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Fig.1  Schematic of pore structure in shale and definition of

—> L

pore types (modified from Nishiyama et al."”)

Lz = actual migration distance of hydrocarbons; L. = unit length of sample
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Fig.2 The path of fluid molecules into the pore space by mercury injection capillary pressure (MICP)

and low pressure N2 adsorption (LPNP) (modified from Rouquerol et al.”)

(a) closed pore; (b, ¢) blind pores; (d) open pore;(e) roughened surface
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Table.1 Parameters of the shale samples
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Fig.4 SANS profiles (a) original scatter curve; (b) background-subtracted scatter
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Table 2 Parameters used in calculation of scattering length density (SLD)

L/lpies i P M (g/em?) T2l SLD/(x10" cm?)
P 2.65 Sio, 4.18
it 271 CaCo, 4.69
Hzfi 2.86 CaMg(CO,), 5.44
A 2.61 NaAlSi,0, 3.97
B 5.01 FeS, 3.81
BRI 2.70 K(ALMg) (Si,AD0,,(OH), 3.8
S 2.35 Nay, (AL, Mg, ,)Si,0,,(OH) H, 3.26
L3/l 3.00 (MgyAlL,) (ALSi;)0,,(0H) 3.75

L HUET K % 7 2831 5 - hitps://www.nenr.nist.gov/resources/activation/
R3 BHMABHREHEIERNILESEESH

Table 3 Values of porosity and other parameters obtained from SANS analyses

FEMS SLD/(X10" ¢m™) PDSM fLER % /% SHIEYEEL FLBF /(10" /em?) PEALBR A% /mm
W201-2 4.04 2.70 2.85 22.45 72.50
W201-3 3.97 2.48 3.00 4.62 170.13
W201-13 4.25 2.97 2.72 2226 74.15
W201-15 4.05 254 2.66 21.27 59.87
W201-30 4.11 1.70 2.36 29.97 29.70
W201-34 4.03 1.10 2.69 14.19 53.35
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Fig.5 Original curve and pore size distribution histogram of fluid invasion methods

(a) MICP mercury injection and ejection; (b) MICP pore size distribution; (¢) LPNP isothermal absorption curve; (d) LPNP histogram of pore size distribution

x4 BEERMBSHEHKNHTELREHRSE
Table 4 Pore structure parameters of shale obtained by MICP and LPNP

R (3~35 451 nm)

SUSE R (1.7~220 nm)

P B R (o) LI L AW AR e
Fif2/nm (3~128 nm) (1.7~128 nm)
W201-2 0.86 2.45 63.23 84.41 3.37 5.53 37.59
W201-3 0.79 2.74 16.15 74.08 2.73 5.66 44.96
W201-13 2.66 2.57 17.99 42.12 5.11 6.41 13.97
W201-15 3.15 2.44 11.82 20.30 4.84 6.39 4.72
W201-30 1.23 2.52 7 385.75 98.49 2.57 3.71 24.41
W201-34 0.77 2.66 8 856.85 94.97 1.90 5.01 13.64
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The Structure and Evolution of Closed Pores in Shale Determined by
Small Angle Neutron Scattering
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Abstract: With the development of increasingly precise and quantitative characterization of shale pore network struc-
tures, the content, structure and evolution of closed pores in shales has attracted widespread attention. To study the
closed-pore characteristics of shale, methods such as small angle neutron scattering (SANS), low pressure N, adsorp-
tion (LPNP), mercury injection capillary pressure (MICP), argon ion polishing field emission scanning electron mi-
croscopy (AIP-FESEM) and other methods were used to determine the content and structure of closed pores in the
early Silurian Longmaxi Formation, the Upper Ordovician Wufeng Formation and the early Cambrian Qiongzhusi For-
mation shale in well W201, Sichuan Basin. The experimental results show that closed pores are developed in all three
formations at well W201. Their development is related to the organic pore network system. A good positive correlation
was found between the fractal dimension and the closed porosity of Longmaxi shale in the Wufeng Formation. Analysis
of the depth of the three formations showed that, with increasing depth, the percentage of closed pores in shale gradu-
ally increases when measured by MICP, the main reason being that, as shale pore throats change, the smallest
throats disappear, thus raising the lower limit of the amount of mercury that can fill the pores. By comparing the re-
sults of LPNP and SANS, the closed pore sizes at well W201 descend in an orderly manner in shale from all three for-
mations. This study of the properties of closed pores in shale reservoirs provides a new idea for evaluating the storage
capability and permeability of shale reservoirs, and also has important geological and engineering significance in
shale oil and gas exploration and development.

Key words: closed pore; small angle neutron scattering; fluid-invasion methods; pore structure ; marine shale



