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Introduction 

Efficient development of fractured reservoirs has been notoriously difficult. This inefficiency 
arises from the difficulty in locating the fractures in the reservoir. By synergistically 
combining seismic data, containing the interwell information, with geologic and engineering 
data at the wells, we develop a fracture model that honors the various datasets and 
successfully predicts the location of fractures within the reservoir. This method has been 
successfully applied to a complex Hungarian fractured reservoir. 

Fracture Modelling Techniques 
The discrete fracture network (DFN) approach uses fracture information in wells to 
statistically distribute fracture planes in the reservoir.  Unfortunately after years of 
application, the resulting fracture permeability from the DFN approach is still unable to match 
individual well performances since it relies heavily on calibration (Casciano et al. 2004) in 
the near-wellbore area and does not address efficiently the interwell region.  
 
Geomechanical models (Mace et al. 2004) attempt to define the stress-strain field that 
generated the fractures, and thereby predict their location. Even if one can accurately model 
the stress-stain field that generated the fractures, other factors not incorporated into the model, 
such as lithology and diagenesis, also affect the location of open fractures.  
 
The continuous fracture modelling (CFM) approach attempts to define the geologic factors, or 
“drivers”, that determine the fracture intensity within the reservoir. This approach 
incorporates many attributes, derived from seismic, geologic, and engineering data, in 
creating an integrated fracture model (Ouenes 2000; Zellou and Ouenes 2001). Unlike the 
previous 2 methods, the CFM approach can integrate many seismic attributes, either post-
stack or pre-stack, in the modeling process (Ouenes et al. 2004; Wong and Boerner 2004).  
 

Application to a Hungarian Fractured Reservoir 

Many Hungarian oil and gas fields lie within fractured and weathered zones of crystalline, 
mostly metamorphic, basements (Kiss & Tóth 1985). These reservoirs are characterized by a 
complex lithology that includes phyllites, schists and slates. The porosity of these reservoirs 
is usually very low, in the range of 2-8%, and exhibits a very heterogeneous distribution. The 
fracture distribution is also very heterogeneous, with no apparent controlling geologic factor. 
Various fracture modeling approaches, including DFN, have been previously applied by MOL 
on such reservoirs. Without seismic attributes to assist in the modeling, the prediction of 
fracture density and petrophysical properties in the reservoir is quite difficult.  

The studied field has 13 wells located within a 25 square kilometer area covered by a 3D 
seismic survey. As the 3D survey was not designed to provide the wide azimuth distribution 
necessary to generate pre-stack azimuthal attributes, only post-stack seismic attributes were 
generated for use in fractured reservoir characterization.  

Using 5 of the 13 wells, a high-resolution seismic impedance volume with a sample rate of 
0.5ms was generated. The resulting impedance was compared to the actual impedance at 4 
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blind wells (Figure 1). The correlation coefficient between the actual and predicted 
impedance at the 4 blind wells is 0.76, indicating the ability of the high resolution inversion to 
accurately predict the impedance in the 3D seismic volume.  

 
Figure 1. Predicted (x-axis) versus actual (y-axis) impedance. 
Spectral imaging was also applied to the 3D seismic volume. Various frequency-dependent 
and composite attributes were computed from the spectral imaging results. Figure 2 displays 
the mean total energy, one of the composite spectral attributes, in the reservoir interval. 
Trends observed on the mean total energy slice correlate with fault trends in the reservoir.  
Using the inverted impedance and three spectral imaging attributes, geologic models of  
gamma ray, resistivity, and porosity were generated. In addition to the attributes described 
above, nine geomechanical attributes, mainly curvatures and slopes in various directions, 
were computed for use in the fracture modeling.  

The fracture modeling incorporated 16 drivers: 4 seismic drivers, 3 geologic drivers, and 9 
geomechanical drivers. Using the available fracture density computed from the CBIL logs at 
three (3)  wells as an output and the 16 drivers as inputs, 3D fracture models were estimated 
in REFRACT, a neural-network-based CFM modeling software. An average 3D fracture 
model was derived from 10 stochastic models and was combined with well test data at two 
wells to generate a fracture permeability model for simulation. Figure 3 shows a cross-section 
of the fracture density passing through the three wells used for the fracture modeling. It is 
important to notice the vertical and lateral heterogeneities captured by the post-stack seismic 
attributes.  

Model Validation at Blind Wells 

The fracture density at two blind wells was extracted from the average 3D fracture model 
estimated in REFRACT.  Figure 4 shows that the CFM approach was able to capture the 
vertical and areal trend of the fractures.  In a relative sense both the high and low fractured 
zones were predicted which is an important requirement for creating reliable fracture 
permeability models. These fracture permeability models are derived in REFRACT by using 
as input the derived fracture intensity along with well test data.  

 



 

 

 
Figure 2. Mean total energy within the reservoir interval. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Facture density across the reservoir.  

 

Conclusions 

The reservoir studied here is complex, with a heterogeneous distribution of porosity and 
fractures. The use of the CFM approach for fracture modeling provides the ability to integrate 
multiple seismic attributes, along with geologic and engineering data from the wells – a 
feature not found in other fracture modeling techniques. The use of seismic attributes derived 
from high resolution inversion and spectral imaging in the CFM approach provided the 
information necessary in the interwell region. As a result, the fracture density in the reservoir 
can be accurately predicted in the entire 3D volume 
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Figure 4. Comparison of actual and predicted fracture density at 2 blind wells. 
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