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Abstract

Interpreting mud logging and gas data quantitatively remains a challenge due to uncertainties in data acquisition and the absence of robust data
quality controls. However, Beda and Tiwary have introduced a method that quantifies reservoir quality and water saturation (Sw) by utilizing
gas and mud logging data. This method applies the Beda and Tiwary equation (B&T), a technique designed for estimating water saturation
during drilling operations. While it is similar to the known Archie equation, which calculates water saturation based on resistivity and porosity,
the B&T equation differs by incorporating normalized gas data (specifically methane) and the Perforability Index (P1) as additional inputs for
predicting water saturation. The Gas Water Baseline (GW) acts as a reference point for 100% water saturation, derived from the normalized gas
count in a water-saturated zone. This can be linked to Ro (the resistivity of a 100% water-saturated reservoir) in Archie's formula and the
baseline seen in a Pickett plot. A key innovation in this methodology, introduced in this study, is the modification of the Pl and Normalized C1
equations to incorporate the impact of PDC drill bits, widely employed in the analyzed wells. Specifically, the number of bit nozzles can affect
bit pressure, while bit geometry influences performance, requiring adjustments to the formula to ensure accurate predictions. Additionally, the
control of the rate of penetration (ROP) was integrated to improve chromatography quality control. A porosity assessment methodology is
employed, involving the normalization of ROP by Normalized C1, followed by the calculation of the Perforability Index (PI). By applying data
science techniques, such as decisions trees and linear regression to analyze the relationship between P1 and PHIT, porosity is estimated using a
correlated well as a reference. The proposed methodological adjustment involves a statistical approach that examines the relationship between
these variables. This results in a single equation applicable for all wells in the basin, along with an associated error margin. The subject well,
drilled in the Amazon Basin, Brazil, within a barrier island depositional system shaped by macrotidal processes, displays five distinct facies
associations. The primary reservoir interval is comprised by foreshore sandstones, which shows superior permoporous properties (PHIE >
20%). The comparison of water saturation (Sw) values between the proposed method and the petrophysical analysis using the traditional
Archie equation (a=1, m=n=2) yielded an R2 of 0.92. For porosity, when compared to gas-corrected density-neutron measurements, an R2 of
0.82 was achieved. While the porosity correlation shows a slightly lower R2, the average values remain closely aligned. Additionally, the trend
and magnitude of the predicted porosity are consistent with those derived from log data. In summary, this methodology demonstrates its
potential for predicting both water saturation (Sw) and total porosity (PHIT) prior to wireline log acquisition. By using mud logging data for
early formation evaluation, it adds significant value, supports decision-making processes, and mitigates the risk of incomplete data scenarios
where operational constraints may limit the execution of later wireline logging operations.



