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Abstract: In oil-based mud drilling environments and regions with well-developed high-water-cut formations, the differences in
physical properties between oil-based mud filtrate and formation oil are marginal. Consequently, traditional fluid identification
technologies for wireline formation testers, which rely on physical parameter detection, face critical challenges such as low
identification accuracy and weak anti-interference capabilities. These issues severely restrict the advancement of wireline formation
testing technology toward high-precision characterization. To address this, a quantitative correlation between light absorption intensity
at specific wavelengths and the concentration of light-absorbing substances was established based on the Beer-Lambert Law. By
encoding the regression vector of the target substance into the transmission function of an integrated optical computing element, the
optical detector can directly output the target substance concentration without requiring complex data inversion. This establishes a
novel downhole fluid identification method based on multivariate optical computing technology, facilitating both qualitative and
quantitative analysis of formation fluids. The new-generation Reservoir Description Extended Tool ( RDxT) was applied in field
operations at appraisal wells in the Huabei oilfield. Field applications demonstrate that the detection accuracy for 12 target
components consistently exceeded 95%. Notably, the measurement error for methane concentration was < 1%, which is
significantly superior to the 5% error margin of conventional technologies. This method offers a fundamentally new technical

pathway and instrument design concept for downhole fluid identification in wireline formation testing, holding significant engineering
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application value and broad prospects for promotion.

Keywords : multivariate optical computing; optical computing element; wireline formation testing; fluid identification; chemometrics;
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