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Multi-Fractal Method’s Application Based on Principal
Component in Lithology Recognition
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Abstract; In order to solve the problem that logging curve identifying complex reservoir lithology has
multiplicity and uncertainty, this paper uses logs to build principal component variables and takes the
principal components with the cumulative variance greater than 85% as input information, ensuring that
input variables are minimum and information loss is minimal. and then simplifies the data structure to i-
dentify lithology. Based on measured values of gamma ray (GR) , deep resistivity (RES_BD) , resistivi-
ty (RES_BM) , shallow resistivity (RES_BS) , neutron porosity (TNPH) , bulk density (RHOB) and
interval transit time (DTCO) in deep-water reservoir of the Qiongdongnan Basin, seven integrated varia-
bles were constructed. Principal component 1 and principal component 2, with the total explained vari-
ance of 85. 11% , can effectively explain the comprehensive information of seven variables. Based on li-
thologic data obtained from side-wall core, siltstone, mudstone, and fine sandstone can be identified on
the cross plot of principal component 1 and principal component 2. Additionally, the multi-fractal method

was used to analyze the spectral function curves. The sandstone corresponds to spectral function curve

+ YFSHEHE: 2014 -10-10
BEE£WE: T EFERARHELHELEITHE (20112X05025)
TEHF R sk (1983 442), Lo HRAE: AWM 55 T; E-mail; zhang_yanl117@ 163. com



146 HIlRA R AR (ASRBERR)

5 54 &

leaning right and mudstone corresponds to spectral function curves leaning left, which can be used as val-

id evidence to distinguish sandstone and mudstone.

Key words: southeast Qiong basin; deep-water area; lithology identification; principal component;

multifractal ; spectral function
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Fig. 1 Lithologic map for deep — water section in Qiong basin
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Table 1  Logging response parameter values of several lithology in the study area
RES_BD RES_BM RES_BS RHOB DTCO/
GR/API TNPH/ % = — ok
Om (g.em™) (ps*m™ )
91.87 35.64 34.61 26.07 21.87 1. 89 127. 89 Ve b A
108. 25 39.45 42.14 44.93 20. 39 1. 84 129.93 hs
112.17 2.23 2.88 3.96 28.79 2.22 117.65 es
133.53 7. 66 3.46 3.48 29.03 2.33 120. 09 Kb e A
100. 77 5.09 1.92 3.42 26.59 2.27 115.77 gl
K2 HARBEMEAE
Table 2 Standardized data of samples
GR' RES_BD’ RES_BM’ RES_BS’ TNPH' RHOB' DTCO’ bR
-0.35 1.47 1.67 0.99 -0.8 -1.17 1.23 s e ey
0. 86 1.72 2.21 2.32 -1.06 -1.55 1.42 b
1. 15 -0.73 -0.6 -0.56 0.42 0.93 0.23 Niover
2.74 -0.37 -0.56 -0.59 0.46 1. 67 0.46 A R
0.3 -0.54 -0.67 -0.6 0.03 1.26 0. 04 M
®3OMRARLGEMS
Table 3 Correlation coefficient matrix
i H GR’ RES_BD’ RES_BM' RES_BS’ TNPH' RHOB'’ DTCO’
GR' 1
RES_BD’ 0.26 1
RES_BM’ 0.24 0.95 1
RES_BS’ 0.29 0.92 0.96 1
TNPH' -0.25 -0.67 -0.65 -0. 64 1
RHOB'’ -0.01 -0.77 -0.76 -0.77 0.57 1
DTCO’ 0. 34 0.76 0.75 0.76 -0. 66 -0.75 1
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Table 4  Unit characteristic values and variance
contribution rate of characteristic values . :gg%{}é%
: < N
= i 2 —
WL ORREG F £ oy
k% TR % = * TR
4 ® Je A
I 4.881 69. 722 69. 722 i N -
2 1. 007 15.388 85. 11
3 0. 482 6. 888 90. 998 : .
4 0. 360 4.145 95. 143 ERAPCAL
5 0.170 2. 424 98. 567 B4 TR As AR A
6 0.083 1.191 99.758 Fig. 4 Lithology identification through PCA crossplotting
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Fig. 2 Distribution of the original and standardized

data of samples
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Table 5 Multi — fractal spectrum of log curve

3207 ~3211.5m 3212.8~3401.5 m 3405 ~3 417 m
! a / (a) a / (a) a / (a)
—4 2.000 000 235 1.999 999 563 2.000 117 1.999 8 2.000 003 312 1.999 994 036
-3 2.000 000 178 1.999 999 761 2.000 093 1.999 884 2.000 00256 1.999 996 672
-2 2.000 000 125 1.999 999 897 2.000 068 1.999 947 2.000 001 817 1.999 998 533
-1 2.000 000 073 1.999 999 975 2.000 042 1.999 987 2.000 001 083 1.999 999 636
0 2..000 000 024 2 2.000 014 2 2..000 000 359 2
1 1.999999 977 1.999 999 977 1.999 985 1.999 985 1.999 999 646 1.999 999 646
2 1.999999 932 1.999 999 911 1.999 956 1.999 94 1.999 998 943 1.999 998 594
3 1.999999 89 1.999 999 805 1.999 924 1.999 862 1.999 998 251 1.999 996 867
4 1.999 999 849 1.999 999 663 1.999 892 1.999 749 1.999 997 57 1.999 994 485
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Table 5 Multi-fractal spectrum of different sections of the well sample calculation
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Table 6  spectral function

RE/m 3207 ~3 406
Aay, 0.000 000 174 8  0.000 121 848
Aay 0.000 000 211 1 0. 000 103 34

R —-0.094 132250 3 0.082 186 549
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0. 000 002 789 6
0.000 002 953 1
—-0.028 477 722 9
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