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Abstract It is important to obtain the accurate rock physics parameters of fractured reservoirs for
underground fractures prediction. Pre-stack seismic inversion is an efficient means to estimate
rock physics parameters. This paper begins with the building of fractured rock physics equivalent
model. The velocity and fracture rock physics parameters can be estimated from well-log data by
using the model. The paper also deduces the azimuthal elastic impedance formula which contains
the fracture rock physics parameters. Based on the formula, it presents the method of direct
inversion for fracture rock physics parameters using azimuthal elastic impedance. The practical
test shows that the method is more stable and reasonable, which leads to reduce the uncertainty
for the estimation of fracture rock physics parameters. And the method is a strong tool for
fracture prediction.

Keywords Azimuthal anisotropy; Elastic impedance; Fracture; Rock physics; Seismic inversion

(2013CB228604,2014CB239201) , (2011ZX05014-001-010HZ) ,
(14CX06015A) ,
, 51989 , ( ) s

E-mail: chenhz2011(@ gmail. com



3432 (Chinese J. Geophys. ) 57
1 . .
( . . Connolly(1999)
, , ( ,2005,2008;
,2009; ,2011; ,2012;
(Liu,2012). ,2013).
b ( .
R 2012; ,2013; ,2014).
s (HTI, Horizontal
, Transverse Isotropic). Martins (2006) HTI
, , HTI
(Hudson, 1980) (Schoenberg,
1983). HTI ,
,Schoenberg  (1988)
. Mavko (2009) ,
(Liu and ,
Martinez,2012) , s
, Mavko
(2009) Gassmann ,
(1951) ,



10 3433
2 (D N ;
(2 ;
2.1 (3) )
( H
,2013) , 1 . (4) , )
, (Ax (5) ,
A'[‘)’
1
Fig. 1 Improved fractured carbonate rock physics model
et al. ,2009)
(3) (5) . 1 , 2.1.1
(Schoenberg, 1983)
, Gassmann (Mavko
A A
1— 2w (11— [ ——% 1— A 0 0 0
A=A QA+ m( (AH#) AN> A( itz N)
A A\
_ — 1——4 — ,
c=| 2d—2av A( AH#AN) <A+2ﬂ><1 (x+2#) m) 0 0 0 ,
0 0 0 p 0 0
0 0 0 0 pud—Ap 0
| 0 0 0 0 0 p(1—A0)
D
|
9/1 22 9AN AT _ 16() 1 , , (Zb)
Ar 33—29) [ 14+ —p— (&
I ( é)[ Jr7'((3*2(;:) ;za)}
s € 9K/ /l/
| . a v =1/ QA+ 2.
Ay Ar
M= de e Q) :
561 — gy 14— L |K T (K'= 0.4 =0) ,
(1l —g) "




3434 (Chinese J. Geophys. ) 57
2.1.2 » Ky s ¢
,Gassmann(1951)
Gassmann Ay Ar) ,
Mavko  (2009) 2.2
csm _ Cdry _'_ (KO 61] 7 (’:171:; /3) (KO 6“ 7 C/L)I/;r:l/g) AN AT
T K /K y$ (K — K 4 (Ko — 5, /9y ,
(3) .
, C;j,;y, Ly HTI ,Ruger(1996) HTI
b K()
1 AZ 1 (da_ 28\ AG v 28" S
_ 14z 1 (oa_ o 2 2
Run(0:$) = 5 =2+ { . (& ) = —l—[AB + (a ) A}’]COS ¢}sme
+ %{% + Ae" cos' ¢ + A sin® ¢COSZ<}3}sin2 Otan’4, )
a
|
9(1*[0‘8292*‘0(158 7¢ s A~ R :IPzilPIZLATII’R:IﬁilSl:iATIS
B N s 0 , Aa/a ' Ip, + I 2 I, e Is, + Is 2 I
LAY LAY Ay RAN = Ane — Ani ’RAT = Ay —Ar1. Ani s Ao s A s A
Ruger HTI , Connolly(1999)
El, — EI_ 1 AEI
Rpp = = ol x~ - — (7)
ASY LAY LAY AnsAr EL +EL-, 2 El
(Bakulin ~ ,2000) ; on—1 = :
8(V) — 2g(1 _ g>AN9 s RPP - RPP(§?¢) ’EI - EI(69¢)
v o _ 1 AEI 1/ 20 o ) Al ani
o = Zg[(l 2g)Ax JrAT], 5) ?jlw?<secﬁ T 8gsin’ 0 T )+ARPP((9,¢),
=" (8)
I,/ Iv.1s/ Is EI/EI
: Aln(i)z ar 9
. o 1’0 X
Rpp(0,$) = Rpp (@) + ARpp (6,0)
, X .
= sec? IR, — 8gsin’0R g ! 9
— (geos’$sin’®) (1 — 2R, ’
(gcos‘ ¢s1n‘ 24 gIRs, . Aln(x/x2y) = dIn(x/x0) s Ax — dx 7 — 2.
+ (gcos’¢sin’ DR, _, (6)
T (8)
’. EI o 9 IP ) IS
Ry () = sec® IRy — 8gsin’0Rs dln(};lo )f secﬂ?dln(m>— 8gsin 9d1n<g)
AR (0,$) = — (gcoszsﬁsinzﬁ)(1—Zg)RAN + 2dRE (0. $) (10)
+ (gCOSZ ¢Sin25)RAT ’ s Ely s Iy I, ’



10 3435
(10) (14) .
: EI(0.$) =
I _ o I) a() I b
Jdln<EIo> sec 0fd1n< T, ) 8esin’ 0Jdln( o) () (i) oL@ +d0pag. a0
+2JdR?fI‘J<0,¢), (D (14)
( .2013)
EI(0.$) — EI" (O AEI™ (0.6).  (12) :
a()) b()
L EI* () = Ip, (III’ ) II—S () = sec’f. Ay Ar),
PO SO
b(9) =— 8gsin’g, ,
. AEI"™(4,$) = eXp[ZJdREf(@,si)}
2.3
2JdR;;:<e,¢>
LRy, > d(A) Ry, > d(Ar).
2[dR; (0.) = 2| [~ (geos'dsin'®) (1 = 20)d(A0) ’
+ (geos’$sin’ O d(Ar) | :
=—2(gcos*¢sin’ D) (1 — 2g) A+ (2gcos’ gsin DA + 2
, c(0,9) =—2(gcos’¢sin’0) (1—2g),d(0,9) = ,
2gcos’ gsin® 0. , Ax  Ar,
(15)
m'%’%)': a<<91>1n<IL)+b<el>1n<II—>+c<al A - d (O AL
L PO i P
m'%’%)': a(ﬁz)1n<II—)+b(0>)ln<IL>+C(ﬁo9¢9)A\1 T d Oy ) A
L PO ]
m'%’%)': a<<93>1n<11—)+ b(@;)ln(%)Jrc(@“sﬁg)A\I T d0, )AL (15)
Po

2

Fig. 2 Fracture rock physics parameters estimation using azimuth anisotropic elastic impedance
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Fig. 9 Elastic and fracture rock physics parameters results estimated by using azimuthal elastic impedance
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