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

example
L1 Juan®? WANG Shengjian®, TIAN Yukun®, ZHOU Hui*, LIU Ce *, XUE Zongan®
(1. Oil & Gas, Survey, CGS, Beijing 100083, China; 2. China University of Geosciences (Beijing), Beijing,
100083, China; 3. Command Center of Natural Resources Comprehensive Survey, CGS, Beijing 100055, China;
4. Research Institute of Petroleum Exploration & Development, Beijing 100083, China)

Abstract: This paper is the result of the geothermal 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 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
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brittleness index based on rock mechanics, mineral composition and element composition is established by using
principal component analysis method, which 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; oil-gas geological survey engineering; western Hubei Province

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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PNVEFSE, 2015; FERBEE, 2016; HESCFAE, 2018). MLIHHIAT AW L R AT LA H,
RAEMEEFREU AR 2 TE KRB LU N LR JL3E . — R A A A 7 M )5 S (R e 5,
2016; MP4E, 2021). I INER 2 2A 0 R A IR IR B A T 2 b G 246 P BB A P 31 A = 111l
SIS AR e R R SR A AR LRI IE M AL 3% (Dashtian et al, 2011; JIN
et al, 2014; Hui et al, 2018;Xinpeng et al, 2020). %1 Rickman 2 (2008) A\ A% A7 I fE 1 3= %
X AR JRA LA, R IE— BRI 1A A R S HOR AT A IE MEVE VRN (R 7
W IREESE (2020) FELRG IR A VE T AN J5 IR RE AR fS , JESL T — R T4 R )
AR 2% HLRT DL B A AR AR AR BOPAN O E . R ISy, YR
PEflE ARG A EENER R, SE AR R %Y Cfls s, 2018). (Hi2
X e, H AR g IIARiE (CEIRESF, 2016; {#H5%, 2020; Arvie et
al,2007). FEB AU NAE, KA. BRI BRERERT W3 I (E A ME 4, AL DA
o — KB LRI AN Y. =RFHICRA S, TR EEFERRERR=E EHETR
IR X SFETTRFIHIRA, AR TR AT IEVECEAT (505, 2014; FMZLAE4E,
2020,
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R —RAETUANEME M 7 A R R, a0 25 & 5 2877 A A o R i v AR L
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Fig. 1 structural outline of Yichang area, Hubei province, China.( Revised by Chen Xiaohong

et al. (2018))
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Table 1 Composition of mineral from the drilling wells in western Hubei
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Table 2 Composition of elements from the drilling wells in western Hubei
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Fig.2 Results of acoustic (P-wave velocity, shear wave velocity and wave shape) of core samples under different
temperature and pressure conditions (20°C, 80MPa)
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Fig.4 Dendrogram of mineral composition cluster analysis of Lower Cambrian Niutitang Formation in
Western Hubei
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