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Abstract: The shale reservoir has tight rock, small pore throat, and very low permeability The knowledge of flow
mechanism in shale is the key to improving the recovery of shale oil and gas. By conducting low-temperature liquid
nitrogen (LN,) treatment experiments on shale cores and experiments of cyclic injection of CO,, the effects of cyclic
gas injection at different injection pressures after low-temperature LN, treatment on the recovery of shale oil, physical
properties of cores, and relative permeability of oil and gas were studied, and the changes in the microscopic pore
structure before and after the treatment were identified. The experimental results show that after LN, injection, the
shale can generate a thermal stress of 313.5 MPa, inducing the formation of micro-fractures. The volume expansion
effect of LN, vaporization and cyclic injection for CO, can form a re-pressurization mechanism in the core after the
formation of micro-fractures, expanding the induced fractures and improving the permeability. The recovery by CO,
huff and puff is proportional to the injection pressure. The cumulative recovery by the first and third rounds of
supercritical CO, huff and puff are 32.4% and 34.9% higher than those of subcritical CO, , with an increase of 154.6%
and 101.7%, respectively. The number of required huff and puff cycles for high-pressure CO, injection is reduced, and
the produced oil mainly comes from the first two rounds of huff and puff. Compared with that of the initial shale core,
after supercritical cyclic CO, huff and puff, the average pore size increases by 176%, and the maximum relative
permeability of oil and gas increase by 1.8 and 2.3 times, respectively. The research results provide a reference for the
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production increase of shale oil and gas.
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Table 1

Basic parameters of experimental shale core

LR FAA/mm K mm FLBEEE, % BiE%10°mD AN SR, % SFIARSTER, %

et ey

1 38.25 51.75 7.32 0.45
2 38.14 54.21 7.47 0.37
3 38.16 52.42 6.74 0.24
4 38.11 51.56 7.21 0.33

2.11 1.15

LN, fiG i AL Bi+4 MPaf§FFi3:CO, Tt

2.83 121 LN, IR 4 FE+7 MPa§FF d:CO, it
3.03 1.18 LN, G AL H+10 MPafF3Fid:CO, it
2.81 1.07 10 MPafff 3 {3 CO, A O LIRS )
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Table 2 Thermal stress and calculation parameters formed during low-temperature treatment

UGS R0 MPa RS BUBERREU10° €T IRRLNEERTEE/C  ARRLNACBSEE/C % J1/MPa
1 61.0 0.296 15 78.5 -177.3 303.3
2 56.4 0.284 15 78.5 -181.1 281.9
3 70.3 0.311 15 78.5 -178.6 355.5
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Fig.9 CT scan images of three end faces of initial core and core after low-temperature LN, treatment and cyclic gas injec-

tion
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Fig.10 Changes in relative permeability curve of shale oil
and gas before and after treatment
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