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Abstract: Fracture is a kind of important reservoir in petroleum exploration, which usually exist in the carbonate rock or 

igneous rock. However, it is always difficult to predict the fracture with the seismic data. In this paper, based on curvature 

attributes, we develop a workflow for the prediction of fractured zone, fracture orientation, and open fractures. We begin with 

curvature calculation to predict fractured reservoirs and then calculate rose diagrams using curvature data. Fracture orientation is 

established by comparing the rose diagrams from imaging logs and the analogues from curvature data. We identify two principal 

orientations and calculate the azimuth intensity in these two directions using the curvature data. As per the crossplots of azimuth 

intensity in two directions and productivity, the azimuth with good correlation is the open azimuth of fractures. We apply this 

method to a Kazakhstan oilfield K and predict fractured-vuggy reservoirs in the eastern field and fractured reservoirs in the 

western field. In accordance with the prediction, there are two groups of fractures, one in a northeast direction and the other in a 

northwest direction. NE fractures are open in the northern field, and NW fractures are open in the southern field. We suggest two 

sites for well drilling, which obtain economic oil flow. 
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1. Introduction 

The region of interest is an oilfield K in Basin N, 

Kazakhstan with buried-hill carbonate rocks as one of the 

major targets. There are fractured and dissolved vuggy 

reservoirs with strong heterogeneity. As per drilling data, there 

is a positive correlation between reservoir properties and 

hydrocarbon production. Dissolved vuggy reservoirs were 

successfully predicted using impedance inversion due to large 

impedance contrast between reservoirs and wall rocks and 

consequent strong geophysical responses. But it was hard to 

predict fractured reservoirs using routine seismic attributes 

and impedance inversion owing to their faint geophysical 

responses. Thus, how to predict fractured reservoirs is a task 

of top priority. 

Despite the complicated relationships between fractures 

and curvatures, preceding studies showed a correlation 

between open fractures and intense tectonic deformation, e.g. 

open fractures related to flexure in tight sandstone [1], natural 

fractures directly related to curvatures [2], high production 

related to the structural lows indicated by the most negative 

principal curvature in the Woodford Shale, the Akama Basin 

[3], and natural fractures in the Frontier Formation at the 

outcrops in the northern Rocky Mountains highly correlated 

with the palaeostress (calculated through paleostructure 

restoration) and the curvatures nowadays [4]. The studies of 

the relations between fluids and seismic curvatures began in 

2009. A study of the Dickman oilfield in Kansas, the US 

showed that there was a close correlation between fluids and 

the distance from the well to the nearest fractures on the 

curvature map. In other words, water production decreased 

with the distance from the well to the nearest fractures in a 

northwest direction, which means that NW fractures are open; 

oil and gas production increased with the distance from the 

well to the nearest fractures in a northeast direction, which 
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means that NE fractures are closed. These conclusions were 

confirmed by the results of horizontal well drilling [5]. Thus, 

more efforts have focused on fracture prediction using 

curvature attributes [6-8], most of which were limited to the 

prediction of fractured zones. Based on the attributes derived 

from curvature (curvature attributes), we develop a workflow 

for the prediction of fractured zone, fracture orientation, and 

open fractures. 

2. Workflow 

The workflow included 3 steps, i.e. predicting fractured 

zones using routine curvature attribute volumes, predicting 

fracture orientations using the rose diagrams derived from 

curvature attributes, and predicting open fractures using the 

azimuth intensity derived from curvature, as shown in Figure 

1. Post-stack seismic data and GeoEast developed by CNPC 

BGP were used to accomplish the prediction. The whole 

process was detailed as follows. 

(1) Fractured zones were predicted using routine curvature 

attribute volumes, which were extracted based on dip 

scanning. Multi-window dip scanning was performed first to 

calculate the dip angle in the inline and crossline directions. 

Major parameters included 9 time windows of 12 ms for each, 

the maximum angle of 40° for scanning, and the step of 5°. 

Curvatures, e.g. maximum curvature, minimum curvature, 

maximum positive curvature, and maximum negative 

curvature, were then calculated [9-11]. 

 

Figure 1. Fracture prediction workflow. 

(2) Rose diagrams were obtained to establish fracture 

orientations. Rose diagrams are generally derived from 

imaging logging to indicate fracture orientation. The direction 

of vector pointing to the north is defined as 0o, and the 

included angle between the fracture strike at a point and the 

north is defined as the azimuth of fracture [12]. Before 

calculating rose diagram using curvature, we estimated 

fracture orientation using maximum positive curvature 1k , 

maximum negative curvature 2k , maximum curvature, and 

minimum curvature [13]. For 2 1k k> , the fracture 

orientation was equal to the azimuth of maximum curvature; 

otherwise the fracture orientation was equal to the azimuth of 

minimum curvature. After that, we used rose diagrams to 

show the azimuths (Figure 2b). The frequency of fractures 

occurring in each direction was normalized and plotted on the 

rose diagram to indicate fracture distribution in the region of 

interest [14]. Major parameters included the diameter of rose 

diagram and number of leaves; the former was directly related 

to the size of the region of interest and the latter was generally 

set to range 1-15. 

(3) Open fractures were predicted using azimuth intensity. 

Nissen et al. investigated the relation between fluids and 

curvature volumes in the study of the Dickman oilfield in 

Kansas, the US [5]. In accordance with the crossplot of 

fracture azimuth and water or oil production, they found a 

correlation between fluids and the distance from the well to 

the nearest fractures and concluded that fracture azimuth with 

good correlation is open fracture azimuth. Guo [13] presented 
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two deficiencies in Nissen's study; one was the error resulting 

from man-made data and the other was fluids limited within 

the area close to the well site. Based on Nissen's idea, Guo 

assumed that fluids are related to all fractures, instead of those 

fractures close to the well site, and fracture density is 

proportional to curvature value. Based on these two 

assumptions, Guo developed the attribute of azimuth intensity 

through azimuthal curvature filtering to obtain azimuthal 

curvature, followed by the convolution of azimuthal subdata 

and 1/r, where r is the distance between a specific point and 

nearby fractures. This method was based on the statistical 

correlation presented by Nissen et al. in 2009. That is the 

Green function describing fluid flow in a horizontal layer 

penetrated by a vertical well or across a fault surface could be 

simplified as 1/r, where r is the radial distance and 

r=(x2+y2)1/2; 1/r could be taken as the pulse response shown 

in Figure 2d. In view of the positive correlation between fluids 

and open fractures, the azimuth intensity could be used to 

predict open fractures. 

3. A Case Study 

Oilfield K is an anticline with its major axis in a nearly 

north-south direction (Figure 2a). There are fractured and 

dissolved vuggy reservoirs with strong heterogeneity in 

carbonate buried hills [15]. Reservoir distribution is 

dependent on lithologies. Limestone formations with small 

shale content mainly occur in lower buried hills; argillaceous 

limestones or calcareous mudstones with increased shale 

content turn up in upper buried hills. The northeast part was 

topographically higher than the middle and southwest parts 

and uplifted at the early stage. As a result, the formations with 

high shale content were denuded in the upper section, where 

there are mainly dissolved vuggy reservoirs and some 

fractured reservoirs. Limestones with high shale content have 

been well preserved in the middle and southwest parts, where 

there are mainly fractured reservoirs and some dissolved 

vuggy reservoirs (Figure 2b). There is a distinct correlation 

between reservoir properties and hydrocarbon production. The 

northeast part exhibits better reservoir properties, where 

hydrocarbon production is higher than other areas (Figure 2c). 

In accordance with the crossplot of log data, impedance could 

be used to differentiate between dissolved vuggy reservoirs 

and wall rocks; thus, we could use impedance inversion for 

prediction. This method is not feasible for the prediction of 

fractured reservoirs due to small impedance contrast; thus, we 

used curvature attributes to predict fractures. 

 

(a) Structure map; (b) Fluid production in the region of interest; (c) Seismic section with its location shown as a blue line in Figure (a) 

Figure 2. Structure map, fluid production, and a seismic section acorss the region of interest. 



 American Journal of Physics and Applications 2021; 9(5): 127-132 130 

 

 

3.1. Fractured Zones Predicted Using Curvatures 

Many wells were drilled with fractured reservoirs, and oil 

layers mainly turn up at the top of buried hills. Figure 2c 

shows irregular surface at the top of buried hills, and 

considerable wells were drilled at xiphoid anticlines. This 

means that maximum positive curvature may be used to 

predict fractures. Figure 3 shows prediction results. Figure 3a 

shows a curvature slice, in which fractured or fractured-vuggy 

zones are plotted in black. Sparse black lines in the most 

region correspond to fractures, which have been confirmed by 

well drilling (plotted in green); dense black lines in the 

northeast correspond to fractured-vuggy zones, which may be 

predicted through impedance inversion. Figure 3b shows the 

thickness of fractured-vuggy reservoirs obtained using 

impedance inversion. Thick fractured-vuggy reservoirs in the 

northeast are reconciled with the curvature attribute; this 

means that curvature may be used to predict fractures and vugs 

in addition to fractures. There is also a fractured-vuggy zone 

in the southeast corner. Figure 3c shows a seismic section with 

its location plotted as a light blue line in Figure 3a; the 

numbers in these two figures correspond to each other. Black 

anomalies correspond to xiphoid anticlinal reflections in the 

seismic section; fractures at 3, 4, 5, and 6 have been confirmed 

by well drilling. As per drilling data, the coincidence rate of 

curvature prediction was above 90% in the region of interest. 

 

Figure 3. Results of fracture prediction. 

(a) Horizon slice of curvature at the top of buried hills; (b) Fractured-vuggy reservoir thickness obtained using impedance; (c) Seismic section with its location 

shown as a blue line in Figure (a) 

Note: The blue polyline in (a) or black polyline in (b) is the project boundary. 

3.2. Fracture Orientations Predicted Using Rose Diagrams 

Figure 4a shows seismic predicted rose diagrams. Each 

square is a cell with the same fracture orientation. The 

intersection point of several cells will be affected by these 

cells, i.e. fractures in different orientations. In general, there 

are two groups of fractures, one in a northeast direction and 

the other in a northwest direction. Figure 4b shows the rose 

diagrams obtained from imaging logging, which correspond to 

the analogues at well sites in Figure 4a. We compared these 

two figures and concluded that the coincidence rate may be 

above 80%. 



131 Chang Deshuang et al.:  Workflow of Fracture Prediction Using Curvature-Related  

Attributes and a Case Study 

 

 
Figure 4. Rose diagrams obtained from seismic prediction and imaging logging. 

(a) Rose diagrams obtained from seismic prediction; (b) Rose diagrams obtained from imaging logging 

Note: The pink polyline in (a) shows the boundary of the project. 

 
Figure 5. Open fractures predicted using azimuth intensity. 

(a) Azimuth intensity in a northeast direction (high value in red and yellow for NE open fractures); (b) Azimuth intensity in a northwest direction (high value in 

red and yellow for NW open fractures); (c) NE and NW azimuth intensity fusion (high value in red and yellow for high-graded fractured reservoirs); (d) Crossplot 

of azimuth intensity fusion and fluid production; (e) Section of azimuth intensity fusion 

Note: The black lines in (a), (b) and (c) are the project boundary. 
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3.3. Open Fractures Predicted Using Azimuth Intensity 

Azimuth intensity may be decomposed in several directions. 

As shown in Figure 4, two conjugate directions, northeast and 

northwest, were predicted. Thus, azimuth intensity was 

decomposed into two components, one in a northeast direction 

(Figure 5a) and the other in a northwest direction (Figure 5b). 

Large azimuth intensity indicates open fractures; thus, Figure 

5a shows that NE fractures are open in the northeast part, and 

Figure 5b shows that NW fractures are open in the middle and 

south parts. Figure 5c shows a fusion attribute of those in 

Figures 5a and 5b, which comprehensively indicates the 

occurrence of open fractures. Red and yellow colors indicate 

the areas with high-graded fractured reservoirs, especially in the 

northeast; this agrees with the trend in Figure 2b. As per the 

crossplot (Figure 5d), there is a positive correlation between the 

attribute and fluid production at the well sites shown in Figure 

5c; this means that the degree of opening is proportional to fluid 

production. In accordance with fracture prediction and 

structures, we proposed two sites, 53 and 54, for well drilling 

(with the section shown in Figure 5e and location shown in 

Figure 5c). Well 53 yielded daily oil of 326 m
3
 in oil testing 

with the choke of 7 mm; Well 54 has not been tested. 

4. Conclusions 

1) As a kind of important reservoir in the petroleum 

exploration, fracture can be predicted effectively with 

the 3D seismic data. We proposed a workflow for the 

prediction of fractured zone, fracture orientation, and 

open fractures. We calculated curvatures using seismic 

data to predict fractured reservoirs and then generated 

rose diagrams using curvature data to predict fracture 

orientations. The azimuth of open fractures was 

predicted using azimuth intensity. 

2) We predicted fractured reservoirs in the west part of 

oilfield K using curvature attributes. Two groups of 

fractures, one in a northeast direction and the other in a 

northwest direction, were predicted. NE fractures were 

predicted to be open in the north, and NW fractures were 

predicted to be open in the south. The coincidence rate 

was above 80%. Two wells suggested obtained economic 

oil flow. 
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