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Precise identification and threshold inversion of pores and fissures in CT digital coal
rock based on Bi-PTI model
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Abstract: In the research area of the CT digital coal petrography, the selection of gray threshold directly affects the accur-
acy of spatial structure remodeling. To allow the pores and fissures space remodeling data to more accurately represent the

real structure and improve the reliability of research on microscopic seepage of coal rock, the mapping relation between
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the CT digital coal rock porosity and gray threshold is established. Also, the distribution rule of gray threshold is adopted
to conduct a quantitative analysis of the development features of pore, fissure and matrix. The Bi-PTI (Biphasic Pore
Threshold Inversion) model is established for the identification of pore and fissure structures. The value inversion of the
optimal gray threshold of pore and fissure based on the CT scanning data of metamorphic coal, and the comparison of
porosity obtained with the model against the mercury injection test value are conducted. On the basis of the optimal gray
threshold inversion results, the spatial structure of pore and fissure is remodeled and compared with the Otsu model
through the parameters of spatial structure and topological structure. Research results indicate that the porosity based on
the CT digital coal petrography is in asymmetrical S-shaped distribution as the threshold value increases, with the features
of exponential increase and logarithmic climb at different sections. The Bi-PTI model can fairly reflect the mapping rela-
tion between porosity and gray threshold, and represent the development features of pore, fissure and matrix. The porosity
calculated through the Otsu model is as high as over 70%, the porosity calculated by the MP-Otsu model is greatly af-
fected by the mineral content while that calculated with the Bi-PTI model ranges from 0.40% to 16.22%, more close to the
mercury injection test data. The Otsu model is most likely to neglect the topological structure with partial pores and fis-
sures. The MP-Otsu model is not effective for constructing the topology of coal samples with low mineral content, while

the Bi-PTI model can better identify the topological features in the locations of the defect and faithfully restore the pore

throat abundance and connectivity in the pore and fissure topology.

Key words: digital coal rock; coal pores and fissures; Bi-PTI model; spatial structure; topological attributes
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Table 1 Fitting parameters based on Bi-PTI model
JRE 71/10°HU 75/10°*HU 1074 5107 - R

YCWHHE 5324 3.814 3.110 0.935 0.435 0.999 90
XGA 1.925 2.408 1.490 1.110 0.506 0.999 81
SLAEJE 2.101 3.824 1.960 0.672 0.893 0.999 82
SQYfEME 1311 2.448 2.100 0.812 0.654 0.998 74
YMY JCHHHE 2.824 3.048 3.650 2.540 0.334 0.999 96
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XGAHME 12 883 11 814 10 768 19.02 7.13 4.17 4.20 0.264 0 0.090 6 0.0354 0.037 5
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Fig.10 Spatial structure reconstruction results of pores and fissures in coal
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Table 3 Spatial structure parameters of pores and fissures in coal

TR AR /um RREHR10° pm? R RALBEAAY10° pm? fLBRECH
HHE Otsu MP-Otsu  Bi-PTI Otsu MP-Otsu  Bi-PTI Otsu MP-Otsu  Bi-PTI Otsu  MP-Otsu  Bi-PTI
YCWHEHE 124.381 22.227 20.887 1.167 1.046 0.979 80.602 0.429 0.382 1 30500 36969
XGAUE 85.616  44.313 11.831 58.424 1.195 0.211 26.287 0.635 0.069 70208 120403 144229
SLAEHE 99.263  48.702  45.569 10.212 1.883 1.842 5.121 1.081 1.053 71055 88793 89 832
SQY£EHE 109.893 78.875 53.984 2.232 1.712 1.510 72.263 0.643 0.590 1 48125 69072
YMY TCHHHE 67.292 35850  27.209 14.442 1.861 1.838 6.537 0.880 0.844 86807 114250 116704
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Fig.11 PNM topology structure reconstruction results of pores and fissures in coal
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Table 4 PNM topological structure parameters of pores and fissures in coal

) FLBTAERCEAR um I T A A um T S A B /um FLBRHC A&
et Otsu MP-Otsu  Bi-PTI Otsu MP-Otsu  Bi-PTI Otsu MP-Otsu  Bi-PTI Otsu MP-Otsu  Bi-PTI
YCWHHE 47.03 18.75 16.97 23.44 2.95 2.70 188.14 70.96 77.11 0.0379 0.060 3 0.062 1
XGUE 82.54 33.59 20.44 58.32 2491 3.24 170.25 136.54 84.57 0.0539 0.0749 0.0797
SLAE S 78.60 20.78 18.67 70.47 2.11 1.92 214.06 114.38 101.49 0.0418 0.0511 0.065 6
SQYfEME 63.58 26.34 12.52 77.07 15.80 1.79 625.38 125.80 88.31 0.029 6 0.0322 0.0334
YMYEME  44.96 19.16 15.04 12.55 221 1.84 164.81 82.42 77.76 0.0425 0.0547 0.066 0
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