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Abstract Tight-sandstone gas reservoirs have low porosity and contain developed microcracks.,
result in the strong matrix heterogeneity. Due to the development of microcracks in tight
sandstone, the relevant good connectivity is favorable to the reservoir natural gas accumulation
with high gas saturation. In this paper, for the tight sandstone reservoirs in the Xujiahe

formation of western Sichuan Basin, the ultrasonic measurements are performed on the tight
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sandstone under different confining pressures. Based on the model of double-porosity structure of
intergranular pores and microcracks, we build a rock physics model for the tight sandstone
reservoirs with high gas saturation, by using the double-porosity media equation (Biot-Rayleigh). The
effects of the microcrack content on the dispersion and attenuation of compressional waves are
analyzed. Based on the seismic Q, the multi-scale rock-physics template of tight sandstone is
built. We estimate the attenuation of the sample and the actual reservoirs by using the spectral
ratio method and the improved frequency-shift method, respectively. Then, calibrations of the
templates are performed at the ultrasonic and seismic frequencies. The templates are applied to
the work area to quantitatively predict the porosity and microcrack content of reservoirs by using
a 2D seismic line and a 3D dataset. The results indicate that the predicted porosity and microcrack
content are consistent with the well-log data and actual gas production reports of the three wells.

The distributions of high-quality reservoirs are effectively predicted based on the microcrack-pore

attenuation rock physics model.
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The blue and red curves indicate the reference layer and target layer, respectively.
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Fig. 7 Effects of microcrack content on P-wave dispersion (a) and attenuation (b) at ultrasonic frequencies in tight sandstone

6500 25
(a) (b)
=1%
6000 | — =%
— ¢=10%
2 5500 F E— ]
g
s
g S
2 S
: g
[
3
g
=9
3000 - - - 0 : : :
0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08
Crack porosity/% Crack porosity/%

B 8 A BANER (1 MH2) T 9033 B () P (b) 5 2B & 2 [\ 1 6 &

Fig. 8 Variations of P-wave velocity (a) and attenuation (b) with microcrack content at the ultrasonic frequency (1 MHz)



113 VE 5 58 45 O D 2 S DU A1 ) S TR 3 BT < 2 SRR T 4213
50
I b
4800+ (2) 45| ®©
4700 //— 401 $.=0.002%
N . — 35l | —— ¢=0.01%
g 4600  $=0.02%
% 4500} S 30 | —— ¢.70.04%
2 S 25t
2 4400} S
o 20t
g 4300t $=0.002%
- — $=0.01% 15t
e 2
4200+ | —— ¢:0.02%
— $=0.04% 1017
4100} st
4000 s . . . 0 - - - =
102 107 10° 10' 102 10° 02 10" 10° 10' 102 10°

f/Hz

f/Hz

PO M 3B B A B D A BT () R I8 (b)) Y 52 TR

Fig. 9

Effects of microcrack content on P-wave dispersion (a) and attenuation (b) at seismic {requencies in tight sandstone

T 35 T
6000 @ (b)
=1%
=5%
— ¢=10%
—00n — 4=15%
»
}5000-
)
L
2 4500 f
[
3
3
A 4000
3500
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.00 0.01 0.02 0.03 004 0.05 006 007 0.08
Crack porosity/% Crack porosity/%

K10 HiFRAA (50 Hz) T P a 8 (a0 AU s (b) 15 2L 3% = 2 (| 19 OC R

Fig. 10 Variations of P-wave velocity (a) and attenuation (b) with microcrack content at the seismic frequency (50 Hz)

N 2 T ARG+ o DR o LA g R Y —
BT H IR A R R R R 2 S o
WLRUE T S A (ol 38 B 1B Ay B K 3R 8 L SR &5 1
(1 AR 249 T Ak 3 5 A7 9 8 RGN A NI
6K« A3 IR 2 D3 5

1 BURRD A e A ) AR A ST
LR

41 EEETAWEERNEE

W9 0y 85 M 0 SR 2 K AR S P
AR SO B A AL 1 B R
IR L B2 00 2B S it 4 SRR 1
B UR R 51 AR 0P B 5 .
A O\ A b BSRL  (10 RL E RAL R %
Ay A AL 0 R 0 L (L3538 5 5

#A A (1 MHz) flh 52 45 K (50 Hz) '~ & T4 )2 FL B

JE BB AL B E B S I £ P PR AR A 11 B
G ) 4y R P R M R A T Y T A A ) B PR A
TR AR AR E AL B IR 5 U 0 9N 35 L 7T il 2 B L
BLE AR A R R AL R N A Al — R LB T L Bl
LI A9 22 40 208 DM I LT 1 A2 AL AR AIE . 2528 B
7 o P AT AT NI R B B SR A
FLBRBE B4 D /0N 2 BRI T L g i 3 BH 0 0%
HR.
4.2 BESETETIRRHEREERN

A SCEF R BB A 2 S T R T N B R h
DN BT I A 0y BT A ) A 0 i = R A7
S TIUIN 2 T e AP S5 6 R % M R R X [ Al
PEATREAE - DT AR AT fie 28 1) 4t 2= o A 40 BT A 30 v
T P Al B it J2 2 0 (S0P 32 245 L B RE 2R B L B
BEOE FL A X i 2 R L o A AL B BE AT E
.

BT SR N 45 R, AR SOR R BLER 45 (2020)



4214

H Bk ¥ B % R (Chinese J. Geophys. )

63 &

Zhang % (2019) $ ) 19 2B 2 KO I8 J7 ¥k - AR 4 [
e 2 A D i B2 A AN [] [ I T A 0 e SR L
JE XS EE b A5 3 10 3 08 A ) B PR AR AT A E. AN
P12 25 T RIE e B P 0 B P - A A B Y
Xt AR DO (6 Bs 2 7 52 06 B3 1 T T B 28t £L e
JEE . Xk AR A B0 0 T AR AT R R A ) AL B T
B Fr B B8 T, S AR I A L B AR —
B REA B R LB S R A AT A o (EL s A
P A1 I 7 SR8 WL BT 3 i /1 » 508 I S 5 5 FHL BT
4748 A 3 5 P AR ).
4.3 MBEWMETETHRYEREEN

R T DX I S 5 5% B X T s A 4 B
PR EA T R AR R AL IE. AH LX) & G =
GERE S 3 T Rk A9 A A%  2 2X (2O A 0 V2 T Dl O
U BT Fh 3t 752 S 1845 31 45 HORT AR 5 0 X4 1
- 55 b 752 T T Dok M I BELTE - R 000 1) 8 J= 2 M (AL R

JEE) AR Sy X 7 3t 7 T K i V= 2 K T B R R O
B AR B AN BE 5 I H B A J= 2 0™ A X I Tt
K D0 S 50 R 0 7 b R R R I AR A b R K
PEIR AR 15 20T 107 14 i 2 FL B E

UNTEL 13 FT 7 » K 55 18 1 ik 2 M i 8l 4505 3
REIE & B2 A i B AR e LB BE e B TR R AR
7 U B LB BB . X R B S A A
] R R R R R TR IR AR ) 5
SR LR BE ) T S R )
B 5 S B a7 L R 3R LB EE O A
FEL7E 500 ~9 00 Z []. JE T 3% P A X fifh )2 2 4 5 it
FLBR B Y 2 i 02 T 47 1.

S e

ASCOX T IX — 25 5 I A I BAL CHY I £k

(a) -
—— Constant porosity
4=0.068% —— Constant crack
10' by g0 $=0.052%
$=9% : $=0.036%
$=8%
S
(=3
(=3
=
100 .
10! .
1.0 1 1.
P-wave impedance/(g-cm~-m-s™') x10*
& 11
Fig. 11
@ Constant porosity
Constant crack
e  Experiment data
$=0.068% _ 05204 PC%Pa
10"F 4904 T =0.036% 1
S 48 60
2 40
=
100 20 |

090 095 1.00 1.05 1.10 1.5 120 125 1.30

P-wave impedance/(g-cm™m-s™) x10*

102 L (b) n
—— Constant porosity

—— Constant crack

$:=0.068%
#=9%

=0.052%
e $.=0.036%

$=0.02%

$=8%

$=4%

100 |

090 095 1.00 1.05 1.10 1.15 1.20 1.25 1.30
P-wave impedance/(g-cm™-m-s™) x10*

P AR () 13t SR A (D) B 0 2 S 05 A7 ) B T A

Attenuation rock-physics templates of tight sandstones at ultrasonic (a) and seismic (b) frequencies

(b) Constant porosity
Constant crack
50,068 e  Experiment data $%
Sl 4 = )
10°F 4904 $=0.052%, _4.036% 0.06 1
X $=0.02%

S $=8% 0.04
S
S
= 0.02

10°

$=4%
10!

090 095 1.00 1.05 110 1.15 120 125 1.30

P-wave impedance/(g-cm™-m-s™) x10*

P12 7S R (1 MH2) 2 3Cs £ 9 20 1R AR 5 90 30
() R F R (b) AR FRm Z B LB .
Fig. 12 Attenuation rock-physics template at the ultrasonic frequency (1 MHz) and the experimental data

(a) The color code is confining pressure; (b) The color code is crack porosity.
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