WRBFEMDE AL 2023 4

474 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 13k 4

5| B XIHLAK, J 1 30, 2RI . PCA-OPLS HEA I MU T TUA STt ik 8 R EE (D). W ASROTA S &, 2023, 13(4): 474-483.
LIU Honglin, ZHOU Shangwen, LI Xiaobo. Application of PCA plus OPLS method in rapid reserve production rate prediction of shale
gas wells[J]. Petroleum Reservoir Evaluation and Development, 2023, 13(4): 474-483.

DOI: 10.13809/j.cnki.cn32-1825/te.2023.04.009

PCA-OPLSEX& X REFM NS HMEEREE
jljﬁj\:ﬁmj’)% ﬁr‘:ﬁ i 1A2,3’$%iﬁ 123

CL. A FE A R T 29 56 , A6 5 100083 52, H [ A7 3l B0 i <0 T 5 3286 %8, L 5T 100083
3. ER AR TUA S M & (258 s, il db BT 065007)

WENEARDZARE TR T LT EA 4 RPN HHEMEFLIBEF LT AEGEE W AHLFRE
MERBEFNREAGEDARE ,RES T LA RALAN—REEL R, Ho&ERLS MK (PCA) S E R & /D
Z e E(OPLS) M H iE Rk —Fh ki VEH WGBS HRETMNF 7k, BRE 6 F R4 MFPERE AN E,
LY PCA-OPLSEX & & B H WA W 2 A A RB TH 7 AEMES FRE TN PR AR, L6 8AEH, T
SR FEE S TN ek R R R, T LU T BN 4 R 6 B s F R, AT OE 8] PCA-OPLS B & vk b 1k B bk ik E
BHNEEARENEN., R AR EGE EHE, N EAEE TN P EA RSN AR,

KSR B 2 F A2 BN PCA-OPLS 35 % LA & M B A K5 A Ih s U5 &

FESES TE122 XERARIRED : A

Application of PCA plus OPLS method in rapid reserve production rate prediction of
shale gas wells
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Unconventional Oil and Gas, Beijing 100083, China; 3. National Energy Shale Gas Research and Development(Experiment))
Center, Langfang, Hebei 065007,China)

Abstract: In southern Sichuan, thousands of shale gas wells have been drilled, generating a vast amount of high—dimensional data
during geological evaluation, drilling, and production processes. Predicting reserve recovery ratios through data exploration and
analysis is essential for guiding the exploration and development of shale gas resources. To achieve this goal, a novel approach is
introduced, which couples principal component analysis (PCA) and orthogonal partial least square (OPLS) analysis, enabling rapid
and accurate prediction of reserve production degree. The new method is put to the test using Zhaotong shale gas well samples to
evaluate its effectiveness in predicting reserve recovery ratios. The results show that the average accuracy of reserve recovery ratio
prediction using PCA-OPLS method surpasses the anticipated result, that this algorithm can swiftly and precisely predict recovery
ratios. With its advantages of simplicity, high accuracy, and promising application prospects, this method holds great potential for
efficiently evaluating the production and recovery ratios of shale gas reserves.
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Fig. 1  Location of shallow shale gas field of Zhaotong
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Table 2 Interpretation of total variance of testing
samples from shale gas wells

WIIRRHEE % TGO %

o Bt rEE 2B It rEES B2
1 6.00 30.03 30.03 6.00 30.03 30.03
2 4.02 20.10 50.16 4.02 20.10 50.13
3 281 14.00 64.25 2.81 14.00 64.13
4 207 10.30 74.64 2.07 10.30 74.43
5 143 7.15 81.79 1.43 7.15 81.58
6 093 4.67 86.47
7 0.68 3.42 89.89
15 0.02 0.09 99.93
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Table 3 Composition matrix of testing samples from shale gas wells

PR X R PCA1 PCA 2 PCA 3 PCA 4 PCA 5
Z—score(LJufiE)2 B L) 0.837 0.080 -0.101 0.308 -0.220
Z—score( IR AL 0.795 0.382 0.019 0.370 -0.108
Z~score(F: L1 J7) 0.738 0.075 -0.155 -0.108 0.049
Z—score( S5 A7 HLK) -0.663 -0.234 -0.039 -0.144 0.242
Z-score( 2H77%) 0.149 0.902 -0.016 -0.119 -0.018
Z~score(IP30) 0.141 0.901 -0.012 -0.111 -0.012
Z—score({LIRJE) 0.463 0.752 0.152 -0.009 0.133
Z—score( 5 1) 0.459 0.636 0.188 0.400 0.103
Z-score( FIEZ T AE) -0.012 0.022 0.966 0.074 -0.008
Z—score(i BEEY) -0.026 0.000 0.962 0.131 -0.057
Z—score( NP 1) -0.107 0.126 0.916 0.012 0.257
Z—score(W (A 7 ) -0.097 0.460 -0.134 0.722 -0.062
Z—score( & ABFNEE) -0.168 0.291 0.117 -0.686 0.311
Z-score(KF-B k) 0.141 -0.206 0.245 0.680 0.150
Z-score( I ) 0.637 0.134 0.121 0.670 0.016
Z—score( gV 11 % k) -0.320 0.025 -0.321 -0.566 -0.062
Z-score(F K HF ) -0.156 0.145 0.030 0.020 0.889
Z—score(i/NEHR) 0.042 -0.184 -0.015 -0.024 0.841
Z-score(H- ) -0.133 0.514 0.128 0.124 0.577
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Table 4 Principal component score coefficient matrix of testing samples from shale gas wells

FRufEAk v X 72 — = - mﬁ%ﬁ%% - —
g Vg o St W R R bR (i E & it T4 45
Z-score(HLJifi)2 R EE) 0.837 0.080 -0.101 0.308 -0.220
Z—score( P IR FFE) 0.795 0.382 0.019 0.370 -0.108
Z~score(J}: O JEJ7) 0.738 0.075 -0.155 -0.108 0.049
Z—score( AT HLK) -0.663 -0.234 -0.039 -0.144 0.242
Z-score( B4R 0.149 0.902 -0.016 -0.119 -0.018
Z~score(IP30) 0.149 0.902 -0.016 -0.119 -0.018
Z-score(fLIRJE) 0.463 0.752 0.152 -0.009 0.133
Z-score(F S H) 0.459 0.636 0.188 0.400 0.103
Z~score( T2 HHCR) -0.012 0.022 0.966 0.074 -0.008
Z-score( 1 BEEY) -0.026 0.000 0.962 0.131 -0.057
Z-score(fINADHE) -0.107 0.126 0.916 0.012 0.257
Z~score(We fiH< &) -0.097 0.460 -0.134 0.722 -0.062
Z—score( & BFNE) -0.168 0.291 0.117 -0.686 0.311
Z-score(7KF-BtH) 0.141 -0.206 0.245 0.680 0.150
Z-score( I ) 0.637 0.134 0.121 0.670 0.016
Z-score(e Ve W) 7 1) -0.320 0.025 -0.321 -0.566 -0.062
Z-score(fix JARE) -0.156 0.145 0.030 0.020 0.889
Z-score(f /M) 0.042 -0.184 -0.015 -0.024 0.841
Z~score(FIR) -0.133 0.514 0.128 0.124 0.577
®5 TUESHLWHAKPCALEREHAER
Table 5 PCA processed matrix of testing samples from shale gas wells
Jpe EES9Y HAskE Y
K B R bR i€zt BUSETERERRAR  ARJR BT AR R4 T AR R fitt ik 2 R %
YS108H1-2 38 745.19 242 578.90 29 169.37 -26 625.29 38 684.12 14.9
YS108H1-4 31 815.66 200 651.80 32300.94 -21119.02 31753.22 34.2
YS108H1-8 25 669.95 163 450.99 32491.84 -16 325.98 25599.78 235
YS108H2-2 25977.16 166 748.52 33 369.81 -16 560.60 25913.70 18.0
YS108H2-3 23559.73 148 623.42 15293.25 ~15499.28 23498.18 9.2
YS108H2-4 45 494.63 283 912.81 34.990.12 -31269.70 45 425.26 247
YS108H2-5 23072.32 147 564.03 25219.65 -15 067.94 23 006.75 24.7
YS108H3-2 46 243.02 288 485.75 31 464.01 -32137.25 46 174.13 229
YS108H6-5 23799.00 151 848.49 30 773.49 -14 974.36 23739.38 23.5
YS108H8-5 5442.66 40 631.93 29 577.75 -909.97 5380.57 12.8
YS108H9-2 11 374.61 76 894.37 33755.54 -5246.87 11313.41 12.4
YS108H9-3 11123.02 76 088.64 41027.27 -4541.59 11 062.52 20.8
YS108H9-5 10 214.87 69 443.30 28 294.55 -4 880.08 10 155.26 10.0
YS108H11-1 26 495.12 167 691.19 22035.12 -17 699.01 26 425.29 27.9
YS108H13-2 27 887.31 178 252.07 32591.70 -18339.07 27 820.61 24.8
YS108H13-3 33 636.45 213 393.80 34 506.93 -22589.42 33570.31 29.4
YS108H13-4 22 637.13 147 494.82 41 224.96 -13 616.19 22 590.07 39.6
YS108H19-2 17 589.50 115 829.81 38711.51 -9716.63 17 549.24 12.0
YS108H19-4 16 724.85 110 252.57 33 984.25 -9539.17 16 685.64 152

YS108H19-6 19 808.92 127936.21 21583.31 —-12956.80 19 758.71 17.2
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Table 6 Comparison of prediction results and calculation results of different methods
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YS108H1-2 14.9 14.0 24.0 18.7 0.9 9.1 3.8
YS108H1-4 342 33.0 25.0 19.2 1.2 9.2 15.0
YS108H1-8 23.5 22.8 21.9 19.0 0.7 1.6 4.5
YS108H2-2 18.0 20.0 26.4 21.3 2.0 8.4 3.3
YS108H2-3 9.2 11.0 4.7 18.7 1.8 4.5 9.5
YS108H2-4 24.7 26.0 26.2 23.3 1.3 1.5 1.4
YS108H2-5 24.7 24.1 23.8 17.9 0.6 0.9 6.8
YS108H3-2 22.9 24.0 26.6 19.4 1.1 3.7 3.5
YS108H6-5 23.5 22.1 17.3 18.2 1.4 6.2 5.3
YS108H8-5 12.8 10.8 17.8 18.3 2.0 5.0 5.5
YS108H9-2 12.4 11.0 14.0 20.4 1.4 1.6 8.0
YS108H9-3 20.8 20.0 18.2 25.7 0.8 2.6 4.9
YS108H9-5 10.0 12.0 15.6 18.4 2.0 5.6 8.4
YS108H11-1 27.9 27.0 20.8 17.7 0.9 7.1 10.2
YS108H13-2 24.8 21.8 26.6 23.4 3.0 1.8 1.4
YS108H13-3 29.4 28.0 27.4 25.5 1.4 2.0 3.9
YS108H13-4 39.6 41.2 26.3 314 1.6 13.3 8.2
YS108H19-2 12.0 13.5 18.5 24.5 1.5 6.5 12.5
YS108H19-4 15.2 12.8 20.4 21.5 2.4 52 6.3
YS108H19-6 17.2 18.0 18.6 17.6 0.8 1.4 0.4
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Fig. 3 Comparison between fitted and calculated results of reserve recovery ratio in Weiyuan area
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