%66% %3%@ A\ Y12
20204 5 H W B 3

Vol. 66 No. 3
May , 2020

GEOLOGICAL REVIEW

2 B T 4 R M AL 5 AR 5
APED BRED STH

1) bRV IE R A FR A 7], A6 ST, 100067 52 ) v FE TR B, Jb 5T, 100037
3) FEA T REE (TR AR ) HIER B2 SE AR 2B, 1 AR T 5, 266580

PREIRE : WA VR R ERTT A e UL 5 9 6 A%, 63 7 A AR A PR 00 — A T 22 4 A 7 RS R T A
LA LN R BAR B AR ME LU 2 B BORE TR 2R B RO 755K o 22 AR B PRHR BE S AR A SR 45t 0
WA BORE SR R AR B, HAR I T GRS T 14 /0 W 2 P A s ) 20 B AR, SE 0 M T 22 00 i Ml R ¢
BEAT LU R0 b i M AR B R AR BE AR SR 22 Dl 7 15 R N JH B2 B 9 RIS o, ) P B D7 i 0 J2 B 9
PEFT 2 B MR B BRI, R S AT BR 22 70 75 VA X by S ) B 7 AR S Y 1R 47 22 7 ik TEOREALL , SRS 2350 0 2
SY R PP AN PS Y AR RS BEAT B AR E i B AR I o 38 5 X WA /N RS B s A A R A 22 04 M R K K
BRI, Z2 B R R A — Pl A R 2 B 78 RE SR D512, 5800 I 22 i e R A1 T 2 WML B v AR

M, R B v IR S B R ACR
KR P TAT R 20 BRR B R

T HA R BRI (HA R M i LR
%% o WEIRIE LS A1 52 B 45 b S5 FH B9 52 e K%
P, DR IE R 1 A R 2 O & Rl BT IR R A g
PRBEARR A B HEAT . S MEURER™ A 7= g i it ()
RIRZ AN i BZ AR AR AR
By ke MOZ DURMCA PR 32 TR T MRk S R
SRS, P AT R TR E AR e R S DX
TR B — i L TR b A | I il T 55 4 3 Tl e
AT BB T K TG B A A A I A O (TR AR
5,2007) o 7R FEHLZ BN B TR K Y R AR
{3l 2R Bl Al e s T | B T
KA ) ik, 90 e PR RO 7 E A TR
DAL i AR 1 15 H B R i A e R b
R IR R B 2 3 B B Vs R (8 A B AR,
2012) . BEdsAEAE R ST IO o> 2 0% KA HL, W
AN, EPEAR, MUZPEZE, TR VA B R TR L
Z e PeE SRR TR E , 5 A A1
PO, FEERE T DA S LR BT S AR A ST
THT XA AR R 8 22 301, 5 B3IE W S e AL A i 2 B g
AR (TFHIEAE,2004) o FETEAEXTER SRR
FIRRIFR BA T RIEE , AOUBIREZ 9 58 84

HE L | 50 638 A H A AR 2 0 IR, Ty LA AT
BB FRIR I S kG T8, 25 JERT TR 02 4 e 77 ok
R B (a7 1655, 2012) , R IL, o 6 ) R 1
MR P RETE AL X A A 7 v AR T Y S B A
B AR IE YRR BHEE 3 T RBOR , O E
L AR EENE X,

UTAER M P 3t R S R 7 VA T AR P R | A
T E 3 F ( Gochioco, 2000; Walton et al.
2000; Zuo Jianping et al. , 2009) , B 28 i Ky A B 4
WA 2 R VR AR RS X i A BT
TR BT B, 78 M AR M BT A% R A A 1 b X
LI 30 m 245 WO BATE AL , R A DR A 7 o
W2 T T SRR . (HRE S L
BRI 5 i 2 P b SO A 55 R ok A4
Xof R SRS 2 0 SR Ok by el TR T AR S
g o T e = RS DS EE RS B VAR S 27 N d
(ZRAE 2009) , L b RR B IR BOR © o 2
PR B RS AR 5K . 200 i MR IR BRI
RAFYNBE 5 e I 5= BT, SR I T R i AR
Wl B MAh, i TR (S ) RS /IN TN (P
) AER)Z S B R P ARXTAR /I T b 7% 2 43 BF

I ASCHER A RBAIE SN A (45 :41704139) A1 [ b B RL 2 e 3L AR L 45 37350 2 (485 . YWF201907 ) AR

Wi H 1 :2019-07-29 ; B[] H . 2020-03-01 ; 57 A 4% : T, Doi: 10. 16509/j. georeview. 2020. 03. 013

TEB RN R, 55,1988 4EA:  TRRIN, 322 A S50 FH H R B4R 7 VAR B AR A B T4 5 Email : 502121329@ qq. com, FEIHAER .
BREDG, B 1987 4F A T BYBRIESE 01 | B M AR RS AR SRR ER DN 95T s Email ; hanjianguang613@ 163. com,,



53 4

RS SR Z B v A 22 U R SR AR AU, 5 AR TS 721

FIRWAH 174, K45 PS AEVRZ BA TS
O3B R RG22 v N I A 1 RE 8
ARAT 10 LR, BT I 194 220 ) 1 ) 3 T 285 B P R
AR SR AE (Stewart et al., 2002, 2003) , HARTE
SRR R R TS R AR R, 4 PS U
FEGR)Z B R0 H AR T PP ik, A 585 R H 2 0%
MR BORMAN U RE B 4 1) 48 7 b T AR 45 R, T HLBE
AR e SR 55 A% 1) S P A B LA B AR A
T RSB PR P i v

I, 22 I R S PR B E AL T T JER i 4
1E2 0 B R HOR ST 5T L) N 2205 R 5l Rk
£ Rk BB S A BB IS T — RS
B (Gu Bingluo et al. , 2015, 2017, 2018; Han
Jianguang et al. , 2014, 2016, 2017; Lu Jun et al. ,
2015, 2016, 2018), Z U MR BIFRFR W & BN
PRI FH B T AR AL 107 00 S8, A SOfF 22 b 7
HORGIABNEZ B 5 A58 b AT EUE Ty 2 0 B
JE BATRAEIEA T 22 Bl 3 52 B PRSI 5T, SR L i
A PR 227377 e AT IR AL 15 2 20 R I
SRIG R I8 FHF PPk DL R e 4 PS I 1Y & il
BRI Am A% 7 0 HEA TR A% A5, % PP PS i
AR AE R AEATRE L 3T ol B BT 52 30k
2 PR RS TREZ B I R PR A w4 T 1 R %
P, S it — 200 22 5 s B AR B N ] T S B 2
Bea T AL PRI S A 0 Bt

1 RS T5

1.1 EEREREMERRE

SR I U7 AR R 2 I L R I 3 TE TR A
S R R T R AS 5 A AR T oK i
SRPER B TR . AR RV A B R A SR B s Ty
A

d’u 9’u d’u 9*w
—=(A+2u) —+tu—+ (A +
v ( w) o TR (A +p) FE
9*w 9w 9w *u
—=(A+2u) —+u—+ (A +
Py ( w) 0 TR (A +u) e
(1)

K w Flw 53 5 RIS B 7KF- 43 FE B4 p
RN RE (g/em®) A Rl 2 Lame H4L.

A B 22 531 2 o ) — b RR R B AU
% (Moczo et al. , 2007) , Al 22 50 8 -5 LUAH I 19
Ty SRF, ST 22 43 J7 TR SR U 20 5 2 00 BRAH it
2245 ZBUR T A KR 22 43 M= D S B ASHOURS BE 1)
FHEFR A SCR TR RS A BR 25 43 A TR 5

UL, BB ) R I R 2V A R 22 R R

N
a, =— ZZam
m=1
N
I1 ¢
_(_ 1)/71+1 i=1,i#m
- m> R N
H(mZ_i2> H(iZ_mZ)
i=1 i=m+l
m=1,2,--- N

(2)
AN 2807 LAAS B AL A% B b
ZERHT

PEIOT

aof(x,)
~ +
Ax’

S a, [f(xy + mAx) +f(x, - mAx) ]
it sz (3)

i R U B A UL e R R I R ) U S, A AR
RIRIRSN T i sy R AMERE . R IEEH A
A W B [ S 1253 [ 0 B, AT FH % - D
PR f( 1) RFAERTRIMELE |3 3 — A~ Bl & B 2R A
PR B AR RO A BB g (x,y,2) RFRASAAEH
TR, WIRRIRAE R T LR

S(x,y,2,t) = g(x,y,2) - f(1) (4)

RIEA 2RI, A R MR IR R IR 35
VR TR U5 ] Bl — BRI BE I, 5 ] SRR T
FEA T RPEA B, B A Toleds ., A SCR Fg A
UG, RO S O R AR L R R A 2y =X
wr .

0*u 9*u 0*u
—=(A+2u) — +tpu— +
Por ( #) ot a2
*w  aS
A+ + —
( 2 dxdz  Ox (5)
azw_</\+2)82w+ 82w+
P ar e T e
’u  aS
A+ + —
( 'u) 0xdz 0z

WA, M= I 37 1E AR AL 1Y) 5 Hb— > 5K B[] et
N TR, BRTE 2k R T 2 WM il 2 ( Cerjan
et al. , 1985;Sochacki et al. , 1987) 554 LW i
15 (Clayton et al. , 1977; Higdon, 1987, 1991) [}
K 5E VL2 (PML) Wi FAc RS 2 R 2 AL ]
A R 22 70 B AR AU, v 1 B R )12 7 2 PMIL W
Wk A PML WG 538 ik A 15 30 Ak 5
A= ARMZ AP G B TR At 7 R A



722 Mo R

it

2020 4F

S,
KT S PML 34 BS54 3k B X 2 [ Ak
Frp(p =x8p =z2) GIAZELIRR.

p =p—ijdp(s)ds (6)

Hob p RS AES (B A i S R R, d ()
A IEWEREL, E I G AR p T S PR 0 h
WA, T p M p 0Y— e A R T ¢
#:

0 w d

% iw+d op )
TR
82[7 op ia)+dp6p ap
:( iw )232_ (iw)’d', o (%)
iw+d,) 9p (iw+ dp)3 ap

BT BRSBTS AR LI R AT AR AR
(AZEIL 5 ) -

(i) = (A +2,u)(

iw ) 20’0
w + d% E)xz

(iw)?d’, on 0%Q

AN+2u) ——
At ) v dy ox T H oz
iw O w
iw +d, 9x0z

(A +p)
(9)

(i) 0 ( i® )Zazw
w w =
P » w + d_t 8952

(iw)*d’, 9w PR
H (iw+4d,)’ ax A+ 0z *
iw  9'n
(A +u) iw +d, 9x0z
Hodr o Flaw 3 550 2 A9 SR 38 ) 7K 7 Fl 3 A F%
WedFysd, M x AW R 5, ek T .
(n+ Do fx)" 1
1= 5] e (10
A FORBNHAIMIEE ' N d, e x TS
[ B, AT A5 3 L I ) W A B )
PR W0 WS 2 B A e v ik R AR e 3 A
[]—25 (6] 3, A1) FH A BIR 2243 BV ] 52 B 5 e 3 B0 (R A
1/
1.2 ZREBMRERBREHX
L nEESE TR X 8YS 72 s
FEWCR NI SR O RE B FeATT 1 ST AR 19 £ 4
HL R R AT B Ao, ARAT AN [ PP RN A%

B PS JHIRR D 5%, AR 73 BN PP ORI 8 PS I
PEAT B TR BE T RS A5 . AS SR v 0 A i 7% 18 4
J7 AT I, s 30 RO % S — A I 55 4 1l 7%
D3, [ s e 3 75 2 A % 07 12 4 UAGORS JBE A R
Kirchhoff fi#% 77 1% 3 i | w8 L, JF HREAT A4 HY
R AEE I ), FE 245 [ A B, PP
1 PS e 0 A5 T8 AR w5 30T R R 1 TR i B AR AL
Han Jianguang %5 (2013) ,

2 B{EA T

5 FE b SRR (0 8 95 A P T 28 T 49k [
HER FEDIR AREEE R U bR DA OSBRI (PR 2R
8 ,2012) , ASSCLASR A UL 5 R B 7 4 R 491
SEA SEBRBEATE R K B RRAE T — AN AR A B VR
FERRY | BEYEAT RS A2 50 m, 5 110 m (A& 1),
PO AN A 1600 m, T 800 m, VA [ RA% /N
5 m, BRI 4R 1R RN R T, W 2
JZRE 3 IR IR 4 2K, BIRS
W 1R, N EIR BT R R T 22 7R
BTSSR M A R 22 43 A 7 1E A

1 BRI S

Table 1 Parameters of collapse column model

. S~ YPERE | REE R | B 2R
A R
(m/s) (m/s) (g/cm”) (m)
B2 | ENR 1800 1050 1.8 200
B | WA 3100 1780 2.2 300
B2 M2 2000 1150 1.4 10
BNE | KE 3500 2020 2.3 290
FE¥&tE | 2700 1560 2.2
K P HE B (m)
0 400 800 1200 1600
0 1 )
200
E
i 400
K

600

800

S HER2 a2 il

Fig. 1 Collapse column model
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Fig. 2 The 26th multicomponent seismic record: (a)Z-component seismic record ; (b) X-component seismic record
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Fig. 3 Gaussian beam prestack depth migration result; (a)PP-wave migration result; (b) PS-wave migration result
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Multiwave seismic numerical simulation and imaging study
on collapse column in coal seam

ZHU Guanghui” , HAN Jianguang” , GU Bingluo®’
1) Beijing Tanchuang Resources Technology Co. , Lid. , Beijing, 100067 ;
2) Chinese Academy of Geological Sciences, Beijing, 100037 ;
3) School of Geoscience, China University of Petroleum, Qingdao, Shandong, 266580

Abstract; Collapse column is a common geologic hazards in coal mining. The accurate detection of the
collapse column has always been the focus of safety production research in coalfields. It is difficult to meet the
demand of fine exploration in coalfields by relying on conventional PP-wave seismic exploration technology. Both
PP- and PS-wave data can be obtained in multiwave seismic exploration, which can provide more wavefield
information. Moreover, PS-wave has higher resolution for some small structures in the shallow layer, so making full
use of multicomponent seismic data can effectively improve the accuracy of seismic exploration. In this paper,
multiwave seismic technology is applied to the collapse column in coal seam, where multiwave seismic numerical
simulation study is performed for collapse column in coal seam. The elastic finite-difference method is used for
multicomponent forward modeling of collapse column model, and then the prestack depth migration imaging is
performed on the separated PP- and PS-waves. Multiwave seismic numerical simulation tests of two small collapse
column models show that multiwave seismic exploration technique is an effective detection method for collapse
column in coal seam. It is helpful to find out the collapse column structures in coal seam and obtain better
exploration effects using multicomponent seismic data.

Keywords: collapse column; coal seam; multicomponent seismic; numerical simulation; imaging
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