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Abstract Prestack inversion utilizing approximate formulas of reflection coefficients is an important tool
for exploration of oil and gas. In this paper, we derivate an improved approximation of reflection
coefficients in the ray parameter domain. This equation provides a nonlinear relationship between
seismic reflection coefficients and P- and S-wave impedance reflectivity, and is more accurately
than the conventional linearized equations in the range of small and middle incident angles. Besides,
because the new equation contains only the terms of P- and S-wave impedances, the inversion
utilizing this equation can efficiently reduce the ill-posedness of the simultaneous inversion of P-

wave velocity, S-wave velocity and density. We then develop a prestack seismic inversion method
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by combining the generalized linear inversion (GLI) method and the Bayes theory. Both of

synthetic and real data tests show the feasibility of this inversion scheme, and for the reason of

the assumption that P- and S-wave velocity ratio is constant does not use in the inversion process,

the accuracy of inverted results is improved effectively.
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Fig. 1

Reflection coefficients of four classes AVO models

(a) Class [ ; (b) Class II; (¢) Class IlI'; (d) Class IV.
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AVO curves of the Class [[[ AVO model for different » and £ values
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TEANST S 0 507 2800 1 & fE AN S 1R 22 5] T &k
1000 /Y S 5 R BCUR 22 . 1 AST 7 A2 1E » (IR 22N
130700, 504k H51 1729 100 1% 22 . T g Ik 4 i

il 3 2 3K B AL
X — A~ B ]
R = Fm. (11)

Horh R R 80 0 R R 80 om g #2500
M F o2 508 55 MR 1 e 1) A3 56 2 3 2o 43 A ik
SRR F ol i) 18 S 38 [R) R AN k. F gk
PR by 7 50RE JE P JFG 2% 1 0 DR/ e T 3 5 A
o 285 [ Al ) 1 B AR L b S 3L [ B m SRR ] A
FRAPRE R ) e k3K

po iR
X = TP I Fatti 75 7% (9 SR S0 HE [ )

F: [ aRFani aRFat(i aRFani }
O(AAI/AL) "a(ASI/SD) "a(No/p) 1’

F — [ aRFani aR Fatti }
O(AAI/AL) "a(ASI/SD) |

MmxF ASI F RIS . EH R T L& & i
FiE(GLD (f fE XX St an kg . B ik R 8

p— . IR s IR asi
ﬁim&§¢ﬁl;"[a<AA1>’a<ASI>}

3a Ml 3b HLEH IR 1RSI
SR T AST i BRI Fatd J5 B 2 80 J6 (1
RO A 2% R B e RORRAE S B/ MR 2 EDD
TEIE 3a . W M 2R R 92 AST TR 2 — .
AR % (0 1 28 3R 78 19 J& T IT Fatdd 5 BE 928 —
TURRIEAR L 21 € il 2 SRR B J2 = I Fatdd J7 B A 2R
— TV ARAEAE s P 3 b WU A% S B 5 X I A R A

(12)

F1 MEAVOEESH

Table 1 Elastic parameters of four classes AVO models

AVOEE W2 o/ (kme+s ) g/(kmes™1)  p/(g+cm™®)

= 4. 054 1.995 2. 40
: T2 4,777 2. 817 2.69
2 2.500 1.110 2.35
1 T2 2. 880 2.100 1.99
T2 2. 250 0. 800 2.16
H T2 1.529 0.679 2. 10
T2 3.998 1. 390 2.424
v T2 3.157 1. 266 2.175

B e KA A 28 A iy il 6. b 8] 3a W] 1 B AST
5 R B BF — R A R R A R0 ER AR AE (R S KR ek
A o A A5 7 A (B X B fe KA S 7 388 R T 45 K5 72 1
3b H, S5 A R0 A e A i e R A S R T G T D
NS RGBT () R0 1 0 25 B A e R AR A 1 3
R8N B A5 7 A B I 7E 20° B R A A [ Ok
AST J5 BRI 55 Z R AEAA 55 T 55 — FR . 30 W]t inf
O\ D2 BELATC 114 S5 Y 8 A 22 L Oh A 1) A% 1 5 )
W/ INE 1, B2 [ 1 A% M i BT 3b Rl
o AST Jy B 50 RE J B 1 2% 0 B0 IS = 3
Fatti Jy &, b3 Fatti J57 LA B8 800, A HE T
PiT Fatti J5 f  AST J7 #2467 () 4% 144 5fe 10 JL B
RS Z i & F B 218 AKK O, )5 68 74K
B DX 35 /0N 51 L O 3 T B 2 P 00 Faet 75 B, LX)
INL A A B 5K B KR A AR R K O BT TR I B R
G A R A 407, SR AR B A% 1R RO BRI,
Ui B AST Jy F — e B2 B b ot 7 v In) A A
155 0L



14 RFR A T o 3 S 2 B B 7 A 1 AR I BHL L [ 4 281

50
ob
8 S0r Lt
E ey — ASIHE, —
#=-100f ---ASIHHE, | |
& Y WiTFatti, 55—
y PiiFatti, ;52:
W, —— = JiFatti, Z—| |
2150 // __—:III[Fatti, %
[ =JjiFatti, 5=
200 © ) :
2005 20 40 60 80
R NHF/)

L — ASIT# | |
159 P TjiFatti
—— —JjiFatti
100}
Ex
&
¥
50
0 | ! |
0 20 40 60 80

RN FA/C)

3 AN S 5 A o) 6 )

Fig. 3 Eigenvalues (a) and condition numbers (b) of sensitivity matrices

3 T ULy e Y [R5 S i

HF AST Jr g — ARt T AL &
F FH Cook F1 Schneider(1983) 2 14 ) L &M I i
J5 ik (GLD X AST Jr R ik 4T 2 028 )y e I I 1R B8
— B

R=R, +

3R B OR
a1, AT — AL + S0

Kb Ry AL FL ST, 4397 R ) UG A B 1) S5 R 50 90
e BHBT AR DL AT, % AR = R—R, ,AAI = AT —A
I, ASI = SI —SI,, WI#fEZ A G M %R T ol F
J T

(SI*SI())Q (13)

AR = G + Am. (14)
A AR FIR 1Y S R B BR 22T, G 2 U &
B M v] F AR RS Am RSB0 R
AR SCOR DU i 3y 2 1 P X S R R A AR
LYo AR SR 25 AT A I e 3 A B3 A
AR Cauchy 4340, LAZE H 55 /08 5T, £ 8 T8
S5 R 3 HE R (g B S FED D48 L 2008 5 Alemie and
Sacchi;2011) , U ] #4) 38 4K H b 26 5K -
J(Am) = (AR — GAm)" (AR — GAm)

+zai§Mj1n(1+ (A”’Zl)z),
= 1

Koo, HiRZET e = AR— G« Am bRiEZE ;M
BRSNS Am 1B KE 50, 9303 B B fE
255 Amy XSG @ AR RIS RO B L P
(15) 3R T fe /M H AR pR 8 B S i) 153 e 2 S
Jr R

(15)

Am = (G'G+2Q)"'G" AR. (16)
X X = 20, /0, » FRBGER RG34 F5 20 H
A PR AR DY 2 R A 24 SR B T S B T i A S 2
FEAT PG 50 A1 9 JE ity b %k 53 B T 3O s i 45 21 B ik

HE G B XS A M. dR 5 R SO S BT T
Kig:
m = m, + Am. 17
H T ASLJ5 v [ & 17 AP A S 0, AN
BB 0 AEIIF A S BOE L, b — 5
T Xof 17 F) 35 3 AR 5 T — B S ST B A T A o AH [
8. AL — R T SR FH 10 8 i e 1 A O e S g A e
R TS A S MR AR T b S DR R Y D
S AN GE T — B TR N A S L B DL TE AR
b 5 — R SR N DN A S A Y ] I G
JRVIE G of 7 ) 325 SR A A BB AT ME W Y B AR S B
BURErR  — e nl a2 R i A% B TR i 3 A
VIS

Qa;

(18)

sinf; =

Hor 0, e i JZ X R BN e 5 1 R
NP Z L e, A @ 2B I TR L S 2, 9 BURR
A o M AGER. [RIRE 9 L o n] LASS 5 7 4% R %E B
Al % LIS B P A B0 A A B

QAi+1

19

. it -
sinf..,, = “sing, =
a

i x’ Jrafmsli.
A 0 S HE 2RI BT G A i BT
JZ B2 T BE A 2 R 5 23 X (18) & — B,
TEH A B2 B0 18 42 BTRHEG M M i 4R 2 ) 18 I
5T A SR 0T 0L PR S A A S 22 T A
ASI 5 Rt — 22 IF B P BT R 4 S i

AR SCAE AT 18 I >R FH 2 i M 7 S 38 7 9« (D)
JeREATHER I T A B A 5 A A I AR A A
25 AR R B (2) F068 A A B o3 B i T AT
TG 5 (3) SR T2 M 249 T S S 2R R s (4)
B JE R AR SO 86 RS A B s [R) 20 B s 0
g RANGERAIE i 2 SUR N iSO

s,



28 o Bk 2

4 (Chinese J. Geophys. )

62 &

4 AEAYEGIE

SR 6 E P AR SCT5 25 0 AT AR B BELATL [) 20 i )
R PE AN AT AT L 28 8 R b T b XS 552 B T S %k
P5 (Avseth et al. ,2005) #47& BEPE IR B (F 4a,
b). &l 5a # 5b R | 7EH AR ICR AT OL T o)
B AST J5 B A Fatti 75 F B i 09 AR I B4, o
BIHBE T % & = pla Flr = (Ap/o)/ (A3/) 7oA
IR A1 00 T (LS {EL 2359y 0. 45 F1 0. 16) iy J
S5 B P T BORE A R 2 A A TE AR L B

5T 1) T A 40 e 4SS 750 359 Ol Y 8 T B4 D ik (i R
7 R/ Ry 100) Hy B 525 AU I8 5 45 1 21 1y X
ke BN~ B A8 1 9N I8 BHLBE 2 7 45 SR AR AR Ao e L 3k
AN HE BRI EX T U S B 2 L B] Sa
FIF Fatti 253078 R A k(B B0 53 (14 B 3% B
P22 TR UL Faced J5 8 B i 0 8 i BT AT & (E
A AL 5 UK S G HL R 7 LT 25 5 K ) b o B[] R
#71°4 2090 ms,2270 ms Fl 2380 ms &b, H % 8 45

S B R AR 22 5 e B 5b AL X F R Y - {8
AST J5 B8 B 1 45 H A AN AR Hf AR AR 4F b 15 TS
{EAVERL. 76 6a.6b il 6¢ Ff . i I AS SCHT ik 7 12

al(kms") Bllk-s) pllgem?) A%Tfﬁ/( )
2 3 4 1.0 1.5 2.0 2.0 25
T T T T 7 117 V
L UL
2000 - 1 2000} 1 2000 f 2000 F >)}}))>>>b»»»)”””H“bHHil |||| 1
2050 1 2050, 1 2050 2050
2100 - 1 2100 1 2100 2100
» 2150 1 2150 1 2150 2150
g E
2200 1 2200 1 2200 F = 2200
2250 1 2250 1 2250t 2250
2300 ¢ 1 2300} 1 2300 2300 1\ \ LALL
| > ) ) vy ""
(a) (b) (© (d)
4 b b XS BR DU S i 2R
(a) PAPERE; (b) MW ; (o) B (D) JTTMES & Ut R ic 5%,
Fig. 4 Real model extracted from well data of North Sea and synthetic seismic
(a) (b)
Al/((km-s")x(g-em™)) SI/((km-s™)x(g-em?)) Al/((km-s")x(g-em™) SI/((km-s™)x(g-em?))
4 6 8 10 2 4 6 8 4 6 8 10 2 4 6 8
20001 1 2000f 2000} 1 2000f
20501 1 2050¢. 2050 1 2050f
21001 1 2100f 21001 1 2100f
,» 2150F 1 2150t » 21501 1 2150t
£ £
= 2200t 1 2200¢ = 2200t 1 2200}
22501 1 2250t 22501 1 2250t
23001 1 2300f 23001 1 23001
23501 1 2350t 2350+ 1 2350t
— A — R (k=0.45) — AL — JRA(=0.16)
JRIEAH(k=0.35)  — RIHIE(k=0.55) SRR (r=0) — REE(=0.3)
5 JCMERHF, (a) B Fatd J5 Rk BORRE M R EE H s (b) FIHT AST J5 48, r BUAS 5] {E 19 T 25 2

Fig. 5

Free of noise, P- and S-wave impedance inversions (a) utilizing Fatti equation with different £ values;

(b)

utilizing ASI equation with different » values. And the black curves are corresponding real values, the dash blue curves

are initial models, and the other curves are inversions.
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Fig. 6 Ultilizing the method presented in this paper, P- and S-wave impedance inversions

in the case of different signal to noise ratios (SNR)
(a) SNR=4; (b) SNR=2; (¢) SNR=1; (d) SNR=0.5. The black curves are corresponding real values, the dash blue curves

are initial models and the red curves are inversions. And (e) model relative error for different noise levels.
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Fig. 7

In the case of SNR=1, Inversions of using different initial models obtained from utilizing filters to the real

model with diverse window sizes of (a) 50, (b) 3 and (c¢) 1 respectively, (d) Reduction curves of data residual using

different initial model.
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Fig. 9 (a) Initial P-wave impedance model; (b) Initial S-wave impedance model;

(¢) Inverted P-wave impedance section; (d) Inverted S-wave impedance section.
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Fig. 10 The comparison between inverted results from

seismic data and these calculated from well data
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