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Experimental study on the effect of hydration and temperature synergism
on acoustic wave propagation and mechanical strength
of Longmaxi deep shales
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(1. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan Hubei 430074, China; 2. State Key

Laboratory of Reservoir Geology and Development Engineering, Southwest Petroleum University, Chengdu Sichuan
610500, China)

Abstract: Deep shale exhibits high water sensitivity and high-temperature characteristics, and the coupled effects of
hydration and temperature have a significant impact on the physical and mechanical properties of shale. Using deep
shale samples from the Longmaxi Formation in the Sichuan Basin as the research subject, fracture parameters,
ultrasonic parameters, and mechanical parameters of the shale after immersion under different temperature conditions
were obtained through experiments involving X-ray diffraction (XRD) , scanning electron microscopy (SEM) ,
hydration-temperature coupled immersion tests, ultrasonic testing, and laboratory mechanical compression. The

experimental results reveal that, the energy of ultrasonic waves decayed with increasing immersion time under both
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ambient temperature (24°C) and high-temperature (120°C) conditions. The reduction in longitudinal and transverse
wave velocities in the high-temperature environment was 1.41 and 1.71 times greater, respectively, than that under
ambient conditions. Hydration caused changes in the fracture parameters of the shale, showing a phased behavior. The
ultrasonic attenuation coefficient and hydration-induced structural damage coefficient increased rapidly in the early
stages of hydration, increased gradually in the middle stages, and tended to stabilize in the late stages. The ultrasonic
attenuation coefficient and hydration damage coefficient at high temperatures were 1.72 and 2.98 times higher,
respectively, than that under ambient conditions. Additionally, the mechanical properties of the shale deteriorated after
immersion, with compressive strength, elastic modulus, internal friction angle, and cohesion showing a staged decline.
Under high-temperature conditions, the reduction in these mechanical parameters was 1.24, 1.42, 2.06, and 1.39
times greater, respectively, than that under ambient conditions. The findings of this study provide a theoretical basis
for optimizing geological designs for horizontal drilling in deep shale formations and for adjusting drilling fluid densities.

Key words: deep shale; hydration-temperature synergistic effect; acoustic parameters; damage characteristics; mechanical

parameters; Longmaxi Formation
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Fig.1 Shale experimental sample and grouping
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Table 1 Basic physical properties of rock samples

TR e BRAT M b ULV B3 L Fes DL AR 26
W X G L AT G k) (SY/T5163—2018)
PEATSEH AN A M . 45 OR BOoRFES EEF YA 5t
AT IO R R EER RN A A A
T, 50 WV & BRI O 48.19%.16.35% .
16.87% .3.67% .6.29% .13.63% , 4 W o5 Ho 1% B an
T2,
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Table 2 Mineral composition and proportion

of rock samples %
LR E TifE o KRRz B HAby”
A1 /] n A1 7]
A-1 49.80 15.38 16.24 457 7.93 14.58
A-2 48.60 15.16 17.34 3.67 7.30 12.49
A-3 48.58 17.11 17.26 4.34  6.94 13.39
A-4 48.21 15.09 17.29 3.03 7.87 13.76
A-5 48.15 16.76 15.77 3.02  5.93 14.32
B-1 49.02 17.50 17.12 3.61  5.76  14.05
B-2 48.22 15.63 16.98 3.32 6.11 13.16
B-3 48.50 17.13 15.93 3.45 5.09 13.12
B-4 4945 16.31 17.66 4.31  6.55 14.70
B-5 43.37 17.43 17.10 3.37  3.42 12.72

Fy 48.19 16.35 16.87 3.67 6.29 13.63

AREOBE/ EEE/ LB BER/ FHEGEE/(ms)

G5 g (gem™) /% mD YW il

A-1 64.23 2.57 1.307 0.00570 3073.12 2023.39
A-2 64.02 2,57 1.315 0.00530 2989.25 2009.73
A-3 63.82 2.58 1.375 0.00510 2983.79 2042.82
A-4 61.88 2.59 1.373 0.00550 2906.74 1992.86
A-5 64.04 2.58 1.425 0.00540 2910.41 1975.59
B-1 63.83 2.58 1.341 0.00580 2857.63 2037.62
B-2 62.38 259 1.774 0.00550 2835.40 2019.18
B-3 64.45 259 1.537 0.00516 2877.31 2037.62
B-4 63.95 2,57 1.535 0.00527 2853.41 2025.31
B-5 64.02 2.58 1.447 0.00505 2886.90 2038.76

T b 8 B AR E Y X 2 AT S R
5 AT G I Y B R SR IR AH O o R T
FESERE 0 20 A BORE i R DR TEAR P L 72 40 °C
(4 TR B8 2% PR R BE T 12 h, 7R BT S O i 42 <<100
FAB R, Bl s BEAT 20 5 ) o0 A, (6 S8 B i A

L3 NAREK 0 WA &, ook + 5 9
WHRA EIR G P/ FE R E KRG A R, s
451k 60.72% .3.85% . 15.76 % .19.67 % -
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Table 3 Relative content of clay mineral %
HO%S PR kA /RENRE gRA
A-1 61.99 4.42 16.48 18.44
A-2 59.71 2.18 14.63 18.23
A-3 61.22 2.81 16.12 20.09
A-4 60.55 5.49 14.97 18.05
A-5 59.94 2.02 15.19 20.53
B-1 61.67 5.47 16.05 19.89
B-2 61.61 4.55 14.97 20.74
B-3 60.66 2.01 16.99 18.26
B-4 59.84 3.63 16.45 20.80
B-5 59.99 5.92 15.74 21.66
-3 60.72 3.85 15.76 19.67
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Fig.2 High temperature roller heating urnace equipment
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Fig.3 Ultrasonic testing system
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Fig.4 Acoustic velocity
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Fig.5 Acoustic time-domain frequency-domain signal
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Fig.7 Scanning electron microscopy image of shale after immersion



B52EH 1M

PR QA R AL~ W RV T X i T 388 A TR 2 DA T A% 4 A 1 T 7~ i 532 ) 2 S8 AT 5 75

FHAR A3 2 B w8 T AR AR
2.4 JyARERRE

8 = I A J S SRR ) 25 B S 8, AT
W ARTEREE A LB TIK 24~96 hid )5 , 78
W (24 °C)RMT , IUE T MR . A REPUER
5 J3E Y Ol 154~189 MPa, - ¥ B I8 R 11.91% ; #ft
PR BN 31~36 GPa, F- Y RE IR N 14.91% 5
JBE 482 A7 95 Bl g 22.09°~26.18°, [ W g 8.69 %0 5 Kl B
F19rF 14.25~19.67 MPa Z [a] , (%@ Ry 16.22% . 7
TN 120 CHRMT AL 24~96 h i &R i
S5 L e REP R B EE Y Rl Ol 146~195 MPa, *F- 14 [ &
A 14.82 %0 5 PR B B [l 27~37 GPa, F- ¥ B iR
N 21.23% 5 N EEHE ML B 19.47°~26.79°, % i@ Ky
17.9% s K53 J1 4 F 13.53~19.34 MPa Z [a] , (08 Ky
22.58% o HIp2EPEBT Ak, A AR BT T o B PR AR
DN EE B A TR IR ) B IR 6 R ) B i R A

220 0 24 CTERWITE
g 200 & * 120 CIRIE TS
~ =<9
w180 | X ~~<_o
e > ==
& 160 F \*\ T =y
B 140 f T~
p=t X=X
11120 o
100 ! ' : : :
0 24 48 72 96
VR ] /h
() PUIESREE
- 0 24°CIRMTTE
L 36 <o x 120CIZIE A
@ T a =~ ~ o T - Q
g 32 T X~ X T e
% 30 B = - — X _
Hogg T x
=
= 96
24 1 1 1 1 ]
0 24 48 72 96
VR[] /h
(c) P EHE A

2 N S T R B T R i AE 13.25~
17.67 % ZIa), 5 B AT s K Bk, iR A i (25 8
TR AT LB AR S )2 P AT A M OE 5 A R
T PRV R A A S i, S EORS  B K AL ik
LA Bz s A 2K Al 23 TR B 4 0K [1) K 25 g [ AR O HL
KOy T 2 AR W) ORE 22 6] B PR . DRI A R
KGR 1 B N BE 5 AR T [ A RE DU B A R b 2R
SEYREAE I REAR . RS LMK K 2= S K
F EL AR A I FG A 2 A DR K A I T S e R A
AR A B K B B ]88 5 e A S e, AR AR I ik Al
oG ) [] I e — S YU R J R R 428 0
YR R e . R B R R M S A R R T
W2 255 2 P17 0 REE , OF B 12 16 I IR 56
BN H AR WAL 2 W SREE M 4% A e T 1R
TEPEFEA

o 24 CIRMTTA

1 X<, * 120 CIZIETUH
—~ N ~ o]
o ~ X -~ - -
T 23t ~_ X T T---
& ~ £ - [¢]
x == -
19 * ™
T
15 1 1 1 /! J
0 24 48 72 96
A /h
(b) S PERT
22
0 24CRIITE
. O - *x 120 CEIBITCE
o 18t N~ <
< Ty ey
R 16 SR -
B ~~27 ==
D14 r -~
i
12
10 1 1 1 1 J
0 24 48 72 96
A /h
() K%

B8 REARRENFSH

Fig.8 Shale mechanical parameters
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