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Abstract: Through analysis of papers about multi-component seismic technology presented in the 84" SEG annual
meeting, it is easy to find out that prestack time migration is still the major method used in multi-component
migration imaging. Compared with the method based on S-wave refraction, static correction method using the
radial-trace domain transform for ray path consistency can get the real reflection interface, the application of the
full waveform inversion in 4D seismics has attractive perspective. Based on the advantages of stability and
accuracy of the fluid factor of longitudinal wave, it is hopeful to produce practical effect. The development
characteristics of the multi-component seismics can be summarized as “a lot of highlight spots and one emphasis”,
the highlight spots include rock physical experiment and numerical simulation of shale, aerosol mechanism of low
frequency attenuation of seismic wave, research on the characteristics six-component vector wave field, research on
response characteristics of multi-group and multi-scale fracture system. The emphasis for ocean multi-component
seismic technology is to suppress ghost wave and radial wave, to remove multiple wave, and to increase the
signal-to-noise ratio of P wave.

Key words: multi-component; seismic technology; highlight spot; emphasis; society of exploration geophysicists

2014 84
(Society of Exploration Geophysicists SEG)

Yo#s B #A: 2015-09-25
E&mAE: (41425017 41574126 41504107) (863 ) (2013AA064201)
(YZ201207) (2-9-2013-093)
Foundation item National Natural Science Foundation Project of China(41425017, 41574126, 41504107) National Hi-tech Research and
Development Program of China(863 Program)(2013AA064201) the Special Apparatus Project of the Chinese Academy of Sciences(YZ201207)
the Fundamental Research Funds for the Central Universities of China(2-9-2013-093)
TE& =N (1993—) . .E-mail 2561110746@qq.com
I A% B . 84 SEG [J]. 2016 44(2) 96-105.

SUN Lixia, YANG Chun, WANG Yun, et al. A commentary on multi-component seismic technology in the 84" SEG annual meeting[J]. Coal
Geology & Exploration, 2016, 44(2): 96-105.



%2 W E S % 84 JB SEG F 4 Z 4 EHE FAIFR - 97 -
a. VTI -
b.
C. PP PS SS AVA
d. AVO PP PS SS
8 32 AVA PP
(-2 SEG (511 150% PS 100%
SS 150%
P Z
PP PS SS AVA
10%
1.2
1 3§
Berea University of
Toronto( ) Nicola Tisato 2
10 Hz
(wave-induced fluid flow WIFF3
Berea
0.3 Hz
1.1 AVO 0.5 MPa
Nicola 4
2 Austin Texas Jackson
Gustie [ vTI Thomsen ( 1)
Riger™ Ramos [
(Res)
o,& PS AVO
PS AVO
(Res-sin(i))
PS AVO “
Thomsen
AVO
Morshed!!
Marcellus 1 ( [15])

Marcellus Fig.1 Attenuation mechanisms at different frequency ranges

1.3

Morshed 3 X y 2



- 98 - B 3 B 5 B4R

% 44 %

83 SEG
SEP(Stanford Exploration Project)

Stanford

[16]

Ohad Barak "] 6

6
X Y Z Yaw( Y ) Roll( Zz
) Pitch( X )

6

14

(University of Houston)

(Massachusetts Institute of Technology)

Zheng [

[19-20]

2
Fig.2 Fractures in a homogenous elastic medium

2 BENSEMESHA

Z
2.1
CGG Gordon Poole!?! 2013 [22]
Randon
( 4
CGG Wang Ping!?®!
z-p
CGG Peng Can?¥
Z P Z Y
Pz
OBC/OBN
CGG Peng Can [

Saint Petersburg State

Dmitry Alexandrov %

2.2

Statoil 271

Amundrov Robertsson!?®!



% 2 3 W E % % 84 )i SEG F 2% p BHE HAIFR - 99 -

3 P
Fig.3 Numerically simulated pressure shot gathers

(finite diffierences FD) /
van Mnene EBCs( Exact
Boundary Conditions) 2%
(301
2.3
4C
4
& . PR P
— Jifill T s vl
T L E— ( ) (PS PS-S)
HZR/Hz A Z/Hz
(a) I E Hi250 m, % E 14 m (b) i Hi600 m, TR 20 m 4c
4 PS PS-S
. ) Lo OBC Abu
Fig.4 Comparison of frequency spectra before solid line and i [31-32]
after dotted line receiver deghosting Dhabi

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



- 100 - B H T 5 R % 44 %
( 5) PP PS
PS-S ( )i DIW
Karl
Berteussen [ PP PS
Scholte
CDP
CGG Petrobras
4C 1999 Luis D’Afonseca [ Albacora OBC
PS
Scholte S
Scholte PS
Campos
Albacora OBC
(OBN)PP PS CGG  Petrobras
Ole J Birkeland B9
PP PS PSDM
S PP PS
PS
PP PS
P S
5 PS-S
Fig.5 [Illustration of a PS-S wave-path 3.2
3 ZRHMERBHEG
3.1
PP PS Kirchhoff
PP PS
(Colorado School of Mines CSM) CWP BGP  YangJun [
(Center for Wave Phenomena) 3D3C
TIW DIW
PP PS Kirchhoff
PP PS
PS
Bansal and Matheney!®*! PP
PS TGS Chuck Ursenbach 11
Gaiser 13 PS  Kirchhoff
PS PP
Chris
Graziano P PS
VTI
PS ( VTl HTI )



F 2 I EF: % 84 J& SEG 4 £ M E H AT R . 101 -

ION  Jenner®?

PS Huang ZhongYu 1
Kirchhoff
VTI
HTI
( 6)
6a
HTI
6b
6¢
6 538
Fig.6 Portion of all azimuth 3D PS-wave PSTM sections in
line-538
3.3
PP PS
P Kirchhoff
K British Geological
Survey( ) Hengchang Dai [

PP PS

Kirchhoff GUI

Los Alamos National Laboratory(Los Alamos

) Ting Chen [

Qizhen Du 18

Gather

(Angle Domain Common Imaging-point

ADCIG)
ADCIG
ADCIG
(PS SP)
CWP Yuting Duan 47
3D



- 102 - B 3 BT B4R % 44 %
4 FEHUERRIRIE
P
PS
Xiaowu ¥
PP
PS P
PS
PS PP
7 (a) (b)
CREWES Raul Cova [ PS
- (Radial Trace R-T) [50-51] Fig.7 Stacked PS sections using surface-consistent (a) and
raypath-consistent(b) static corrections
5.2
- ( ) Chao Li B Zhang
R-T >4
R-T Russell Biot-Gassman
S [55]
F a0 .
EN(6)=Elg ()2 (£ @ (1)
Fo Hpo
! Ya~Vayl, 1. 1 C 4
7 PS O {( )——( —TC)} )
Vsat 1-C° b+11-C Vsat
2
b(é) = 75 {(1 S —éc)}éc
2V - + - Vsat Vsat
R-T 3)
752at =V sz/vpz)
2 2 2 2 2
5 gi}ﬁ}iiﬁ? EIO — Fo((ysat’}/dry)/z}/sat)’upé}/drylz}/sat)'
- C =(1+AV, /Vp)sin? 6
Espen Birger Raknes [*% Ve Vs P S mis 6
Fo  upy Foowp
I P g/lem® b



IO &

% 84 J& SEG £4 % )

> EHR SR TF R - 103 -

6

&

it

Russell

Pz

225 30k

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[41. 2004 47(1) 151-155.
ZHANG Yonggang WANG Yun WANG Miaoyue. Some key
problems in the multi-component seismic exploration[J]. Chi-
nese Journal of Geophysics 2004 47(1) 151-155.
w
[41. 2012 47(3) 506-516.
ZHAO Bo WANG Yun LU Jun. Improvement and some key

problems of the multi-component seismic exploration[J]. Oil
Geophysical Prospecting 2012 47(3) 506-516.

[y
- 75 SEG 2005 87-96.

HUANG Zhongyu. The multi-component seismic technique in
reservoir description[C]/Improvement of oil geophysical tech-
niques Expanded Abstract of the 75" SEG Annual Meeting

2005 87-96.
[cw
- 76 SEG 2006 162-171.

HUANG Zhongyu. Interpretation and application of the
multi-component seismic data[C]//Improvement of oil geophysi-
cal techniques Expanded Abstract of the 76" SEG Annual

Meeting 2006 162-171.
[ci -
77 SEG 2007 100-110.

HUANG Zhongyu. Development of the multi-component tech-
nique [C]//Improvement of oil geophysical techniques Expanded

Abstract of the 77" SEG Annual Meeting 2007  100-110.
[cl
- 78 SEG 2008 294-310.
YU Bo XU Yiming. The multi-component seismic technique

Improvement of oil geophysical techniques[C]//Expanded Ab-
stract of the 78" SEG Annual Meeting 2008 294-310.

R —SEG2013
[3. 2015
30(1) 391-400.
HU Xiaoya WANG Yun. The new multi-component seismic
technology progress-Analysis and commentary of thesis about
multi-component seismic technology on 2013 SEG Annual
Meeting[J]. Progress in Geophysics 2015 30(1) 391-400.

PATRICKJG ROBERTHT KYLE T S. Characterization of

VTI media with P-SV AVO attributes[C]/Expanded Abstract of
the 84" SEG Annual Meeting 2014 1975-1979.

RUGER A. Reflection coefficients and azimuthal AVO analysis
in anisotropic media[J]. Geophysical Monograph Series

2001(10) 163-167.

RAMOS A CASTAGNA J. Useful approximations for converted-
wave AVO[J]. Geophysics 2001 66(6) 1721-1734.

SHARIF M M REBERT H T. Seismic sensitivity to variations of
rock properties in the productive zone of the Marcellus WV[C]//



104 -

B 3 BT B4R

% 44 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Expanded Abstract of the 84" SEG Annual Meeting 2014
1950-1954.

TISATON QUINTALB GRASSELLIG etal. Seismic wave
attenuation in fluid-saturated rock as result of gas dissolution[C]/
/Expanded Abstract of the 84" SEG Annual Meeting 2014
1985-1990.

MADONNA C TISATON BOUTAREAUD S et al. A new

laboratory system for the measurement of low frequency seismic
attenuation[J]. SEG Technical Program Expanded Abstracts
2010 2010 29(1) 4453.

TISATO N QUINTAL B. Measurements of seismic attenuation
and transient fluid pressure in partially saturated Berea sand-
stone Evidence of fluid flow on the mescoscopic scale[J].
Geophysical Journal International 2013 195(1) 342-351.
MAVKO G JIZBA D. Estimating grain-scale fluid effects on
velocity dispersion in rocks[J]. Geophysics 2012, 56(12)
1940-1949.

OHAD B ROBERT B HERKENHOFF F
component seismic data[C]//Expanded Abstract of the 83" SEG
Annual Meeting 2013 5151-5155.

OHAD B JAISWALP DERIDDERS et al. Six-component
seismic data acquired with geophones and rotation sensors
wave-mode separation using 6C SVD[C]//Expanded Abstract of
the 84" SEG Annual Meeting 2014 1863-1867.
ZHENG Yingcai FANG Xinding MICHAEL C F
Characterizing fracture networks for unconventional reservoirs
using focusing seismic waves[C]//spatial resolution and interpre-
tation Expanded Abstract of the 84™ SEG Annual Meeting
2014 5179-5183.

ZHENGY FANG X FEHLER M. Seismic characterization of
reservoirs with variable fracture spacing by double focusing
Gaussian beams[C]//SEG Technical Program Expanded Abstracts
2013 2013 2432-2438.

ZHENG Y FANG X D FEHLER M C et al. Seismic char-
acterization of fractured
beams[J]. Geophysics

et al. Seven-

et al.

reservoirs by focusing gaussian
2013 78(4) 23-28.

POOLE G. Wavefield separation using hydrophone and partical
velocity components with arbitrary orientation[C]//Expanded
Abstract of the 84" SEG Annual Meeting 2014 1858-1862.

POOLE G. Pre-migration receiver de-ghosting and re-datuming
for variable depth streamer data[C]//Expanded Abstract of the
83" SEG Annual Meeting 2013  4216-4220.

WANG Ping JIN Hongzheng PENG C et al. Joint hydrophone

and accelerometer receiver deghosting using sparse Tau-P inver-
sion[C]//Expanded Abstract of the 84" SEG Annual Meeting

2014 1894-1898.
PENG C HUANG R. Cooperative noise attenuation in a com-

plex wavelet transform domain[C]/Expanded Abstract of the
76" EAGE Annual Meeting 2014 512-516.

PENG Can JIN Hongzheng WANG Ping. Noise attenuation for
multi-sensor streamer data via cooperative de-ghosting[C]// Ex-
panded Abstract of the 84"™ SEG Annual Meeting 2014
1878-1882.

ALEXANDROV D BAKULINA LEGERP etal. Dual-sensor

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

summation with buried land sensors[C]/Expanded Abstract of
the 84" SEG Annual Meeting 2014 1929-1933.
AMUNDSEN L ROBERTSSON J O A VASMEL M
Prediction of wavefields by injecting multicomponent seismic
measurements into modeling[C]//Expanded Abstract of the 84"
SEG Annual Meeting 2014 1842-1847.

ROBERTSSON JO A CHAPMAN C H. An efficient method for

calculating finite-difference seismograms after model altera-
tions[J]. Geophysics 2002 65(3) 907-918.

VAN MANEN D J ROBERTSSON J O A et al. Exact wave

et al.

field simulation for finite-volume scattering problems[J]. the
Journal of the Acoustical Society of America 2007 122(4)

115-175.
VASMEL M ROBERTSSON J O A AMUNDSEN L. A new

solution to eliminate free surface related multiples in multicom-
ponent streamer recordings[C]/Expanded Abstract of the 76"
EAGE Annual Meeting 2014.

BERTEUSSEN K SUN Yuefeng ZHANG Zhao et al. Hunting

S-waves using 4C seismic data in the Carbonate offshore
UAE[C]// Expanded Abstract of the 84" SEG Annual Meeting

2014 1883-1887.
Sun Yuefeng BERTEUSSEN K. New opportunities of 4C ocean

bottom seismic in shallow-water environment of the Arabian
Gulf Results from comparison of field data and full-waveform

elastic modeling[C]//Expanded Abstract of the 79" SEG Annual
Meeting 2009 46-50.

YAO Chen CHEN Xiangguo LEI Jun. Seismic synthetics study

of 4 components for sea floor reflection[C]/Expanded Abstract
of the 70™ SEG Annual Meeting 2000 804-807.

BANSALR MATHENEY M. Wavelet distortion correction due
to domain conversion[J]. Geophysics 2010 75(6) 77-78.
GAISERJ VERM R CHAVESTE A. Extending the high end of

C-wave bandwidth to match P-wavelengths[C]//Expanded Ab-
stract of the 81" SEG Annual Meeting 2011 4334-4338.

GAISERJ VERM R CHAVESTE A. Psedo S-wave broadband
response of C-waves after domain change[J]. the Leading Edge
2013(32) 50-62.

GRAZIANO C HALE D. Wavelets and warping PS seismic
images[C]//Expanded Abstract of the 84™ SEG Annual Meeting
2014 1848-1852.

D’AFONSECAL KRISHNASAMY T BIRKELAND OJ et

al. Innovative PSDM processing of OBC data on albacora
field[C]// Expanded Abstract of the 84™ SEG Annual Meeting

2014 1832-1836.

BIRKELAND OJ GUILLAUMEP KRISHNASAMY T etal.
Tomographic co-depthing of PP and PS horizons by S-ray ap-
proximation[C]//Expanded Abstract of the 84" SEG Annual
Meeting 2014 1837-1841.

YANG Jun NING Bin
imaging technology and application to carbonate fractured-
cavern bodies[C]//Expanded Abstract of the 84" SEG Annual
Meeting 2014 1924-1928.

URSENBACH C CRAY P. Converted-wave prestack time mi-

CHEN Yijin et al. Converted-wave



%28

IWESE: % 84 /5 SEGHEL L BEHEHATR

- 105 -

gration with a new approximate migration weight[C]//Expanded
Abstract of the 84" SEG Annual Meeting 2014 1919-1923.

Abstract of the 84" SEG Annual Meeting 2014 1945-1949.

[49] COVAR HENLEY D INNANEN KA. Using ray-path domain

[42] JE_NNER E. Combining VTI and NTI anisotropy in pr'eStaCk time interferometry to address non-stationary S-wave statics[C]// Ex-
migration workflow and data examples[J]. the Leading Edge panded Abstract of the 84" SEG Annual Meeting 2014
2011(30) 732-739. 1970-1974.

[43] HUANG Zhongyu WANG Yujing. Pre-stack time migration for [50] CLAERBOUT JF ROLL G. Radial Traces, Stanford Exploration
PS-wave data in orthorhombic symmetry media[C]//Expanded Project Report[R] SEP-35 1983.

th H _
Abstract of the 847 SEG Annual Meeting 2014 1909-1913. [51] HENLEY D C. More radial trace domain applications CREWES

[44] DAI Hengchang LI Xiangyang XU Tianji et al. A model-based Research Report[R] 2000,
approach for registration of PP and PS waves in the depth do- Lo
main[C]//Expanded Abstract of the 84" SEG Annual Meeting > BAK’\_IES E.B AMTSEN B.3D ela.stlc-tlme—lapse full waveform

inversion using multi-component seismic data[C]/Expanded Ab-
2014 1960-1964. stract of the 84" SEG Annual Meeting 2014  1939-1944.

[45] CHEN Ting HUANG Lianji. Elastic reverse-time migration with [53] LIChao YIN Xingyao ZHANG Guangzhi et al. Fluid elastic

an excitation amplitude imaging condition[C]//Expanded Ab- . . . — .
y ) impedance inversion based on the incident-angle approxima-
stract of the 84" SEG Annual Meeting 2014  1868-1872. tion[C]//Expanded Abstract of the 84" SEG Annual Meeting
[46] DU Qizhen ZHANG Minggiang FANG Gang et al. Relatively 2014 1980-1984.
anjlplltude-.plfe.served APCIGS based on elastic RTM by modi- [54] ZHANG G ZHANEJ WANGY et al. AVO approximation and
fying the initial condition as the boundary condition[C]// Ex- ) ) o )
panded Abstract of the 84" SEG Annual Meeting 2014 attribute extraction based on the incident angle[J]. Oil Geo-
1885-1893 physical Prospecting 2012, 47(4) 578-583.

[47] DUAN Yuting SAVA Paul. Converted-waves imaging condition [55] RUSSELL B H HEDLIN K HILTERMAN F J et al.
for elastic reverse-time migration[C]//Expanded Abstract of the Fluid-property discrimination with AVO A Biot-Gassman per-
84" SEG Annual Meeting 2014 1904-1908. spective[J]. Geophysics 2003, 68(1) 29-39.

[48] WU Xiao LIU Yang. Visco-elastic modeling of refractions and

= > p2 BN
its application in converted wave static correction[C]//Expanded (J"l Xk %U'f{ i)
(L#EE 9B W)

[9] SORIANO A SANCHEZ F J. Subsidences of railroad high [13] BURFORD D CHARLES J A. Long term performance of
embankments [C]//Geotechnical Engineering for Transportation housesbuilt on opencast ironstone mining backfill at Corby[C]//
Infrastructure. Amsterdam Balkema 1999 1885-1890. Proceeding of 4" International Conference on Ground Move-

[10] CHARLESJA  SKINNER H D. Compressibility of foundation ments and Structure. London - Pentech 1991 54-67.
fills[J]. Proceedings of the Institution of Civil Engineers [141 [M].

1997 96-97.
Geotechnical Engineering 2001 149(3) 145-157.
. 15 J.

[11] CHARLES J A. Laboratory compression tests and thedeforma- [15] 0l
tion of rockfill structures[C]//Advances in Rockfill Structures 1996 12(3) 15-18.

Proceeding of NATO Advanced Science. London Kluwer 1990 ZHAO Wangsheng  GONG Wenci. Summarizing and fore-
53-72 casting for the situation and method of the deformation obser-

' tion[J]. Dam Observati d Geotechnical Tests 1996

[12] CHARLES J A WATTS K S. The assessment of the collapse- vation[J]. Dam Observation and Geotechnical Tests 199

potential of fills and its significance for
fill[C]//Proceedings of the Institution of Civil Engineers

building on

Geotechnical Engineering 1996 15- 28.

12(3) 15-18.

(FrAE%h %)



