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Abstract: In order to identify and evaluate the rock wettability of shale oil reservoirs and deepen the understanding of the
crude oil producing in the reservoirs, this paper takes rock samples from the shale oil reservoirs in the West 233 area of Or-
dos Basin as the research object and carries out two—dimensional nuclear magnetic resonance (NMR) T,~T, map measure-
ment as well as spontaneous imbibition wettability experiment based on NMR technology in the state of fully saturated wa-
ter and irreducible water. In addition, the paper establishes the basic method for evaluating wettability based on the two—di-
mensional NMR 7,7, maps and selects parallel rock samples for core water flooding experiment based on NMR technolo-
gy, so as to analyze and evaluate the influence of wettability on the crude oil production characteristics during the water
flooding. The research results show that after the oil flooding water (i.e., in the irreducible water state) , the force between
the water and the pore throat wall is significantly reduced, and the water exhibits the characteristics of bulk relaxation in

the state of free fluid in the pore throat space. As a result, the wettability of the rock samples is oil-wet, which is consistent
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with the results of the spontaneous imbibition wettability experiment based on NMR technology. Therefore, it can be seen

that the wettability of the rock samples can be evaluated by comparing the two—dimensional NMR 7',~T, maps in different

states. During the water flooding, the crude oil is mainly produced in the medium and large pore throats of the rock samples

but poorly produced in small pore throats. When the capillary number of injected water is increased , and the oil-wet charac-

teristics of the rock in reservoirs are weakened, the crude oil producing in the small pore throats is significantly improved.

Therefore, the capillary number of injected water and wettability of the rock should be comprehensively considered during

water flooding development, so as to improve the water flooding efficiency of shale reservoirs.

Key words: shale oil; wettability; spontaneous imbibition method; two—dimensional nuclear magnetic resonance T,-T,

map ; oil producing ratio
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Tablel Basic physical properties of experimental

rock samples

HEE KB/ HAR L fLB BiE

ETR mm mm (grem™)  JE/% H/mD
1# 50.15 25.29 2.450 12.306 0.1390
2# 50.06 25.27 2.430 10.765 0.1100
3# 49.89 25.30 2.440 11.306 0.1210
4# 50.51 25.28 2.440 9.834 0.100 0
S5# 50.25 25.28 2.450 9.373 0.102 0
o# 50.05 25.30 2.432 9.470 0.1070
T# 50.23 25.30 2.423 8.620 0.103 6
8# 50.16 25.30 2.449 8.100 0.091 3
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Fig.1 Experiment results of cast thin section and constant rate mercury injection of sample 6#
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Fig.2 Two-dimensional NMR 7'\-T, maps of rock samples in fully saturated water and irreducible water states
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Fig.3 NMR T, maps in spontaneous imbibition wettability experiments
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Table2 Results of oil production, water production and wettability measured by NMR area method and reading
during spontaneous imbibition wettability experiments based on NMR technology
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Fig.4 Results of core water flooding experiment based on NMR technology
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Table3  Statistics of viscous force, capillary pressure drop,and total pressure drop under different wettability and capillary numbers
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.4 =
i; BB kA 180° 120°
El -1
(hmes™) WM s iEME BAVE RN GAJERE HWNIEE  EAENIER RIER
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1.5x10°¢ 25.00
300 0.003 166.667 -166.664 0.003 83.333 -83.331
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1x1073 166.67
300 0.019 166.667 -166.648 0.019 83.333 -83.315
400 0.010 125.000 -124.990 0.010 62.500 -62.490
1 8 333.300 50 000.000 -41 666.700 8 333.300 25 000.000 -16 666.700
10 83.333 5 000.000 -4916.667 83.333 2 500.000 -2 416.667
0.5x10™*  833.33
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400 0.052 125.000 -124.948 0.052 62.500 -62.448
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