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Dolomite reservoir prediction with lithology factor in the Maokou Formation,
Fuling area, Sichuan Basin

Liu Ling, Wo Yujin, Zhang Tao, Sun Wei

( Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 100083, China)

Abstract; Large P-wave impedance difference exists between the Maokou Fm. carbonates and overlying carbonaceous
mudstones at the bottom of the Wujiaping Formation in Fuling area, southeastern Sichuan Basin, resulting in a continuous
strong reflection interface ( T}, ) , which shields the seismic response of the underlying dolomite reservoirs. Due to the
superimposition of the P-wave impedance between dolomite and limestone in the Maokou Formation, post-stack seismic
prediction of the dolomite reservoir is difficult. In addition, the effective angle of the original CRP gather is only 20°,and
the lacking of high-angle information is unfavorable for the calculation of pre-stack elastic parameters. On the basis of the
CRP gather optimization, superimposed near- and medium-angle data were formed with the technology of multi-wavelet
decomposition and reconstruction. Then , the ray elastic impedance of the two superimposed data volumes was obtained by
Bayesian sparse pulse inversion. The lithology factor was built by coordination rotation to identify dolomite reservoirs via
the ray elastic impedances of near- and medium-angle information. Multi-wavelet decomposition and reconstruction can
effectively suppress the strong inference of the carbonaceous mudstone,and highlight the seismic responses of dolomites,
thus improving the accuracy of reservoir prediction. The lithology factor obtained can be applied to avoid problems relating
to the lack of high-angle CRP gather and the difficulty in elastic parameter calculation. In conclusion,the dolomite reser-
voirs in the Mao 3 member are distributed in blocks along basement-rooted faults,the thickness out of seismic prediction
by lithology factor is in good agreement with actual drilling data, indicating that the technology could be applied to the
effective prediction of dolomite reservoirs,and is of promotional value in practice.
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Fig. 1 Sedimentary facies of the Mao 3 member in Fuling area (modified after the data of Jianghan Research Institute , SINOPEC)

KRS 9 m, TL6 P B Z EA =S
BJE 231 m W TR HR . ARAERHRE
HSNE Rastl e ULz, B = a5 A Nt 22
S/ A ) R AR A2 R DR AR T A B A
8 B MY A = A R R R

WIEIX LG CRP 38 4 B LR 45 0 DfF B AR
Z YT ™ QU IE RE i, PR U 2% QI AR A
V7 B KA AL 200 AR A T & AT rE 2
WO, T AT B AT IE R UL AL B BFFEIX H AT 6
FRSH BORST 2RI TL6 A1 YXT 1 13

2.2 BARFE

TR ML IX P 4 et 2 B 32 284 LU LA
HE R (DR ZEIFLLRE R I B A e 4 i Ikt i
B AR T Hm9h B 3R, Rl T H = a2
Mo SRR, T T AR B, A R0 i 5k ek S
IF, R AR 25 o A 3 T R A = I ) S
5 QH o H MORA W BRI, B 5 HR AL

PEAT A PEIX 2) , A A AT R BE A 20°, KA AR B
BRAG , AH T B AT AE S HOR I, SHCa PRI =
filf 2 A RN AR

BEXT LA BRI, 32 2R IAT FARRS K : O E i
IEARDCACAE LR AT | P S 23 A R B s
R, Il i 225 I 00 -5 FABOR KB Ty, 15 h 57 i
G 2 R S s QTS il 5 ek B A L, it
DU RS A g K o S 3K IO i 8 2 RN A Y 55
LR, Pl i A AR B B A RN T, AT
F A il 2 B A R 20 L sE S IF 5 X CRP B 45 B2
7 B HTPESEOR S SR B ),

3wt H = A=

3.1 EFfMULERSEEERILERERE

B HI RS B9 H LA A P E H 455 e, [ AE T
CRP JHEE (4 AVO 737 F1 B il 584 2 B0 i 8 ml



514 X B, A dm A R S )1 B 3t DX AL B iR 147

5448

0 150
5456
5464
5472
5480
Ed 5488
Ed 5496
5504
S
5512
il
5520
5528
5536
5544
Ed
5552
5560
B
5568
5576

[

T
GR/API o CNL% L ppjaom) QEESER
o ONAR 45 15| NP M) W - il R
0 150 N (om 100 000 | L%
)2 WE/m | AWEHE oz 50 e i 0_______d100|——
CTHADL 93 395 0 o
AC/Kusm™) | —RSHEII TR %
—afesm ) 0 100
140 40
5

W 1] o o
[ Sav-= :
e Sav=
TRRE
sz | A
T2
%02

AR

K2 WEBHLIX TL6 i )2 5B AR 5]
Fig.2 The composite stratigraphic column for Well TL6 in Fuling area

B CRP 4 Bt o R e 5 SR 45 SR 11 7T 455
JE RBBOCR, , A i v e T BRSO R R AT R
WHFERIOCHE . (AFFE X LG CRP JEAE M B2, A ] H
T BT O T mE g SR 0, 2547 T8
X PAEAR B COFRN B R 25 18 0 1 %o 785 T 38 4 i b Y
BERLIE RS, TGRS S Bk e vl B AL IR A S e i %
LR TS, Bt AR (R MR L, 42 R A U S L
QHIBRIL G PRI AN, LL Zoeppritz 5 1 8l 27 B 1%

S HERl ¥ R ZIE AR 15545 L, X R e % —
TE MIER B o L EA T IR — 0045, 0 H AR I8 M s K
PEATAMERCIE , [RII DR B R AL BRI B A 3805 B, IR S TA
IALERZ2E PREL, 22 BR Z2 0, X A3 T AVO FRAE IR
R AMZTTIE MR T IR IERER A R AL 1 OC 2, H
AR RIR AL

i — FRFI A B B i A 0015 G L R
i, AT TE AE LSS A IR E %, BORL o TS B R s



148

5 KRR R

841 %

5 IEGEAERS A WL, A H TG CRP B4R, ik iE
B 5 IEHE AP AFIE X AVO JUERTEAL, B0 &
HIRE AR BEOR & BT SERY, ol F T )5 01 /9 B
H(E3) .

FESHTEAEI AL BERN -, 2% S A 42 K A
JEAR SR BRE A5, 255 SEPRIF TS 2 i T IE A
Z=3) NN NS STBUMERSBIER PR LRI 2HERT- S AL
S RIESE AT BP0 B B IR, 23 5 i
FIRE(0° ~12°) FIFF AR (8° ~20°) ¢

3.2 ZFRSHBEEMERRKERRE SRR H
ShaE=2 1)

HRAEMHFORL, REIFEIEEBIIR—EIEL) 3 ~10 m
(et R BRI BE v PR I 22 R AL RS
9 R R BT S5 435000 4 260 m/s,2.69 g/ cm’ il
11459 g/em’ - m/s; SE TN KA B 3 B A
FEAE 11 S Y598 4 31 R 6 377 m/s, 2. 71 g/cm’ fl
17 281 g/em® - m/s, Ho 55 SR GBI IR i e 5 T i 4
SER ) D BEL A7 22 , T AR AT | 4 2 R AR I 1) T SRS 5

A% Fa /() e #B/(°)
5 10 15 20 0 5 10 15

20 0

1o 52 T, SRR M , 2 1 AL BRI L U HOE AR )
e 2 e V2= 1 ) T DI P X8 ) SO R i, A
R AELLIN = a2 29 T — 22 r R
PR . AR Ty, 5 S, B 55 X MR = a8 )=
BB R VE T 25 20 i J2= 0 B S B , AR UCR 2
TS R HOR J B 5

% Tk its EMRA

LTS B AR R T HERR S
e KB R S 7 S T 4 i 72 2 S5 AR A 1A L 9
(908 2 Rl e R TR , e B T AR KA
S — BN HA AR FERIE SRR T3, FR 2
JET, FEAR AT S IX (0 B AE S A L 5 2, B
SN2 B S RRAE B S50 7, P 380 4% D57 2 2 2 1)
R AT R I BB TS 5, RS A
HAESH AR . AR E A WA R T T E
AL A 5 R AR I S AAE R . HRT, 2T
W AR IT IR, A 45 S I e R A N A # | S
s Hilbert 54 FIPC IE 38 B 25 1 AR v SR JH 9 2 DT

3.2.1

TS F B/ () A% F B/ ()

20 0 5 10 15 20

0
2280 a b
2320
2360

2400

2440

<§%§:<:L:Z~41ﬂs.

I

2480

2520

2560

B} ) /ms

2600

d

FOTH |

2640
26801
2720
2760 )
2 800

2840

st i

024 6 810121416182022

i
| R I I I |
—— 0000 00O

Moo RO NEO
T
.

fARE/C )

K3 wBeHiX TL6 J&fi CRP 1L
Fig. 3 The CRP gather optimization for Well TL6 in Fuling area
a. JEURIESE ;b. AR E M o MRS IRISAMES s d. IEBGESE 6. AVO ZICI
(£'5:1079;i8 5 :1179)



5513 X B, A dm A R S )1 B 3t DX AL B iR 149

FCIBER , HAZ D AR S S Fm N — RIS 55 )R
FRZE R R Fie AR DT JGC B9 IR0 L1~ B 2 ME 4L 45, B
AR B R A S A3 B R SRy T I, AN A2
AHEFBRAY I , BARRIE T

1) Bl =0 2 A R B AR TRDIER AN [R] g
i AR TR G R s

s(t) = 2a_fw(t—tj,fj,d)j)+R3m(t) (1)

s (o) N BRIFR (55, o 4950 S 1, Jo o
s Rs" (1) EVCHC T GRS, TC A m S AU
JELF SR, T R R (R PN T IR AU I 2 1,
A AR IR 1 WIER I ], ms s f; D 45,
Hzsa, FAHSCREL, TERA ¢, AN, (°) o

2) J5i7 1 Ricker 1~ R4 i , 3 H = R 29 R i) B
SR T7 AP AR B S A TE IR N ] AR iR
i S ARAL, kR

we(1,f,) = (1 =2wf7 Yexp( = wfj)  (2)
2w g Ricker 59 78 WY 1, ot 4950 I
], ms.,

3) AR IC S B9 BRI AR JF AR 8 R AR 4
E—MUZIEH, S T D = {w, , k=1,2,2K1,
H R |w, =1, X 2w 5 0] U3 &% N 4§ Hilbert
2, X TAEEE S (o), A D T4 5 Hdr UL
AT w0, R I0R DERC AR

[ (syw,,) | = sup[(s,w,) | (3)

Kb (s,w, ) RIFEIRES s SERAEILEE T w, B4

H, JCR A 5w, FoR G kAT, TR,

4) S —UEUE IR {5 5 T 3R il

s(1)=(s,w9)w + Rs' (1) (4)

g HUTIRIE T, TR (s, 050 ) w,0 2 s 18 w0,

LIS E R, TERE N R (1) GRS S
2R, BV —UOE AR (55, TR

BUCEARGE T e AL, LIRS 3R 22 Rs (1) B RE
R/ IME, G (s ow,0) IR, G0t n IREERUS

Rs"(t)= a,w, + Rs""" (1) (5)
R (n)
a": ‘< S 9wk2n>‘ (6)
|| Wi, ||

K a, B n WIR RIS R, 5w, ik
n WIS BEF, FEREA0; R (1) IR n YOS 1 5%
EN RN

ERez @iy

n-1

s(t) = Y AR (1) w, )+ Rs™ (1) (T)

r=0

Ko [, |7 =1,

WM 7 ok 3 o 75 1 S I R P AR A TR G P
R 2 AL AW T BRI T RIS, B T
SRR, R AE—A> 5PN B Y N EA T334, DRAIE i
JE o i R E PE RISk

3.2.2 3Rk a5 EME AR

R T 3 AT A S A S e P R R v 7, R T B A
SRR PR AR U 3 %k 56 VAL e iR I R
PEAT T IR T o H STARAE )1 AR B T e i X 5 1
N B SRR L PR M2 254 , S A0
TR , AL B M IX SR PR S = B PR A
BRI (P 4a) 5 R J5 R H Zeoppritz J7 A2 #8 BUBLRL 38 1o
30 Hz ZAH i Ricker i 8 LA 21 452 7Y 1 38 i 7% 351
T, TEFEAEREW], T R R AR T A 5 5 1
HBRIRER A B BRI ROR, 7oA T s 5 5, S 8Cr
HHH = 2 R A5 5 58 20 i, W B J 4y
(I 4b A 2 8 R 250 =BT .

A O3 At B2 b 5 B o R B
ik TE AU B, ¢ S T8 e Y M 7 T 7 15 i A 5% 1Y)
VAT AR B DG AR, NIk, FEAR D7 3t % 25 BRBE
RGRAVE T, FEE R R T R R T A, Mk
frifie 5 J5UT 100 % RE LI, JK 5 H = e (8] (1 7 05 H
B, (85 K e 18] (R W T %, ANAF 45 S B b B A5
T s Foe f o J5F 80 % S 90 % WY g i, U 5 KA
) A e W S S e ME DR B, L 1 2 i 2 OO ) JB 0 1
L, AE B dnc i 51 80 % MY RE B I, Ve 5 K ) 1y
PSR T I E 5z o 18] B PG T 25 B i ot 1
90 % FA BE TR, A I U8 1) S S i JBE AR AT o AR A0 S A3
BB AR e A TR Y S S R O 0.2, T K
HEHHATAEREN R BN 0.07, AJes 55K A [
O EIN S W/ SRS IS oy s SN i ST SR e S Th Ll
J55 80 % RYRE R, - HEAT MY, LAEAT B = A i 2 19
PO (& de—g)

i TLO A9 2B i G 3 R 1 L, T, Sy — 5 35
WS SpF , Rl 7 oF =B oom MR B, KA A =
R B AT S, AR TR JC I R AR F = e i A
] JR AL (P Sa) , £ 21 70 55 F AL 1 22 i
P, T S TRIAR B0 P W AR A%, S IS 5 RE 555 , I e T
MR 22 T — Wi sk i S 55, BRIV 2= o T 4 30
B, AR I I Jo 0 7 It e B A KA 5 A IR 2
(K Sb),

N T RUEZ T RS R RO A 5 S Ak = BT
R AT SRS HERR I, XS L T i S A T S 1Y
T ARYR MR (- 10 2 A LR, S5 SC B EAT X FE .



150 A s XK R R 46
N 20 40 B /m 60 80 100
KA v,=6377m/s, RHOB=2.71g/cm®, J&9m 178
TERKE v,—6134m/s, RHOB=272 glom’, J&Om §

20

KA v,=6377m/s, RHOB=2.71 g/cm?, J&44m

It (] /ms
(9%}
(=)

4oL

50+

60+

Hz A v,=6350m/s, RHOB=2.76 g/cm®, JE23 m

V= v,=6377m/s, RHOB=2.71 g/em?, JE44m

[ S

fif [ /ms
3]
<

o~
o

60

d

o |
i

R

e ——

f 2

=]

P4 e X5 4 2100 il 5 FiA IE T A
Fig. 4 The forward model of multi-wavelet decomposition and reconstruction of the Maokou Formation, Fuling area
a. HBTRERY ;b TEEAEAY ; c—g. ARUCH B BR 3 5T 60 % , 70 % ,80 % ,90 % K 100 % [ E Y Hl e A Y

b iR 32 D5 AR I P b (P 6a) |, i B i M 5 200
AUFR — w4 1) A 2% R TR R A T e 4 X
7 4 H = A 2 B SRR 2 A2 T WEDORR, DX B0
U S s (JBT 1) 2R 8 M 280 B2 R T JOR o0 A
PRI, Bt i 75 249 05 AR AR R A 5 DX o DL B
AEANET 3 32 B [N R 52 5% 58 B 2L U ¢ o e o 1) i

R JEUG 52 1 5 = B i IR 35 O AR IR B s 1
EE WS A5 R G R S RE RS S A
A TEE R 22 T SEMIR, | 5k Ik iR
T AGE B BRI, EE 2 POR A5, 5 A4 E MR
DR A LA 5 (T 6b) o bl UL, 2737
fifp 5 TR RE AT A0 T SR T 4L R 3 0 I 90 e ) 5
G, 2 0 1 25 Al 2 B s SO, AR TR AR

T, PRI, S XT3 rh A B S B AR R AT 22 1
O3 AL TG RE A b P R AT S R 5 BEL T S B
AR TR

3.3 HEEMERMEEERETFARENESRER
FE R e

AT B Ak R T A SR X = 0 7 i Y
B M AR SR B BRI SR
PGB R R R DA A B — k=
7 R HLRRAE , FARSR B A S8 D A MEE R T
o R R R R, e B i T, (R R
BT WA, AT A SN BRITES, b
POMELLBEA T AR (R 1) .



514 X B, A dm A R S )1 B 3t DX AL B iR 151

TL6

\\(<<<<<<<<<<<<<< Ot e ««««««««««M««@é
. =
i e Gl

i JI '

it h\iﬁi\(ﬂWW I

- «m(( nu;nm(y]{ { i

- (i(((([(Q%:«h f\ﬁ&\q\\(&_\( ([(iQ((‘T(('(|((
[ T | T{ﬁ llﬂilll HIWWWW i

= | L= ot (
gl it rnnunWW_“ [ ’ \ [
- Il

BlS e X A JRUR R ) i () 5 22 T 00 k-5 A i T (b)

Fig.5 Original seismic section (a) and multi-wavelet decomposition and reconstruction section (b) of the Maokou Formation in Fuling area
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Table 1 Logging characteristics of the Maokou Formation in Fuling area
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Fig. 7 The petrophysical analysis of the Maokou Formation in Fuling area
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