%46k FHo5 M
2024 %9 A

BB T LR R
COMPUTING TECHNIQUES FOR GEOPHYSICAL AND GEOCHEMICAL EXPLORATION

Vol. 46 No. 5
Sept. 2024

MEHS: 1001-1749(2024)05-0544-10

Z R FT N B R A E e R E R RE T R A H

B 475 2k B K BB

B, E&EC,H &

(1. P EERREAARNE, TR
2. FNhlE sk & TAZIR S A PR E] , A

408400
225300)

W OE: KR T AP LR AR e i AR R R A 8RR, MR IR IR B

e Al A A T 6 K R o R R I 0 R AL 2 B3 K

BAILEA R T2 6P

EARENFRRRY -y U AL 4%, 5 3 B i AE G0, IR A A 4R 4R 0 BL 48 b 04 AR % R AR
RAA R AR ARAR G BRILIE b, FAFRAL , AR ADIFELZ A FE—Z AR, TN
Russell #4k B F 3 3 Biot Bty L ah b 5T IR A S 69 RIER B A 5, TH W kR — 2 895k
SRR E, B, EFRA R A E RN ARE T RS T EERRIRR TR
M, AFRBIET FEFRA L K, RA BT R4 #2469 AVO 51, FEAR 58 7 FL 3T RUTR
WL BT K, AR TFREMRABERES .85 7 K, AARFRMN AR, HET

WERMRIRANRET 383,

KR AARET; Forsoe; BEMELRR
DOI: 10. 3969/j. issn. 1001-1749. 2024. 05. 06

FESES: P631 kAR A

0 5lF

B AT Hb R B PR PR 1 MR S S iR s B A 7% 1R 2
e A7 B A SE I JE A P T B A R B AR T
BB LA, B Smith™ & %682 AR 719
WEEJE O T A M TN i 2 5 i vk s R k)
FREFE R XA P e F T AT, Bl L4 0 AR
S BB Ao AR A LR A
LR Gassmann FiARM™ 45— & 31 i 14
TR TN A A R AR R . AR
2L LK, Russell A P P i Ay R AU %
W2 S BRI 22 KBRS R R — RS
P Russell 3 & H 7 W & 9 & % AVO i 1)
AU R R TR IR T SR R RS

WA B . 2023-04-25

Yo SR BE R B BR ] 52 2% i OB R il
JE VAR P9 X2 AR A i 20 A R S X A
SR UK AR AR R . P, R e
TR OET B RO 5 Bk AR I T of A
PIFHY K SRR X 2l 2 R R T | %)
I 2= 22 ) R AT AR AR PR UL HAT 0 B 0 45
- & M Liip =

T AR R bR R AR E M [ Connolly™ ™ 42
HH A BB S T i SRR B S T AR 2 T
TRAIFSE2 , sib BEL B 2 38 1230 78 I T
FEBRE AN TR #1121 3 72 il e 1 oA i BEL e Kl
SEE AN TR A B B0 M 7= 1 5, MR A S ELT B b
Z RO N A BRIV ES RO AR R . SR
PURE T 15508 T R 8] SR 28005 S J= s B
PO I HATHRCR USRI R . =

k. Eeem997 ) F Mt R LR, ERMAFIEFFATRDIRE F LA R, E-mail: 1062002853@qq. com,



B Wela, 35 B B S AR 69 AR B T AR P L RIR 7 R RS

5 #A

VAiRh i 3 BB R H A B A ) 545

A H AN BT R BT S i S T AR A S
ke s B WP S B ME BB 3 | Russell
AR PR S BT S AR e o B
A A SR O A% i S v T
S HEAH 2 TS BT R A4 A T
D75 AR AR . BRI BEX K, i A
PRI H A A5 BA TR S b RR U vk b HE DU R
ST R AR 1 ) iy Ta) R, DR G, 5 254 K, Tt
PRDR -4 i S 3 BHL T sz e S, 48 177 2 1 3 A 1)
P ATHEPE

EH MNER AT K, AR T 5 1= 5
ABRAN KR HESBE K, WARKR TS5
PERHBT A RE T K o TR 19 S i s sk
FHAT B4 IOy 6, JF T 2 AR U] . S Bs T
XA I3 A 5 B i 25 2R R WYL AT W L Gas-
smann Ji R F K K, A B i BH 4T R i
T3 1 RE ST b S5 WA PR L B A 1 728 A % 1%
R AL WS, g — 2D 4R T 2 A TR Y M
FEFIAT S

1 EARIE

1.1 EEAEEA M RS REBOE I F 2

Z W, Biot-Gassmann FLERA FTHES S T4 A
AR T AL F A S B R L IR T
SAMEIEAERGH A B AR Iz B e &R . IRBSRE T
G PRH A R I 0 R Gassmann 7R fr ke
TXHS I A

(D

(2)

K, Vi B Vs 5350 2 UM A J5 v i) A dpt ik 3
K., AMHCE A R, p, AR A7 1Y 5Y
YR, o MRS AR R, P m st e
At K., B Gassmann 2375 451

2
a

K,=K,+——
+ﬂ+i (3)

K, 'K,
KK K, MUK, 5305000 15 48 6 A i
LR AR A IR TR i, ¢ A FLBREE @ 24 Biot &

FETIZIIL , Russell 6 AT & Ak ZFL A 5

1 AVO HIg 1T TS, Bk T Gas-
smann Yt PRI ST REGIT A2
@ sec’ 6] Af

2
ydry

— — — 2 _—
Rpp (D =[Q1 3 ) 1 7 +|:4‘}/.\2ut sec’d
2, 0p o1 sec’d-Ap
2yitsm 0]7 +[2 1 ]T) 4)

K Rpp R PRGN I R B 0 KR AV iy
Y TR T S S A PR L, £ R
Russell it HF.

FW Biot BEALE 11U [AH X A2 Sl i e
P LB AR 32 S RIEAE 75 . SHORFL B
RIS AE ), 2 b = AR 4 B S A7 24 LB BT
A FL BB R e A6 i 2 IR 1 2 4 v 1 A4
W5 S R LB L T B M Bl I 4, X LB
TR 7 A R RS

1 A3l R e Frt ot =& B
Fig. 1 Schematic diagram of squirt flow analysis of rock

with pores and cracks

F IR 1 RS SRR BRSNS A2 S Y
Bl Po IR A4 2% e A B L B 7
He— AR AP e LB IRV, R
45, G R B E S AP . B Z A5 R R

11

_Kd Kxat
AP, == AP (5)

K, K.

T AR TR A A2 AL AT DL — 25 o3 i LB AN
SRR 53 TTHR -

AV, =AV, +AV, (6
Hdr, AV, ATLLE T Gassmann TS A A H.
A R PR i S LB R IR R AR

1 1

ﬁZfz}(1¢BQ(AP——APf)+giAPf (7

360 47100 57— 00 i) AL B i A4 e 4 1T LA RAE Ny



546 WARAIR I B R

46 %

FLB IR MR 0 22 A -5 A T A4 A B Y LEAEL 2 — 0
BB BRI . B AL B R AN T 4 0 L
AL T MRBEY ASLBE AR I N ¢ BRr 1 iR4%

VYR
1 1
K([ KW, &7 iiiAPP‘Q q
s Gp Utk kA v tapy, ®

BB AUHIA T 24 R G/ T LR A
WA T » B IS H SN 5 1Y Gassmann J7 F 7] LA
FRN

aZ

K.=K,+ (9

a—¢ b
7Ks —|—be +S (w)

o=l 1))

s, HAVE AT B DI L e AN B A B
Tsh T RCA A B PR R . S (w) Fon 48 Y BF
WA I R

(100

T 2 TR U B T SR L T SO0
BTN KD FE BB A 5 S A JR 5 R
TR T K, S5t RO R

e (el
o fawe] S [
(Sejgz}/ja seczﬁ—ﬁ—yé sin20> %+
(_725in2 <9>+Sef@)%s (1
AXp,S=1+S <w>M,$:%+%,K,A :%,

s =SB N Biot BHL.,

T 14 T SKAZE &S 2 LB 1)
AP BH, P 2R 1 B9 FLER A Bk Al 2 500
Russell JTL3X 5 REEFITRON B4 7 A R 30 10) =Xk
177 TR ARG B2 43 b7, &l 2 R

K1 HSREOE E G AE

Tab. 1 Petrophysical parameters of interface model

S8 K,/GPa #;/GPa K,/GPa py/GPa o,/ (Kg/m®) ¢ o,/ (Kg/m®)  k/mD
Fasi! 25. 68 7.42 7.49 5. 67 2 500 0.16 1020 200
IR 2 38.0 7.61 16.9 13. 96 2 760 0.2 940 1 200
0.35 -
—----" Rpp-Russell
Rpp-new
0.30
sz
¥ 025
Ruing
X
0.20
0.15 L L L

0 10

20 30

N

B 2 R AR

Fig. 2 Reflection coefficient approximation precision comparison

FElrh, 2040 i 28 Russell ¥ 002358 09 5 5
FRHOMZR 15 G2 R 7% BT WIRON 1Y R F AR
I RE. I 2 tha] LUA R AP XA 3
1 S R B 2T i B AR FF— 2 H il TR R
FRBOERI L Russell TR 2% 18 T £ W80
SEM PRI DN O A SR FF 0 o P 2% B33 3R B0 kA
BAE FAFE—E R 25, o3 —J7 T 5 RS S

SEMA ) S5 2 B0 LR AR AVO FRTE,
it A R S i SO B E T R A BB R

X EE R AR T K RS R
I I T S BOURR B 43 A, WF 5 v 4 ol A2
HEIEDHIN K 00 $.S X 5 DNSEGHAT T 4
B> BEASSEON 50 %028 40 ] 150 %6, 45 B LA R 0B
JEEE AT L, A 3 TR



SRR, 5 BHR AR B AR B F AR PR B AR RUR ik AR )

5 #A

VAR S SR M B F Ak & A ) 547

0.4
& & 5
s s O w
& & &
= = m
01 1 1 1 01 1 1 1
0 10 20 30 0 10 20 30
NS DSHAC) NS
@K, b)u ©p

ANEFFIAC)
(d¢

NSFH/C)
S

3 FIRHR RO 0 R4 R BRI XA BB E AT

Fig. 3 Approximate parameter sensitivity analysis of reflection coefficient considering squeezing effect

3 AT LIE B 7E 0°~36° [ /N BE VS Bl s
R RFCE T BT HSH K 0.9 HAKEM
UM W AVO S BECRIE TR K, i
A PR B A
1.2 EEREE R R E e R R E R

S BE e s i i AT B T v AR R - T
R T o T TR 5 BT BERON 1 S S R B By 7
GUIDHES B b S i 7 #. A R A
PEHBTE LR R

R, () ~——"~~—Aln(ED) (12)

EARA RS R EOE LG 12) R EOE L
A B S HOH X R AR

Yoy \ set
- 5
Aln(EI)=AIn(K ;) “ +
2
V(Igy sec20— zi sino e

Aln(u) ™ ™ +AIn(e) T+

. 2
\u-z 0 7a’ry 2

5 2 sec” 0+ zisin20)
Aln($)

sat 7 sat +

2
(—sin® <> +257)
; 7

Aln(S) (13)
P BORR 3 H-4 R BBk 0, BT 15
EI=K4® « 0@ « pr® o gd® o Ge® (14)
Hrr,
Vi sec’l
a=(1— ‘;y

sat

_ Vi sec’d 4

2
2 »b v 2 " sin“0

sat

2
o, sec’d . sec’d Yay 4 .,
c=lmT e d = see 0+ ——sin"0
sat sat

sec’d

e=— % sin” (@) +

sat

T G BE B R e A B R R R Z AR A
B X ADHEIA ELLK / vepap S A
EI, K o 2000~ $0+So 3X 5 A8 . 1] LIS R bR ifE
A S RH T 7
EI Kk‘ a® i b@ (@ d e
=% -(ﬁ) -<P%> -(ﬁ) -<5§0> (15)

XA L5) AT R R 4, ] DA AE e85
K R NEMEIE S, LUK k.

EI K,

£ Hs
nEr a(@)ln(Kﬁ_o)+b(0)ln(#so)+

1

c(6)1n(£)+d(6)1n(£)+e(6)1n(§) (16)
Lo S{)o So

{5 — M A2 0 SRR SROH o of 0 O iy
LI SHEMNATRIZILES Gl i 2 53 | ET
it £ P AR T R
K G w0 oG o)

n In In

n 1

| S(ty) |
n

Ko Hso Oo Po Sy
fo(lfz) /Jx(tz) p(tg) gD(Ifz) S(tg)
In In In In

Kf.cO M50 Lo Po Sy

In

S,)
n

fo([’n) /l,-(t,,) p(t”) SD(Z‘N)
In In In In 5
o

l
L Kf.c() 50 Lo ®o



548 WARAIR I B R

46 %

[ EIG,.0)] KR EA RIS EE TR TR o
— — ni
a® EI, (0. b0, c(0.).d0,).e@)(i=1,2,,5 %
b(0) lnEuzz,e) {H B 2R AT FE(16) , BT 15 34T B SRR
« e | = EIl, an AbH K, s T A
d () :
e (D) | | EI(t,.0)
Ln EIO
EI0) S
In ET, =a (0, >1anO +¢(<9 )lnp +d(61)1n9;i+e<01>1n—
EI(0,)
In EIOZ =a (0, >1an0+h<ez)1n—+c(e )ln +d(6 )hﬁﬂ(@ >1n—
EI(0;) . .
In =g =a >1nK/{0 O+c<<93>1nﬁo+d<93>1n;0+e<e >1n— (18)
EI,) $
In EIL =a (0, >1an0+b<e )ln +c(@ )In & +d(e/l)1n¢0+e<e >1n
EI (0, _
In 0s) =a(@:)In /‘ +b0)]n £ Jrc((?\—))lnﬁer((?\—))ln 2 “+e(0; )ln*
EI, K/sO Mo Lo 950 0
28 BLEEB B A K WARKR F ST RBEVCEL S A9 Bl 2k 5 3 b ot B b g 2k A7 4

S AR AN 4 FT 718 o 38 0 25 1 J3E 75 T b 7 30 A
Xt IO ) ) RE T B I SRR BRSO . 2 )i

A ARRIE T TIX R et =L 8) J i
TR R TR A J- 176 2 AU

W R o LR
i i 42

o LB
IRiEAE3

W R
)

FPEFADTL HPERR B2

K iR E T

< < < <
\ 4 \ 4 \ 4 \ 4

FPERA D3 FPEE T4

I

LR AT

4

LRSS

1 FRFRB K, SR T R R R AR B

Fig. 4 K {luid factor elastic impedance inversion flow chart considering the effect of squeezing and spraying

2 S

2.1 HE&HSEBEZICHHT
C TXAF T EEEE X, HAZEZ) 1 500 m,
DR | Bl S A s B e e R T = el S iR R 7

FE ARG £ MR BORHE L T X AR
32 A8 T M PR BUE 45 L G 2 W R A = A
I S B F B R ik BRU AA, 2 IR R
RN =3 L N BTN i N LT L N i Y 2
BRI A2 LB EEAE 15% ~30 %, AR Kk
T 2 Ml AL B I SR PR BE I A B R B



5 Ewera, 5. BHRRO8 69 R AR B T SR P A AL RO O ik B R
> VA S R L R E R B ) 549

%, PRI N 25 BB AR JR) 5 5% W% B 4 1 I I AR
NP —E MR RE. BT
X Russell JiARF T f A% EH BN ) K |,

100

"..s

90

g 80

70

60 .

2100 2150 2200 2250
pl(g + cm’)
(a) 3 FEANN S i 2258V 18]

1800
= 1400
)
a
” 1000

600 — -

2et9 49 6et9  8et)  letl0
f
(C)TALAAR A1 - RIS pi it 5t 2 22V )

1800 |
L S
£
s

600 £

2e+9 4e+9 6e+9 8et9  letl0

K
i

(o)L PR IR T K AR 182 i 25

AR 78 C T80 il RO, 0F 5 b 20 il
TR T PR AR R T B Ll £ O A B A S
LRI VI

2300 -

2250

2200

plg+ cm™)

2150

2100

2050
2100 2150 2200 2250 2300

Vp/(m * s)
(b) 2o 2 5 e 2V P

2300

2250

2200

pl(g * cm )

2150 | /S

2100

2050 . i ; i
2e+9 4et9 6et9 8et+9 let10

S
(d) LR P 7R i 2 2V

2300

2250

2200

Vp (m/s)

2150

2100

2050

2e+9 4et9 6e+9 8et9  let+l0

K
5

(OUAIH FK 5% 1 i 2220

B b & kor ok Lib AL R &R T LR RMAELER
B5 CIXAER;HEICHNAE

Fig. 5 Target interval well curve intersection analysis diagram in work area C

MASIC A HTEL 5 () AL 5 AT LA H R
V0GR FEZHUARER I X/ EFKZE ., 5
K 5Ce) A1 5(dD)H Y Russell AR T £ ML, ZE
BN e AR A 1 K, (B 5Ce) FlE 5(H) B
TR R K TEOIN RE 7 7R 2L 43 A Hh 26 300 i B 1)

FRTHIK DX 43 XL TE T AR B A R B ) C TIX A
K ;o TR -4 S AR A S DA A S0
2.2 mEEFRE

AT AT, B Biot-Gassmann 38 R 1%
FLBR AT A8 s 13 2, HL%A I sh s & ™k



550 MIRAIR T EH A 46 %

LB R 7 86 B, PR 6 T i 8Le 42 1Y Russell
WAREF AR TRERF M C T.X; MK 4,
DRI 725 1 FL LB R] Y B It i 3l . Hezlm iy C
X A2 SR A CE AT RS nal 58, Sy THED
K, WA ET TGN £ C TIX

7
Bo6 &k —E3E

Fig. 6 Seismic of survey line 1

650+7 | | FLft
6.0et+7 i
5.5¢+7 .
LOC
“B KRR
z = 5.0et7 K
4.5e+7 =]
. [ L= P
0 40 80 120 160 200 yipk gkl
My LEEA

B 8 Russell AAKET f 3@
Fig. 8 Russell fluid factor f profile

6000
4000
2000
0
—2000
—4000
o . —6000
40 80 120 160 200 250 JRIE
MR IE
B 10 ME_EINE

Fig. 10 Seismic of survey line 2

6.0e+7 &
~
5.5e+7
K2
5.0e+7
e+ 7j(
. 45et7 M
0 40 80 120 160 200 250 yipk |-
Hu i WS #R

12 Russell KRBT f 3@
Fig. 12 Russell fluid factor f profile

S3 IR T Russell A B 72 iy 3 1 BH 4T = 8 A1
K, WA H Sk e s, Hdr, B 6 fEl
10 2 T X M2 3 T, (& 7 R 11 SR X6 107 A /0N 4
SPERHTE T, B 8 KT 9L Bl 12 &1 13 43l Ry £k
—FITIN £ A PR s ) T

5.9¢+6
1.05 - — e
110 ' || 5.7¢+6
2115
£ 120 g 3:3¢46
125 5.3e+6
130 SRS
y L L L 5.1e+6
0 40 80 120 160 200 s

TR AR TR R\

Fig. 7 Small angle elastic impedance inversion profile

105 el - 6.5e+7 | | F¢ft
110} .
w I 6.0e+7 M7
ESBN~ .
= < 5.5¢+7
120 kA
5.0e+7
1.25 G K
1.30 ; = ) = 4.5e+7 T+
0 40 80 120 160 200 yp L
Yz WK, A

B9 FAEFHEBGAKEAT K, 38
Fig. 9 Fluid factor K, profile considering BISQ effect

5.9e+6

5.7e+6

5.5e+6

5.3e+6

5.1et+6
0 40 80 120 160 200 250 BB

11 o) A BB P BUTR 2 d

Fig. 11 Small angle elastic impedance inversion profile

1.05 3
e well3 We_ll4 ellS 65647 ot
©1.15 - 6.0e+7 i
= A
=120 5.5e+7
= 1258 K 2
. 5.0e+7
| K
1.30 - 4.5¢+7 Tz
135 L I 1 = -
0 40 80 120 160 200 250 Rtk It
i 755 KTk, R

B 13 FEFFREGAART K, 3@
Fig. 13 Fluid factor K, profile considering BISQ effect



e B, 55 5 BT 2O 69 AR B T R AR AL AR RUUE T R B

5 #A

VA TS 3R M R F Ak B A ) 551

WP 6 2 13 R X BG4 R O AR TR
RN ERE RS 787, U/ig 3 VAR TN NS R il S 1]
H1 Russell AR T £ 511X )2 04 FE AR T 2 34
BN K o T A B 50 T A A ) i 2P B
U, X it 2 A8 ) T R )2 S AT 7 220 T A R A
AN K p TiAA PR30 ok b SRRV W85 280 5 M) o 7
DA Ty TR 3 I O v ) RURE . LR S i 4

6.5¢+7
6.0e+7
5.5e+7

5.0e+7

0 100 200 300
(UL,

400 g5 e o] T

80 [

160 8

240

320

r B 0 ) HE T 7 9 X, Russell A& R -3 1 A5
IR CEE, fA e R R 22, T K, AR
TR U] T 2 o e R R R - i
W) BE Ty, ST A R T AT 4

IR XA B A TR R A TR R T A2 )2
VIR aniEl 14 Frs, 3045 7 R AR 15 T4 )2
)P TR J A S0 7 EDURRT L

6.5e+7
6.0e+7
5.5e+7
5.0e+7

4.5e+7

0 100 20 300
OAEETK,

400 3 (A AT K,

B 14 AWRAF f K, TEWA T
Fig. 14 Comparison of fluid factors f and K, along slice

K 14 [ ER T C TIXaZAE 2B 6 HilH:,
X PR AR R - U0 e i A e T e A DR
Bl 2 C X i 2 401 R AT AR AR
i, BRI, Russell Jif& U1 7 XF T welll , well4
P Y DR C M4 22, D0 R B W) & %4 50 %0,
MK, WERE TR SGE T welll A1 welld 144 7
TR, 5 T X 6 i 1) I 8 W) & B ik 83%,
THZ 0 P, A AR R T AR R BIEE
] JEATYE R . RN T 2 0 T X0 FRCR R %F@
BTN 1 K, A D 2 i b 2 e R T S v
D3 BRI AK AR I 5. 7 B3R , AT LASA A 2= A B 4R
TR AL AT SEMHE S

3 Z5ie

AT Russell WilkH 7. K, FfAEF X H 2
TR B T v A SRR E A B T 082D L 24 )
SRR LG A R R R 25 . ARERR N E &
BEWERONL Y K, It 1A R St R 07 F i A A
TIZI R BOE AL A BRG BE HET T 2 I R0,
SN B SR RE BT AR IR T T C TIX, 52
T K WA o T . SR, 5
AR R F I A HE . K SR R 350 1 9 )

A BE T XM Z A TEONRCR B4, T DR R &
AT IR TT ] S B g R O AR . (HAL s

R » % RSN Y K o PR A 5 5P B S 38
I T BOR R i R 2 5 2R
2k B ATAL BETHAR L R I 5 3 A AT 7
— .

Sk

[1] SMITH G C, GIDLOW P M. Weighted stacking for
rock property estimation and detection of GAS[]].
Geophysical Prospecting, 1987, 35(9): 993—1014.

[2] FATTIJ L, SMITH G C, VAIL P ], et al. Detection
of gas in sandstone reservoirs using AVO analysis: A
3—D seismic case history using the Geostack technique
[J]. Geophysics, 1994, 59(9): 1362—1376.

[3] WALLACE R, YOUNG R. Pre-stack Inversion: E-
volving the Science of Inversion[]J]. CSEG Recorder,
1996, 21(10) . 12—23.

[4] GOODWAY B, CHEN T W, DOWNTON J. Im-
proved AVO fluid detection and lithology discrimina-
tion using Lamé petrophysical parameters; “tp”,
“po”s &“N/p fluid stack”, from P and S inversions
[C]//SEG Technical Program Expanded Abstracts
1997. Society of Exploration Geophysicists, 1997 183
—186.

[5] GOODWAY B. AVO and lame constants for rock pa-
rameterization and fluid detection[ ]J]. CSEG Record-
er, 2001, 26(6): 39—60.

[6] HEDLIN K. Pore space modulus and extraction using



552

PRI FH AR

46 %

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

AVOL[C]//SEG Technical Program Expanded Ab-
stracts 2000. Society of Exploration Geophysicists,
2000: 170—173.

KATAHARA K W. Lame’s parameter as a pore-fluid
indicator; A rock-physics perspectivel C|//SEG Tech-
nical Program Expanded Abstracts 2001. Society of
Exploration Geophysicists, 2001 326—328.
RUSSELL B H, HEDLIN K, HILTERMAN F J, et al.
Fluid-property discrimination with AVO : A Biot-Gassmann
perspectivel ] . Geophysics, 2003, 68(1); 29.

RUSSELL B H, GRAY D, HAMPSON D P. Linear-
ized AVO and poroelasticity[ ] ]. Geophysics, 2011,
76(3): C19 C19—C29.

skt . B TR R 0 TR B O g 5
(D], RE: WERMKEGEER), 2012,

ZHANG S X. Research and application of fluid identi-
fication method based on seismic information [ D].
Dongying: China University of Petroleum (Huadong) ,
2012. (In Chinese)

CHEN G, WANG X J, WU B C, et al. Computation
of dry-rock V/Vy ratio, fluid property factor, and
density estimation from amplitude-variation-with-offset
inversion[ J ]. Geophysics, 2018, 83 (6): R669 —
R679.

LISJ, GUIJY, GAO]J H, et al. Direct inversion for
sensitive elastic parameters of deep reservoirs[ J]. Acta
Geophysica, 2019, 67(5): 1329—1340.

DVORKIN ]. Dynamic poroelasticity: A unified model
with the squirt and the Biot mechanisms[]]. Geophys-
ics, 1993, 58(4): 524,

e E, Xk, B, S ETFEBIR AN Y Russell
TR ) B [T shERYHLZE ], 2016, 59
(10): 3901—3908.

ZHANG Y J, LIU H, CUID, et al. Construction and
application of the Russell fluid factor with squirt flow
effect[ J]. Chinese Journal of Geophysics, 2016, 59
(10): 3901—3908. (In Chinese)

WANG Y R, ZONG Z Y., YIN X Y. Fluid discrimina-
tion incorporating amplitude variation with angle inver-
sion and squirt flow of the fluid[J]. Petroleum Sci-
ence, 2022, 19(4): 1592—1604.

CONNOLLY P. Elastic impedance[ J]. The Leading
Edge, 1999, 18(4): 438—452.

CAMBOIS G. AVO inversion and elastic impedance
[C]//SEG Technical Program Expanded Abstracts
2000. Society of Exploration Geophysicists, 2000, 19.
2484 —2502.

VERWEST B, MASTERS R, SENA A. Elastic im-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

pedance inversion[ C]//SEG Technical Program Ex-
panded Abstracts 2000. Society of Exploration Geo-
physicists, 2000, 19; 1580—1582.

WHITCOMBE D N, CONNOLLY P A, REAGAN R
L, et al. Extended elastic impedance for fluid and li-
thology prediction[ J]. Geophysics, 2002, 67(1): 63
—67.

LEpR. R T SO BRBTAY E S [T, Bk
YIH2EHE, 2003, 46(1): 118—124

MA ] F. Forward modeling and inversion method of
generalized elastic impedance in seismic exploration
[J]. Chinese Journal of Geophysics, 2003, 46(1); 118
—124. (In Chinese)

R, D24, sk 5. T Gray S5 37 BH
iR BT, A ER Y R, 2007, 42(4)
435—439.

WANG B L., YINX Y, ZHANG F C. Gray approxi-
mation-based elastic wave impedance equation and in-
version[ J]. Oil Geophysical Prospecting, 2007, 42
(4); 435—439. (In Chinese)

ENXORE, okilb 2, 5k A, 55 FHEET Russell T
V1R P I8 RELC B 3 AT i J2 R iR AR AR T ). A
BRI EE . 2010, 45(3): 373—380.

YIN XY, ZHANG S X, ZHANG F C, et al. Utili-
zing Russell Approximation-based elastic wave imped-
ance inversion to conduct reservoir description and flu-
id identification [ J 1.
2010, 45(3): 373—380. (In Chinese)

TR, BN, REM. BT SHH R B
BRI vk L], s IR A=A, 2012,
55(1): 284—292.

ZONGZY, YINXY, WU G C.

method based on compressional and shear modulus di-

Oil Geophysical Prospecting,

Fluid identification

rect inversion [ J |. Chinese Journal of Geophysics,
2012, 55(1): 284—292. (In Chinese)

CHEN H Z, LI ] X, INNANEN K A. Nonlinear in-
version of seismic amplitude variation with offset for
an effective stress parameter[ ] ]. Geophysics, 2020,
85(4): R299—R311.

THOMSEN L. Biot-consistent elastic moduli of por-
ous rocks: Low-frequency limit [ ]J]. Geophysics,
1985, 50(12) . 2797—2807.

PRER. Hh7 50 00 122 vERE . B IEAL 5 J2 5 ) ik
B A b ask Ay 2 S A5 [M]. b it M AR AL,
1988.

CHEN Y. Mechanical properties of crustal rocks:
Theoretical basis and experimental methods: Series of

solid geophysics progress| M]. Beijing: Seismological



5 Eware, 5. F SRR R AR B T R LA A AR RO R RO A

VA Bl it 7B 3R FLHEBE bk R ) 553
Press, 1988. (In Chinese) entia Sinica (Terrae), 2011, 41(6):. 784 — 795, (In
[27] FEWEH. & fLER RBRA B PP 3 i g —Hie . Biot Chinese)
BOERETLT]. T ERRE . MR, 2011, 41(6) . [28] ZONG Z Y, YINX Y, WU G C. Geofluid discrimina-
784—1795. tion incorporating poroelasticity and seismic reflection
TANG X M. Unified theory of elastic wave in porous inversion[ ] ]. Surveys in Geophysics, 2015, 36(5):
and fractured media-Extension of-Biot theory[ ] ]. Sci- 659—681.

The method and application of elastic impedance inversion for fluid factor with the
consideration of squirt flow—taking a fractured reservoir in Bohai Bay as an example

QU Xiaoyang' s QU Yuzheng”, WEI Meng'
(1. Sinopec Chongqing shale gas Co. LTD, Chongqing 408400, China;
2. Taizhou Youheng oil and gas Engineering Service Co. , L TD, Taizhou 225300, China)

Abstract: Fluid factor is essential for identifying pore fluid and determining the spatial distribution of oil and gas reser-
voirs. With the development of geophysical exploration in the direction of complexity and refinement, the challenge of reservoir
interpretation is increasing rapidly. The microporous medium theory points out that a large number of pores and fractures with
uneven mechanical properties are developed in underground rocks. When seismic waves propagate, the fluid in soft fractures
will be squeezed into adjacent hard pores, resulting in the extrusion and spray phenomenon, which influences fluid flow and
rock force. Based on Biots theory established by the Russell fluid factor, the characterization of pore fluid flow is insufficient,
which may lead to specific hydrocarbon interpretation errors. Therefore, in recent years, a fluid factor has been developed to
take into account the extrusion effect, which improves the reliability of thin-layer fluid identification. In this study, the AVO
characteristics of the fluid factor K, reflection equation considering the effect of squeezing and spraying were verified, and the
direct inversion method of fluid factor K ;, elastic impedance was proposed according to the inversion idea of elastic impedance,
which improved the stability of fluid factor K ;, prediction and provided a new idea for the identification of pre-stack seismic flu-
id.

Keywords: fluid factor; squirt flow; elastic impedance inversion





