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Comparison of Castagna’s relation with DSI data for estimation of Vp/VS
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Summary

Seismic velocities in rocks are used as indicators of their petrophysical properties. Vp/Vs
has been used for many purposes, such as a lithology indicator, degree of consolidation,
identifying pore fluid, and predicting velocities. The velocity ratio (Vp/Vs) usually
depends on porosity, degree of consolidation, pore geometry and other factors. Vp/Vs is
used as a lithology indicator for hydrocarbon detection. This ratio decreases with gas
saturation. The Vp/Vs crossplot is used to identify fluid type based on the fact that shear
wave velocity is more sensitive than the P-wave velocity due to the fluid effect. Two
multicomponent measurements are important for gas exploration. These include Vp/Vs
ratio and anisotropy behavior (Rojas, 2005). The results from laboratory and dipole sonic

log data analysis showed that lithology has a significant influence on Vp/Vs ratio.
Castagna, et. al. (1985) presented some empirical relation between P- and S-wave
velocities. Wang (2000) developed an empirical equation that predicts S-wave velocity
using the bulk density of the saturated rocks, the pore fluid modulus and the P-wave
velocity. Brocher (2005) reviewed the existing Vs as a function of Vp, and proposed
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several new empirical relations based on a wide-variety of common rock types.

When there is no shear wave log for a well, we must estimate Vs from Vp with
correlation relations. Shear wave velocity associated with compressional wave velocity
can provide accurate results for geophysical study of a reservoir. These studies have
important role in reservoir characterization such as lithology determination, identifying
pore fluid type, and geophysical interpretation. Vp/Vs is sensitive to gas in most clastic
rocks and will often show a decrease due to its presence. Besides, shear wave velocities
are much more sensitive to fractures than the P-wave velocity.

Dipole sonic tools such as DSI are designed to excite both compressional and flexural
energy in the borehole and are thus able to directly measure both compressional and shear
wave speeds in all type of formations. A dipole source excites the borehole flexural mode

that provide a means to determine shear wave velocities.

Wave velocities and attenuation are two important properties that provide information
about the saturation of the reservoir rocks. In general, by going deeper, the formation
becomes harder and more rigid, with both Vp and Vs increasing and Q factor becoming
higher. Generally, a high attenuation corresponds to a low velocity and a high Vp/Vs. The
attenuation effects are directly related to the quality factors Qp and Qg as well as the
Qp/Qs ratio. Qp is noticeably affected by the presence of hydrocarbons. The ratio of the
quality factors (Qp/Qs) is large in wet rocks and small in the gas zones.

In this study, the log data for two wells from the South Pars gas field and the analysis
of DSI in one of the wells are used to develop relationships between Vp and Vs.
However, in order to apply the relations obtained between elastic properties of the rocks
and petrophysical properties, it turns out to be necessary to calculate the elastic properties
from seismic data, such as Vp/Vs. When there is no shear wave log for a well, we have to
estimate Vs from Vp with correlation relations. In a well (well I) relationships between
Vp and Vs near the walls of a borehole for Kangan (K1 and K2) and Dalan (K3 and K4)
Formations of South Pars field are determined. The P- versus S-wave velocity crossplot
for all layers, show very good correlations. Correlation relations between Vp and Vs
could be used for two other wells (II and III) in which Vs was obtained with Castagna’s
relation. The Q factors are obtained in the wells II and III as well.

S-wave velocity estimation based on Vp could be used for regions wherein we have no
core sample and DSI data. Also, the relations between Vp and Vs for other parts of this
field are obtained by estimation of S-wave velocity. Finally, the relation between P- and
S- wave velocities are obtained from DSI in comparison with Castagna’s relation. A good
relation between Vp/Vs and Qp/Qs is then found based on the Vs used from DSI.

Keywords: Vp/Vs ratio, DSI, correlation relations, Castagna relation, Q factor and Qp/Qg ratio
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