$ a2 BESH ¥ R 5 & B Vol.42 No.5
2018 4E 10 A GEOPHYSICAL & GEOCHEMICAL EXPLORATION Oct. 2018

doi: 10.11720/wtyht.2018.0089

TR, RS, DR, %D R SHA BRI 04T RRR ] T] D3R 504K, 2018,42(5) :990-998.http . // doi.org/10.11720/ wiyht.2018.0089
Peng P P,Sun C Y,Ma Z, et al. Wave field analysis and imaging of near-surface scatterings[ J ] .Geophysical and Geochemical Exploration,2018,42(5) :

990-998.http ; //doi.org/10.11720/ wtyht.2018.0089

ST b 2 WS AR 3 37 AR 20 T B B

ymem'? A&, Lk, FXH
(LFEREBAF(EER) ABHNEEEAR%ER, LK T8 266580; 2. B L TWELRER Wik

B oW BR  625000;3. % KK ENE WHRBEAFAR PO, TR AENM

072751)

B B RES EEARE, WA EALE A B THUR AR, S M BT BV AR, B e B E .
Br9E R 7 BUA B , BRI R B A R 22/ BB SOR AN S IR T i R0 T B R B A R ST %,
GEOT T R B B B AR ; TS 5 A B R AR B R R R BN B 1 R SN, RE AL T IR s R R
BUE B R R . 1 B ST R B R TR SRR, I ) U AE B3 T30 10 BT 5 O O A B XF T b 2R AU A
PR BR  E RS R AT B R — A ZORE, I TR IR, R BN B T R A R R

IR AR BN

XA IR SRR B ST L e R A
XEHS . 1000-8918(2018) 05-0990-09

RES S, P63l XHKERINAS: A

0 3IF

R T AR ES, M T IERES AR
B EHEOLT , 1 o R B R 0L FH P i R B
PEER—MERE TSR, BERAREE
SUTHSE I T T RO FHIL T #0h 85
TRTHNEIRFEUESFELENGES, THITH
R REARE, e E, BB TR
B B INALR B S B R KK
HRBEBR TR E 8 Z A TR e
AN FEPHBPAEREE, — BT RIS
Born 3L LB 5T T S84t I8 #BCA A IE 38 ) R v o
[RIAR, XTI L TEAL BN GE & — WU (Bom) i
R R R7 AN R BARRYE, ARESEE
BRI B4R AL BRI B R R A AR
BT B ST CER T Z IS, AT LA R e
BN BRUARAHNERFE , AR R B

IR B . 2018-03-08; B H#A . 2018-07-03

BAR B , B FRAEF S 7 A2 Wy RGO ¥ N 3E
A (B 8677 ¥ R R T B A 55 S B MR 0L, e T
SRR 3l 77 R 3 A R B 1) AR v T LA A
BB RE (BRI R e BRE%)
REMF R At ) BUR AR, BAAET RO
WA A% L A I8 I R R L R 2 EH T A
B IER, SEPREFAMO RIS P .S B Ll Rk
B, XAREE B2 F F LB I R T 5T He
BT B BUR IR, Sun'™) % H| F AR & B 3h )7 12
BATE SN, FRG BT 7 B 0 PP 3PS i, S
T B EH SRER S R

X EA RED R BRI R B RN 2
HHS SR EMAHEER, B THEER? 4
B ESS 88, BEMT TR RBEHAY
BT AR B A H R T I8 B B RA i RS 32
RIS i A% B8 07 50 F 40 B8 B9 RIS B 3 X
SHERRAR, BETEMRBUINENEAEFIES
PR B A S0 1 20 JBE S 08 | R AR U T A

E4WB. BEXRARKRRFELT B ETFAMSRIMBEERE BN RSEEFEWR (41374123) ; EFHHBEREMME E44H
PR R BORH R BE AL B O B R BT 5T (2016Z2X05006-002-03 )

EEEA. ZBIO191-) B AL AEE, EENBHBR GBS REETR TE

EEEE. RE(1968-) , PEAMRZE(ER) 8E, FTEAFHBEREHEEL SR IEE LR BEHESHIR TE



58 WSS S5 - ifT b R A SHA BOIHIFAE 47 B LR - 991 -
FE(S) MERmNA T BHHEERN AP
1 EAHE i3 1, AR — R EUST N 2 KU ; A 5w W 4 i

11 I REGHEHEERN
X Z AR RS BPREITRR.

2

(A +2) V(Vau) ~u¥ x (¥ xu) +F=p‘3—2 (1)
t

Ho u Hatkllss , F BB, u B E o
RN TREE
DSBS, WS ANBHNRE
—MHEEMRENRS, MRSEE SR ATRE S
G Er R
A(x,z) = Ag(x,z) +8A(x,z) ,
E(x,2)=#o(x,2) +ou(x,z) , (2)
(x,2) =po(x,2) +0p(x,2)
HH Ao(5,2) wolx,2) po(x,2) HERNASH, 61
(%,2) Gu(x,2) So(x,2) NN S, u,.u, 7+
FIRTERGHNIG EERNTE u, R
(Ag +2u0) V(Vguy) —poV X (V xuy) +F=
pd’uy/dt’, (3)
ZERENINRPEEHu I TBRAIAERS
u, SESS u, BIERSY,BD .
u, =u-u,, (4)
B (2) ~ (OHRARK (D) #,ATLERIBH S
58S ZEHER.

2

ou,
Po?‘()to"'%)v(Vg"s) VX (V xu )=

—[&o?;—z ~(BA +2u) V(Vgu) +&uV x(V xu)}
(5)

k172 _ k=172
v =

x i ¥ i

ﬂ{Lﬁcw)[ k 7

T -
n xx i+ (2n=1)/2,f
P Ax o

At 1<
—{_—ZC,(. [szi+n,j4»v2

i+ 12412 Ax 7o

k+12 k-12 +
U, irv2jev2 = Ur ivv2je12

k+1 k+1/2

N
At ,
- ok + (N)
Teijrr2 = Taijerz THijean A Z ¢, LY

\ n=1

N[ gk
T i~(n |),,u/z] "'_ Z Co LTz isv2n

it (2-1)/244172

TIEIESHGHEERTRISRE N, K]
RT WA BB BRI TREIE PR RS, AT
RiE s HHRB IR (5) TS EMIEAN
PRBOUE BE R XX IR BAEREFRE, FE
X EER, EEREFE) C)HHAEHE
PR 2 5377 ¥ o SR HLE MU R B A R P B0 B s
HRES, FREFTE4) A HREFRHKRE
B,
L1l ®BEARESHET

“HL RS R, —BrEE—R
B R,

dv, ar,, T,
P ot dx az ’
dv, 873 aT,,
p—=—7—+——,
at 0x 9z

T o dv, dv
=(A+2,u)——+/\—, (6)

dv,

or
p—-(A 2#)

a7, dv, dv,

?? -'u( az ax) °

Ko, 0, AR MUBEENKETEMEE
B, 7w B x F 2 FRIBIER S 7, R YIR
F1sp HAv EEE A Mp RBGER, EHE0ME
[EBE A Ax, YA 15 PR BIBE Ry Az, BHIE]SRAE Ar, B x =
iAx,z=jAz, t=kAt 3T u | U,u"jjx A S uf:,'}:,,iTé
314 laﬂfﬂ‘ﬂﬁx’fﬁmmﬁiﬁﬁ(wﬁﬁﬁrﬂﬁﬁ
M TR LIRRA .

N

1
m ok
x i-(2n- 1)/2,] + _ZC [sz ijr(2n-132 " Ty i,j-(2n-l)/2]}

n 1

k
=T isV2j-(n-1) ] }

N
ool s . At(A + 2/-")141/2.1’ z (_tv)[ kel2 _ k172 ]+
Texivtrzg = Taxivl2 A ¢, ¥ itnj x i-(n-1).j
X n=1
Atprisr2; & Z (V[ k122 ke ] (7)
Az Cr LY in2j02m-132 ~ Vi in12,j-(2n-102
=1
N
el . At(A + Z#)iu/z,j Z (/v)[ k+1/2 _ k12 ]+
Tuiving = Taivn Az Ca ci+1/2,j4+(20-1)72 ~ Uz i41/2,j-(20-1)2
n=1
Atprisrn & Z B G ]
Ax = vx i+n,j vx i=(n=1)

k+l/2

: i=(2n- |)/z‘,:,vz] + _Z C(M[ p

v, ig+n

Iul/2 ]
x ij=(n-1)





















- 998 . W ® 5 & B 42 %

scattering by near-surface heterogeneities[ ] ].Geophysics,2014,79 [22] Whitmore N D.Iterative depth migration by backward time propaga-
(4):T199 - T217. tion[ C]//Expanded Abstracts of the 53" Annual SEG Meeting,
[11] HEM, 2AOk BT TR B S B ZEMAB T A FR2E Society of Exploration Geophysicists,1983:382 —385.
SEEBI]. A R¥EFR, HAR ¥, 2003(6) .17 - 21, [23] Sun R,Mcmechan G A,Lee C S, et al.Prestack scalar reverse-time
149. depth migration of 3D elastic seismic data[ J].Geophysics,2006,
[12] XUBEHK, BRATE 0%, 5. B W o0 45 AR A R 22 S iR A Bl e 71(5).
B BEERL T) R 2R RE |, 2010,25(3) 877 — 884. [24] Wu R S.The perturbation method in elastic wave scattering[ J].
[13] e, RIEM AT R R IERF T[] A i Pure and Applied Geophysics,1989,131(4) ;605 - 637.
IRYTBERHER 2007 (6) : 658 — 664,733 ,606. (25) RAfTE NNER, B WA PR E R RE S ILE
[14] Chen X.A systematic and efficient method of computing normal L)) e ER 2R, 2007,50(2) 567 - 573.
modes for multilayered half-space[ J].Geophysical Journal Interna- [26] #EEY , XU, BKERE, 5 THEMBIENSBAEREMMERL
tional , 1993, 115(2) ;391 - 409. BESRBES[]]. EMRRZER. IRBERT, 2014, 44
[15] Robertsson J] O A.A numerical free-surface condition for elastic/ (1):375-385.
viscoelastic finite-difference modeling in the presence of topography [27] Komatitsch D, Martin R.An unsplit convolutional perfectly matched
[J].Geophysics,1996,61(6) :1921 — 1934. layer improved at grazing incidence for the seismic wave equation
[16] FIEAK T BRI A AIE B B E RS BHA RE5ER [ J].Geophysics,2007,72(5) : SM155-SM167.
B ]]. A ER Y B D5 2004 (6) : 629 — 634,621,751, [28] Zhang W,Shen Y.Unsplit complex frequency-shified PML imple-
(17] ZFEHRE, HERE, #i48, % 1 REE R B B R EREDNE mentation using auxiliary differential equations for seismic wave
HR[T]. MR | 2016,31(1) :300 - 309. modeling[ J].Geophysics,2010,75(4) ; T141 - T154.
[18] Riyanti C D, Herman G C.Three-dimensional elastic scattering by [29] EREE,DEH, &L —HBEETECENE RN 20#
near-surface heterogeneities[ J].Geophysical Journal International , EREHTR[]] BRI HEAER ,2000,43(3) 411 - 419.
2005, 160(2) :609 - 620. [30] BRA[¥ ETHEHARENSNETRBIENRBITELI]
[19] Campman X,Dwi Riyanti C.Non-linear inversion of scattered seis- HHPR,2009,48(5) :475 - 478.
mic surface waves[ J].Geophysical Journal International ,2007,171 [31] X4rfs, ik, 563k, S BB WA RBE PN ER SHEME
(3):1118 - 1125. [J] 3R E 247 ,2010,53(9) :2171 - 2180.
[20] Baysal E,Dan D K, Sherwood ] W C.Reverse time migration[ J]. [32] Park C B,Miller R D, Xia J.Multichannel analysis of surface waves
Geophysics, 1983 ,48(11) : 1514 - 1524. [ J].Geophysics,1999,64(3) ;800 — 808.
[21] Mcmechan G A. Migration by extrapolation of time-dependent [33] Haskell N A.The dispersion of surface waves on multilayered media
boundary values[ J].Geophysical Prospecting, 1983,31(3) :413 - [J]. Bulletin of the seismological Society of America, 1953, 43
420. (1):17-34.

Wave field analysis and imaging of near-surface scatterings

PENG Peng-Peng'* ,SUN Cheng-Yu',Ma Zhen',LI Wen-Jing'*
(1.8chool of Geosciences,China University of Petroleum,Qingdao 266580, China;2.Ya’an Bureau of Land and Resources,Ya’an 625000, China;3. Re-
search & Development Center of BGP ,Zhuozhou 072751 ,China)

Abstract: Studying the basic characteristics of near-surface scattering waves and determining the location of near-surface heterogenei-
ties help seismic imaging,survey planning,and avoiding geological disasters.In order to study the wave fields characteristics of near-sur-
face heterogeneous bodies, the authors used the high-order finite difference numerical simulation technique and perturbation theory
method to simulate the wave field records of shallow surface scatters and analyze the basic characteristics of near-surface scattering
waves.The near surface heterogeneity was located by introducing of reverse time migration imaging technology with the scattering wave
field as an extrapolated wave field. The numerical results indicate that surface-wave scatterings are usually stronger than those body-wave
scatterings and that forward scatterings are also stronger than backward scatterings. Moreover, near-surface scatters can be precisely im-
aged by the elastic wave reverse time migration. The near-surface scatters can be regarded as a secondary source, which increases the
near-surface illumination. Using the scattered wave field can improve the accuracy of near-surface velocity inversion and seismic ima-
ging.

Key words: near-surface heterogeneity ; elastic scattering; wave field modeling;reverse time migration

(ARG )



