, the initial productivity of the horizontal well will increase relatively.
With the large-scale development of low-permeability and tight shale oil and gas reservoirs in recent years, many scholars have found that the relationship between fracturing fluid flowback rate and well productivity is different from the previous understanding. Therefore, this study made statistics on the relationship between the productivity of the eight horizontal wells and fracturing fluid flowback rate and concluded that there was a good correlation between the productivity of the horizontal well and flowback rate. The lower the flowback rate, the higher the initial productivity of the corresponding horizontal well.
GREY CORRELATION ANALYSIS
The abovementioned single factor was used to analyze the factors affecting the productivity of the horizontal well; the influence degree of each factor was not clear, so the grey correlation method was used for analysis (Liang et al., 2013; Zhang et al., 2016). The degree of correlation is a measure of the degree of correlation between the factors of two systems, which varies from time to time or object to object. In the process of system development, if the change trend of the two factors is consistent, that is, the degree of synchronous change is high, it can be said that the degree of correlation between the two is high; on the contrary, it is lower. Therefore, the grey correlation analysis method is a method to measure the degree of correlation among factors according to the degree of similarity or dissimilarity between the development trends of factors, that is, “grey correlation degree.”
The specific calculation steps are as follows:
(1) First, the analysis index system is determined according to the analysis purpose.
(2) The reference data column is determined.
(3) Dimensionless index data.
(4) The absolute difference between the object indicator sequence and reference sequence is calculated one by one: [image: image].
(5) It is made sure [image: image] and [image: image].
(6) The correlation coefficient [image: image] is calculated, where ρ is the resolution coefficient, 0<ρ < 1. The smaller the ρ is, the greater the difference between the correlation coefficients is and the stronger the discrimination ability is. Usually, ρ is 0.5.
(7) The association order is calculated: [image: image].
The absolute difference between the index sequence of the object and the reference sequence and the absolute difference between the index sequence (comparison sequence) of each evaluated object and the corresponding element of the reference sequence are calculated one by one, and the maximum and minimum values are found out.
Through the correlation degree analysis of the abovementioned factors, the correlation order between the initial productivity of the horizontal well and all factors can be obtained: type I reservoir thickness > total fracturing fluid > sand volume > flowback rate > total thickness of the first- and second-class oil layer > total number of stages > length of the horizontal well > length of the transformed section > total number of clusters. Therefore, it can be concluded that the initial productivity of the horizontal well in conglomerate reservoirs is closely related to the thickness of the first class oil layer drilled, the total amount of fracturing fluid, sand addition, and flowback rate, which is basically consistent with the understanding obtained from single-factor analysis.
CONCLUSION
CO2 flooding is an effective EOR method for low-permeability conglomerate reservoirs. Based on the in-depth analysis of geological conditions and fracturing parameters of the eight horizontal wells in the JL2 well area, this paper conducted single-factor and multi-factor analysis on the productivity of a CO2-injected horizontal well in a conglomerate reservoir and found out the main controlling factors of productivity of the horizontal well, such as the thickness of the high-quality reservoir drilled by the horizontal well, total amount of fracturing fluid, sand addition amount, and flowback rate. The understanding obtained from single-factor analysis and grey correlation analysis is basically consistent. The abovementioned research provides technical support for the next horizontal well deployment in conglomerate reservoir.
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