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Abstract: One of the important characters of the hydrocarbon reservoir is porosity of the rock where the oil or 

gas is trapped and accumulated. This research is to predict porosity value within seismic data in order to do 

reservoir modelling using Principal Component Proximity Transform (PCPT) technique. The final goal of this 

research is to get the porosity imaging in three dimensions and allow for modelling of reservoir property 

distribution in the subsurface. A three dimensions seismic and two wells data set were used as the main data for 

the modelling. Whilst, one well data was used as the control of the modelling process. A synthetic seismogram 

was produced prior to the reservoir modelling to ensure that the seismic data in time domain has been tied to the 

well data (in depth domain). Subsequently, PCPT technique was used to predict the correlation between well 

data and seismic in the certain depth range. The result shows that the porosity value from the modelling in 

seismic data has very good correlation with the porosity value in well data that is not included in the modelling 

process. The correlation coefficient between porosity in the control well and porosity in the seismic data in the 

reservoir is 0.8. The possibility of the reservoir is clearly seen through seismic data which is indicated by the 

higher level of the porosity value. The possibility of cap rock is better imagined that is indicated with the low 

level of porosity value. Integrating PCPT and Geostatistic methods can generate the detail information for 

characterization of reservoir’s property. 
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1. Introduction 
 
Seismic 3D data has been widely used for obtaining the subsurface information in the oil and gas 

industry [1-3]. Improvement of the subsurface imaging is getting better as the increasing development 

of computer technology regarding to the seismic data processing [4]. Seismic data has a good 

resolution laterally; however it is bad resolution vertically. Whilst, well data has a good resolution 

vertically, however, and bad resolution laterally. 

This study is attempted to predict the well property on seismic data by using a method  recently 

known as Principal Component Proximity Transform (PCPT), namely by interpolation property 

values of well into the seismic data with Inverse Distance (ID) technique. This technique can be used 

to generate the interpolation using the observation station [5].  

 

2. Literature Review 
 

A good reservoir is to have the content of higher porous rock with low content of volume shale. 

Therefore, porosity imaging through a reservoir is important in characterizing reservoir [6]. A method 

that can be used to represent porosity into the seismic data is to employ the Proximity Principal 
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Component Transform (PCPT) technique [5], which this technique will be able to predict porosity 

value of existing wells into the value of seismic data around the well and passed all of the existing 

data. By using geostatistics, further improve the imaging quality of the existing porosity will be 

expected. 

In the geostatistics stage, Sequential Gaussian Simulation (SGS) technique is employed. 

Understanding of this method is based on the key words, simulation (geostatistics), and Sequential 

Gaussian. 'Kriging' provides estimates where specified geological phenomena through variogram 

models. Geostatistical simulation provides an additional random residual kriging value against them at 

every point to simulate the uncertainty of their value [7-9]. Definition of Gaussian is the process of 

sampling (sampling) based gaussian probability distribution, while the sequential means that the value 

has been simulated to be used as an input data in the simulation value of the next point. The goals to 

be achieved in this research is to obtain porosity imaging in three dimensions therefore allowing to 

obtain an overview development of existing reservoirs[10,12]. 

 

3. Material & Methodology 
 

There were several main steps undertaken to obtain the final result, data preparation, well-seismic tie, 

horizon interpretation, prediction of well-seismic correlation with PCPT method, and geostatistical 

modelling. The required data for this study included well data, 3D seismic data, and the velocity data 

that was obtained from the chekshot survey.  

Three wells data set including log data of sonic, gamma-ray, density, porosity and marker have been 

used. The marker data was obtained from the previous geology interpretation. The sonic log at the 

three wells had only the depth range from 20-230 ft, that means these data were not representative for 

generating synthetic seismogram. To solve this problem, in order to produce syntactic seismogram, 

the sonic log data was obtained from prediction of the density log [13,14].   

Seismic data that was used in this research is 3D Seismic Raw Migration Stack. This data was also 

utilized for the seismic interpretation of top and bottom of a horizon. The top and bottom of these 

horizons were used as the control for the upper and lower boundary in the porosity modelling stage. 

Checkshot and VSP data obtained from several wells, were used to derive the velocity data in this 

research. At the unsampled location, the velocity data was predicted and interpolated from the 

available location. The velocity data in this research was used to convert time domain to the depth 

domain of seismic data. 

Prior to seismic interpretation, the well and seismic data was needed to tie [15-17]. The well seismic 

tie process was done using comparison analysis between seismic data and synthetic seismogram that 

was obtained from convolution between reflectivity and wavelet from the same well location. Wavelet 

data was extracted from the seismic data of the range interest zone. 

 

4. Result and Discussion  
 

Figure 1 shows the distribution of porosity in the 3D seismic data at layer 75. The porosity 

value can be found in the scale of colour range from 0.24 to 0.39. The value is represented in 

decimal rather than in the percent. The porosity is observed of around 0.34 at the layer of 75. 

At this layer, the zones with more poros and less porous is distributed randomly. 

In the geostatistics process, the “Sgrid” is needed to provide a space for a specific reservoir 

property value and will be extracted into the Sgrid. The advantage in using of the Sgrid is due 

to it is not in the Cartesian coordinate, so that the value of reservoir property can be exposed 

and followed the shape of seismic 3D data with the top and bottom as the their boundary. 
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Figure 1. Predicted porosity at layer 75 of the seismic 3D data using PCPT method 

 

Figure 2. shows the final result of porosity distribution in three dimensions. This result is 

obtained from the modelling process using geostatistics with the predicted porosity cube as the main 

data and well porosity as the control. The reservoir property distribution, especially porosity can be 

observed from the top and bottom of the interest zone, and the sub reservoir is clearly seen in between 

the top and bottom of the interest zone. The pink in colour to the light blue is representing the low 

porosity zone, which has porosity of less than 0.28. Whilst the light green to the red (in the colour 

sclale) is representing the potential of reservoir which has porosity around 0.3. In the Figure.... can be 

observed the blue zone that is representing of the high porosity zone. This imply that the hydrocarbon 

is probable found within this reservoir. The rock with the higher porosity are able to store the fluid 

more rather than the rock with lower porosity.  

 

 
 

Figure 2. Porosity distribution in three dimensions 
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Figure 3 show the cross plot between well data and predicted data for the porosity value at the 

same location. The predicted porosity in the seismic is transfer in to well so that the correlation is 

possible to predict. In the Figure, the well data and predicted data have very good correlation of 

around 0.8. The average porosity value for the all zone of interest is about 0.35. The correlation value 

depict the result of the porosity modelling through the seismic data provides the better view of the 

distribution of the property into the seismic data. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cross plot between porosity data in the well and predicted porosity data in the seismic surrounding the 

well. 

 

5. Conclusion 
 

The physical property of the reservoir especially porosity is successfully predicted into the 

seismic data using PCPT technique. This value is still rough enough distributed in the 3D seismic 

data. The use of geostatistics modelling can provide the better view and be able to increase the 

smoothness of the data distribution. The reservoir modelling provide the good correlation between the 

predicted data in the seismic cube and well data in the one well control. The zone of low and high 

porosity value zone is observed easily through the three dimensions view with the specific colour 

range presentation. The zone of interest is consisting sub reservoir that has different in the porosity 

value.  
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