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Abstract: There are abundant shale gas resources with great exploration and development potential in China. Porosity is a key parameter
of shale reservoir evaluation and shale gas reserve calculation. Shale is characterized by developed micro and nano pores, complex pore
structures and low permeability, which makes its accurate porosity measurement more difficult than that of conventional reservoirs.
Shale porosity measured by the plunger helium method under different experimental conditions is more different, and shale porosity
measured by different experimental methods is not comparable clearly. To solve these problems, this paper summarizes the advantages
and disadvantages of different shale porosity measurement methods in detail. Then, the Wufeng Formation—Longmaxi Formation shale
in the southern Sichuan Basin is selected as the research object to test sample drying temperature, evacuation time, helium saturation
equilibrium discrimination condition and helium equilibrium pressure by using the modified experiment devices for comparative analysis.
The differences between different measurement methods are clarified, and the recommended method for shale gas reservoir porosity
measurement is proposed. And the following research results are obtained. First, the suitable experimental conditions of the shale plunger
helium method include preparing plunger samples by linear cutting method, drying samples for more than 24 h at 105 °C, evacuating
sample chamber to 0.1 Pa, taking pressure change less than 0.21 kPa in 30 min as helium saturation equilibrium discrimination condition,
and setting helium injection pressure at 1.378 MPa. Second, compared with the conventional plunger helium method, the porosity
measured by the improved shale plunger helium method is significantly increased, with an average increase of 0.79%. Third, the porosity
measured by the parallel sample particle helium method is higher than that measured by the plunger helium method and the liquid
saturation method, which indicates that there are a few unconnected pores in the shale. Fourth, there is no significant difference overall
between the porosity measured by the helium method and the one measured by the liquid saturation method, and the former is slightly
higher when the porosity is lower. In conclusion, the improved plunger helium method with “evacuation + strict equilibrium condition”
has high reliability in effective shale porosity measurement, so this method is recommended firstly for shale porosity measurement. The
accurate porosity measurement is conducive to the selection of favorable shale gas areas and the calculation of shale gas reserves.
Keywords: Shale gas; Reservoir; Porosity; Plunger helium method; Granular helium method; Liquid saturation method; Method selection;
Experimental condition
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