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Abstract

Addressing the challenge of precisely evaluating remaining oil saturation in highly waterflooded
reservoirs, this paper conducts an in-depth study of the physical principles, technical advantages,
and engineering application value of pulsed neutron full-spectrum saturation logging technology.
Based on advanced neutron-gamma spectroscopy analysis principles, this technology innova-
tively integrates dual-spectrum information (inelastic scattering and thermal neutron capture)
for inversion interpretation. This effectively overcomes the severe interference caused by vary-
ing formation water salinity and complex pore structure after severe waterflooding, which ham-
pers traditional logging methods in calculating oil saturation. Using a typical highly waterflooded
block in the Jiangsu Oilfield as a case study, the research systematically integrates and compares
multi-source data, including field logging data, production performance data, and core analysis
data. This validates the technology’s outstanding capabilities in distinguishing water-flooded
zones, identifying low-resistivity oil layers, and locating remaining oil-enriched intervals. The re-
sults demonstrate that by constructing multi-parameter crossplots and response characteristic
models, the technology effectively identifies water-flooded zones of different intensities (weak,
moderate, strong) and accurately discriminates uninterpreted intervals. Ultimately, this technol-
ogy provides precise and reliable guidance for potential tapping measures (such as reperforation,
water shut-off, and fracturing) and adjustments to development layers and well patterns during
the late high-water-cut stage of reservoirs.
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Figure 1. Schematic diagram of a pulsed neutron logging tool
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Figure 2. Pulsed neutron logging tool
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Table 1. Comparison of neutron full-spectrum saturation logging and traditional neutron logging
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Figure 3. C/O-X intersection explanation diagram
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Figure 12. Zhuang 2-Block injection and mining well network diagram
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