A Workflow Proposal for Automated Well Tie Applied on a Regional Scale. Case study in the Campos Basin-Brazil
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Abstract

Geophysical seismic analysis is often performed in the time domain, while well data are in depth. In this way, geoscientists must create a Time-
Depth Relationship (TDR) for all required wells, facilitating the integration of well and seismic data to support interpretation workflows.
Traditionally, the well-tie workflow involves calculating well reflectivity from P-sonic and density logs and convolving it with a wavelet to
generate a synthetic seismic trace. In this context, geoscientists strive to match the primary synthetic reflections with the corresponding seismic
feature while updating the TDR to improve the match between the seismic and synthetic response. This task is laborious for several wells and
may become restricted for a hundred wells. In this case study, we applied a methodology towards fully automated, tying 220 wells. This
approach allows the simultaneous integration of all necessary data for the well-tie and wavelet extraction. The water columns of the wells’ vary
from 50 m to 2,800 m. This range allows targeting shallow and deep areas, facilitating an understanding of seismic responses due to the
heterogeneity of geological and depositional environments. To address this complexity, our workflow involved partitioning the wells based on
the water column depth to capture the common seismic response. In this way, wells were categorized into three depth groups: shallow (50 to
450 m; 130 wells), transitional (450 to 1,850 m; 63 wells), and deep (>1,850 m; 27 wells). All wells used have P-sonic and density logs
available, and the TDR were created by combining wells and seismic velocities. This investigation employed an automated methodology
focusing on a regional perspective. Consequently, all valid well-log extensions were considered for reflectivity and synthetic seismic trace
calculations. The results were analyzed on the three primaries sets of wells, focusing first on synthetic-seismic trace correlations and their
predictability at well locations. Subsequently, the frequency-phase spectrum of the estimated seismic wavelet for each set of wells was
examined. The trace correlation presents the most straightforward metric for quality control. Predictability values did not align with correlation
results. The good correlation did not imply good predictability. Correlation results were categorized as excellent (> 70%), good (50% to 70%),
regular (30% to 50%), and poor (< 30%). Analysis of the distribution of the results revealed that more than 47.3% of the individual final
metrics fell into the excellent and good correlation categories. Regular correlation accounted for around 28.6%, while poor correlation
comprised 24.1%. All three well sets did not indicate significant phase rotation or time shift correction needs for the estimated seismic wavelet.
In terms of amplitude spectrum, all three wavelets showed consistent frequency content values with a simple shape and stable energy with
limited side lobes, honoring the amplitude seismic spectrum as expected. Moreover, the run time of this approach drastically reduced the order
of magnitude, taking only a few minutes to run for each well set individually. Given the variation in well extension, the complete reflectivity



interval may vary from less than 400 ms to more than 1,500 ms; the results represent a significant achievement, considering the large number
of wells and the time consumed for this task. Only poor results necessitate addressing manually as needed.



