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Table1 Wave velocities and mechanical parameters of compacted dastics in the

northeast Sichuan Basin
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C MPa MPa MPa / GPa (me*s 1) (me*s-1)
Olh Il 101 21 36 70. 1 0.159 5 550 3502
Olv 1 101 21 36 63.8 0. 167 5 559 3 498
02v 1 20 21 104 68 19.9 0.324 4 706 2 561
03h Il 101 21 104 68 43.6 0.371 5 386 3 080
03v 1 101 21 104 68 21.6 0.399 5 069 2 852
04h Il 25 10 36 66.9 0.13 5 531 3618
04v 1 20 10 36 63.1 0.183 5 560 3593
05h Il 20 21 104 68 52.4 0. 231 5 822 3572
05v 1 25 21 104 68 59.5 0.224 5 756 3 568
06h Il 20 21 36 0 71. 4 0. 145 5 580 3 463
06v 1 20 10 36 0 57.6 0.178 5 460 3 450
07h Il 20 10 36 0 38.4 0.19 4818 2 951
07v 1 20 31 36 0 20.9 0.154 3993 2 339
09h I 93 21 96 60 38.7 0. 321 5 342 3022
09v 1 93 21 96 60 36.1 0. 381 4 847 2 700
10h I 20 21 96 60 36.1 0. 328 5126 2 830
12h I 93 21 36 0 45.9 0.291 5 042 2 879
12v 1 93 21 36 0 33.2 0. 259 4514 2 581
13v 1 83 21 41 0 61.0 0. 266 5 487 3 206
14h I 80 21 41 0 51.4 0.179 4 876 3 058
14v 1 83 21 41 0 54.1 0.203 5 140 3 096
15h I 83 21 84 43 47.9 0. 303 5573 3175
15v 1 83 21 84 43 51.1 0. 315 5 569 3173
16h I 20 21 84 43 46. 4 0.173 5 428 3273
16v 1 20 21 84 43 45.7 0. 147 5 399 3 281
17v 1 20 10 41 0 58.6 0. 188 5 454 3 380
18h I 83 21 41 0 57.0 0.171 5 388 3334
18v 1 83 21 41 0 66.9 0.232 5 363 3 354
19h I 83 21 84 43 58. 4 0.213 5 598 3 308
19v 1 83 21 84 43 54.1 0. 258 5 544 3312
20h I 20 21 84 43 60.0 0.214 5 781 3 479
20v 1 20 21 84 43 53.3 0. 281 5 644 3 368
21h I 20 21 41 0 52.8 0. 161 5202 3 240
22h I 20 21 41 0 55.8 0. 166 5 220 3228
22v 1 20 21 41 0 48. 8 0. 156 5 226 3214
23h I 20 21 41 0 50.9 0.163 5 235 3 241
23v 1 20 21 41 0 46.9 0. 161 5071 3175
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Fig.1 The relationship of wave velocities and dynamic elastic parameters to porosity in sandstone
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Fig. 2 T he comparison of wave velocities and dynamic elastic parameters

in sam ples parallel to bedding and perpendicular to bedding
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Fig. 3 The relationship between wave velocity and additional axial pressure in campacted clastics under formation condition
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Fig. 4 The relationship of wave velocities and dynamic elastic parameters to effective confining pressure
2
Table 2 The relationship between average wave velocities and ef fective confining pressure
g r R? v p R?
Jas U, = - 0.0004p 24 0.0335p + 4.6260 0.9912 U= - 0.0002p%+ 0.0202p + 2.7855 0.998 7
Il UY,=- 0.0001p2+ 0.0093p + 4.7819 0.9973 U= - 0.0001p2+ 0.0074p + 2. 7437 0.9551
T30 U,=- 0.0001p2+ 0.0100p + 5.2158 0.9975 U= - 0.0001p2+ 0.0071p+ 3.2410 0.984 1

B , km/ ;0 ,km/s; p , MPa; R?
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Fig. 5 T he comparison of wave velocities and dynamic elastic parameters
in air— dried samples parallel to bedding with those saturated with brine
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Fig. 6 T he ralationships between dynamic and static parameters of all samples under formation conditions
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AN EXPERIMENTAL INVESTIGATION OF DYNAMIC AND
STATIC ELASTIC PARAMETERS OF COMPACTED CLASTICS,
THE NORTHEAST SICHUAN BASIN, CHINA

Li Zhiwu', Liu Shugen', Luo Yuhong®, Gong Changming®, Shan Yuming', Liu Weiguo'

(1. Chengdu University of Technology, Chengdu, Sichuan 610059, China; 2. Central Sichuan Mining District,
Southwest Oil and Gas Field Branch Comp any, PetroChina, Suining, Sichuan 629000, China)

Abstract: The ultrasonic wave velocities and mechanical parameters of compacted clastics of Upper Triassic and

Middle Jurassic in the northeast Sichuan Basin, with current burial depths ranging from 320 0 m to 420 O m, are

(to be continued on page 295)
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STUDY AND APPLICATION OF LIQUID/ SOLID
COUPLE MODEL IN DOUBLE POROSITY MEDIA SYSTEMS

Zhou Dehual, Ge Jiali’

(L Oil and Gas Development Business Unit, SINOPEC, Beijing 100029, China;
2. University of Petroleum, Beijing 100020, China)

Abstract: The 2 fields of fluid flowing and stress simultaneously play roles in the pore-fracture media
during hydrocarbon exploration. The coupling effects may change the reservoir formation parameters
and affect the liquid distribution. T herefore, it is necessary to utilize a liquid/ solid couple model to ana
lyze the fluid flowing behavior in double porosity media. This model has been made thanks to the con-
cept of effective stress. Finite Element M ethod and limited difference are utilized to gain solutions. The
influence of couple effect on accumulation is stated as follow: higher pressure coefficient, poorer forma
tion nature, and more remarkable liquid/ solid couple effects. The effect will gradually disappear as the
development time prolongs, therefore, it is not necessary to take into account the liquid/solid couple
effects in all double porosity media reservoirs.

Key words: finite element method; limited difference; effective stress; fluid flowing; liquid/solid couple;

double porosity media

(continued from page 291)

measured simultaneously under simulated formation conditions ( including temperature, pore pressure,
confining pressure, air-dried or saturated by water, and different directions of samples). The compost
tion and structure of rock are the inherent factors determining the velocities and mechanical parameters,
with the velocities and Young s modulus decreasing along with the increases in clay content and porosity.
Generally, the velocities and dynamic elastic moduli of samples parallel to bedding are greater than those
perpendicular to bedding, while the Poisson’s ratio is an exception. The velocities, dynamic Young s
modulus and bulk modulus increase along with the decrease in temperature and increase in effective confining
pressure, while the Poisson$ ratio shows no evident rule to the changing of temperature, and increase for air
dried samples and decrease for samples saturated with brine as the effective confining pressure increases.
Both P-wave and S-wave velocities increase firstly and then decrease along with the increase in additional
axial stress, with the maximum velocities corresponding respectively to 80% and 50% ultimate compres-
sive strength of sandstones. The P-wave velocity and dynamic elastic moduli of samples saturated by
brine are greater than those of air-dried samples, with the exception of S-wave. The dynamic Young's
moduli of all samples are greater than the static Youngs moduli, but the dynamic and static Poissons ra-
tios show no such rule.

Key words: formation condition; ultrasonic wave velocity; dynamic elastic parameter; static elastic pa

rameter; clastic rock; Upper Triassic; Jurassic; the northeast Sichuan Basin



