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Fig.3 The cross-plot of logging curve

S I B A PR — i FRIE: IR\
HE (Vp<<3 800 m/s) | fIk# & (RHOB<2.25 g/cm’) |
1 F SR (GR>60 gAPI) .

LR, AR AR R L R SR 3 iy £ ke
F55 M AR A T E R A, 2 ok R R R A
i BRI R A AT BB AL B, A RS B b G 1
ARTRY 5 %o IO B B R i

5, B HIEHREE >3 800 m/s. B >2.25 g/em’
FTE SRS <60 gAPT (1) 3 A<M FH- il 28 %55 17 (1) 418 e
Bl 12000 . VRS R AR R 1N 43 A, E I 2
A EIRZIEETEE (K 4) . 238 HrT L
A X AU T A RS R A, b Ue A g | i
(1) Hb 75 Z50HH 1% i 15 35k >4 —40 000~ 30 000( 272k 2.
WD, LI A & B 8 ERH)Z (B 5) B IR IR (75
59 F—40 000~30 000, L {EL I8k 22 41 415 R i 17 TA

e ML R A3 S S
2yt IR FRRRR, AT LK KA X ZR0 A
ZWUCE T MR B R B E AL R, TR —

39673

—40 000

~20 000 0
B4 SREB.REREESEEST

Fig.4 Amplitude range statistics of sand and mudstone

20 000 40 000

in the study area



22 WRHBESEIERERRE

F A 3l DR 2 0 A R, 48 XHERE i 30 000
FR SiR AR I S e MR T L A oA AN B R, By
MUEEATE . O 1 7RI BRAREZ 52 0 B [ i 22 4

———

)
A
i
W\

v, b =

-~

(2) e IR BB 7 T

74 Marine Geology Frontiers ML T 2024 44 A
K-13F K-15F
— bR GR
/m | /gAPI
0—200
e
j3 150 ?
js 20|15
1 ;;
[73250 B
i i Z
40 000 | D
j3 300 =
-0 js 350 j
L3400 <§
40 000 \ <
5 REBRIRIEEEST
Fig.5 Mudstone amplitude range statistics
AR IREE I TR B TR BRI 2 R T R A BB U e 23 1Y) 3t 75 o 7 £

B, ARG HEET Petrel - 15 b A2 £ H 4b PRI T 2%
H {1 2 A S e R S R A A S R R
PR IEE TE—40 000~30 000 LLAM (14 1 52 %5 1t 53 1:
FEMA T 23 1, oA B - B AR (18] 6a), 5] 6b A7
R L S22 5 M 22 T 1) D 5B, €] 6 A v R D D 2ot

o —

| PRI

(=}

l —40 000

(c) BB BRAYAR)Z 0 S St vl T

& 6

R ER SRR

Fig.6 High amplitude filtered from original seismic data



H40E K4 W

FEDL, A PR K R 2 000 b 25 BRIGEZ S AR SR 75

UL B0 RS, =B A5 A T LATE EOH A A
DN 1) LB IR &2 | ) D Sk 25 R
R YT LG IE 6a F6b 1] LLE Y, T2 5 1R 15
Pl 5 o LU, o R DRI IS 48 KR A3 A s 7=
FHHE BARAE TR

FE R, KRR A3 A W S A v M U
Z IR AR B T, AR R R B e HL R Ay
SRR A R, SR A sk AR R R ]k el —
H AT A A RBUSHE B . A, It TR R
M TR R 7 s, AL A R R b
BN 4300 m/s; SR RN, A 4 000 m/s;
ML R SR R 2 350 m/s; Tk 4R 26 Hz,
TEHJE A] UL, BRI I S IR L SR R
B AU AT R A, R 32 A7 B o R i 1
Sl o ib e IE RS BB, BT
X SRR IR S A TR 2 M SRR G R E W
W Ue A5 B I A e B KRR B M (R IE A R )2 T
DU HERR M

(a) 20 Hz M%) i

HONE, ORI, RENBZ

7 BRERIEEER
Fig.7 Forward model of coal bed

23 SZTROMBENMERKE

T A AT v HE RIS DX B = 5 A 5
b JZEAEAN [R5 T 2 151 1 RE A (5] 8) i A8tk &
B, KT DX 35 M S BT A B 00 i e A
S AR AL TS B Rt )2 A3 T g R i S U
B, BT LLAT LR AL T AN RS A (4 22 - o0 it o
P EAIRZ

(e) 60 Hz Hi1 7% i) i

(f) 70 Hz H 7 51 1

8 SREIE

Fig.8 Frequency decomposition profile

T S TR 1 SRR T 2 T A i
B, 08— PR A3 A g S A 4.,
AR 5] 9 LA VAR 09 1 20—
T, M 0 M A TR A — A4
SR PP 91 52 38 A1 RGOSR 4 Ry (o),
IXONSN ION-EIEVTIES GILIRIEST
jj[l]:

RD=)"" Ri(t) (1)

%k wy (), wo(e), -, W,(O)IRFE—HARF T
BB B e I, A B T A R Y B — R
R(£), Ry(1), -+, R,(¢) HEATHE AN, #5581 — £ M % I B

(ERERsIE

Si(1) = Wit) * Ri(1) (2)
Azi=1,2, o, ne WL, WREAES SO LR IHE
TN I KRR

W= S+ Y N

=3 Wi R(0+N(@)

A N TS

WL AR B -5 EEAL TR UL AT 9a. b.

MCT B P E A H S AT (] 10), K-1 JR7E
Frf b BRI & B EZE (3 150~3 300 m), B A

(3)



76 Marine Geology Frontiers ML T

2024 44 A

Il
|
|
+
+
(]
+
|

—

.

PR RO R
(a) HLRRAR S 1Y 5 fifk

30 Hz 25 Hz 45 Hz 35 Hz 15 Hz 20 Hz 50 Hz 40 Hz

I
:LP g. =5
- _
- =
é— q
cr > o
30 Hz 25 Hz 45 Hz 35 Hz 15 Hz 20 Hz 50 Hz 40 Hz & /{55
(b) RESHE

IR 8] 152
9 WERESHIRSEN
Fig.9 Seismic signal decomposition and reconstruction

K-2

b

£

E10 K-1.K-2 #Fh EREHMEIE
Fig.10 K-1 and K-2 cross-well section of the middle-upper Pinghu Formation

I ERP RV A A TR s K-2 HAE P L BeR
W RE N EE, BRI e & 52 e 24
W20 ERRIE . R BRI 1B, 2 D3RP
B Hb R R AE AR AL, A AR, SRR AT L
SEAT RCGTREAE, H K-2 b PR i 50, 5 R
Toid: X4y A AR B FRE . SR AR MRRE AR ik
TR AN ) 32430 1 BRI S8 2 BB . J2 1 R 000
fef (& 11), ATRLE R, & B2 7E F 408 22 Hz
I RE B R, 22 Hz Ji BE 2R R0 AS 3 )2 78
F45A 30 Hz BBk,

FRYEA KBS L5 H 022 0 A R A
APV TR, T AT e X O 2 R o i
WAL FR (K] 12) . Q& 12a FirR, ERLRE ) K
1 000 m, £ 200 &, J5 300 m, )\ 3T & &I -b-
Tedt 3 B R, A 100 38 46 76 B2 A U
2, R 2~3 m, Hi, ibA#E 4 300 m/s,

%4 — Rt
—
25
.20
2
i
915
m
10
5
0

0 10 20 30 40 50 60 70 80
A% /Hz

B 11 BHNERMEINESESMIETNH R
Fig.11 Total energy of target zone variation with frequency

JE AT 4 000 m/s, —HBEHER, 490 2.44 g/em’s
ML B 2 350 m/s, B 1.66 g/em’, R JT E 4K
26 Hz & v TR dEfT IE . & 12b A] LLE S, 75



55 40 5 35 4 1) FEDL, A PR K R 2 000 b 25 BRIGEZ S AR SR 77

= I T

(a) HFiARRY (b) IEHHZ,
B P R, SRR, e
B 12 & RESEEIEREE
Fig.12 Forward simulation of coal-bearing strata model
IR T IO B R ORI B R s . X b 22 Hz BFEGRB R iR, 22 Hz Z ki 2R, 5
TR R S AL B G R R bR A AR S A X AR R AL AR — B

BARB R, GEHA R AN 13 PR, SR E A AR Z IR, A 22 Hz DL s, O B
. A i P A s W D R B 2 (L, T Lo
7 T R 3 31 A AR T2 5 S SP E SE [) ok B 22 M (g
mg b WEA RO E R
24
REI

) 3 FHROR R

0 10 20 30 40 50 60 70

ARz 31 EEHR
B 13 EFREERIEEREERMETUXR
Fig.13 Forward seismic amplitude variation with frequency [l 14 S0 B RGHR IX e BR A2 52 iy i b ) T

K23 K-33 K43

" : ﬂjﬁuﬁ) 000
|

0

I —40 000

(b) A IEF A T
B 14 HFERERSEEEETLHR

Fig.14 Overall comparison of seismic profile before and after coal removal



78

Marine Geology Frontiers ML T

2024 44 A

XFEE, AT Y, SR B (R H )2 BL(T32—T34)

SZMEZ R, R TR i S S, A 1) b R A
b S S RG] b JREE AR 58 A B R AE L
JR T T A A A e P R 5 AR R AR AT |
AL B S AEAL s R BRI , IR 0 S S5 R Aok
553, A 1] L[] R b o 28 A0 20 B, O B A R Ad
ANTRE RS R R A BRI AT B A2 1k, Gk 1 H 892
AR AR e LR B L B IS e B R S
FAIEDCIM B o AP, XoF U BRAEZ 52 i i J

P AT LA Y, RN ECE L LA | DS B

FERRAS LR M SR 5 1 50 3 A R IR R AE BEA A A
W AR, A RSO AR B IRAT e B, nT LAEAT R —
A E TN T A

Pl 15 Ay aed Bl 7 ) TR B2 5 W 1 X

LUt O, dlad B A B, RRLE T (P 152) BR T HEZ
JITTE AL Si8 i ek S D383 2 A0, MED AR 5 AL 25
M L83 R T, A0 7 O R R FLRD MR i
PR BRIGEIZ 52 0 Z AT SN B AR Vp/Vs S
17 (] 15b) AT L SE B 5 i 5 T B 2 5200 /= 14 5
RS0 X AR 30 1% 22 i R ot R R A B Y
Rt SRR ONGIE S 2L SUR (A IR E)
HITARAHZ AP

3.2 EEBERTTEM S

A X 73 B A T B2 R R A
AR M 52 0 T A (PR MR R/ NBR AT ) R e 2 I S A2 Ak
LA, i i O T A, 0T TIX A 2 A L B
FEARDL PR AE PR H A5 245 S i R B A

K-3F

mrEs

ES
0
G
S

L
Ly
.
.....
Ly
L
5
o
Tea,

.
.
.
"
iy,
.
L
.
.

TT T TAT T T T&TTTT
w
>

& 15

EIRAT R BRI EX b

Fig.15 Comparison of single well profile before and after coal removal



5540 %5 55 4 )

FEDL, A PR K R 2 000 b 25 BRIGEZ S AR SR 79

B, PR R AR A S B = E — 2t (15 16),
It LIA R BB bR T e BEZ & T A IR IR A T —
TEARZ A, AR B0 B B A, IR BE R, mT LA
FHoRAG AR TN T — 2 T A

33 EKBEBIENA

EERBEZ S, JCIR R A R A A 2
B b R B R AR R R R A — o R
A EH

BARZE FAIESE K-3 HAE P6 Ab%l i 60 m 21D
#, K-4 e Po b RE B A U2, 2N K E,
BRI 2 T1HAE P6 &b [RIAR R fE A A
ZE0, FRATIFAT SRR SRS (F 172),
P RS 2 0 T JE M 2 DR AR D r (o
(L 17c Z2 D 5 IBBRBEE 52 f5 , - M F K-

t

L7500m ,
1:166 069

(a) JELR T rh L BRI AR 1 3 A7

MRE/C)

7 500 m
1:166 069

(0) JRURABCHR T - BEB L - 434
16 EEBEHALIAEE S

Fig.16 Contrast in phase and frequency before and after coal removal

3 3t P6 Ab4RIEEL K-4 I P6 Ak S R 5E, HLAE
BR AR R MR i A 2 A4 T 1 L, K3 AR AT AT
JEPES R, K-4 55 @ A s, B )2 5
PROGARCHEAT i s, AR IR TR

P18 S BRI Z MG Vp/ Vs ST T X
EE, ph AT O, 8 SR HdE S i K-4 1) P6 Ak
H A A 7, 7 A S W ) B T
P6 AL BATROMARIE N, 55 IR A2

4 #5ie

(1) 388 3 43 A RS 2 P I i 1y A R 4 ik
Bt b2 i o AR T L R R I S L ISR
DXARE 25 | RS ) 5 R i 6 (> 30 000, 1% 4885 Bl
DA 114 1t e R A T DX P T o LA ARR, R FH o e

7500 m
1:166 069

(b) IR L BRI A5 1f )47

FENC)

= -

! 7 500 m ]

1:166 069
(d) ZHEHAF- b _E BB AT 113410



80 Marine Geology Frontiers I 7 b BT Hif i 2024 44 A

K-33F K-39 . . . S K-4JF
S A ey | ki | aaen |
0—=200
Ps
P5| i
I FZ
I'Z - 14 601 (
b P6|
J: Ly {
& I
P6|-

=
n

NoAAn

N

-y

K-43F
iz b ;‘},l
0—=200
3
D
g
3
Z
i
- =
o k
£ {
B =
2
i
<
3
i
<

() T B3 2% 532 WD T - 10 J P %
17 ENREBHERREREEZINERMEBREHEK
Fig.17 Comparison of migration seismic section before and after coal removal
PO M e s AR B AR HE G RETR BETR AR AR, I IR J2 R B
()L A B 2 SRS 2 R U MR E B A BRI TR, 22 Hz LA A



5540 %5 55 4 )

FEDL, A PR K R 2 000 b 25 BRIGEZ S AR SR 81

———— |

(a) JR AR H S I8 P6 IMAR R

K-49F

(b) ZIEHE 3 P6 WAL 50 Bk

18 ERERFIMAIE KRS T

Fig.18 Comparison of inversion seismic section before and after coal removal

B B SR Sk, SR T 0 A T i ke
e A e K EE A, T R R 5 S S 1 [R] FO  R
TR ATRAE R, AR T S22 R e A R R PR TN
TCH A A TRIRE, $R e T AR TR

&3k

(1] BRIBI. e TRIRIUR B 52 500 S il ik el vk 0], JE H
Ho 5 I, 2020, 48(3): 187-194.

2] ER%, ToKWI, BEAR, 45 — Rl 5 S PR R T BR 7 ik
TESRIR WA M55 [C]. SPG/SEG L3t 2016 [EBRiEk4
H2UL, 2016.

31 XUZRE, PRI, (ERLYE. 700 508 R 200 W BORTE L Jiifs
F P URIZ L X R [9]. Bk B R, 2013, 28(1):
338-344.

[4] WANG Y H. Seismic time-frequency spectral decomposition by
matching pursuit[J]. Geophysics, 2007, 72(1): 13-20.

(5] HEWE, ED2GHE, 2R, S5, AR SO 9K S i ot DT C 38 BR A2
POk [3]. HERY AR, 2022, 65(6): 2276-2291.

l6]  ZE5E, 240, R 200U 28 Ml 2= 25 002 v it )2 U000 4
AR D] B 2AAR (HERRLERR) , 2014, 44(3): 1048-1054.

(7] BRAA, FOUMR. SRR ZH A KA LG A &
FEI KOl A 0], A5 R AR R, 2010, 31(5): 632-
639.

(8] Z&ffedy, BRI, XU, 45, 25T Wigner BUEXT fi U1 A (1153
FRBOARAEIN ST T B RLHT (7], S MR 22 G ERRE AR ,
2013, 43(3): 1013-1024.

[9] ZEN, ST, 2R 4 R, 45 T Wigner-Ville 3405 AR AEfifs
JEBER R R (0] SR, 2012, 31(1): 913-818.

[10] LI 'Y D, ZHENG X D. Spectral decomposition using Wigner
Ville distribution with application to carbonate reservoir charac-
terization[J]. The Leading Edge, 2008, 27(8): 1050-1057.

[11]  COHEN L. Time-Frequency Analysis[M]. New Jersey: Prentice
Hall inc, 1995.

(121 %R, W R, TR 2 T4 5 B AR R 6

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

9% (7], WCEREE T 22540, 2010, 37(6): 660-665.

ZRHES, TRRT, BRI, S TR BN B R 1
ZF W o S [7]. A il ek EHE R, 2009, 4(6) : 675-
679.

D RIS 7 =7 ST 1 RN R o i L R
ety g i ok R M SRR B S A A T (D). o A
£, 2019, 24(2): 153-164.

TIRE, F AW, N, VI MR R X T =R
WL AL DTS (7] A5 KRS HLUTE, 2022, 23(3):
257-261.

AR FEL . ARV 7R I 110 568 0 4 20 ol < . TR 4R 2 5 3k < o A KL
A (7] A SR LR, 2010, 32(3): 223-226.

RFVK, RS, AT, 55 A SRR AE S R T
i [7]. HEPEATIH, 2008, 28(2): 7-13.

SR, R, T A, AR R AR A 12 Bk r Y e S
KRBT [1]. WAL RF M (B ARBIERR), 2015, 45(5): 801-
810.

s fAHT L, SRR, ARG R A, R M T RS
ALK LAVE A MR T A v S ) [0, TR 244 (AR
M), 2016, 13(26): 1-7.

FRPT, ok B B, R, S5 A Ve Il 4 30 b 113 111 o 1 18 £ 18
JZ A AR R R ALE (0], A KRS M R, 2020,
41(4): 824-837.

R, XA K, A0, S AR VI 1B v ok SR A AR s 2
B AVRAE By IR 8 7R 3 SC D). Al SRS LT, 2017, 39(4):
498-504, 526.

BRit, 22308, T 95, 5. T Mo % B 25 F RRAE 09 43 e
WG ZF AL (1], Al 5 TR, 2021, 35(6): 1-6.

TR HERE, Al FL, TR H, S R I TG I 1M1 B R A SR AT SRR
f (0], sPEEIHA, 2013, 25(2): 24-29, 35.

I, MRIEE. ARG IR T 58 = R BT R AT ).
TR S 5 DU 28 M BT, 1994, 14(3): 33-42.

SRELE, XGK, 28222, 45 TG0 6 3900 G0 AL i 21 K
ARFTICRR AR RAEAE [J]. T EE il <, 2018, 30(3): 10-18.
XK, ARER, 22T, S5, “BETRRRA PR 5 vE 0 1 B
PRIV A AR S D). TP D 19, 2019, 31(3): 11-19.


https://doi.org/10.1190/1.2967559
https://doi.org/10.3321/j.issn:1000-7210.2009.06.006

82 Marine Geology Frontiers ML T 2024 44 A

Research and application of coal seam interference trimming in seismic reservoir
prediction of K Gas Field in Xihu Sag

YUAN Yue, LI Shuai, JIANG Xue
(Shanghai Branch of CNOOC (China) Ltd., Shanghai 200335, China)

Abstract: The strong reflection caused by coal seam has strong interference effect on seismic signal. The K Gas
Field in Xihu Sag of the East China Sea Shelf Basin features poor continuity, scattered distribution, and thin thick-
ness. In this study, we found that the presence of coal seams could lead to problems in sand body prediction, such
as creating something out of nothing and shielding of seismic reflection structures, which severely limited the ac-
curacy of seismic reservoir prediction. Therefore, by using semi-quantitative interpretation of geophysical re-
sponses to locate coal seams, seismic high-amplitude filtering to filter coal seams, and multi-wavelet decomposi-
tion and reconstruction to replace coal seams, the influence of strong reflection from coal seam in K Gas Field on
seismic signal was removed while retaining as much effective seismic reflection information as possible. After
eliminating strong reflection of coal seams, the correlation between seismic data and reservoir became higher, and
the accuracy and reliability of reservoir prediction were improved.

Key words: Xihu Sag; coal seam; high-amplitude filter; multi-wavelet decompression and reconstruction
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