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ABSTRACT

The global energy demand is rising and production from mature fields is on the decline while oil
and gas companies are expanding activities into increasing challenging areas. Currently, mis-
interpretation of seismic data due to subtle features of complex reservoirs has resulted into bypass
of hydrocarbon zones and drilling of many dry holes. The combination of Simultaneous and
Elastic impedance inversion techniques had been applied to estimate amplitude variation with
angle (AVA) attributes such as P-impedance (Zp), S-impedance (Zs), density (p), lambda-rho
(Ap), mu-rho (up), Poisson’s-ratio (o), near and far-far elastic volumes with a view to reducing
risk, enhancing hydrocarbon discovery and optimizing development plans in ‘Sandfish’ Field
located offshore, Niger Delta. Four ‘Sandfish’ (Sfn) wells (Sfn-01, Sfn-02, Sfn-04 and Sfn-05),
check-shots and 3D seismic data of five angle stacks (6°-12°, 12°-18°, 18°-26°, 26°-32° and 32°-
42°) were used in the study. Sensitivity analysis involving cross-plots of petrophysical and elastic
properties from well data was first carried out to establish rock property relationships in the
interval of interest. Biot-Gassmann fluid substitution analysis was also used to reveal variation of
rock properties to pore-fill types. Low frequency (0-2 Hz) models were generated from
interpolation of high-cut-filtered compressional wave velocity log (P-sonic), shear wave velocity
log (S-sonic) and density log guided by interpreted four seismic horizons. The low frequency
models were used to broaden the spectrum and estimate the elastic volumes. The five partial angle
stacks varying from 6°-42° were simultaneously inverted using Jason’s Rock-Trace® inversion
software which iterated trial inversions until the model sufficiently matched the seismic data. The
near (6°-12°) angle and far-far (32°-42°) angle stacks were inverted to compliment the results
from the simultaneous inversion. The inverted Zp, Zs, and p volumes from simultaneous inversion
were used to derive o, volume of sand (Vsand), Ap and pp volumes. The Sensitivity analysis
carried out established that Zr and Zs were good candidates for lithology and fluid discrimination
in the field of study. The cross-plot of Inverted Zp and well Zp gave correlation coefficient of 86%
indicative of high quality inverted volume which will reduce exploration risk. The study revealed
that Ap was a better lithology and fluid discriminator when compared with other derived elastic
volumes used in the study. The inversion results further showed good match with well logs from
Sfn-04 away from the well control reflecting that the technique could be adopted in areas with
limited well data. The elastic volumes revealed good correlation at 1850 ms and 2050 ms though
the prospects were more visible at the far-far elastic volume compared to Zp from simultaneous
inversion and near elastic volume. The low o from the fluid prediction map showed presence of
hydrocarbon while lithology map reflected high Vsand of good quality. The study concluded that
rock-property models from simultaneous and elastic impedance inversions were effective
predictive tools for lithology and fluid types.

Keywords: Elastic Impedance Inversion, Simultaneous Inversion, Low Frequency Models,
Reservoir Development.
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