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Tight oil imbibition based on nuclear magnetic resonance signal calibration method
TANG Huiying, DI Kaixiang, ZHANG Liehui, GUO Jingjing, ZHANG Tao, TIAN Ye, ZHAO Yulong

(State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu, Sichuan 610500, China)

Abstract: This study explores oil-water imbibition dynamics in rock samples of tight sandstone with similar physical properties
using a novel NMR signal calibration method. This method can translate the total NMR signal output into oil volume via a
regression model, offering enhanced convenience and accuracy compared to traditional approaches. The imbibition process is
characterized by two distinct phases: a rapid imbibition stage and a stable imbibition stage. Optimal imbibition times were
identified as approximately 68 hours for oil from coal samples and 188 hours for tight oil samples. When imbibition times are
sufficient, the recovery ratios for oil from coal and tight oil are comparable. However, with insufficient imbibition time, the recovery
ratio for oil from coal is lower than that for tight oil. Within the same stratigraphic layer, samples with identical viscosity exhibit
similar imbibition dynamics, with tight oil samples reaching the stable stage more quickly than oil from coal samples. The pivotal
radius distinguishing large and small pores is established at 0.5 pwm. In low—viscosity crude oil samples, small pores significantly
dominate the imbibition process, contributing 83.93% to the recovery, while large pores contribute only 16.07%. The overall
mobilization of crude oil is low at 8.50%, frequently resulting in the formation of water locks. In contrast, tight oil samples show a
more balanced contribution across all pore sizes during the soaking period. The average utilization ratios of crude oil are 14.82% in
small pores and 29.82% in large pores.
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Fig. 1  Comparison of core physical properties before and after core segmentation
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Table 1 Parameter before and after core cutting

HOUSMET KBS HAR ALEES BB/ o HolaE T KBS HAR fLBE/ BB
I mm mm % (107 pm?) = I g mm mm % (107 wm?)
22-1 42173 3755 2531 1526 0.23

22 79.78 2531  14.13 0.0116 Ko,
22-2 44314 3931 2531  13.67 0.20
49-1 37.976 3441 2517 1472 2.25

49 7250  25.17  13.86 0.2230 Ke,
: 49-2 38.964 3524 2517 1411 2.36
57-1 42371 3726 2527  13.28 0.08

57 79.15 2527  12.54 0.0517 e,
57-2 43473 3786 2527  11.87 0.06
58-1 46.177  37.69 2527 9.12 0.07

58 78.80  25.27 7.90 0.020 2 e,
58-2 45559 3737 2527 8.31 0.05
19-1 41.545  37.63 2520  14.37 0.20

19 77.86 2520  15.18 0.050 0 Ko,
19-2 40.953  37.30 2520  15.66 0.28
17-1 40963 3743 2522 1218 0.65

17 78.73 2522 16.36 0.108 0 Ko,
' 17-2 41276 3772 2522 17.59 1.26
47-1 44536 39.58 2528  14.16 0.29

47 8140 2528  13.83 0.1020 Ko,
' 47-2 45798 3844 2528  14.67 0.19
50-1 36.934 3351 2526 1644 3.58

50 7092 2526  15.14 0.354 0 K6,
50-2 37.669 3404 2526 1594 2.66
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57-1 1.840 0.414 22.52 50
58-1 1.090 0.283 25.94 68
17-2 2.344 0.251 10.72 166
19-2 2.238 0.302 13.50 188
22-2 1.832 0.183 9.97 188
47-2 1.374 0.234 17.02 188
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