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Fracture density inversion based on the anisotropic gradient

Qin Haixu® Wu Guochen

(School o f Geosciences s China University of Petroleum , Shandong Qingdao 266580, China)

Abstract: Fracture density is an important parameter for reservoir evaluation.
This paper proposed a new method for calculating fracture density by using the
anisotropic gradient. Firstly fractured medium is equivalent to the anisotropic
HTI medium with the equivalent theory, then the AVO attributes of fractured
medium were obtained so as to calculate the anisotropic gradient of fractured
medium; finally the fracture density of fractured medium was got based on the
relationship between the anisotropic gradient and fracture density. In the actual
processing we can obtain the anisotropic gradient from the seismic data and then
get the fracture density. The numerical examples suggest that we can get the
accurate fracture density of the fractured medium by the method in the present
study. The inversion results are consistent with the initial model, verifying the
correctness of the method. In addition, we can also get the fracture density
from the seismic data with noise, suggesting the stability of the method.

Key words: fractured medium; equivalent theory; anisotropic gradient; fracture

density
* 973 (2013CB228604) (20112X05030-004-002, 2011ZX05019-003.,
2011ZX05006-002) (ZR2010DMO016)
2014-01-05 . 2014-05-20

e-mail: lzmqhx@126. com



6 : 1063

( » 2005), ,

(Riiger, 1997; Chichi-

nina et al , 2006; Downton, Gray, 2006). )
( , 1994a, b), .
, (Crampin, 1985; Sayers, 1988; Bakulin
et al , 2000a, b, ¢) s
) (HTD
( , , 1994 , , 1995),
) . s (Mallick,

Frazer, 1991; Lynn ez al, 1995, 1996a, b),
(Thomsen, 1986; Tsvankin, Thomsen, 1995; Lynn et al, 1996a, b).

( , 2001 , 2002 , 20063 ,
2007) ,

, s HTI . HTI AVO (amplitude
versus offset) ) Riiger (1997) ,
1

Thomsen (Thoms-
en, 1986)., Hudson (Hudson, Liu, 1999) (Bakulin et al, 2000a,
b, ¢0 . Thomsen s )

, . Hudson
Thomsen , , s

HTI



1064 36

S=S5,+8: (D
» S s S . Sy
C S=C .
A+ 2u A A 0 On
A At2 A 0 0 0
o _| * AooAtze 0 0 o) o)
0 0 0 4 0 0
0 0 0 x 0
L0 0 0 0 0 4
r(A+2we, e, Ae, 0 0 0
2 2
Aen - i i i gen 000
C = Ae P _’A_ 2/;’" P _’A_ 2/;3“ 0 0 0 1. (3)
0 0 0 0 0 0
0 0 0 0 pe. O
0 0 0 0 0 e
§$=S§,+S, S=C' C=C,—C,
rA+ 2w —e) Al —e,) Al —e,) 0 0 0 T
Ad—e) Grow— A o A A, 0 0 0
A+ 2 A+ 2
c— | Ad—e) A—AIZ#&. <A+2#>—Afzﬂe,, 0 o o |,
0 0 0 p 0 0
0 0 0 0 ud—e) 0
I 0 0 0 0 0 pd—e)
€]
y e, ) & s A p W
Riiger(1997) HTI oYy
2 __ _ 2 —
sV — (ci3 Jrzccs;a)(C33 iC;;) C55) y— CHZCGGC% ’ 5)
€9 (5
S0 — 20 A+ 1) Qe — 24— ) Qe +Ae + 2pe)

We, — A — A — 47 (WPe, — 30 — 2p e, — A2 — 247 — dpe )

_ 1 e
YT A= (6



’ : 1065

Y R— 29(Ge, +e) y = —e,, e

=/ A2 §=A QA2 a=p(a’ =287 p=pp @

a
Riiger(1997) , ’
o= 20, (8
1_ZAS'/2
’ @c b AO
4
by =—-—7"-, 9
Tca(3*277) S
, a s p=F /. 9 (8,
e, = 10, 3 . (10)
Tra(S*Zr])(lszg'J
0 ’ eﬁ
o = D — (an
nay(lfrj)(lfIAﬁ”z)
100% en
o = S D (12)
Fn+7'ca77(1—77)<1_Z 3'2>
: Fn ’ Fn:plalz/(paz), Prs P a
(1 —el) 4+ S (el —e)
j— n n n n . 1
“ 1—el + S (el —eo) (1
S, . (13)
Reid  MacBeth (2000) , . S=0 , e,=¢€5;
51:1 ’ en:eln- ’ ’
t €y ’ ’
(13) (10) (7,
o et (1 —e) + SiCel —ef) 4P,
o =—2y (=2 1—el + S (el —e®) t

na(3 —2p (1 — %Ag"z) ’



1066 36
y— % 1. — (14)
na(3*27])(lfIA§'Z)
.0 e s =BV (=AM A2 =1=2y, A=p(a® =28, u=pB",
S .
Mavko  (1998) , e D,
[ONES imze. (15)
3
(15)
_so,
" dqa (16)
(16) (14), Yy o
E(1l—e) + S, (e —e2) 16e
1—2p & : Lo
(v 1 1 g
00 =2y fmatsta=a sa—pa—Jarn |
y — 8e . , an
33— 21— FAI
an e. S A, .
, . an
8 = A+ Be y = Ce, (18)
_ - (1 —el) + S (e —e®)
A= 2g(L =2 1—e + S (el —e2)
o O A3/2
C: 8 3 ’
3(3 =2 (1 — LAY
A, B, C (18
, 1
1 (D) (e)

Fig. 1

Relationship between the anisotropic parameters (8 and ¥) and fracture density (e)



1067
2

HTI HTI

. Riiger(1997) HTI PP
14z 2B\ AG w
R0, @) = 5 =+ {a (%) G+[Aa +2<
1

Q‘Lm

) Ay]cos2 @ } sin®0 +

?{ + Ae' cos' @+ AF sin” pcos Sp}sm Otan’@, (19
] Rpp(ga QD) 1) 6 [} SD xX
, PP
R[)p(@a 90) - PJrG(go)st@, (20)
G(p) = G, + Gysin’. 21)
(19, (200 2D
— L /Aa | Ap
P=5(T+7%)
~_ 1 Aa o, _Bp 2AB
G=5 7 27(ﬁ+§), (22)
— i (v) 24@ :
Ga 2[3 +2(5)7}
s G(g@) ’ GI ’ GA (18)
(22)
Gy = %[A+(B+2 ioe} (23)
) 1
A =—25(1— 2 er (1 len)vLSll(en 'eﬁ) B=—2y 16
I=ent Silen —en) 3(3—2p) (1 — SAY?)
4
C= 8 - :
33— 21— LAY
(23)
, 1 0, 2
6000 m/s, 3150 m/s, ;
1 m, 0.001 m, A,=0.1, F,=0.02; 1—20 /m.
2 2a 1, ,
, ; 2b



1068 36

. Reid  MacBeth (2000) ,
1.81—2. 65

b b

2 1a) 0 (Gn) (e)

Fig. 2 Relationship between the anisotropic gradient (G, ) and fracture

density (e¢) when the saturation is 1 (a) and 0 (b)

3
1) (CMP) ) 3
2) G(@):G]+GASi1’12§D, ;
G, 1 sin“g
3) G<;Z _ 1 sinzspg [G1:| :
: . . Gu
Gon 1 sinzgow
4) (15)—(23) ,
e = 2Ga _é . (24)
B+2%8¢
a
24) . : Gy ; A, B, C
24) ,
) 0, 1
4
4.1
’ ’ 1) 1 m,
0.001 m, A,=0.1, F,=0.02. 5000 m/s, 2500 m/s,
2600 kg/m®; 4000 m/s, 2200 m/s, 2100 kg/m?*,

2 /1’1’1 O?



1069

S Sa [}
’ Sb ’
, AVO )
3 €
(a) 3 (b)

Fig. 3 The sketch of reflection coefficient in the case of several azimuths

(a) No fractured medium; (b) Fractured medium

10, 4, 2 1. 40 > 40 (CMP).
) AVO ,
s a ’ ’
’ . H b
1 ’ ’
1 )
; 5%. 1

30%. 1 . 4—7

1

Table 1 The average fracture density from the seismic data with different signal to noise ratios
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4 10 (a) (b)

Fig. 4 Reflection coefficients (a) and fracture density (b) with signal-to-noise ratio of 10

5 4 (a) (b

Fig. 5 Reflection coefficients (a) and fracture density (b) with signal-to-noise ratio of 4

6 2 (a) (b)

Fig. 6 Reflection coefficients (a) and fracture density (b) with signal-to-noise ratio of 2

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 7 Reflection coefficients (a) and fracture density (b) with signal-to-noise ratio of 1
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Fig. 8 The sketch of models

(a) P wave velocity; (b) S wave velocity; (¢) Density; (d) Fluid factor; (e) Fracture density

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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9

Fig. 9 The inversion results for fracture density from the seismic data with several SNRs
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Fig. 10 The sketch of models
(a) P wave velocity; (b) S wave velocity; (c¢) Density; (d) Fracture density
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(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 11 The inversion results of fracture density
(a) SNR=10; (b) SNR=4; (¢) SNR=2; (d) SNR=1
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