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Rock Mechanical Properties and Brittleness Evaluation of Shale Gas Reservoir
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China;2. CCDC Drilling & Production Engineering Technology Research Institute, CNPC, Chengdu, Si-
chuan, 618300, China)

Abstract: Rock mechanical properties of shale gas reservoir are vitally important for exploitation. It”s
necessary to conduct laboratory study on failure mechanism, mechanical properties and brittleness evalua-
tion of shale,which can provide technical support for drilling and fracturing design. Based on rock mechani-
cal properties of black shale,in combination with laboratory experiments and log analysis, the analysis of
brittle failure characteristics and influential factors are performed. Comprehensive brittleness evaluation
method utilizing elastic parameters and mineral compositions are proposed. Brittleness calculating process
of single well utilizing logging data is introduced. Study results show that shale generally has a brittle frac-
ture characteristic,and failure modes are related to shale type, coring depth, coring direction and loading
conditions. Failure mode under low confining pressure is predominantly splitting failure; overall stress-
strain curve has a very short plastic yield section before failure. Double shear and single shear failure modes
are dominant under high confining pressure. Brittleness of shale samples has a close relationship to elastic
parameter and mineral composition. A case study shows that brittleness affects hydraulic fracturing re-
sults,and coincides well with width generation capacity and deliverability. Comprehensive brittleness evalu-

ation is useful for understanding reservoir mechanics and selecting fracture section.
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Fig. 1 Strength difference for different types of shale
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Fig. 2 Effect of natural buried depth on shale strength
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Fig. 3 Effect of coring direction on shale strength
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Fig. 4 Effect of confining pressure on shale strength

JE 7 %k 2SR HY R 1 BIR A JH 0 5 AR T el
HOHRERE [l ZRE R P TR YR bk
AR BIRE A

4) U R A% 1) S 1k 32 20 5 P il 7 P i A
W2 T DCRUB ) P DURR BRI 1Y) 7 2 5 1k AL i
Dis A G, X P g2 BRI 0 25 S S A TUA Y
B SE ST AR 9] 0B O I AT BE A AR G Bl R D7
l6] o A Al A A L X 88 2 HORE S M BUA SO I R 58
B R R R R B T = A

AL I A [ 32 B B SRR R B9 A £ ) s K A

11

B1 (40MPa) B2 (50MPa) E3 (40MPa)
H7 (10MPa) E8 (10MPa) E9 (10MPa)

FERWY U 15 2 0 3 2 B0 R AR e e i
14. 8~391. 3 MPa. P4 4. 9~70. 4 MPa,iH
L 0. 19~0. 95, AR [ T B9 4 I 56 32 °F- 44 {
= B Barnett TU2 0 B IE 4H 11 & . Haynesville
T Eagle Ford T8, #i: & A1 & 2K 4 Barnett
TUA P SR 20 T | Haynesville 717\ Eagle Ford 7T
s THFA L B A Barnett U | Haynesville 5T
# Eagle Ford T4 B HiEA 114,

H O AT L e SR 2H DU TR SR | SR A
FAFS L7 Y 5 Haynesville T8 AHRL, (H 1
JFME Ty T 5 T Haynesville T, 32 536 B ik 2%
BB E B, AR K L, Haynesville 7T
R R F A KA RO N R B A
PEPRE LG BB B PRE R 2. 3 em,

1.3 WIFEXREEFES T

B T & DU Y i PR AR =X 3 AT B B ) T

PR (BL.B2) U5 U] 11 A5 IR (E3) Al BY ¢ U IR (H4

H5.H6.H7.E8.E9.H10,.H11 . H12)% 3 5 (WA
S, TP I R RARTUA ML, W B £/~ Bar-

nett B, H /8 Haynesville 714 . E £ /8 Eagle
Ford Bl . 455 W i B ) .

H4 (30MPa) H5 (20MPa) H6 (20MPa)
H10 (10MPa) H11 (OMPa) HI12 (OMPa)

5 AEREETIUE RS BHR &N

Fig. 5 Sketches of failure mode for shale samples under different confining pressures
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Fig. 7 Brittleness analysis results of Longmaxi Shale from Well W
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