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Quantitative evaluation of organic and inorganic pore size distribution
by NMR: A case from the Silurian Longmaxi Formation
gas shale in Fuling area, Sichuan Basin

Li Jun"?,Jin Wujun', Wang Liang’, Wu Qingzhao' ,Lu Jing' ,Hao Shibo'

(1. Petroleum Exploration and Production Research Institute ,SINOPEC , Beijing 100083 , China ;2. State Key Laboratory of Shale Oil and
Gas Enrichment Mechanism and Effective Development , Petroleum Exploration and Production Research Institute ,SINOPEC ,
Betjing 100083 , China ;3. Southwest Petroleum University , Chengdu , Sichuan 610500, China )

Abstract ; The micro-pores present different wettability in shale gas. The organic pores are oil-prone wettability and the
inorganic pores are water-prone wettability. Based on the differences of wettability between different pore types of shale,
Nuclear Magnetic Resonance (NMR) T, spectrum is used to determine the pore size distributions of both organic and
inorganic pores. The specific procedures are as follows. Firstly, NMR experiments are performed separately on shale core
samples saturated with brine and dodecane respectively to identify T, spectra of the organic pore and the inorganic pore.
Secondly , joint mercury injection capillary pressure ( MICP) and liquid nitrogen adsorption experiments are carried out to
establish the quantitative relationship between T, and pore-diameter distribution(r, =527, ). Finally, this formula is used
to determine the pore size distribution of organic pore and inorganic pores. These methods are applied to the evaluation of
the pore size distribution of the shale gas reservoir in the Silurian Longmaxi Formation in Fuling area, Sichuan Basin. The
diameters of organic pores are mainly distributed in the range of 2 ~50 nm with a peak at 10 nm, and some are in the
range of 200 ~500 nm. The inorganic pores show a wider range of diameter,i. e.2. 5 nm ~ 500 nm, with a peak at 50 nm.
The micro-cracks show the largest size scale and range from 4 pm to 10 wm in width,with a peak at 5 pum. The pore size
distributions derived from NMR coincide with that derived from FIB-SEM quantitative analysis. NMR experiment can
measure the whole core and thus can reflect the real in-situ pore size distributions of organic pores and inorganic pores of

gas shale. Moreover, the cost of NMR measurement is low, thus demonstrates a good application prospect in gas shale
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evaluation.
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Fig. 1 Flow chart of NMR 7, spectrum measurement of shale

cores saturated separately by brine and dodecane
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Table 1 Petrophysical properties and mineral compositions of the shale samples from the Longmaxi Formation in Fuling area

T SR E R % K LAYy 2803 e %

Py H/m fLBREE/ % TOC/% » A :

K Koy fse ERA BRA IO Asf B RO P/ SERE g/ 5RZ s
H1 % 2584.73  5.77 3.50  38.49 42.70 2.06 572 3.93 3.81 3.30 5128  7.69 0 41.03
H8 % 2595.85  4.78 2,59 29.40 4515 4.57 10.27 7.19 0 3.41  66.47  15.76 0 17.77
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Fig. 4 Relationship between NMR T, and pore size of core

samples saturated separately by dodecane and brine
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Fig. 6 Characteristics of inter-particle pores,micro-cracks and organic pores of gas shale

(H8) in the Longmaxi Formation in Fuling area
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