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Abstract: In horizontal drilling, electromagnetic wave resistivity logging—while—drilling (LWD) serves as a
core technology for geosteering. lts efficacy in precise wellbore trajectory control and real-time reservoir boundary
detection can directly affect the benefits of petroleum development. Traditionally, amplitude ratio and phase differ-
ence signals of apparent resistivity were measured with instruments to represent formation resistivity. However, the
distinct "horn" anomalies proximate to bed boundaries encapsulate critical information about boundary distance.
The boundary—detection potential inherent in these signals remains inadequately harnessed. To bridge this gap,
this study introduces a real-time boundary—detection inversion method based on apparent resistivity signals derived
from electromagnetic wave resistivity LWD in horizontal well. Firstly, the boundary—detection potential of apparent

resistivity signals was defined in accordance with fundamental resistivity measurement principles, and the Picasso
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charts for resistivity signal-based boundary detection were prepared for diverse single—boundary models. Subse-
quently, a single=boundary inversion model for resistivity signal-based boundary detection was established, the
iteration behaviors of model’ initial values were analyzed, and the inversion fidelity was rigorously validated.
Finally, the robustness of the proposed method was validated across stratigraphic models of varying thicknesses and
further corroborated through field data interpretation. Validation results demonstrate a high—fidelity reconstruction
of measured signals, confirming that parameter accuracy satisfies operational requirements within the effective
detection range. Applicability analysis reveals superior performance in formations exceeding 1 m in thickness.
Field case studies substantiate both the feasibility and stability of the method. Crucially, the proposed method
facilitates the rapid and precise extraction of formation resistivity and boundary distances in thick formations. By
integrating prior geological information, it delivers accurate boundary positioning even in the absence of azimuthal
measurements. This research provides a robust technical solution for geosteering operations in horizontal wells,
demonstrating significant engineering utility.

Keywords: electromagnetic wave resistivity logging—while=drilling; horizontal well; boundary—detection

inversion; boundary positioning; geosteering
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Fig. 1  Schematic diagram of the single~boundary model and

apparent resistivity response for electromagnetic wave

resistivity logging while drilling
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curves of the single~boundary model
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Table 1  Statistics of errors in near—boundary zone
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Table 2 Statistics of errors in far—boundary zone
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Table 3  Statistics of errors in blind zone
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models of varying thicknesses
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