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Abstract Due to the narrow azimuth range of offshore streamer seismic data, it is often limited in predicting complex reservoirs
such as fractures using anisotropic features. Therefore, how to effectively increase the azimuth range of offshore streamer data,
extract the anisotropic features of the imaging gather, and characterize fractured reservoirs is crucial. The paper studies the
imaging processing methods for narrow azimuth streamer seismic data and analyzes the anisotropic characteristics of processed
gathers. We establish a set of effective imaging processing flow of narrow azimuth towing cable data. On this basis, an effective
prestack anisotropy inversion is carried out to show the underground fracture density. By using local angle domain imaging
processing technology, the azimuth information of narrow azimuth streamer seismic data can be increased, and has the ability to
output the omni-directional reflection gather data in the angle domain. In this paper, the seismic data of the buried hill exploration
area in the Pearl River Mouth Basin are selected for application research, and the omni-directional migration imaging results
significantly improve the imaging effect of the buried hill fracture development area. Moreover, the parameters characterizing the
development of fractures in the buried hill can be effectively inverted by using omni-directional angle domain reflection gather
data. The actual data application results indicate that the narrow azimuth streamer data imaging processing technology in the
angle domain and the anisotropic parameter inversion method proposed in the paper can effectively describe buried hill fracture
reservoirs, determine high-quality target areas for fracture development, and can be applied in the exploration and development

of other similar buried hill hydrocarbon reservoirs.
Keywords

doi: 10.3969/].issn.2096-1693.2023.06.068

0 55

T ] P T RV 1 F 28 ) 22 AF B T SR I &
SR BRI AT IR A, T R A A TR
WEESGTEM, BV BiF. WL, An%ER
T e S HC R b DX M, B, 0w R IR E IR Y
ARG, XTI LM AR IR, © S BUBRTL
H 25 M S ER R B B ARy . teAh, BN M
2RIV BB B SV LM, N — PR W L
AT AR o M 918 B vy V% LL I AR 2
FEONREEERRE, KB A A EE . PARGEFNIN ST 48
NI A 25, E Y LR R B, A
I, B M EROREXT B =, X T I
AT TN A AR, PRl andfe] 78 20 %1 H
ORI R 4% B R0 Bt 2 00 A R AR B PR RS
SRR TR LU SR T A R R

TV L PN R AR e R R R I R Y 2 L
B SRR, 3% 5T L N RS ] A R 25 . R
W ALK G, SRS AN R RS W 54045 25 [) Jre A R AE T
R0 AR — B0 UL I A 5 25 (R Flis 4 38 1A
Z48% 5| 1Y e B A R AE R M R A e R B,
548 55 1 FH MR 4% 0] S M S HORRAET, B X MR 4%
] SRS, 3 Crampin S50 BT BF 58 T 7 03 45 1]
SR B R AE R )5 K, Thomsen!'”, Hudson!™~'*! fil
Schoenberg 45 18153 5| 37 T BE A% A 24 48 A i Y

streamer data; narrow azimuth; seismic anisotropy; local angle domain; azimuth gathers

F AP, RIS S T R A 1] 5 M (Amplitude
versus azimuth, AVAz) 55 | JEhil . PRIk, @ FIH S
HI 70245 ) SRR E 4 T 3 1 45 1) Sk i i, AT DA
X GEVEGEZ U T RAE . Riiger 5 H T HTIA i R 5545
] S P SRR W B T U RECE R R 120, 3%
K JZ N H T AEEMEASZ T . Gl DR HTIA BT R
B Riiger 22 AT 1AL, 7T DASE BIXT 75 M b 5 5 40
r S VA B 5 2 B R 4% 1) S M AR BE 2, {H Riiger
I ARL Ty R AETE T A5 I S R . — 2 ST AR AR Y 45 )
SPERR AN RERA E L IE 15 Y5 TR Riger I ) 2
KAy 230 H S B I Z AN T, X8 T B A B 1Y
AR LE/ N FE A — N R S T DX
— IR, — R FHAS 37 43 B AR X 2 i b A S St R
P AT T i 220, A B 3ROR S 4 T A
545 ) St B AR DGR A Sz it REUEL. PR, AT AR
HZ D730 T HTLAY o i & i 4% 1) e MR, Jf e
AN [R] FEIE AR () 2455 2805 A& ] S Pk %) i 1 R AIE G
F 261 Downton 55 1 4844 1A S R AU JEFFIE
DL BT B E i (E RN L 55 8 75 i s i), bt
I8 VAT RECS & 1 S R 2, e A RAS et
FEURITAR BN ) S S EON ROy ik, AR T
VR B A ] S S e 252, RIHE AR AR o AR B o3
N YEETINIUE: S A IDRRE B VALl o Y /N A R
S REDLRAE L T A R R BIE O, % ITIETE
SEBRECE N Th S ARG AR, BUR T AR R



740

AimBlEER 2023 4E 12 H SF8EH o)

Ko ENINEF BRI RO T 45 10 1S
WA TRAE T, (15 E RENS K3 A5 B — MR A il
RBLEE SRR LR, Sl 2L 4% 2] i A VR A 1) 45 o S
ZHUE L.

WEFE W], R e 2% 1o 5 1k 2 RO A7 2
BEPERR)Z T, 75 B A A XA T 10 S i 5 o 38 B AR
Paio AHR, ¥ bl IR T BRI 40 M R R AR AL
RALBREY T SR S AN 5 AE R R . [
W, TR LAY T A R R R T AR T 6 (REA
H/NT 0.5) R4, X T Ja SEdt A7 05 hras i PR A fE ot
Py RGE A= R AL, B —ERXERZ >, [Hik, W
A A AT BROT (2 R AR B MR BOREIEA T 2% 1] S MR T
TE, N A SR SREE TN $ A ] 2 10 K030 Bl A R i R
AR, HATC A — SR X ) O 12 T3 s 28E T
DEAAEAE T PR AR RO AR, A 1k
77 S MRS A R TR S B 5 A ) SR T
DB A PR . 2015 AR5 2 ) T BRAG G A T
LA (LAY 5 VR R 1 8 D7 LGRS [R) JE ARG A 5 Ao
FO A 2 BN P, [RAE, BHARAE AR T —
s LT (A A B SRR R 7 0, —E R
JE L RRAR TR O LA EOR R R AR A
PUINHT T —E AR HIZCR B RRIEZEAE4R I T —Ff
A7 T3 040 o AVO HIR I 1) 22 57 0 fi R AE R 5
775, 2T IR TR IZE DT G MR R AVAZ
PR ATRENE, SCBEL T AR IR 2 57 g Rk sE
TERAE ML T 28 AT B FEEER I, ARIEAESE 3
TR ATk, HE i % 2 ) 01 B Sy
,?ﬂ:_: [32] o

TR IR, RSO R T R AR T
i 2800 ) AR AL BREOR PR, 2 T8 i SR
A BE SRS AR A BRI T 7 A A M AR B R T (AR R
It A 2 f BEBY 207 B SRR . i r 205
SRR AT A R AR, Ab B A3 SR D5 67
FfG RN s, S8 R S A ) S RO
JREZLAE TN B ER o [RINESE T HTIA BB Al i A I
S5t B A07 004 ) SRR AR BEE 0 r A BE A, R
RV H MU HZ H AR AT AR IS, SC8 1 A 4%
] S P S 0 T 2 2 8 1 N

1 ik
I £ 178 7 37 M 2 VT 4 T 1 S

TETREE B HURS 2H 5 07 AU D7 (i dE vp TSR
771 DRI, AR R A e i A A5 A 5t P AR X

LX) AVAZFFAE . R S KA B AR (o T 4E 4 {ED)
T LAA S0 A DR SR B 2 P PR A 5 7 ) M 7 s == 1]
IIATRE R 2 S, (HJ, X TR SRR
BN 77 CLHBEREHE , T R PR R BRI Rk
HEAT7 BRI, Bl AL 7 121 AN BE MARAS L fi
DR TT AL AR PR, i EL,  H RTAT I 20 O
B BORE R U B2 2 MR R | I ESFLAR A
Tl #o B2 AE I IR B 52, AT REIFARR A L [R]— A%

R

1.1 FEPAEE (LAD) R IG A IE %

2 8B Iy A 1) MR X LR [ — AR s i
A, FI) FH JR) 8 £8 B 3% (Local Angle Domain, LAD) X b
TSR AT T AU, BETEZE T R AR B
TR E T E TR S . 5T LAD a7 i i
FEATE AR A2 T5 5 A JZ BT BUS S5 7 R A5 i
PR EEAERY A A F, G S AR R R AR Ml TR A
KRR LAD SN IFSE B AR . Rl
RSSOk A TR R, M T TARNE
ZeVE, M — A B AR B (RIME SR 4 R ) IF
ABECRH T I A ST BT i, B, iR
JRCAG R B I /N T PN S5 e i A S RIS R A RE A
SR T MR RS AE E . 7E LADSSIN, AR
SRR T ST, S XA S B AT 6 AR DA
SRR X IE SR T 7 RN 7 5 A A ME—Hb i S R ok

1 Sy 1l 2 52 5 RGE U0 25 P A X7 28 DG 2R e S5 %)
Hi T LAD S /R B &, LAD 3N B4 A% 5 mT AR 3
FH A SR S35 2 I S S5 4 20 B4 555 4 % T X b7 114 9 4 f
fA. TS TR LSS SO0 BT AR T8 7 A £ P —
HoAfE . I, FET LAD 1945 (i iU & B A rh 4
— B2 e R A, AT DAROR N 4 AR,
SRR B OC R AL R AR R R

B(S,R,l‘)—)D(M,Ul,62,¢l,¢2) (1)
Horp, BRI AR X B R R = s, S
FIRZFR 7 b 3R B IR A I 25 A2 &, DA LAD SN Y
BUREE R, M LADN IR, 0. o,. 4Hig,
3R R G (PR ff . RSB TR SR
XIS TT I i ff -

H44 Jry A A RS 3 JRy 6 £ BE B L B PR A LAD GE
A3, Koren Fll Ravve 45t T HEAHINTE BY, LAD IEAR
SR 2 1T 0 R T ) U ST e ik LAD 3511
4R R, AR B BR T 54 1y I A (B IF
) E PRI AL bR R PR FEA AR SN, HiRx 3 AR



T B8 M K 1 EE SR A Ak B I 5 1) SR IE S

741

IRE 5 AR HUR ISR AT . LAD SN ST e £
(VLR )t R AR N «
ney = % + % 2)
B B
b, ACHEERAERE, pi, Flp gy, 73 7R 4 Joy A bl
A SR ST S A8 B2 T 11, B B3 X i
ST ANl i AP A FEAEL . RG2S () AT
TR S A e ARk R R BT AT A, IR B T
FAAAS, SRS ISR IT R AR i%cos y, AT AR N
T MITF A B A AR -
cosy, = [N“’“ -n™ (Nl"C -n™ )J : |:Ap -n"™" (Ap n™ )] 3)
Horpr, N R bR LAD S P EdL i, 2™
HIFERAELL, Ap TR
LRI 2 S 50 5 2D 4 Il A2 AN 2 AL
A%, A& ERFESES R, i Es A5
JEFE W UGS LA, A0 ve A R A A5 .
T LAD I 475 (i i 8% ST LR S Ak ah iy, [
A e A % [ 119 22 31 A G e i % R 22 AL
o Z 225 % . BT LAD Sy 4 )5 (i 7% R e

FH 4 JR A8 A e S5 1) LAD 3 14 a3 e [ B ARl T S 4k 3
B AGGERY v A 18 I RS T R AR S M R s R
WSRO E S, T8 I P ERE ER B AR AR AR 1 1B A5
PR AN B O ASUSR B TR], DA e 28 4 A
BEE R 27Tk BRI G BT I X iR R SR A
K T —A i % L3N 1 1 5000 2 o A i i B 35 T
DR B — AN R A ) U, 7R CMPIESE Sy
VR m B B , B AR AN W) i B8 M 4CHE (R A 2
SERY, AT R — A RS I s T A A, L R kAR
WA WX, EREZBIGET, smwERmEE
MR 5 KRB S AR ME L — S SR R A Ay R A ) B A% 45
M BRAR, SRRSO B G 20 T M R AL 1 22 B AR
PEo B, FIRAESRAS kAR OVT A4, Hor
DA SO ARARYE LT BURABT X L A G 2R 1)
Dy, T AR 2 A M AG AR X 56 R R Y, ok
FI Hi 2 1) 7 (6 A5 AR T AS R L2 b S Wt T A% a5 e
XiF 187 55 £ 2B AR ARFAE

WE 2 fis, FSEHT [R]— 5 S A 9 e 1 A6 4
4GS, — RAS, — REA M RALEE, EARE I M
FEXHO OGRS A, RGN OVT 4w L

(VEZE A

FF 15
X
\'\_—/F&%Tﬂﬁﬁa

gl
y %ﬂ%@‘%
z

1 HEAEEAEESHRERAX G EX RR REE

Fig. 1 Mapping diagram of the relation between the local Angle domain of the imaging point and the relative location of

surface detection
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Fig. 6 The response of AVAz under different fracture densities in HTI medium
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