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Abstract

:

The Carboniferous reservoir KT-II layer in the Eastern margin of the Pre-Caspian Basin was formed in the open platform sedimentary environment and marked by a complicated pore-throats structure. Understanding the main controls on the carbonate reservoir quality is of great significance for reservoir classification and a relevant production prediction. This study focuses on revealing reservoir pore-throats structure’s fractal characteristics by analyzing the mercury intrusion capillary pressure (MICP), with the integration of the pore-throats radius’ distribution data. The relationship between fractal dimensions and reservoir parameters such as physical properties, mercury median saturation pressure (Pc50) and the proportion of large-size (radius > 0.1 μm) pores demonstrate that the lower fractal dimension corresponds not only to core plug samples with higher permeability, but also to lower Pc50 and a higher proportion of large pore-throats. Three classes of carbonate reservoir with different qualities were defined according to their fractal dimensions, petrophysical properties and photomicrograph features, et al. Combined with flow profiles from Production Log Tool tests, the relationship between the carbonate reservoir type and production behavior was revealed, thus providing suggestions on the middle and late stage of the water flooding production adjustment strategy. This work provides a typical case study for the further comprehensive evaluation and classification of a carbonate reservoir and it is quite meaningful for production efficiency optimization.
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1. Introduction


Carbonate rock as an oil and gas reservoir has an extremely significant position, and its contribution to global crude oil production exceeds 60% [1]. The formation of carbonate reservoirs is affected by sedimentation, diagenesis and tectonism. Compared with siliciclastic reservoirs, it is prone to experience biochemistry and physical processes [2]. Moreover, a carbonate reservoir has a diverse particle composition, complex pore-throats structure, and strong reservoir heterogeneity, which can be manifested as a more complex relationship between porosity and permeability. In the process of oil and gas field development, the correlation between reservoir productivity characteristics is quite weak [3]. If only porosity and permeability are used to evaluate the reservoir, results do not often follow the actual production performance [4,5,6,7].



The pore-throats structure controls reservoir storage and permeability characteristics and affects reservoir oil and gas production capacity [8]. A pore-throats structure study is the key point of microscopic characteristics analysis for carbonate reservoirs. Therefore, a carbonate reservoirs study should focus on the pore-throats structure, followed by identifying high-quality carbonate reservoirs and the prediction of oil and gas productivity [9,10,11]. Regarding the study of pore-throats structure characteristics, geologists have done a lot of research [12,13,14,15,16]. They found that parameters such as the porosity, pore-throats ratio, and pore-throats coordination number can describe the pore-throats structure. However, reservoirs with a similar porosity may have greatly different pore-throats structures and also quite vary in permeability, thus causing different oil and gas properties and productivity [17,18].



Fractal geometry is a mathematical branch of science that was founded in the late 1970s to describe irregular shapes and random phenomena [19]. Fractals appear the same at different scales, as illustrated in successive magnifications of the Mandelbrot set. Fractals exhibit similar patterns at increasingly smaller scales, a property called self-similarity, also known as expanding symmetry or unfolding symmetry. The parameter that quantitatively describes the research object with self-similarity is called the fractal dimension [20]. So far, fractal theory has been widely used in geology research [21,22]. Moreover, fractal theory has been used to evaluate the pore structure in porous media, in the analysis of fractal characteristics and the calculation of the fractal dimension based on the capillary pressure can quantitatively characterize the complexity of the pore-throats structure of siliciclastic rock reservoirs [20,23]. Based on the concept of the pore fractal dimension, researchers developed permeability prediction models in homogeneous porous media to calculate the samples’ permeability under different circumstances [24,25]. Generally, if the fractal dimension of the pore-throats structure is less than 3, the larger the fractal dimension will be, or the closer to 3 it is, the more complex the pore-throats structure and the higher the reservoir heterogeneity will be [23,26,27]. Therefore, the fractal dimension can be used for reservoir classification and evaluation. However, the pore-throats structure of carbonate reservoirs is more complex than that of siliciclastic reservoirs and there are few studies on quantitative evaluation based on fractal theory.



The Pre-Caspian Basin is one of the basins with the deepest subsidence and the largest sediment thickness in the world [28,29]. More than 80% of the oil and gas reserves in the Pre-Caspian Basin are stored in Carboniferous carbonate rocks [30,31,32,33]. The NT Oilfield is located in the Enbeksk–Zharamysskaya uplift belt in the east of the basin (Figure 1). The Carboniferous developed shallow-sea carbonate platform deposits. During this period, it experienced two largescale sea-level rise and fall processes and formed two large shelf-carbonate platform sedimentary cycles. This study tried to verify fractal characteristics of the pore-throats structure in this carbonate reservoir and checked the relationship between the fractal dimension with reservoir pore-throats structure parameters such as physical properties, et al., thus proposing a comprehensive standard for quality evaluation.




2. Materials and Methods


According to the theory of fractal geometry, if the pore-throats radius of the reservoir is larger than r, the function relationship between N(r) and r satisfies Formula (1) and the pore distribution of the reservoir has fractal characteristics [34].


  N  r  =   ∫  r   r  max     P  r  dr =   ar   − D   ,  



(1)




where rmax is the maximum pore-throats radius of the reservoir, P(r) is the pore size distribution density function, D is the fractal dimension and a is the fractal coefficient.



Taking the derivative of r in Formula (1), the following formula can be obtained:


  P  r  =   dNr   dr   = −   Dar   − D − 1   ,  



(2)







The pore volume is determined by the ball shape with r in radius [35], the expression of the cumulative volume V of pores with a pore diameter smaller than r in the reservoir is as follows:


   V  < r   =   ∫    r  min      r    P  r     α r   3  dr =   −  Da α    3 − D   = (  r  3 − D   −  r  min   3 − D   ) ,  



(3)




where α is a constant related to the shape of the pore.



The total of pore volume in the reservoir is:


   V  all   =   −  Da α    ( 3 − D )   = (  r  max   3 − D   −  r  min   3 − D   ) ,  



(4)







Combining Equations (3) and (4), we obtain the formula of the cumulative pore volume percentage with pore radius less than r. Since rmin is much smaller than rmax in the reservoir, the following formula is derived:


  S =    V  < r      V  all     =    r  3 − D   −  r  min   3 − D      r  max   3 − D   −  r  min   3 − D     ≈    r  3 − D      r  max   3 − D     ,  



(5)







Assuming that the pore size does not influence the wetting Pc [36], the reservoir rock capillary pressure formula is expressed as follows:


   P c  =   2  σ cos θ   r  ,  



(6)







In the formula, σ is the surface tension of the liquid, mN/m and θ is the contact angle between the liquid and the rock.



Bringing r in Equation (6) into Equation (5) can be transformed as follows:


  S = (    P c     P  min      )  D − 3   ,  



(7)







Equation (7) is the fractal equation of capillary pressure. Among them, Pmin is the capillary pressure corresponding to the maximum pore-throats radius (rmax) of the reservoir, MPa, and S is the saturation of the wetting phase in the reservoir when the pressure is Pc. Take the logarithm of both sides of the Equation (7) to obtain the following formula:


  lgS =   D − 3   lgPc +   3 − D     lgP   min   ,  



(8)







Since mercury is non-wetting phase, the saturation of the wetting phase is equal to one minus the mercury saturation. It can be seen from the Equation (8) that the logarithmic value of the saturation of the wetting phase and the capillary pressure has linear relationship. The slope of the straight line is D-3, thus the fractal dimension (D) of the pore-throats structure can be obtained.



In this study, 3 wells (CT22, 5555 and 5598) in the main area of the field were analyzed and a total of 62 core samples from KT-II layer were used as the research basis. The mercury injection capillary pressure curves of the core plug samples are used to analyze the fractal characteristics of the pores. Fractal phenomenon could be confirmed if the saturation of the fluid wetting phase and the capillary pressure of mercury intrusion composed a significant straight line under the double logarithmic coordinates (the fractal characteristic chart) and the fractal dimension value can be obtained from the slope value.




3. Results


Fractal curves reflect the complexity of the pore structure in different sizes by exhibiting single or multi-stage fractal characteristics [37]. In this study, on the one hand, the fractal characteristic curve of some core samples is a single straight line and the correlation coefficients are all above 0.98; these samples are classified as the “straight line type”. On the other hand, the other part of the core samples shows a segmented line in the fractal characteristic chart and the correlation coefficients of each part are all above 0.98, so this sort of core sample is classified as the “segmented line type”. It proves that the pore-throats structure of the KT-II carbonate reservoir in the NT Oilfield has fractal characteristics. Based on the corresponding pore-throats radius distribution, the following four types of pore-throats structure characteristics are summarized.



3.1. Pore-Throats Structure Characteristics


3.1.1. Two-Dimensions with Uni-Modal Type (2D-1M)


The pore-throats structure of 25 core samples (accounting for 39%) is characterized by two fractal dimension values and a uni-modal pore-throats radius distribution. There is only one peak on the pore-throats radius distribution chart. As shown in Figure 2, the pore-throats radius of the Well 5598 No.7-8 sample is mainly distributed between 2 and 20 μm. The fractal dimension of the pore-throats structure corresponding to this section is 1.886 and the fractal dimension value of the pore-throats structure with a pore-throats radius of less than 1 micron is 2.836.




3.1.2. Three-Dimensions with Uni-Modal Type (3D-1M)


The pore-throats structure of five samples (accounting for 8%) showed a three-stage fractal dimension and uni-modal of the pore-throats radius distribution; only one peak appeared on the pore-throats radius distribution chart. As shown in Figure 3, the main range of the pore- throat radius of the Well 5598 sample No. 7-23 is above 1 micron, mainly distributed between 2 and 20 μm. The fractal dimension of the pore-throats structure corresponding to this section is 2.436 and the fractal dimension of the pore-throats structure with a pore-throats radius of less than 1 micron is 2.798. The fractal dimension of the pore-throats structure with a pore-throats radius of less than 0.1 micron is 2.552.




3.1.3. Two-Dimensions with Bi-Modal Type (2D-2M)


The pore-throats structure of 13 samples (accounting for 21%) characterized by two fractal dimension values and a bi-modal pore-throats radius distribution. The pore-throats radius of the reservoir has a large distribution range and two asymmetric peaks are formed. As shown in Figure 4, the pore-throats radius of the Well 5598 sample No. 5-35 is mainly distributed between 0.7–10 μm. The corresponding fractal dimension of this section of the pore-throats structure is 2.361 and the fractal dimension of the remaining pore-throats structure with a pore-throats radius of less than 0.7 microns is 2.745.




3.1.4. Single-Dimension with Wide Modal Type (1D-WideM)


A total of 19 samples (accounting for 31%) show a single fractal dimension and pore-throats radius with a large distribution width. As shown in Figure 5, the fractal dimension of the pore-throats structure of sample No. 7-29 in Well 5598 is 2.704.





3.2. Geological Significance of Fractal Characteristics


In order to characterize the fractal dimension of the reservoir with the “segmented line type”, some scholars take the arithmetic average value of each segments fractal dimension as the overall fractal dimension of the reservoir [38,39], while others believe that the dimension of the large pore-throats structure can represent the overall fractal characteristics of the reservoir [17,18]. In this paper, it is found that small pores with a radius of less than 0.1 micron in the KT-II reservoir of the NT Oilfield do not contribute significantly to permeability. Moreover, the large pore-throats structure’s fractal dimensions of a two-dimensional fractal reservoir is lower than the small pore-throat space and provides 90% or even more than 95% cumulative permeability. Therefore, in this study, the fractal dimension of pore-throats of less than 0.1 micron in the three-dimensional reservoir with a uni-modal type is ignored, thus the three-dimensional type is classified as the two-dimensional type. Consequently, samples of the KT-II layers were categorized into three types: 2D-1M, 2D-2M and 1D-WideM and the fractal dimension value of the large pore-throats segment represents the overall value.



3.2.1. Fractal Dimension and Permeability


Compared with siliciclastic reservoirs, carbonate reservoirs have complex pore-throats structures and strong heterogeneity, manifested in the poor relationship between the porosity and permeability. The permeability depends on the complex pore structures and the upstream pressure and had a more significant influence on the stable production time [40]. When the porosity of the core samples is equal, the difference in permeability may be significant. After the sixty-two samples in the KT-II layer of three wells were counted, a total of nine samples were formed according to the tested porosity values to form four sample groups with the same porosity (Table 1). It is found that the lower the fractal dimension of each group of core samples with the same porosity value, the higher the permeability. The conclusion is consistent with the conclusion in the literature that the lower the fractal dimension of the reservoir, the better the reservoir structure and the better it is for oil and gas seepage. At the same time, it is also verified that the fractal dimension can be used to evaluate the pore-throats structure of KT-II carbonate rocks.




3.2.2. Fractal Dimension and Median Saturation Pressure (Pc50)


The median saturation pressure (Pc50) refers to the capillary pressure of the injection curve that responds when the non-wetting phase is 50%. The value reflects the production capacity of oil when the two phases of oil and water coexist in the pores [8]. The fractal dimension of the 62 core samples tested has an obvious correlation with the mercury median saturation pressure (Pc50) (Figure 6a), that is, the higher the fractal dimension, the higher the median pressure. This shows that the lower the fractal dimension of the pore-throats structure, the smoother the surface of the pore-throats structure, the lower the throat curvature and the better the connectivity. In addition, three clusters on the scatter plot represent the three relevant types of reservoir. The samples of type 2D-1M have the lowest median pressure and the lowest fractal dimension.




3.2.3. Fractal Dimension and Pore-Throats Radius Distribution


The complex sedimentary process and diversity of the diagenesis of carbonate rock leads to the complex pore-throats structure. The pore-throats sizes of different core samples are widely distributed and vary greatly and the proportion of different pore sizes of the total pore volume reveals the heterogeneity of the pore-throats structure, whereas the heterogeneity of carbonate rocks can be reflected by their fractal dimensions [33]. In this study, the proportion of the pore-throats structure with a pore-throats radius greater than 0.1 micron to the total pore-throats structure was calculated as the proportion of the large pore-throats. The fractal dimension of 62 core samples has a good correlation with the proportion of large pore-throats (Figure 6b). The lower the fractal dimension is, the large the proportion of large pore-throats is. Moreover, three clusters on the scatter plot represent the three relevant types of reservoir. The median pressure and fractal dimension of the 2D-1M type are the lowest.





3.3. Reservoir Quality Evaluation


The analysis in the previous section shows that the fractal dimension of the NT Oilfield KT-II carbonate pore-type reservoir has geological significance and can quantitatively characterize the pore-throats structure and reservoir heterogeneity. Combined with the microscopic photomicrograph feature, we propose the evaluation standard for carbonate reservoirs (Table 2).



The type I reservoir: The fractal dimension of the pore-throats structure of the type I reservoir is the lowest and the pore-throats heterogeneity is relatively weak, with an average value of 2.27. The lithology is dominated by algae, foraminifera, thorns and oolitic limestone. The particle size of the rock is large with good grain sorting and the dissolution effect is strong. The pore type is dominated by primary intergranular pores and the compaction effect is not obvious; the pore-throats structure is clean. Moreover, “Floating” particles were partially seen in the photomicrographs. The diagenesis of this type of core samples is relatively weak during the burial period and massive sprite calcite is rare (Figure 7a). The large pore-throats (radius greater than 0.1 micron) of the reservoir account for about 0.75 and have a high porosity; the permeability value can reach more than 100 mD, with an average of 133 mD. The median saturation capillary pressure (Pc50) average is 0.27 MPa, this type is a high-quality reservoir in the KT-II of the NT Oilfield.



The type II reservoir: The fractal dimension of the pore-throats structure in the reservoir is higher than in type I, with an average value of 2.53. The lithology is dominated by algae, foraminifera and echino clastic limestone. The particle is well sorted and has a moderate size. This type of reservoir is dominated by intergranular pores and the compaction effect is obvious; the particle contact patterns are mainly point contact and line contact. Particles can be broken, intergranular pores are filled by cement to a certain extent and local pore-throats structures are filled with blocky calcite (Figure 7b), resulting in reduced porosity and a complex pore-throats structure. The average proportion of large pore-throats (radius > 0.1 micron) was about 0.65. The average porosity was 14.05%, the average permeability was 51.8 mD and the mean value of the saturation capillary pressure (Pc50) was 0.5 MPa. This is a good reservoir type in the KT-II layer.



The type III reservoir: This reservoir has the highest fractal dimension of the pore-throats structure and the strongest heterogeneity of pore-throats. The average value of the fractal dimension is 2.73. The lithology is dominated by algae, pellets, foraminifera and acanthoid limestone. The particles are badly sorted. The pores are mainly intergranular and intragranular types and the intergranular pores lose a lot due to cementation. The particle contact patterns are mainly point contact and line contact. Moreover, the development of isopachous equant calcite on the surface of the particles is more obvious and most of the large pore-throats structures are filled by the second generation of coarse calcite crystal (Figure 7c), resulting in a significant reduction in the porosity. The pore-throats structure has a high degree of complexity and has experienced a higher degree of the diagenetic process of the medium and deep burial. The large pore-throats (radius greater than 0.1 micron) in the reservoir account for about 0.53, the average porosity is 10.86%, the average permeability is 16.66 mD and the average saturation capillary pressure (Pc50) is 2.33 MPa. This is a poor reservoir type in the KT-II layer.



Based on the above comprehensive evaluation criteria, 62 core samples with poor porosity and permeability in the KT-II formation from three key wells were divided into class I, II and III (Figure 8). Different types of samples overlap each other obviously in the pore permeability scatter diagram, which proves that the comprehensive evaluation based on the fractal characteristics of reservoir pores can effectively evaluate carbonate reservoirs with a complex porosity permeability relationship and strong heterogeneity.




3.4. Dynamic Behavior and Production Adjustment


Production log tools (PLT) are used to evaluate the fluid movement along the borehole. The quantitative evaluation of the flow profiles in injection or producing wells is common and it is extremely helpful to understand the reservoir’s behavior when the PLT test is performed regularly and provides profiles in certain wells.



In this paper, case studies are performed on both the production well (5598) and the injection well (5555). The PLT tested intervals of these two wells developed in both reservoir types I and II and reservoir type III. From 2013 to 2016, reservoir types I and II maintained a certain level of oil production and kept a 0% water cut (Figure 9), but reservoir type III provided an oil rate of much less than types I and II and the water cut soared from 0% to 46%. The flow profiles almost did not change from 2013 to 2018 in well 5555. The reservoir types I and II swallowed 100% of the injected water and reservoir type III did not take any share (Figure 10).



To sum up, it is suggested that the intervals of reservoir type III should be sealed to suppress the water cut in the production well. In order to maintain the reservoir pressure and sweep the remaining oil, it is suggested that reservoir III should be separated from reservoir I and II and the injection should be performed individually.





4. Discussion


In this study, a comprehensive evaluation standard of a carbonate reservoir in the NT field has been established, integrating pore-throats structure characteristics, the reservoir’s physical properties, the pore-throat structure, fractal characteristics as well as photomicrograph features. Combined with flow profiles from Production Log Tool tests, we revealed the relationship between the carbonate reservoir type and the production behavior, thus providing suggestions on the middle and late stage of the water flooding production adjustment strategy. However, the reservoir quality evaluation in this work heavily relies on sufficient core data (MICP, thin section, et al.), and usually the well log data of any oilfield are more prevalent; therefore, future work on the establishment of reservoir fractal characteristics evaluation based on log curves may in fact demonstrate even greater potency.




5. Conclusions


The pore-throats structures of the carbonate reservoir of the KT-II layer in the NT Oilfield have self-similarity and show obvious fractal characteristics, which can be categorized into four types (two-dimensions with a uni-modal type (2D-1M), three-dimensions with a uni-modal type (3D-1M), two-dimensions with a bi-modal type (2D-2M) and a single-dimension wide modal type (1D-WideM)). The fractal dimension of the pore-throats structure characterizes the complexity and heterogeneity of the pore-throats structure of the KT-II carbonate reservoir. In general, a lower fractal dimension of the reservoir pore-throats structure indicates better reservoir physical properties and the pore-throats’ connectivity. On the other hand, a higher fractal dimension indicates a higher median saturation pressure and a higher proportion of small pores (radius less than 0.1 micron). Specifically, for reservoirs with the same porosity, the lower the fractal dimension is, the higher the permeability will be. A comprehensive evaluation standard of the carbonate reservoir of the NT field, integrating the reservoir’s physical properties, pore-throat structure, fractal characteristics as well as photomicrograph features, has been established. Three types of carbonate reservoirs with different qualities were defined according to the fractal dimension, petrophysical properties, photomicrograph features, et al. Reservoir type I has the best reservoir quality whereas reservoir type III shows the worst. Moreover, from reservoir type I to reservoir type III, the pore-throat surface becomes rougher and the spatial complexity becomes stronger. Reservoir types I and II and reservoir type III have significant differences in their production behavior. It is suggested to seal intervals of reservoir type III to suppress the water cut in the production well. In wells for water injection, it is recommended to separate reservoir III from reservoirs I and II and perform injection individually.
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Figure 1. (a) The NT Oilfield position in geological-tectonic zoning map of Pre-Caspian basin; (b) NT Oilfield KT-II reservoir structure map showing cored wells locations. 
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Figure 2. (a) The two-dimensions of fractal characteristics; (b) the uni-modal pore-throats radius distribution and cumulative permeability contribution. Date from sample NO. 7-8 of cored well 5598, depth 3194.7 m, 2D-1M type. 
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Figure 3. (a) The three-dimensions of fractal characteristics; (b) the uni-modal pore-throats radius distribution and cumulative permeability contribution. Date from sample NO. 7-23 of cored well 5598, depth 3198.3 m, 3D-1M type. 
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Figure 4. (a) The two-dimensions of fractal characteristics; (b) the bi-modal pore-throats radius distribution and cumulative permeability contribution. Date from sample NO. 5-35 of cored well 5598, depth 3178.3 m, 2D-2M type. 
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Figure 5. (a) The single-dimensions of fractal characteristics; (b) the pore-throats radius wide distribution and cumulative permeability contribution. Date from sample NO. 7-29 of cored well 5598, depth 3200.3 m, 1D-WideM type. 
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Figure 6. (a) Relationship between fractal dimension and Pc50; (b) relationship between fractal dimension and large pore-throats ratio. 
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Figure 7. (a) Type I reservoir. CT22 well, No. 14-32 thin section; foraminifera limestone; depth 3196.25 m; fractal dimension 1.86; porosity 16.9%; permeability 182 mD; the pore-throats structure is clean and there are few cement fillings. (b) Type II reservoir. Well 5555, No. 8-14 thin section; foraminifera spinosa limestone; depth 3119.79 m; fractal dimension 2.59; porosity 11.9%; permeability 15.5 mD; certain amount of calcite filled the pore space. (c) Type III reservoir. CT22 well, No. 14-9 thin section; foraminifera limestone; depth 3192.54 m; fractal dimension 2.78; porosity is 6.8%; permeability 1.28 mD; isopachous equant calcite is coated on the grain surface, coarse calcite crystal developed in pore space. Width of each photomicrograph is approximately 2 mm. 






Figure 7. (a) Type I reservoir. CT22 well, No. 14-32 thin section; foraminifera limestone; depth 3196.25 m; fractal dimension 1.86; porosity 16.9%; permeability 182 mD; the pore-throats structure is clean and there are few cement fillings. (b) Type II reservoir. Well 5555, No. 8-14 thin section; foraminifera spinosa limestone; depth 3119.79 m; fractal dimension 2.59; porosity 11.9%; permeability 15.5 mD; certain amount of calcite filled the pore space. (c) Type III reservoir. CT22 well, No. 14-9 thin section; foraminifera limestone; depth 3192.54 m; fractal dimension 2.78; porosity is 6.8%; permeability 1.28 mD; isopachous equant calcite is coated on the grain surface, coarse calcite crystal developed in pore space. Width of each photomicrograph is approximately 2 mm.



[image: Energies 15 06357 g007]







[image: Energies 15 06357 g008 550] 





Figure 8. Porosity and permeability scatter plots of 62 core samples in the KT-II layer of NT Oilfield and the distribution of reservoir types. 
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Figure 9. Flow profile of production well and fractal reservoir types. 
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Figure 10. Flow profile of water injection well and fractal reservoir types. 
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Table 1. Table of fractal dimension and permeability of the same porosity samples from key wells in the KT-II layer of NT Oilfield.
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Sample

	
No.

	
Well

	
Depth m

	
Layer

	
Sample

	
Type

	
Por %

	
D

	
Permeability md






	
1

	
1

	
5555

	
3175.15

	
G4

	
1215s

	
2D-1M

	
9.84

	
2.59

	
7.98




	
2

	
5555

	
3199.71

	
G5

	
1449x

	
1D-WideM

	
9.84

	
2.70

	
3.78




	
2

	
3

	
CT-22

	
3197.61

	
G4

	
1441x

	
2D-1M

	
14.80

	
2.08

	
393




	
4

	
CT-22

	
3197.72

	
G4

	
1442Z

	
1D-WideM

	
14.80

	
2.55

	
60.1




	
5

	
5555

	
3076.32

	
G2

	
626x

	
1D-WideM

	
14.80

	
2.76

	
22.2




	
3

	
6

	
CT-22

	
3201.80

	
G4

	
1519x

	
3D-1M

	
15.20

	
2.26

	
175




	
7

	
5598

	
3136.66

	
G3

	
27x

	
2D-1M

	
15.20

	
2.50

	
3.45




	
4

	
8

	
CT-22

	
3151.02

	
G3

	
1134z

	
2D-1M

	
15.80

	
2.16

	
14.1




	
9

	
5598

	
3149.93

	
G3

	
327s

	
2D-1M

	
15.80

	
2.45

	
2.17
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Table 2. The table of comprehensive evaluation of the KT-II reservoir in NT Oilfield.
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Pore-Throats Structure Characteristics

	
Overall Fractal Dimension

	
Porosity/

%

	
Permeability/

mD

	
Pc50

/MPa

	
Large Pore-throats Proportion

	
Photomicrographs

	
Reservoir Types

/Quality






	
2D-1M

	
1.83–2.59

	
8.6–22.95

	
2.17–906

	
0.06–0.86

	
0.57–0.86

	
Weak compaction

	
Type I

/Good




	
Ave. = 2.27

	
Ave. = 13.85

	
Ave. = 132.6

	
Ave. = 0.27

	
Ave. = 0.75

	
Weak cementation




	
2D-2M

	
2.36–2.66

	
10.7–18.5

	
15.5–162

	
0.14–1.02

	
0.55–0.73

	
Strong compaction

	
Type II

/Moderate




	
Ave. = 2.53

	
Ave. = 14.05

	
Ave. = 51.8

	
Ave. = 0.5

	
Ave. = 0.65

	
Fair cementation




	
1D-WideM

	
2.55–2.82

	
6.8–15.95

	
0.35–88.1

	
0.22–10.41

	
0.22–0.74

	
Strong compaction

	
Type III

/Poor




	
Ave. = 2.73

	
Ave. = 10.86

	
Ave. = 16.66

	
Ave. = 2.33

	
Ave. = 0.53

	
Strong compaction
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