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The attenuation of P wave in a periodic layered porous media containing cracks

WU Guo-Chen, WU Jian-Lu, ZONG Zhao-Yun

School of Geosciences s China University of Petroleum , Qingdao 266580, China

Abstract The attenuation and dispersion of seismic wave will occur because of the fluid flow of
different scales in the porous medium when the seismic wave propagates in saturated medium. We
build a periodic layered porous media containing cracks by introducing two kinds of microscopic
“squirt-fluid” mechanism for the coin-shaped and pinchout-shaped cracked porous medium into
the layered-White model based on the attenuation mechanisms of macroscopic “Biot” flow and
mesoscopic local flow, we then solve the poroelastic equations using the Dutta’ s mathematic
techniques which make equations uncoupled for solutions to get the attenuation and dispersion
velocity of P wave of the model and compare with the results of the layered-White model. The
characteristics of attenuation and dispersion of P wave for the model are analyzed with the change
of the parameters of the two kinds of cracks, namely crack density and crack aspect ratio, and the
content of cracks. With the increase of the crack density of the coin-shaped and pinchout-shaped
cracked porous medium, the influence on the attenuation and velocity of P wave increases. When
the crack aspect ratio increases, a portion of attenuation of P wave moves to the higher frequency

band. When the content of the crack decreases, which means that the crack density and aspect
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ratio reduces, the peak of attenuation of P wave decreases firstly and then increases, finally

decreases again, and the velocity of P wave increases. The results finally approach to that of the

layered-White model. Finally, we study the low and high frequency limit of the model and the

character of the relative displacement of the model containing coin-shaped cracks.

Keywords

I

b T A AR 2 2% . b AR D E R A
FL B A S5 HP AL % 17 S R R BRI 5 R A — ELAL T
BV B FE RN 52 5 B S B BRI G B B LR S R
JE AR PR B 1 2 B 10 R I A L I P A T
T A R = R 2 R A SR R st R
BE (Miller et al. ,2010).

Biot(1956a,1956b,1962) J T FL B v 5 ik % 14
AH 5 [ R R A R 4 T 4 HE T 2 0 RUBE T 1 RUAH A I
PP B RS . R b 7R A SR A A% B Y 28
FSHESL  IF H 100 112 9\ 9 A2 7E. B )5 Berryman
M Wang (1998) 5541 Biot” i ¥ 5k 2 B i #E ) 3] 4>
AT Y FEL {2 Biot” BURH A 5T B8 X T g 450 U
EL )il B 55 S 56T &5 AH H 3%/ (Mavko et al. ,1983),
- 72 W 1 A 1l 52 A [ A % 98 RN A A (Dutta and
Odeé, 1983) . Fi il i) & 1% 2 5 il R BOW T 32 A
SRR S ) R S 00 N o 45 SRR AF (Batzle et
al. ,2001). FEIEHH (2011) . Tang % (2012) f£ % JE P
Tt AS TR) T bR 2 B 174 S0 R 2 * W55 S 9 S ity b g7 T
LB LR A A G — R U S B O T LR
JE e FIRLBRHME LU v S8 B R BB IR. LA B ik
URH A J5it 3 i, P16 TGV T 000 il 7522 30+ 114) N e 2 i R
IR b T T Ml R ALY 1) A I R U8, White (1975)
White & (1975) 1 56 3 T4 W R B (i K F Aok R
S H/N T MR RO S DML B T BROE L B R )
3 A B B4 RS B R SR B T 3 A ) R
PEJZ MR 2 L B A BT A AL B ) . Dutta 45 (1979a,
1979b) F 5 7™ 34 i L B A 5T ) 27 X White $2 H 1Y
DEH 0 A R 4744 1. Vogelaar F1 Smeulders (2007)
FXI A 25 (2009, 2010) FH A fife 48 7 2R 20 B T3
PiFh White #5 %1 i) 9\ 3% 2 98 Fl 4 1. Carcione 5§
(2003) ,Carcione F1 Picott(2006) Y& AWF5E T White
TR (18 e R A 78 5% R D R A FRC 1 5 el XS 4
BAE (2012) % JE 1A 1 2 R AL B A o AE 7R ) L Bt e
I3 ALBR AR A X 32 2y 3 RE AR b T8 2R X g i
LR AR 5% W 4T T PR TS

Crack; Porous media; Wave-induced fluid flow; Seismic attenuation; Dispersion

AR SCHIFH White 5 (1975) $2 H 19 25 18 17 2% W
RUBE “Biot” I A4 RS Jey $al it ™ 3 v ML 1 19 ) 40
PEERFLBR A AR, 5] A FE BEHH (2011) , Tang %
(2012) i 1A% 11 795 o S ] 2 Bt (A 70 78 0 0 2K 78 24 )
(14 A R R T S5 370 ™ 2 Ul WL 1 % 5 J2 9 A 7 14 5
M) FE 77 TR AR A LR 2B A S5 AR L. )
Dutta %5 (1979a) 9 XU #8519 77 1205 BU(E SR Mg 1 % B
TR f1 2 U o R IO 5 ) 3 1 0K B AL B A A
RUMCT B e i T AR R b S8 S —
B e ZBRORE E o (978 fh S 28 Bt 8 o N U 5 Uk
FIATUHI A 52 i LA L BIF 9% T A TR TR 4 bR S 50T
F1Ry o AR AT AR IR A % 3 5 8% ) 43 A R A

2 ALBE BB Jo s 0 i 2l T A

TE34 5 4 5 It 4 £ 1) 6] ¥ A T 4% R T, Biot
(1956a,1956b) Z 0% T O FLBR 45 #9451 el 22 W
“Biot " Jit Ay 3£ W 175 T AL ) OBURE A 5 i A2 U A% 4 B
. FEBEA] (2011) , Tang 45 (2012) #§ 38 T 1§ Ff A [
TEAR (0 R0 IR 28 L, — b 2 3 3 79 A LB ) s 1o
R ZLR, L5 R N 1a BT8R, 55 — PO FLBR Y J8 i
He— i B AT I K R 2Bt o Mg a1 1b BT R L #E
“Biot” LB A 5 L B SE Atk E L 2 R T 2B A
SHL R S T A 2L AL R A R g — st D 3h
FRIE . 3 = — 2 L B A 5T M Dk Bl R T 38 R
mrEEN:
ontte +o1:U, +0Cu, —U,) = P, +QU.,.
oty + U, —0(u, —U,) = Qu,. +RU,, @y

i = 1.2.3.
A on to = A= oo+ 02 = dors p2 =
(1= Dot =14r1/p—D b= 74°/1F 1w/ 20y /x>

— 21 ,—1-K,/K,
Fpr ./ K..

Horbr, w U 23 500 0 AR AR AL RS T AR ¢ AR XS
ORISR A0 T7 0] 0 T AR s fod 20 i AR A i
RS A E R ¢ AL, o B, ¢ H4L
B A BT B 25 44 [R5 X T BR0OF [ AR URE ~ = 0. 5.9
3590 SR R B R R RS B R o B w

wp



2668 H Bk ¥ B % R (Chinese J. Geophys. ) 57 %

(a) P, ;W]

) P, 573

P, iV

F1 O BE TR () AR KA (b) B FL I 45 4 R W], 20115 Tang et al. .2012)
Fig. 1 The coin-shaped (a) and pinchout-shaped (b) cracked porous construction (Tang,2011;Tang et al. ,2012)
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Fig. 3 The attenuation (a) and dispersion (b) of P wave using White equation and by uncoupling the different equations
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(parameters referred in the Table 2)
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