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Abstract

This case study focuses on the giant pre-salt Bacalhau field located within the Santos Basin. The Bacalhau field hosts light, overpressured, and
undersaturated oil within lacustrine carbonate reservoirs of the Barra Velha formation. In 2021, OBN seismic data were acquired over the field
leading to considerable imaging uplift as well as improved Amplitude Versus Angle (AVA) fidelity relative to previous streamer seismic
datasets. Here, we present the results of total porosity prediction volumes for the Bacalhau reservoir derived from multi-attribute linear
regression between OBN seismic attribute volumes (including elastic inversion outputs) and total porosity estimated from wireline well logs.
Of particular interest, these porosity prediction volumes were generated based on constraints from log data from five initial
exploration/appraisal wells drilled within the field between 2012 and 2019. Subsequently, between 2022 and 2024, six additional wells were
drilled in the field enabling multiple true blind tests of the multi-attribute porosity prediction volumes. Methods Prior to generating multi-
attribute porosity prediction volumes, facies-based and constrained sparse spike simultaneous elastic inversions of 4 LSRTM OBN angle stacks
covering an angle range from 0 to 31° were performed to generate acoustic impedance and Vp/Vs ratio volumes over the Bacalhau reservoir
interval. Total porosity logs were estimated from wireline nuclear magnetic resonance logs for the five wells drilled within the field at the time
of this study. Porosity prediction volumes (one for each elastic inversion) were then estimated based on multiattribute linear regression between
PHIT logs and the following seismic attributes: inverted acoustic impedance, inverted Vp/Vs ratio, near stack instantaneous amplitude, the first
derivative of near stack reflectivity, and a 5-10 Hz bandpass filter of the near stack. Results and Conclusions After these porosity volumes were
generated, six additional wells were drilled and logged in the Bacalhau reservoir, enabling a true blind test of the multi-attribute PHIT
prediction volumes. Based on a comparison with well logs, we found that the estimated porosity volumes were broadly predictive of average
PHIT trends within the lacustrine carbonate rocks of the upper subdivision of the Barra Velha reservoir (BVE100), though the match to
absolute porosity was only fair. In the more heterolithic lower subdivision of the Barra Velha Reservoir (BVE200), the overall predictions of
both absolute porosity and porosity trends were poor. However, we also found that if we excluded wells with relatively high proportions of
Mg-clays in this interval, the correlation between predicted and actual PHIT was significantly improved. The observed inaccuracy of PHIT
predictions from seismic attributes in more Mg-clay rich reservoir rocks in this interval may be related to challenges in accurately predicting
Vp/Vs ratios at Bacalhau based on elastic inversions, which, if accurate, should help to differentiate more Mg-clay rich carbonates from Mg-
clay poor rocks. Conversely, the fact that these porosity volumes appear to be broadly predictive of average porosity trends in the typically
“cleaner” carbonates within the upper BVE100 reservoir unit of the Bacalhau field highlights the utility of seismic multi-attribute porosity
prediction methods for reservoir characterization in the pre-salt.



