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Quality factor Summary

Velocity deviation log Due to the development in the software processing and accuracy of borehole
Permeability tools (such as vertical seismic profile (VSP) measurement tool), the quality
Fracture density factor has been more favorable in recent studies. In this case study, the main
Seismic waves objective was to investigate the correlation between quality factor and

reservoir parameters such as velocity deviation log (VDL), fracture density,

and gas content in porous volume unit. In this study, two appraisal wells of a

gas field were selected. After checking data quality, natural fractures were

calculated numerically using the electrical image log as well as the fracture
density. In the next step, using the porosity logs, the velocity deviation log of each well was calculated and then, the
quality factor was calculated using spectral ratio method after processing and true amplitude recovery (TAR) for the
downgoing waves in the VSP log. These two calculated logs were compared at the reservoir intervals. Then, in one well
using statistical analysis of multiple linear regression, the correlation between the reservoir parameters and the quality
factor were analyzed, and then, the reservoir quality was evaluated by cluster analysis. Finally, the statistical analysis of
the reservoir quality was performed using K-means cluster analysis. This methodology was tested on two appraisal
wells in a gas field in which for both wells, reasonable results were obtained.

Introduction

Hydrocarbon fields of Iran are mainly composed of carbonate rocks. These rocks have very heterogeneous structure.
Moreover, limited studies have been performed to estimate the attenuation rate in carbonate rocks. Since identifying and
assessing the quality of the reservoir is the most important factor for optimal utilization of hydrocarbon resources, new
strategies are needed to achieve this goal by knowledge management and access to information using new tools such as
V'SP measurement tool. Seismic waves will be deformed as they pass through layers of earth, in terms of frequency
content and wave amplitude, in which a part of the reduction in amplitude is related to the nature of the waves, and also,
to the geological structure including porosity, permeability and fracture. Thus, the question is: what are the effects of
reservoir parameters and fractures on the reservoir quality?

Recent researches by researchers have focused more on the anisotropy and velocity model analysis of the reservaoirs.
Therefore, it can be concluded that the direct relationship between the reservoir parameters and their importance and
impact on the coefficient of absorption of seismic waves or quality factor is missing from their perspective. In this
research, based on the reservoir quality factor, the correlation between this parameter and other parameters such as
velocity deviation, fracture density and permeability is investigated. In this study, it has been attempted to define and
make meaningful the reservoir quality factor as a tool for relatively acceptable evaluation of the reservoir quality.
Furthermore, in statistical analysis by multiple linear regression method, the most important parameter that affects the
amount or trend of the quality factor is fracture density.

Methodology and Approaches

In the first step in this study, two appraisal wells of a gas field with a complete set of petrophysical logs (in both wells),
electrical image log (in one of the wells), vertical seismic profiles as well as core data (in one of the wells) were
selected. After the data quality control in the reservoir formations, natural fractures were calculated numerically using
the electric imager log as well as the fracture density.

In the next step, using the porosity logs, the velocity deviation log of each well was calculated, and then, the quality
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factor was calculated using spectral ratio method after processing and true amplitude recovery (TAR) for the
downgoing waves in the VSP log. These two calculated logs were compared at the reservoir intervals. Then, after
obtaining the core data in the wells, the correlation between the reservoir parameters and the quality factor using
statistical analysis of multiple linear regression were analyzed, and finally, the reservoir quality was evaluated using
cluster analysis. As a result, the statistical analysis of the reservoir quality, which is one of the main objectives of this
study, was performed using K-means cluster analysis.

Results and Conclusions

The proposed method in this study is a rather fast novel approach for investigation of reservoir quality by integrating
quality factor and velocity deviation log in high quality reservoir intervals, and also, in fractured intervals of the
reservoir layers in two appraisal wells. Cross plots of petrophysical logs can be used as a unique tool to investigate high
quality reservoir intervals. In gaseous and fractured zones, the quality factor mainly had values less than 100, and the
velocity deviation logs mainly had values less than -500 m/s. In this analysis, the quality factor showed a relatively
good correlation with the permeability of the core data, and at high permeability intervals, the quality factor also had
minimum values. According to the results of cluster analysis by K-means cluster method, 18% of the entire study
intervals had good quality, 33% moderate, 36% poor and 12% of them were free of hydrocarbon. Using the proposed
method, high reservoir quality intervals or highly fractured zones can be easily distinguishable from other intervals. Due
to the independence of seismic elastic waves from physical well conditions, using this innovative approach can
minimize operational risk. By extending this method to 2D and 3D seismic data, the reservoir quality can be predicted
with reasonable accuracy. Since the validity of this method has been confirmed, thus in gas fields with VSP data, the
reservoir quality can be obtained without the need to run petrophysical logs, coring and other reservoir tests.




