o 38 % & 5 M B21L82 O R s MU S VD10 N =114 Vol. 38 No. 5
20134 9 H Earth Science— Journal of China University of Geosciences Sept. 2013

doi:10.3799/dqkx.2013.114

ETRHETMERIMERD X

— 1 > 1 25 Y2 73 ok 34
)E_Jﬁ TG 9%%%% s K 7]5$ 9):[4 : s VBF J$

L P ERFRFHEHE S ZREZEF R, HK X 430074

2.9 B MR R F R 430074

AT HHRY BN RERB SR, RE 300280

4Pk — TR H RSk iE A AR R A TR 8 AR LA AFF AT H R Z M 730000

BE: N TG 2 MR IR PR I AN 20 2807 T R MELAS I A SC R0 A5 EUH LA 00 28 E LU Hh MR A 0 IS 28 R ] SR e E
5 AT B S BN BUERER 2 71X 3 AN RIS M — PO A 3 T DL 3 0 245 () 3t R A 03 07 1 % e KT A
ROt G TSI AE BRI ZRREA I S AT RFAE X S 22 b 52 Ja 1 AT AR 20 BT o LAABE 3 4 2 10 Uy 5075 3 25t SR AR 1) 14
AR HARYERER AT AT R AR A TSR L TR 1 L30T 00 2 ) T e A 23 2R A9 S5O 5 05 75 L R 45 5 BRIE H s Hs
Bk 1% A AT AL B

REREIA : DUIHS0 9 4% 5 LR AR 70 S s LR TR 1 5 K 42 4

hE5SES: P631.4 XEHS: 1000—2383(2013)05—1143—10 WimBEEA: 2012—11—13

Seismic Facies Classification Based on Bayesian Networks

GU Yuan', ZHU Pei-min', RONG Hui*, ZENG Fan-ping®, HAI Yang'
1. Institute of Geophysics and Geomatics, China University of Geosciences, Wuhan 430074, China
2.Faculty of Earth Resource, China University of Geosciences s Wuhan 430074, China
3.Dagang Branch of GRI, BGP Inc., CNPC, Tianjin 300280, China

4.Geophysical Research Institute of Gansu Integrated Engineering Investigation of Railway, Lanzhou 730000, China

Abstract: There are three challenging issues in traditional seismic facies classification based on seismic attributes, Firstly, it is difficult
to introduce priori-information into the processing of classification to enhance the result of seismic facies classification. Secondly, it is
difficult to quantitatively evaluate reliability of the result for seismic facies classification. Thirdly, it is difficult to determine the weights
of all parameters of Bayesian networks in classification. In order to solve the above-mentioned problems. this paper proposes a new ap-
proach of seismic facies classification based on Bayesian networks, which effectively combines the priori-information and probability dis-
tribution of the training samples to construct a reasonable classification model, and deduce the probability for each of seismic facies. Ac-
cording to the probability distribution of each seismic facies, we could estimate the reliability of the classification results in a quantitative
manner. The principles and workflow are presented in detail for applying Bayesian networks to seismic facies classification. The numeri-
cal experiment proves that this method is correct and feasible.
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Table 1 Results of petrophysical measurement

N PP (m/s) ¥ (kg/m?)
T bz o0 bl
‘ A% 4771 734.7(£15.4%) 2690 24.2(£0.9%)
= . 2 3057 596.1(+19.5%) 2627 63.0(£2.4%)
- PN 2221 417.5(£18.8%) 2595 67.5(£2.6%)
A A1 3054 910.1(+29.8%) 2616 65.4(+2.5%)
ISY Sep-shivia G 4374 852.9(£19.5%) 2613 78.4(£3%)
T RHZ 5 500 — 2700 —

2 PN TAHITE TR 22T E LY
HA.

H1 T AR | AREAN SN I LT 25 5/ A M=
AR DX 1] DR A S 3 O B A AR SR 45 9 O 2
Yrife  SE RSN ES 9 AP N T X B4
SrUCRR A 502 PR BERIL ISR 7 M2 B Xz

Kt

HFRAH S L rFORE £5 53 AR ST UURURIZ Jy St
TP LR A (R DURRE A L A2 WA 65 2115 5 DL
FUX 3 FhBH AR AL & D de /R 23 B R A L AR
FRRAIEUR A E R 4 A~ 1 O, 2 2808
AW 3 RO B L 1— RIS ST IR 4 JEN R
G R T A5 R i Y B RN B fELIER T L



1148 HERB] 2 — T E b K 224 %38 4%

CDP CDP
0 50 100 150 200 00 50 100 150 200
~ z
_ I13304€ 100 = P
E 11019 2 ——
= . & = ———
= 8735 £ < s —
200 e = -
6450 =< - =
(=]
4165 — 300!

Bl 4 PRHPTRIR A A e
Fig.4 Impedance model and synthetic seismic data

a. P BEATRTEL ; b AT O 5201 iU RE AL 75

CDP CDP

B 5 HiEE T

Fig.5 Seismic attributes computed from Fig.4(b)
a 2 X PR IR 5 b. 3 7 AR 5 . DRI R0 5 oL RS 03 5 e G XTI S 5 1L IRR TG BE B 5 @ LA OGRS s ho AR LR 5K

T2 NHEEMETREX

Table 2 The categories of nodes in Bayesian networks

ARt YREER BRNPRER  BREDEAR MOSRIRER  PIgouIRER  ExiBney IRRERE HARSC ARIREK
%' ) ) ® @ ® ©) 0) ®

AL B R T B RO B D M A A S T R B AR 1 B AL R A « AR
B MAEREA BRI AP AR Z A S T SRR B FE 0 8 5 A DX $ B R 5]



E5H JE TG T DU T 4 ) R A 4 2 1149

CDP
0 100 200

'13304A
11019

8735 <
=11}
=

I 6450 =

4165

CDP

K6 DIZFEA RS
Fig.6 Training samples
a R BHLHTREAY 5 b. 26 X B R 5 . 59 77 HLIRMEL 5 oL 1% o IR R 5 . BRI A3 5 £ 2 % B 5 o OB 0 5 . BRI S B 0 5 1. AH AL 3R 8K

ANHIFRILRS o G5 (L (RO ~5 ).

TEPRRL AL v (18 55 43 LAY X Can 1l 6 19 I AE
D Fi B & A DT A 0 i 5+ 38— B IO 1 DX I
()5 1 R B PR JF X A TR I S M A R T
DU $0r I 2 19 45 1 I 25 R0 2 50001 2. DL 30 o0 2% 1)
P4k T K2 & 3 (Cooper and Herskovits,
1992) AZ R0 [a] o 58 JU 285 48 0 2 BN 5. 25 4 1

7 g7 2 I A DU I 2 45 GRINEE R ANE 7 R,
Fig.7 The results of Bayesian networks structure learning 2.5 HERSZHE
OHBFRAR s QBRI R M s QBRI @ 2 7 AR MR s © 48 X 1 2 P H AR ) i T e A 2N 45 S I = AR

W s © 2 X i B s ORRCHE 85 s @ AR HE B ; O R AL AR T 7 DL IS0 O 2% f s 0 v T 4 3]



1150 HoBRA} 22— [ i K23k

%38 %

CDP

K8 HhFRAH SR
Fig.8 Results of the seismic facies classification
a SRR AR S JESNAE R 5 b.1 28 CEYIED AR AR I TR 25 . 2 28 CE W) J R AR I T R 325 d. 3 2R (5
Mo 1— RIS ST TURD H AR B T AL 5 e.4 28 2 P S A ) S50 A 26

AR 2 25 R (I 8) A ST e FH A IR T 72
2 JR B A R HEFR A (Pearl, 1986). [ 8a Jyih7E4H
STRMZEIMNEE R o B oR T 45 S M A 1) 3 A e
FEL, St TR A (] 3, [ ) AH BL, U AR 7 25 58 T A
I e 1 2R CEYRE) R 2 2 CE i) B Hb AR AH 2
A7 5 BT R SR LAY 5. 3 R (B 1 — &R
STUTRD FT 4 2 OZ 7 FL18D 19 70 A7 Vi il A v f.
8b~8e 7l 1 K CEWHE) .2 K CEWiHE) .3 2K
(B H 1—NERATUURD A1 4 28 OZ 7 B D M AH
(AR A o3 A T AHL S, IR B E 2 1K 8a h (A fE
R o5 1 Y (& 3, ] D A EE BRI 210,
XATRER T 1 2R K/ ek b T8 AR
PRS00 o 2 I8 0T 508 0 A A A %) i 1, AN - 32
JRCH.

X E AR AR (1] 4) (iR g Pk (K] 5) R = AH
ARG K] 8) , LA S 45 M2 AH A ME 2% 7 A1 [ & B
HBARIE Sa~5c,5g Fl Sh bR M AL 1 RO T
iR AH A A AT T A o v R i 5 R 1) 40 A B W)
G AR A A& 5d~51 B T MR SR T AR
TR B TR R X A& 8] 5d~ 51 fr 367R 1
o SR P T T RS AH A AR A AN SRR BT B (5 4%

KRBT T 55040,

LM R AL A3 2 AT R AR 3 S
S~ 51 XH 545225 S AT 61 SO ) HOFE TR, 1 1
2.4 Y72 T R AR A KM 1
BRSO R, 5181 8 154 A
R RIGRE A T 3L RAE R AT IR O
50T A5 B9 18 51 1 M 72 41 53 2 45
8) IR A S EUR Y U R 1 el
Be LR A SO WU TE R 2 B0
(e B o1 T O R L 550 A AR it
WM PR 1 5y S WA T T4 51501 71 9)
WIS 1 A5 O RN MR IR P T 7 5
S SR AT ZAT AT B (B
2.1799).
3 i

SO 1 B DL 2 40 7 52 7
e JF LA — 9 B0 6 S i — W UURA R 1
R S 40 S T A ) 3 T S



E5H JE TG T DU T 4 ) R A 4 2 1151

CDP

0 100 200

0 100 200

0.0

0.0

(e)

B9 hERJm RIS R AR I S A5 R
Fig.9 Results of the seismic facies classification after seismic attributes optimization
a HFEAR 3 SO SE R 5 b.1 28 CHE WD MR AR M TR AL 5 . 2 8 CE W) M FRAR I T RE 25 d. 3 2R (5
Hb 1— AR SRR M F A (Y T AL 5 .4 288 27 U0 bR AH 14 T0I A 46

AR AL 5 R DL o 307 190 28 F) AL L =~ R 2R 1 28
I HIRUE 107 0 AT P A E A .

SEUA R0 E PR AR ROk e B —
SE L - (1) 283 S g #)  3C  iE  AS SC o at
SE I HBRR ARG T3 15 I FT 5 1Y) S R A o T 5T
PEft TR A RN Tk (2) IR A
AR 3 S R 45 2R » D) M AR e R 2K
BINE R 3 SRAEAS BT I B 200 S 2R A5 R B3R 03
Aii B2 R A AT SRR s (3Dl d 5IA B R AE &
WA 1S U R B R A A 1) o BE AR O HLAR =
TP RE R MR s (D27 IEAE A N LBl
THOL T AR A K 127 > A BEMBIE I 145
T R A B AE 5 2 2 20 3 52 I P 45 SR b R AH 23
KIS % T7 5T 3l AR 2 2 45 R T T
S AERR AR I R R P i T AT N T
AN S VT T

T s ) A IR R JF A 77 194 B PR A SR S
HBRRAR 7 2 T7 1 A0 PRAE th B B AT 1 N L
TS PR ) R ASCR A T B — P I IE TR A
e,

O AFT AR T F B3RS (KB TR

FIREIABI G 5 AR o). LT P ey E A5
ERFAR T N et A7 M % Matlab T B 45 (Bayes
Net Toolbox),i% T B4 A mE K 3E BT T X
% Murphy #U4% 69 5F 50 R R, MF 4 72 e — 5F B0

References

Cooper, G. F., Herskovits, E., 1992. A Bayesian Method for
the Induction of Probabilistic Networks from Data.Ma-
chine Learning ,9(4) . 309—347,

de Matos, M.C.,Osorio, P.LL..M., Johann, P.R.S.,2007. Unsu-
pervised Seismic Facies Analysis Using Wavelet Trans-
form and Self-organizing Maps.Geophysics ,72(1): 9—
21.doi:10.1190/1.2392789

Dumays, J. , Fournier, F., 1988, Multivariate Statistical Analy-
ses Applied to Seismic Facies Recognition. Geophysics ,
53(9): 1151—1159.doi: 10.1190/1.1442554

Grammer, G.M. , Harris, P. M., Eberli G.P., 2004. Integration
of Outcrop and Modern Analogs in Reservoir Modeling.
AAPG Memoir,80. 1—22.

Heckerman, D. , 1990. Probabilistic Similarity Networks. Nez-
works ,20(5): 607—636.doi:10.1002/net.3230200508

Jiao, Y.Q.,Rong, H., Wang, R., et al., 2011.Reservoir Depo-



1152 HoBRA} 22— [ i K23k

% 38 &

sitional System Analysis of Ordovician Carbonate Plat-
form Margin in Yijianfang Outcrops of Western Tarim
Basin.Acta Petrologica Sinica ,(1): 285—296 (in Chi-
nese with English abstract).

Jiao, Y.Q., Wu, L.Q., Rong, H., et al., 2012. Paleoecology of
the Ordovician Reef-Shoal Depositional System in the
Yijianfang Outcrop of the Bachu Area, West Tarim Ba-
sin. Jowrnal of Earth Science ,23(4) :408—420.

John, A., Lake, L., Torres-Verdin, C., et al., 2008. Seismic
Facies Identification and Classification Using Simple
Statistics. SPE Reservoir Evaluation & Engineering s
11(6): 984—990.doi:10.2118/96577—PA

Korb, K.B., Nicholson, A. E., 2004, Bayesian Artificial Intelli-
gence,CRC Press, Boca Raton, 28.

Langley,P.,1993.Induction of Recursive Bayesian Classifiers.
Machine Learning , 667: 153 — 164. doi: 10. 1007/3 —
540—56602—3_134

Neapolitan, R.E. , 2004, Learning Bayesian Networks. Pearson
Prentice Hall, Upper Saddle River, New Jersey ,
13—15.

Pearl, ]., 1986. Fusion, Propagation, and Structuring in Belief
Networks. Arti ficial Intelligence, 29 (3). 241 — 288.
doi;10.1016/0004—3702(86)90072—X

Porwal, A.,Carranza, E.J. M., Hale, M. , et al., 2006. Bayesian
Network Classifiers for Mineral Potential Mapping.
Computers & Geosciences ,32(1); 1—16.doi; 10.16/j.
cageo.2005.03.018

Saggaf, M., Toksoz, M., Marhoon, M., 2003. Seismic Facies
Classification and Identification by Competitive Neural
Networks. Geophysics, 68 (6): 1984 — 1999. doi: 10.
1190/1.1635052

Sun, LL.L., Shenoy, P.P., 2007. Using Bayesian Networ-ks for
Bankruptcy Prediction: Some Method-ological Issues.
European Journal of Operational Research, 180 (2):
738—753.doi: 10.1016/j.¢jor.2006.04.019

Zeng,F.P., Zhu, P.M., Jiao, Y. Q., et al., 2009. Relations-hip
Between Sedimentary System and Acoustic Velocity of
Rocks from Marine Strata in Keping-Bachu Area. Acta
Sedimentologica Sinica,27(2): 312— 318 (in Chinese
with English abstract).

Zhu,H.T., Yang, X. H., Zhou, X. H., et al., 2011. High Reso-
lution Three-Dimensional Facies Architecture Delinea-
tion Using Sequence Stratigraphy, Seismic Sedimentolo-
gy: Example from Dongying Formation in BZ3-1 Block
of Western Slope of Bozhong Sag, Bohai Bay Basin.
Earth Science—Journal of China University of Geo-
sciences ,36 (6) ;1073 — 1084 (in Chinese with English
abstract).

Zhu,H. T., Yang, X. H., Zhou, X. H., et al., 2013. Sediment
Transport Pathway Characteristics of Continental La-
custrine Basins Based on 3-D Seismic Data: An Example
from Dongying Formation of Western Slope of Bozhong
Sag. Earth Science—Jowrnal of China University of
Geosciences ,38(1) : 121 —129 (in Chinese with English

abstract).

Bt Hp 32 5 5 STk

FEFRIL, SN T H 55, 201 1.3 LA 7 1l 7 35— [ 5 3k IX.
W R & &R TR R A A=W, (D
285—296.

B AR B, AR 5RO L 25, 2009, 4 B — [ 28 55 Sk XU A Hb
JEFE P S UURRR R R R DTSR, 27 (2):
312—318.

RLLHG AGTAE DR, 45, 201 LA T2 56 b 2 22 ML AR U7
TR ) b B = TR R - LU M sE v &l BZ3-1
AR E A ). M BRBL 2 —— b [ b BT K 225 41, 36
(6):1073—1084.

RLTWE AR, JER 45 2013258 T 5% Y0k B4 i AH 9 45
GRS SRR 43T - A o M1 VG AR 7R 2 Dy 461
BRABp2E—rh E TR 25254, 38(6) : 1073 — 1084,



