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Carbonate reservoirs Summary

Rock physics Most rock physic models are developed for sandstone hydrocarbon reservoirs, which
Pore space system differ significantly from carbonate reservoirs. In this study, two rock physic models,
Compressional wave velocity Kuster-Toksoz and Xu-Payne, considering the inclusion models, have been
Shear wave velocity investigated in two wells in one of the carbonate reservoirs in south of Iran. The

application of both models has been evaluated as effective considering the results of
shear and compressional wave velocities extracted from the models compared with the same measured logs in the wells.
Moreover, the pore percentage and aspect ratio estimations using inversion process have been made as well as sensitivity analysis
for models. In general, the Xu-Payne model provides more relevant results, within the framework used in this study. In fact, the
Xu-Payne has improved the Kuster-Toksoz model which is basically a high-frequency model for ultrasonic studies. It means that
Xu-Payne approach contains a workflow which is designed to improve Kuster-Toksoz model for carbonates, and thus, the model
is used in low frequencies domains similar to well log data.

Introduction

Rock physics could be of paramount importance in all stages of development of an oilfield from exploration up to production and
optimum seismic reservoir characterization. In this regard, many researchers have discussed methodologies that they have
developed and applied on clastic reservoirs and with less attention on carbonate rocks. In the current study, two rock physic
models, namely Kuster-Toksoz and Xu-Payne models, have been used to derive elastic properties of a carbonate reservoir.

Methodology and Approaches

The study of the elastic properties of rock physics on carbonate rock has been carried out through Kuster-Toksoz and Xu-Payne
rock physic models, two of which have two major advantages of calculation ease and flexibility of application for carbonates. In
this research, the required steps of the procedure for rock physic modeling have been carried out. These models have been built
and calibrated to well data to derive optimal elastic properties and to obtain reliable estimates of compressional wave velocity,
shear wave velocity, and density. These parameters have finally been used for estimation of fluid and lithological properties. The
main step consists of modeling each of the seismic rock properties over a specified porosity, clay content, and hydrocarbon type.
Another important step in this regard is to classify the pore space system in these inclusion-based models.

Results and Conclusions

Two models of Kuster-Toksoz and Xu-Payne rock physics have been evaluated and compared using petrophysical and
geological data, in a carbonate reservoir of an Iranian oil field. Observations have shown that although Kuster-Toksoz and Xu-
Payne models are considered for sedimentary rocks with the assumption of differential effective medium, these models are also
satisfied for carbonate reservoirs. Furthermore, the studied carbonate reservoir has been compatible with the Xu_Payne workflow
assumptions. Therefore, this study shows that the Xu_Payne model is more in line with existing data than the other model.
Microstructure and pore type are of the main factors that control the elastic properties of the carbonate rocks, thus, before any
model selection, the rock microstructure and pore type must be studied in detail. The results of this study can be used in feasibility
studies for time lapse (4D) seismic surveys as well as in the pre-stack inversion process.




