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Abstract

Seismic imaging in geological complex areas remains a critical challenge for oil and gas exploration, particularly in the Colombian Eastern
Foothills, where abrupt topography and highly heterogeneous weathering layers introduce significant near-surface distortions. This study
addresses a fundamental question in seismic processing: Can advanced velocity model updates workflows (dynamic correction) such as Joint
Reflection-Refraction Tomography (JRR) replace traditional static corrections in data-driven velocity model updating context considering
Kirchhoff Prestack Depth Migration (KPSDM)? Using real seismic data from the Colombian Eastern Foothills, we compared two workflows.
The impact of each approach is evaluated based on Common Image Gathers, reflector continuity and overall seismic image quality: (1) The
standard JRR tomography workflow suggests using pre-migration time gathers with reflection residual statics and refraction short-wavelength
statics applied. Regarding the velocity model, the workflow suggests using an updated Near Surface Velocity Model (NSVM) derived from
refraction tomography, combined with an RMS velocity model converted to interval Vp velocities for deeper zones. After updating the input
velocity model through JRR for which First Break Picks and Residual Moveouts corrections (RMO) must be calculated, the updated model is
used to perform KPSDM. In our case, only residual statics were applied to the pre-migration time gathers, as the refraction short-wavelength
statics were negligible. (2) The second scenario consists of applying refraction and residual reflection static corrections to the pre-migration
time gathers. Since the objective of refraction statics is to correct travel times for weathering layer effects, the NSVM used was not updated
using refraction tomography (to avoid double correction). Instead, it was constructed using a velocity gradient derived from First Break Picks
and uphole times information. Subsequently, JRR tomography was performed to update the entire velocity model, which was then used for
KPSDM. Our findings reveal that JRR tomography velocity model updates alone are insufficient to fully correct for near-surface complexities.
While it enhances imaging quality, it fails to adequately compensate for the velocity variations and topographic distortions that characterize
foothill environments. Refraction static corrections remain indispensable, providing a necessary adjustment before depth migration to ensure
accurate imaging. The best results were achieved by applying both refraction and residual reflection statics, using the NSVM based on a
velocity gradient where JRR tomography was performed to update the entire velocity volume, and KPSDM was run from a floating datum
(slightly smoothed topographic surface). This study delivers a clear message to seismic practitioners: static corrections are not obsolete—they



remain a crucial step in seismic imaging workflows for geologically complex regions. Furthermore, their analysis and potential application add
value in advanced novel contexts such as JRR tomography. These results provide valuable insights for optimizing seismic processing
strategies, ensuring superior imaging for hydrocarbon exploration in challenging environments.



