2K B2l A H = A # Vol.29 No.?2
2008 4£ 3 H ACTA PETROLEI SINICA Mar, 2008

XERE ., 0253-2697(2008)02-0195-04

X #5 E E WL & 35 F R 534 o R A

B4
(P EAMBERFEHEERE dbE  100083)

ME: RLBRBEN AIRERE SABHLNEASURBAN R AR EZ RN I AT IR ST AR B O EHRR 40K EH
EREHGRUEFN, EFNERERAL R T HMARLEANELH 5:0.4.63%,29. 71%,18.75% , H LW & W . M A A3
SUAFALERAMEEEL A R R EEP IR A BN LA IR ERAE LA SR ES Y. 58 RBHNE K ETEH S
Wk, ERAFEET . GABSEMAREREARE B ER CRAPE)ZLAEAELLMELBX R, B, 4838
~AFREFEEMNA MR A ENE LKA A REXAELEEE BRI REENEA SAREAHTEIRREELFHHR
BREBELF,LRERXRALFENEN., BXCHSAIHENEHL, EAHEEE S HELRBERNELS. A 65ER
HAANEARAHA RENRRA EKERRTEIREHAN TSR EHAN AR L RE S RELAA X LFRERS £
MARRAFZLEAERXRAORL . THEIEF R,

XEH: AHRMEIGAIHERL S THEM S5 RRBAN L XED L 2B FH

hES%ES. TEI9 XEARIRE . A

Application of support vector machine to multi-geological-factor analysis

SHI Guangren
(PetroChina Exploration and Development Research Institute, Beijing 100083, China)

Abstract: Four different methods, including support vector machine (SVM), artificial neural network (ANN), multiple regression
analysis (MRA) and parameter product decision (PPD), were applied to the gassiness evaluation of forty gas-bearing layers in the
tight sandstones of Tabamiao Area in Ordos Basin. Their mean absolute relative residual values between predicated results and gas
test results are 0, 4.63%, 29.71% and 18. 75%, respectively. This case study shows that the former two nonlinear methods
(SVM, ANN) are very superior to the later two linear methods (MRA, PPD). And the SVM is superior to ANN, while PPD is in
turn superior to MRA. That is because there exists a complex and nonlinear relationship between gassiness and its related geological
factors such as porosity, permeability and gas saturation. Therefore, ANN and SVM should be adopted to describe any complex re-
lationship between the study target and its related multi-geological-factors. In particular, for time-consuming tasks of data processing
with repetitious multi-geological-factor analysis, it is recommended that SVM should be used, because it is much faster and more
precise than ANN. On the other hand, the case study also indicates that PPD has its advantages of conciseness and high speed. PPD
has more precision than MRA, while MRA is fast in processing speed and can be used as an auxiliary tool to establish the order of
dependence hetween the target and its related multi-geological-factors which cannot be estimated using the other three methods.

Key words: support vector machine; artificial neural network; multiple regression analysis; parameter product decision; tight sand-

stones; gassiness evaluation

GErtor TR E R TR OF B IT R L H
b B 2 55 4 W DR T B S, AP & 0T (81 5 4 BT 4
F 20 4 70 FR, ATHEM %L T 80 448, i XX
R EHAT 90 £, h FALHEMEaER R
KUEXRFR, BATHM AL TRE . FEOMRRITE,
LR MMEERKE R KRN, N THEM4 W
ZILEHEM B . EE USRS I E I E
31X IR B R A, SR R S BELEAT & UM

WA 3455 5 A TH &M% £t RNE 28 K BR B
SRR S PTBUH HIED MBS AT

1 JURPERRE B A B

ETEWRF, BREZTEALSHT ATHEKN
% SRR BB HRA A A E 4 B RO
EHSH I EBMMARME B .

BBA » MHE, BIMHEATE m+1 MHBAE

EEBR AT B, 1940 4 2 A4,1963 FE G FHELBEA¥ - AN PEAGWHEFARHEGHERHA TR, ERNSHrTRHPTTE.

E-mail ;: grs@ petrochina. com. cn



196 al H

=4 # 20084 ¥ 29%

PR SEDY: )% DU - ¥ AN SN S D
Hebri=1,2,,n, n>m- 1,40 B 2 hiZ K
Fm-1, BHEim MHEE (s 2B n K
AESHn AR, B
X, = (2y,s Toyy 05 T,) M

Arfrox HEELMEN-BIEL, i=1,2,.n,

ZICEE M A THE M SRR X 3 A
HEREABEHEHR - TREX

(xy.05,*

y = y(x)
(TR UREBR L A SRR R RTE.
Vin = ZEy(x,—) —y,]Z (2)

1.1 ZxERZH
MR FRERE £, G=1.2, ) NEHHEE
it —A % B, B
y(x) =b,+bxy +byx, + -+ b1, €))
A by ol by e b, B 1% A B H 4 A R
T
1.2 AITHEZME
MAATHEMEIRE DT RA"EER.
y(x) = ANN(x; 2355 1,,) (4)
A ANN ZIELRM R T BP BRI B d, &
MR AR BFEARER, MR BR"E
B
1.3 ZHEmMEN
XFFEEYL(SVM) RIEG T BR R E &
BERK—MHONEFEI T EEALHRELR
A A 8 FH A% B 0K S0 B () R 4 B i 4 45 AE 25 ], 3
TE 1% 0 4E 25 18] v g i 4 33 o 200 S R 2 ] o iy
FERMEH A RECY  WHEIS iR, R ET S
R AR &5 T A T2 W 45 75 SEBR A o 7T 88 4
PLH Jy B AR AL 7] A3
KA C-XFFmE A REARD R T gk
ek,

y(x) = Z[y,a,exp(—y”x—x, 1 H]+6 (5

=1
iﬁ*:a%?ﬁiﬁﬁﬂlﬂ%?ﬁﬂﬁoa: Carraz st va, ) 0
0 <CiCHETHF AREAH D v, =05 exp(-y

lx = x| *)% RBF % ¥, 7>0;0,.C By TH F =R
ff X R — A XHE B AL R A,

" n
1

Vmax = max { Ea,_ _Z
@ 2

=1 =1

Laa,y.y,exp(=7 || x,— x, | 3>]} 6)

b RSRERBEF AR, TEd A x, B, A
M ox, SR F o, >0 MEEA [ &, RARKEH SVM &
AR T X i &
L4 SHERRHANZ

ZEEAUR T T A2 ] e HoAt o X R R
M. BANME n=40, BIEEAEE 4 MR KK
ANEME o0 LB 0 (BB ) o (F WA,

y(ERHEMED.
B 3 M E TR A
p.=$k+S, (7

K¢ RILBREE % sk HBER10 pm®; S, HER
WA, %
SRR E R KK A
1,p, > 150
2,150 = p, > 50

y = (8)
3,50 = p. > 30
4,p. < 30
AFARRIE2RREREIRIERRE 4 ER

T2,

GiERTR, bR 4 MEREE - HENITER
B:OMM» TERMEARETE AR, IR 3,
K LGIFAK(B); Q¥ n B HFEA A X 26 %t
R 2 BT AT B & B B BUIME 3103200 Vs

2 bR RIROR

DASR/R 2 2 38 B i b X 40 DERE 5 2
MALBRE BER . EBEAMERRSKERY HEEA,
AHFRAZTEIE T A THEME X m R
SRRBHADEJAT T &N BN S KA
MEERNF 1.

2.1 RARK

ML ITE F 5 Hr B RS R B& S W A
(NE3MMEEE (1,100 MEER N
y=4.1441—0.141 12, + 0. 094 2562, — 0. 027 691 x5

(9)

ROMER T ERN0.39605, LEH LA N
0.777 14, AN A EARE .

KRAANI#HEZM% BP HRY AR & 3 1,
BHETSE 1IN BEYAE TN RLERNRENME
FARWA 0.6 RKECH 15000, HEE v 5z,
Ty ,axs WURATERERN

y = ANN(x, 25 ,23) (1m

KU RI MK L /iR R 0. 048 126,

KA MBI, C=32768,7y=0.5, KX



%24 A2 S B LTE 2 4 R R 4 AT o 0 A 197

F1 BASHANECHBEHBEWEMEEZSHTNSHRETNER
Table 1 The parameters and predicted results for gassiness evaluation of gas-bearing layers in

tight sandstones of Tabamiao Area,Ordos Basin
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{En/% ﬁ" /% {En/% {En /%
d3  2701.0~2708.4 10.10  0.8652 7410 1 647.5 1 0 0.7488  25.12 1 0 1 0
2 d3 2708.4~2725.4 6.17  0.4782 50.30 3 148.4 2 33 1.9258 35.81 2.7533 8.22 3 0
3 d3 2819.5~2832.0 7.03  0.3526 66.00 1 163.6 1 0 1.3579  35.79 1 0 1 0
4 d4 2856.0~2872.0 5.57  0.3312 51.40 1 94.8 2 100  1.9662 96.62 1.1868 18.68 1 0
5 d10 2509.0~2514.4 11.06  2.0749 7490 1 1718.8 1 0 0.7052  29.48 1 0 1 0
6 dl10 2522.6~2525.0 11.65  3.9939 59.30 1 2759.2 1 0 1.2348  23.48 1 0 1 0
7 d10 2600.5~2603.8 4.43  0.1740 45.00 2 347 3 50 2.2894 14.47  2.0681  3.40 2 0
8§ d10 2603.8~2606.3 7.05  0.4284 60.00 1 181.2 1 0 1.5284  52.84 1 0 1 0
9 d10 2607.0~2614.5 8.30 - 3.0923 65.00 1 16683 1 0 1.4646  46. 46 1 0 1 0
10 d10 2672.7~2676.2  7.68 1.6651 50.00 1  639.4 1 0 1.8329  83.29  1.2297 22.97 1 0
11 d10 2676.2~2685.2  7.68 1.5102 60.00 1 695.9 1 0 1.5414  54.14 1 0 1 0
12 d10 2727.3~2730.0 11.17 1.0088 49.00 2 5521 1 50 1.3064 34.68 1.7363 13.18 2 0
13 d10 2730.0~2747.0 11.08 2.2951 7370 1 1874.2 1 O 0.7563  24.37 1 0 1 0
14 d14 2683.4~2687.4 5.9 0.3582 60.20 1 127.4 2 100 16771 67.71 1 0 1 0
15  d15 2840.6~2849.6 9.60  0.9093 54,20 1 4731 1 0 1.3745 37.45 1.1416 1416 1 0
16 d15 2849.6~2857.0 2.73 0.1429 0.00 4 0 4 3.7724  5.69  3.9983  0.04 4 0
17 d16 2647.2~2653.8 7.98  0.4096 70.00 1 228.8 1 1.1185  11.85 1 1 0
18 d16 2696.8~2703.8 6.48  0.3184 77.00 1 158.9 1 1.1277 1277 1 1 0
19 d16 2704.5~2717.7 3.44  0.1184 58.50 4 23.8 4 2.0500  48.75  3.9000 2.50 4 0
20 d16 2852.9~2853.5 6.40  0.3315 47.10 2 99.9 2 0 1.9682 1.59  2.4189 20.95 2 0
21 d16 2853.5~2858.0 10. 46 1.1226 6490 1 7621 1 0 0.9770  2.30 i 0 1 0
22 di6 2861.8~2868.5 4.42  0.1976 39.10 3 34.1 3 0 2.4564 18.12 3.1631 544 3 0
23 d16 2868.5~2871.0 7.17  0.4033 41.80 2 12009 2 0 2.0130  0.65 2.1436 7.18 2 0
24 d18 2771.0~2777.8  8.94 1.6147 47.80 2 690.0 1 50 1.7113  14.43  1.9059 4.70 2 0
25 dI18 2778.4~2788.1 8.65 1.5373 65.40 1 869.7 1 0 1.2576  25.76 1 0 1 0
26 d22 2763.6~2766.8 6.89  0.5337 39.20 3 1441 2 33 2.1368 28,77 2.9023 3.26 3 0
27 d22 2766.8~2768.3 9. 11 1. 4718 45.70 2 612.8 1 50 1.7320 13.40 2.2566 12.83 2 0
28 d22 2768.3~2773.0 7.71 0. 8055 65.10 1 4043 1 0 1.3296  32.96 1 0 1 0
29 d22 2773.0~2774.5 8.78 2. 7089 47.60 2 11321 1 50 1.8426  7.87 2.4785 23.93 2 0
30 dk2 2656.8~2660.0 7.22  0.5379 88.20 1 3425 1 0 0.7338  26.62 1 0 1 0
31 dk2 2660.0~2666.5 7.60  0.6991 87.30 1 463.8 1 0 0.7203  27.97 1 0 1 0
32 dk2 2666.5~2669.4 7.86 1.1193 86.20 1 758.4 1 0 0.7537  24.63 1 0 1 0
33 dk2 2839.1~2844.0 4.74  0.1501 42.00 2 29.9 4 100 23265 16.32 2.0878  4.39 2 0
34  dk2 2867.6~2872.4 506  0.1769 63.00 1 56.4 2 100  1.7024  70.24 1 0 1 0
35 dk4 2666.1~2675.1 11.52  4.6680 87.90 1 47269 1 0 0.5247  47.53 1 0 1 0
36 dk4 2676.1~2680.4 10.57  3.7996 69.30 1 2783.2 1 O 1.0919  9.19 1 0. 1 0
37 DT1 2737.3~2750.0 9.79  0.8721 58.36 1 498.3 1 0 1.2290  22.90 1 0.09 1 0
38 DT1 2829.1~2838.4 7.49  0.4017 59.88 1 180.2 1 0 1.4671  46.71 1 0 1 0
39 DT1 2838.4~2842.0 3.42  0.1703 14.90 3 8.7 4 33  3.2651 8.84 3.2608 8.69 3 0
40 DT1 2842.0~2846.1 8.31 0.3762 3700 2 1157 2 0 1.9826  0.87 1.7911 10.44 2 0
K MR E X E/ % 18.75 29. 71 4.63 0
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Table 2 Comparison of support vector machine with artificial neural network,
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parameter product decision and multiple regression analysis
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