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Abstract

This study systematically investigates the seepage characteristics and oil displacement efficiency of
different displacement media (water, Nz, and COz) in low-permeability sandstone reservoirs through
threshold pressure gradient experiments and high-temperature high-pressure online nuclear mag-
netic resonance (NMR) experiments. The threshold pressure gradient test, based on the pressure
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difference-flow rate relationship, reveals a trend of decreasing start-up pressure from liquid to gas
displacement media, and a negative correlation between threshold pressure and reservoir perme-
ability. High-temperature high-pressure NMR under simulated reservoir conditions captures the
dynamic morphology and seepage behavior of displacement media in porous cores, elucidating the
micro-scale mechanisms of oil recovery. The results indicate that the displacement efficiency fol-
lows the order: COz > water > Nz, with COz showing superior efficiency due to its solubility and vis-
cosity reduction characteristics.
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Figure 1. Experimental flowchart of threshold pressure gradient test
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Figure 2. Typical non-darcy flow curve
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Figure 3. Relationship curve between pressure gradient and flow rate
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Table 1. Threshold pressure gradient experimental data

# 1 BRIENBESSREHE

JEBIE S8 E, MPa/m BIER, 10° um?

1.44 1.22
0.097 1.55
0.37 241
0.303 2.87
0.256 1.63
0.208 2.42

B
KR J5 3 18
KR Ji5 3 FE 78
FAIRE B S8
FRIRE BN S8
¥ CO2 IR 5 3 £ 1B FE
1 CO2 WK JE 3 K 16 FE
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Figure 4. Core imaging before and after experiment
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Figure 5. T2 spectrum variation during CO: flooding
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Figure 6. Oil recovery at different stages of CO: flooding
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Figure 7. Displayment experiment flowchart
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Figure 8. NMR principle schematic
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Table 2. Oil recovery efficiency experimental data
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