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Application of logging lithology identification based on support vector

machines in unconsolidated sediment investigation
YUE Yongdong, QU Hongjie, TAN Chunliang, ZHU Qiang, LIN Guangli
(Beijing Institute of Exploration Engineering, Beijing 100083, China)
Abstract: The accuracy of sedimentary facies and facies interface identification is not high due to the complex grain size
composition and low core recovery in sandy sediment. In this paper, a lithology identification model based on the
support vector machine (SVM) is established based on core and logging data, and the influence of the training set size
on the identification accuracy of the model is analyzed and compared with the BP neural network model. The results
show that the SVM model has high accuracy of lithology identification and low demand for training samples, which can
effectively make up for the imsufficient core recovery and reduce the drilling cost. It is feasible to use the logging
lithology identification model based on SVM to identify the sedimentary sequence automatically in unconsolidated
sediment investigation, which is a beneficial attempt to implement green exploration.
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Fig.1 Schematic diagram of the SVM

classification principle

[F) 25«

. 1 2
min ~ o 0
sito yi(wa, +0)=1,i=1,2,-+,/

Xif AT LT e R 23 A A TE 55 53 s 43 2 1)
R, AT LG HE R AR B & =0, P 29 AR B ]
AL -

min %”w ||27L CIZI;&
sito yi(wax, +b6)=1—&,i=1,2,--+,1
£=0,i=1,2,,1
BN S8, CBR RN X HE 32 03 R M 1%

(2)

KX C
TR
FI b R B0 R 1M bR B, 2 R SRR O e B DL
JE AN RO R TR, 1R B H R EROR i
W 2 KKT 2% 4, I AR FOAR 1 4% 10 15 2100 Ak ) 2
B 2, B
min %Z[)ley,yja,aj(zi-xj)* Zaj
B RN Y
st e, =0,0<a,<C,i=1,2,-,/

AP a—FRE A RT .
A% Bk M OH PO ORI oa=
(arsas, = a ) AR b, DT F st 565 o 8K

f(x):sgn[zg,-y,(x,--x)-ﬁ—Z] (4)

Xf T AR LMLy LR REAS 3l i HE A BRI @ ()
B DI 2 Ao AR A e 30) o 24 2 ), DT A i 2 2 ) A
AN R . T AR K (2, 7)),
S PR SRR 4 2 18] A 2 R A K A T A s ] Y
WHRUE @ (2,)-@ (), o FE @ () i HARIE X H.



A8 A 41

TG K AR A5 e T S 1o Ak L FR 0 2 P SO T A B AR A R A o i R TR AT 5T 31

R 0 A 0 L S L e 4
R £ M B B 25 00 B R R 7 160 S
B sigmoid 1% B B , A% Sk Tl 2 e ) B
o P40 75 07 74 1 3 (RIBF ) 8% L L3450
a—zl) 5

K(xi,xj):el'p(—g|

K g— R B ZSEL
1.2 S ) B S 800 3 T vk

N7 SVM AR AU g G B n) 802 0 3 A A 10 R 5
S8 C PR bR LS 8 g, 1845 U1 25 4R R 3 £ 19 53
25 Ui 25 AR A 4 AR — A B B KCE B A 2 Y
SVM 432 &5 189 2 > g J1 Rk ) Be ) PR 45— 4> F- 47
Tk B 3k 2 ) R A IR A A

A& XK 3 (Cross Validation, CV) 42 H 3k 36 3IF
SVM 43 2K PR (0 — M GE 3+ 40 A 7 2%, B SR 1R Il
B 43 R I 25 B E A T AR 43, 1 S FH IR
Gy S BT U, PR T 50 Tk 4R o DU I 2R 45 31 1Y
RETR | DL IS IE 4R 19 43 28 HE A SR AE R E A 43 28 2% 10 1
fetEbr. CVEIAT I T SVM LB e fE S50, 7]
DLk H A 48 2R 0k B R CFn g 78 — 22 3 Rl AR IR
i 2 WU, Foe 2 U E 52 43 28 A 3 d ey (IR 4 C
MglENRAESH . PR C M gxtn T
I e 96 IR A 2 AR R IR — 4 C i/ N S 8K
HAENRAESE, N CiE RESEGE ¥ RE X
AR o S AR Iz A RE T, B 25 4R 43 2R ME T R
AR e T R S 2 A AR AR

2 WIRXMRERL

VA5 TR vl Vb M AR AR K % 2 e B S T Ll -
M PR AE T TR )2 055 DU R AR BT, AR 26
UG J , URUR 5 A8 A %6 {HL BR) i 347 38, K 3 910 1)
VEFL 55, 0k m e sk 2270 phoR B, SR SR
BRI B DN T AR S S 0 B R 7 kL R T iz X
JEE 3K 1) 280 m 22 AT B AR DU R AA BUUAR , 90 2P g ar
TV IR S U M AR 5 DU R UUBUT A KA U &R
JEEJZ TR 43 R I IR AR D 8 J2 B KU RS, v 3 T
300 AR 55 RS AR A0 ot D0 R L 2 R L XU b Ry 3=
(] 0] 380 AF R0 08 R DL AR ) <

LE A 7 RO A AR b R N R DL B A 1 B
TARBUME ARG R T 85 LI A SR ML AL (SP) |
HARM S (GR) AL FH 6 (Re) 75 I i 22 (AC) 4 Fh
YIS RSSO B IR N A R

PR R A BT R Wy 4 OB R R g D R AT HLED
TR HRED U S AR FORY - 6 28, O BLAE TR AR
JEEDUARUZ A0 D0 i £ B B0 Sz W A i AR 0T R ) 0
RO L (3 1), 8 4% 4 0 2 B0y 2 (6 )1 — e Ab
B A5 Xk R A 0 S e Rz R K PR CIET 2) o AN TR
A S b A A — B 25 S {EL [ IR A A
AR R B 2% A, JUH R AN AR AR 9 D 2 22 (8]
S 5 A 2 A R B AR LR R X E AR, B
PUIA PR BEAS 261

F1 BEXRDMEAESENRARES TN HF N0 E
Table 1 Average logging response values of different
lithology in the Quaternary at the southeast edge of
Hunshandake Sandy Land

FIARAL AR LR BEAR A2

SP/mV  GR/cps Rt/(Q*M) AC/(psm )
SEXE -0.05  230.96 44.66  530.08
Rk B 34.41 27679 221.86  761.80
FoME -43.23  122.43 5.96  268.97
SEHE 78.47 50.19  125.33  545.40
MAP  EORMH 137.01 0 194.01  539.22  663.72
/M 0.29 22.15 53.16  510.43
FEHE 45.49 52.78  178.57  505.79
Rk ROKME 12512 241.75  645.74  811.22
FoME -5.72 18.93 12.63  139.29
SEEE 19.00 5476 276.84  522.54
inr  IKRfH 187.66 91.51  660.00  820.73
T/ME 2376 23.00 38.29  237.94
FHME 40.31 63.66  103.09  544.91

e T4
o BARM  176.76  195.63  498.30  868.96
FoME -40.24 22.00 8.61  426.03
FHME -20.95  144.22 12.34  503.88
it mORfH 57.27 25612 147.67  650.16
T/ME —43.67 54.43 4.01  380.94
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Fig.2 Radar map of average logging response of

different lithology in the Quaternary at the
southeast edge of Hunshandake Sandy Land
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Fig.3 Logging curve of unconsolidated sediments in BZK01 borehole
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Fig.4 Contour map of accuracy of the SVM grid method
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Table 2 Lithology identification results of each borehole based on the SVM model
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1 BZKO1(4247 41 %0%) 2000 1000 32 90.5 99.00 99.5
2 BZKO02(380141%4%) 2000 1000 45.25 128.0 99.15 98.0

3 BZKO03(5544 41 % 4i) 2500 1000 32 181.0 97.00 97.2
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classification accuracy for BZK01

L Pl RS Mk SVMIrZE BPAE
T AR R MER/Y R/ Y
1 60 1000 79.9 76.7
2 100 1000 84.7 78.3
3 200 1000 90.4 83.5
4 300 1000 91.8 88.0
5 400 1000 94.7 90.6
6 500 1000 96.4 91.9
7 1000 1000 97.6 93.1
8 2000 1000 99.5 94.8
9 3000 1000 98.1 94.3
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