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Research on Data-Driven Intelligent Optimization of Fracturing Treatment
Parameters for Shale Qil Horizontal Wells

ZENG Fanhui', HU Dagan', ZHANG Yu', GUO Jianchun', TIAN Fuchun’, ZHENG Bintao’
(1. National Key Laboratory of Oil and Gas Reservoir Geology and Exploitation(Southwest Petroleum University), Chengdu,
Sichuan, 610500, China; 2. Petroleum Engineering Research Institute, PetroChina Dagang Oilfield Company, Tianjin, 300280,
China; 3. Petroleum Engineering Technology Research Institute, Sinopec Shengli Oilfield Company, Dongying, Shandong, 257000,
China)

Abstract: A data-driven intelligent optimization method for fracturing treatment parameters was proposed to address
the issues of insufficient pertinence and incomplete process design in digital fracturing treatment parameters. With 32 shale oil
wells in the CD block as the research object, principal component analysis was used to reduce the 15 production-influencing
factor dimensions representing geological attributes, engineering quality, and construction parameters of the reservoir. A
Gaussian membership function and entropy weight method were introduced for a fuzzy comprehensive evaluation of reservoir
fracturing heterogeneity. Combined with support vector regression and particle swarm optimization algorithms, the perforation
location, segment length, cluster spacing, fracturing fluid intensity, sanding intensity, and discharge capacity were
recommended with the highest production as the goal. The research results indicated that permeability, porosity, free
hydrocarbon content by pyrolysis, fracturing fluid intensity, and sanding intensity were the main control factors for the
production of the target block. All eight clusters of the first fracturing section of the application well have successfully
initiated fractures during treatment with optimized parameters, with a half-length of 59.50 -154.80 m and a production
prediction accuracy of 94.86%. The method proposed can achieve effective reservoir quality evaluation, production prediction,

%5 H #A: 2023-05-17; 2L B H #i: 2023-08-07
fEER A ZU4E (1980—) , B, vl A M A,2004 20 THEH G HFREHIAEL, 200 FETHEHRFHABFELIEEL

W, AR, i—«;\—/\}\ Foh ARG SRS H AL TA4E. E-mail: zengfanhui023024@126.com
HEELWMB:BEXAXHMFA LT ERB “REERDGRER & EL LMW RMALL ZoriEEstR” (%5 :52374045) (vl H B A H
FheRmERARD “RERNEMESHABLELEFTES B RAFRMAMLSAE” (%5 :2023NSFSC0424 ) K&

By



%51 % % 548

WU SRR B 69 T i K A R R T AR REAR AL AT A <79

and rapid optimization of treatment parameters that match reservoir geological conditions, promoting efficient shale oil

development in unconventional reservoirs.

Key words: shale oil; horizontal well; data driven; comprehensive evaluation of reservoir quality; production prediction;

hydraulic fracturing; optimization of fracturing parameters
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% API _(mgg ) mD GPa__MPa m (mm ) (mm ) (mmin -m ) (tkm )
Yl 3.1 93.6 0.5 6.5 6.11 051 0.230 30.77 56.7 0.250 48.0 6.9 239 2.6 0.25 8302.9
Y2 1.8 52.5 1.1 5.5 124 0.62 0.228 36.61 79.8 0279 298 52 479 32 0.43 2 682.9
Y3 35 89.4 0.9 5.6 042 056 0231 27.10 89.7 0.286 65.1 7.6 26.7 2.1 0.17 491.6
Y4 45 91.1 2.0 73 096 048 0.231 2720 56.8 0.235 51.7 6.7 36.2 3.5 0.28 2 466.0
YS 19 95.5 0.5 64 0.87 030 0.230 30.59 82.8 0.271 66.0 7.9 22.7 2.5 0.13 15759
Y6 4.0 91.8 5.0 85 580 052 0.228 3525 833 0.267 597 9.0 30.7 2.6 0.20 8094.0
Y7 22 91.6 0.5 54 0.56 030 0230 30.59 73.8 0.251 635 79 20.9 2.4 0.17 1566.0
Y8 22 98.4 3.1 49 0.75 0.57 0.228 37.38 83.0 028 43.1 64 27.0 2.2 0.31 2920.6
Y9 29 99.2 2.0 5.5 1.06 0.62 0.228 37.67 839 0279 439 59 23.7 2.0 0.28 1674.0
Y10 19 107.6 2.7 59 1.89 0.62 0.228 37.67 839 0279 478 59 21.5 1.6 0.25 3167.9
Y1l 4.0 93.8 1.9 7.6 1.59 051 0230 3226 742 0.255 463 6.0 323 3.7 0.24 32122
Y12 29 1128 0.7 7.8 3.85 041 0230 30.57 58.6 0244 362 59 26.9 2.6 0.32 5956.8
Y13 32 82.2 34 9.9 8.73 0.62 0.228 36.61 79.8 0279 459 6.6 35.0 32 0.29 10 581.3
Y14 3.7 103.0 4.7 4.5 045 0.57 0227 3691 884 0275 554 79 28.9 2.5 0.23 2 873.9
Y15 4.0 85.3 4.4 44 051 042 0228 37.14 852 0.278 56.7 74 29.2 2.8 0.22 2449.7
Y16 3.1 1022 4.6 7.7 1.87 0.60 0.228 39.67 89.6 0288 534 7.7 31.7 2.9 0.24 4371.5
Y17 3.8 92.1 4.5 7.5 435 0.62 0.228 36.61 79.8 0279 429 6.2 36.8 3.1 0.31 71453
Y18 26 1103 23 4.8 0.88 0.62 0.228 37.67 839 0.279 41.1 5.6 26.8 2.2 0.30 2759.9
Y19 34 92.6 2.0 53 1.16 0.62 0.228 36.61 79.8 0279 32.7 5.5 41.4 2.8 0.38 2300.7
Y20 22 91.0 0.4 6.5 145 048 0.228 33.51 682 0.259 56.6 7.1 37.4 2.8 0.31 35334
Y21 3.7 1100 2.7 7.3 273 057 0228 3738 83.0 028 63.1 16.5 36.0 2.4 0.20 5011.7
Y22 35 91.1 3.0 5.6 0.68 0.50 0.228 3437 845 0.264 640 8.7 27.1 2.6 0.19 2943.1
Y23 3.6 101.6 3.9 9.1 6.23 0.62 0.228 36.61 79.8 0249 435 6.3 39.2 34 0.30 8105.3
Y24 4.1 84.9 6.1 64 0.82 0.60 0.228 39.67 89.6 0.2838 569 8.4 28.2 2.5 0.22 41445
Y25 42 109.0 32 4.7 048 0.50 0.229 32.78 82.0 0.255 569 6.9 30.8 2.7 0.22 3109.4
Y26 3.7 1023 1.1 48 1.13 0.57 0229 33.67 709 0.264 539 7.3 25.4 2.8 0.21 2018.5
Y27 32 68.2 5.4 69 146 0.60 0.228 39.67 89.6 02838 352 6.9 425 3.1 0.38 3314.0
Y28 25 86.0 0.6 82 421 051 0.230 3099 604 0.249 493 7.0 36.7 3.6 0.29 7 863.2
Y29 27 1049 23 7.0 223 0.62 0.228 37.67 839 0.279 614 15.8 33.1 23 0.17 4449.0
Y30 2.7 89.0 5.0 10.8 936 0.54 0.229 3691 76.8 0.264 53.8 8.0 29.7 3.5 0.20 10 144.7
Y31l 3.0 1037 4.8 52 1.25 0.57 0.228 3648 86.4 0271 304 5.1 42.0 33 0.45 33843
Y32 21 1079 2.8 5.8 097 0.62 0.228 37.67 839 0279 57.7 6.9 20.6 1.5 0.20 2192.4
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Fig.6 Fitting relationship between accumulated oil pro-
duction per kilometer in 12 months and scores
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Fig.8 Evaluation results of reservoir heterogeneity in Well T1
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Fig.9 Comparison between predicted and actual production of the training set
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Table 2 Optimization of treatment parameters and production prediction results for segments

JrBtim T N o eyt I A
3.850~3 931 59.2 60 6.50 3.7 31.0 12.5 41135
3932~4056 55.1 45 5.80 2.8 26.0 12.5 33543
4057~4232 55.8 50 6.30 2.6 28.0 12.0 34129
4233~4 306 52.9 52 5.80 3.1 29.0 12.5 29859
4307~4 450 58.4 45 5.30 3.6 345 12.5 3896.4
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Table 3 Optimization results of perforation position in the first fracturing section
(a3 T /m JIGTR/m A i35 5% /m JIETR/m M /m

@ 4 407.50 4 408.00 5.50 ® 4 431.00 4431.50 5.00

@ 4413.50 4 414.00 5.50 ©) 4 436.50 4437.00 5.00

® 441950 4 420.00 5.20 @ 4 442.00 4442.50 5.00

@ 442520 442570 5.30 ® 444750 4448.00
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