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Permeability characteristics of sandstone based on NMR-coupled
real-time seepage
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Abstract: Aiming at the problem that the traditional macro-relationship between porosity and permeability is difficult to
accurately predict the permeability characteristics of reservoir sandstone, the nuclear magnetic resonance-coupled real-time
seepage system is used to explain the variation of micro-pore-structure for sandstones in the process of penetration. The effects
of the multi-scale pore compression coefficient on the permeability characteristics are quantitatively analyzed. Then, a formula
for calculating the permeability of sandstone considering the pore compression sensitivity at multiple scales is proposed. The
results show that: (1) The deformation mechanism of multi-scale pores is different under different stress conditions. The
increase of the confining pressure leads to the obvious closure of large pores, while the increase of osmosis pressure promotes
the development and expansion of small pores. (2) The proposed method for the permeability considering pore compression
sensitivity at multiple scales has a good consistency with the experimental results.
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Fig. 1 Real-time on-line NMR analysis and imaging system for meso-coupled seepage of rock
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Table 1 Test conditions
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different confining pressures
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Table 2 Change rates and compression coefficients of pores at different scales under different confining pressures

EE/MPa Ve  Vep  AVep/Vo  Vap  AVyp/Vo  Vip  AVip/Vo  Csp Coe Cr Ce
1.7 622 4.10 — 1.95 — 0.66 — — — — —
2.7 604 431 512 1.77 923 047 2879  -0.049 0.092 0288 0262
3.7 592 424 34l 1.78 872 038 4242 -0017 0045 0210  0.177
47 576 424 34l 1.69 -1333 029  -56.06  -0.011  0.046  0.185  0.158
5.7 573 424 341 1.69 -1333 027 -59.09  -0.008  0.034  0.147  0.124
6.7 568 422 293 1.67 -1436 024 6364  -0.006 0.029 0127  0.106
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Table 3 Change rates and compression coefficients of pores at different scales under different osmotic pressures

BIE/MPa  Vp Vo AVep!Vo  Vap AV Vo Vip  AVip/Vo  Csp Cwp Cir Ce
0.5 6.07 2.70 — 2.63 — 0.73 — — — — —
0.6 6.25 3.12 15.33 2.63 0.20 0.70 —4.69 -1.533 -0.020 0.469 -0.635
0.7 6.42 3.50 29.41 2.49 -5.36 0.60 -18.41 -1.471 0.268 0.921 -0.428
0.8 6.70 3.65 35.23 2.46 -6.27 0.58 -20.57 -1.174 0.209 0.686 —-0.349
0.9 6.93 3.78 39.75 2.49 -5.23 0.66 -10.12 -0.994 0.131 0.253 —-0.355
1.0 7.07 3.84 42.29 2.49 -5.25 0.66 -10.35 -0.846 0.105 0.207 -0.306
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