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Abstract: Three sets of experiments, including constant temperature-variable-pressure, variable temperature-constant
pressure, and temperature-pressure coupling, were executed to simulate the influence of temperature and pressure
conditions on the evolution of salt rock cap sealing ability using the experimental device of high temperature and high
pressure triaxial rock mechanics testing system on salt rock samples from Jintan Salt Cave, China. The results indicate
that: (D The coupling effect of temperature and pressure leads to a significant reduction in short-term strength,
significant enhancement of plasticity of salt rock , and shortening of brittle-to-plastic transition time. The percentage (T,)
of short-term strength reduction of salt rock caused by temperature is greater than 35. 06 % while the maximum short-
term strength reduction percentage (P,) of salt rock caused by pressure is only 38. 25 %, indicating that the mechanical
properties of salt rock are mainly controlled by temperature during the burial process. @ Under a single pressure, salt
rock fractures have a trend of gradually decreasing and healing; while under the coupling of temperature and pressure,
the salt rock will experience a phenomenon of “re-cracking” , with pressure dominating the low temperature stage
(temperature < 90 ‘C) and temperature dominating the high temperature stage (temperature > 90 °C), resulting in creep
damage to the salt rock. 3 An evolutionary model of “brittleness—brittleness-plasticity—plasticity—creep damage—
damage healing” was established for deep salt rocks. Under the coupling of temperature and pressure, the creep damage

stage is exiremely unfavorable for the preservation of oil and gas reservoirs under high temperature conditions.
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Therefore, accurately determining the evolution characteristics of salt rock sealing ability can provide a theoretical basis

for analyzing the enrichment patterns of deep pre-salt oil and gas reservoirs.

Key words : temperature-pressure coupling, triaxial stress-strain experiment, brittle-plastic transition, thermal damage,

sealing capacity evolution, deep salt caprock
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Table 1 Salt rock sample information

S I H FE i 25 [l /M Pa BE LI C T i BT i /g 15 B fmm EA%/mm
S1 5 20 52. 84 50. 49 24.91
S2 10 20 53.39 50. 05 24. 88
TE AR & S3 30 20 52.55 50. 11 24.98
S4 60 20 52.33 50. 11 25.05
S5 80 20 52.54 50. 59 24.92
S6 20 40 — — —
- 7 20 60 — — —
VAR
S8 20 80 — — —
S9 20 100 — — —
S10 5 30 53.91 50. 07 24. 86
S11 10 40 52.73 50. 11 24.90
- A
S12 30 85 53.13 50. 54 24.94
S13 60 150 52.50 50. 07 24.94
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Fig. 1 Experimental equipment and schematic diagram of RTR-2000 high temperature and high pressure fast rock triaxial testing system
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Fig. 2 Temperature and pressure point setting basis for triaxial

mechanical experiments under heating and pressurization
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Table 2 Statistical table of triaxial stress-strain experimental

results of salt rock under three types of experimental conditions

SR FEMMS BIE/MPa JRESC EhHTREE/MPa
S1 5 20 35.35%
S2 10 20 43.57
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S4 60 20 37.50
S5 80 20 29. 64
S6 20 40 30. 83
— S7 20 60 27.42
S8 20 80 22.76
S9 20 100 17.09
S10 5 30 35.59
A S11 10 40 31.19
S12 30 85 13.90
S13 60 150 10. 84
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Fig. 3 Stress-strain curve of salt rock
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Fig. 5 Relationship of temperature and pressure with short-term strength of salt rock

a. JEJ1 SECARINTRIE G R b, IR SEE IR IR o I-TEALS 5 e IR 1 G R

(8 5a) , HAR ML (R?=0. 913) , IR EERS N, o ] ) 55
R R, P S IR DG OC & (18 5h) |, AH Gk
47 (R°=0. 988) o it —H il & 1 H B0k 2 Ja 10 5t s K
e 5 (& 5¢) o

R 53 W — FE R VR P PP X R e 0T i B 1Y
S, N7 PR AR A i B 2 I G R L B — R )
PERR $h i am 2 FA 3K (2) /o 5 - IRl G 1
FHTR SR oy 00 s B A 2K (3) KR 5 AL B F i B2
| EE A o A A AR (4) FRom s RAIAS
(5) /R 5 | B 0 £6 55 5 a8 B R AR 40 L

I, = -0.186 6p, + 46. 341 (R*=0.913) (2)
1,=-10.9Inp, + 53.979 (R*=0.962 1) (3)
Al =1 -1, (4)
Tiz%x 100% (5)

1

U 1 R L 43 500 X6 N PR — e 7 AR — A A P R S 6

a 35.06 %

K., R=0913
AR R )
tor [=-10.91n p+53.979 @
sh R=0.962 1
0 | | | | |
0 20 40 60 80 100

Jt/MPa

ZE T 3 A I A SR BE |, MPa; p i BT, MPas ALK
T B A 1 | RS ) R R AR A MPas T R 5 R Y
R AR R FEREAR A 43 HE L %,

M g = A2 i 26T LA (B 3a, ¢) , G FIE N
10 MPa i, {26 S 58P, X iy b 25 Jd 5 B, I 7 8
/N, R 35,06 %, M, Bl A T - R A 1 P RS 5 R
X e U i R ) el e AT R (& 6a) -

R 3 Bl — Fe #5400k 6 2 e 0 i B Y
SEMR) T AN e A R B 2 [ R OC R BRI B
YEHTT B i i B2 A X (6) o 5 iR - RS 1F
FHR SR i e 0 B FH A 3K (7) F0R s 3 25 6 (AL)
B ph ) e 5 | ) 6 o B AR A, T =0 (8) &
75 R AT (9) 7R i 5 R A R 2 J 0 B A
BAdEe

I, =—-0.2294T + 40. 583 (R*> = 0. 988) (6)
I,=0.00267> - 0.694 2T + 54. 416 (R*> = 0.999)(7)

0 4
1=-0.229 47+40.583
3
35 O R*=0.988
L)
W Q. /
g oy TR
Z 251
., ) 0,
2ot 38.25 % (p,,,.)
= e ®e
B .
= e I
H ® o, | |
ok / 2 ©
5k 1,=0.002 67°-0.694 27+54.416
R*=0.999 4
O 1 1 1
20 70 120 170
RIE/PC

Kl B—RE JE Iy AR - TR S AR Bk A 5 B ) 1L

Fig. 6 Comparison of short-term strength of salt rock under a single temperature or a single pressure factor with that under temperature-

pressure coupling
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Fig. 7 Some CT photos of core samples after triaxial stress-strain experiment under constant temperature-variable pressure, and

temperature-pressure coupling conditions
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Fig. 8 lterative reconstruction of salt rock sample pores based on CT data
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Table 3 Statistical table of elastic modulus and post-peak softening modulus of salt rock under constant temperature-variable

pressure, and temperature-pressure coupling conditions

T H FE i [/ MPa W C AR (E)/ GPa WA 5 AR (M) / GPa BDI
S1 5 20 3.73 -2.06 0.36
S2 10 20 2.59 3.41 4.13
R AR S3 30 20 2.28 2.75 5.90
S4 60 20 1.51 1.79 6.42
S5 80 20 1.41 1.56 10. 52
S10 5 30 1.98 2.28 7.46
S11 10 40 1. 80 2.01 9.61
- A
S12 30 85 1.10 1.22 10.15
S13 60 150 0.39 0.43 11.02
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Line chart of BDI index of salt rock under normal temperature-variable pressure and temperature-pressure coupling conditions
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Evolution pattern of salt rock during burial process
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