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Quantitative evaluation of shale brittleness based on statistics: Taking shale of
Niutitang Formation in Western Hubei as an example

LI Juan'?, WANG Shengjian', TIAN Yukun®’, ZHOU Hui', LIU Ce*, XUE Zongan'

(1. Oil & Gas Survey, China Geological Survey, Beijing 100083, China; 2. China University of Geosciences (Beijing), Beijing
100083, China; 3. Command Center of Natural Resources Comprehensive Survey, China Geological Survey, Beijing 100055,
China; 4. Research Institute of Petroleum Exploration & Development, Beijing 100083, China)

Abstract: This paper is the result of geological survey engineering.
[Objective] The brittleness of shale reservoir is one of the parameters reflecting the fracturing quality of shale gas reservoir, which

has an important influence on the degree of difficulty of fracturing and the shape of fracture network. [Methods] In order to
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accurately evaluate the brittleness characteristics of Niutitang Formation shale reservoir in Western Hubei, systematic sampling,
whole rock mineral and clay content test, main and trace element content test, acoustic mechanics joint test and other analytical tests
were carried out on five wells in the south wing of Huangling anticline in Western Hubei. The quantitative evaluation of shale
brittleness was carried out by cluster analysis and principal component analysis. [Results] There is a close relationship between
minerals and rock brittleness, and the cluster analysis method can quantitatively characterize the effective brittle mineral composition
and non—effective brittle mineral composition in shale; The comprehensive quantitative evaluation formula of brittleness index based
on rock mechanics, mineral composition and element composition is established by using principal component analysis method,
which overcomes the limitation of single method and forms the brittleness index profile of Niutitang Formation shale section in
Western Hubei. [Conclusions] The results of microseismic monitoring and fracturing show that the newly established brittle index

profile can accurately indicate the high brittle layer of shale, and the fracturing effect is good.

Key words: shale gas; shale brittleness; mineral composition; mechanical parameters; elements; statistical analysis; Niutitang
Formation; geological survey engineering; Western Hubei

Highlights: Overcoming the limitation of a single method, a brittleness index model is established by using a variety of geological
factor mathematical models. The shale brittleness is quantitatively evaluated and tested in practice.
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Table 1 Mineral compositions of the shale samples in Western Hubei
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Table 2 Element compositions of the shale samples in Western Hubei
Jry, _ TCRE R/ %
Si Ca Mg K Al

YY1 (20.41~33.42)/28.12 (1.62~17.20)/4.79 (0.46~2.58)/1.07 (1.44~3.01)/2.09 (3.48~9.16)/5.74
YC2 (18.48~39.05)/24.48 (2.66~17.32)/8.89 (0.56~2.45)/1.8 (0~3.62)/2.48 (0.16~9.26)/6.98
YD1 (18.11~29.03)/24.58 (2.09~9.03)/4.34 (0.54~2.52)/1.51 (1.1~2.8)/2.06 (3.67~8.14)/6.37
ZD2 (21.17~36.67)/28.73 (1.21~14.83)/7 (0.51~2.32)/1.77 (1.12~3.22)/2.44 (2.05~9.83)/6.68
WD1 (3.99~33.92)/26.56 (0.26~25.47)/4.64 (0.42~10.46)/2.09 (0.15~3.5)/1.97 (1.02~11.26)/7.22
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Fig.4 Dendrogram of mineral composition cluster analysis of Niutitang Formation in Lower Cambrian, Western Hubei
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Fig.7 Brittle index profile of Well YY1
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