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Intelligent simulation and prediction of shale oil production in horizontal wells:
A case study of Chang 7 Block of the Triassic Formation, Ordos Basin
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Abstract: The shale oil reservoir in the Chang 7 Block of the Triassic Formation in the Ordos Basin has not yet achieved large—scale and
effective development due to significant reservoir heterogeneity and considerable variation in crude oil physical properties. Accurately
predicting single—well production and identifying its main controlling factors are crucial for optimizing field production strategies. Based on
production data, engineering parameters, and fracturing parameters from 197 sample wells screened in the Chang 7 Block, this study first
classified the wells using a feature—weighted FCM algorithm. Subsequently, an LSTM model incorporating an attention mechanism was
constructed for intelligent production simulation and prediction. This mechanism effectively overcomes the difficulty of the standard LSTM
model in screening key information under multi—parameter conditions by prioritizing the most critical factors and ignoring less influential
ones. The model parameters were then optimized using a differential evolution algorithm. Finally, the production predictions were compared
against those from the standard LSTM model and the traditional Arps model. The results indicate that: Across the three classified well types,

the main factors influencing single—well production include oil saturation, the number of fracturing stages, sand volume, the total injected
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fracturing fluid volume, and reservoir length. Furthermore, the relative contribution of each factor varies among the three well types. The

traditional Arps decline model showed significant errors in three evaluation metrics—coefficient of determination (R?), root mean square error

(RMSE), and mean absolute percentage error (MAPE)—demonstrating that neural network models provide superior prediction performance

for single-well production in this shale oil reservoir compared to the Arps model. The introduction of the attention mechanism improved the

prediction accuracy of the LSTM model for the three well types by 3.34%, 3.57%, and 2.57%, respectively, demonstrating its effective

optimization capability. Adjusting the input parameters and training set length of the AT-LSTM model according to the characteristics of

different production stages for the three well types can further enhance prediction performance. Aiming to increase single-well production,

the optimization of the main controlling factors for wells within the block confirmed the feasibility of multi—factor synergistic optimization.

This simultaneously provides strong support for adjusting production strategies for single wells in the Chang 7 Block shale oil reservoir.

Keywords: attention mechanism; differential evolution algorithm; LSTM model; production forecasting; shale oil
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Fig. 1 Regional Tectonic Units of the Ordos Basin and Geographical Location Map of Qingcheng Oilfield
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Table 1 Feature Weighting Results for Different Parameters in the Weighted FCM Algorithm
FRIESHL JrAR N FrL A % JEBLBR B AW /10°m? JnebE/10°m?
FHEALE 0.525 0.214 0.103 0.093 0.065
x2S BEIRFFEMBGTES
Table 2 Feature—~Weighted Scoring for Selected Single Wells

4 gl el MR ERLBRAUE A MBI EE/10° m b E/10° m* INEGTA3H
EH16-2 [ 0.340 0.157 0.065 0.068 0.046 0.676
EHI-1If [ 0.375 0.149 0.027 0.029 0.022 0.603
£ HA0-4 2 0.139 0.140 0.038 0.045 0.030 0.392
£ H32-1 2 0.373 0.022 0.033 0.044 0.031 0.503
L H17-4H || S 0.031 0.000 0.011 0.015 0.016 0.073
1EH28-4 m2s 0.156 0.024 0.046 0.045 0.032 0.303
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Table 3 Normalized Data of Class | Single-Well Production and Influencing Factors for Chang 7 Shale Oil Reservoirs

in=2 FEE HWERKEm  KFPBEEKEMmM  FHER% A SR R/10°m? SnEbE/10°m? FE LB B
B 8 0.84 0.24 0.40 0.25 0.08 0.10 0.14
79 238-75 0.72 0.50 0.63 0.25 0.21 0.09 0.07
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Table 4 Normalized Data of Class Il Single—-Well Production and Influencing Factors in Chang 7 Shale Oil Reservoir

biica e MEREm CFBIR S/ CFIEAeR% A B/ 10°m? b /10°m’ R U B
10 0.24 0.50 0.40 0.30 0.18 0.00 0.63
46 H61-4 0.65 0.43 0.28 0.24 0.85 0.49 0.31
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Table 5 Normalized Data of Class Ill Single-Well Production and Influencing Factors in Chang 7 Shale Oil Reservoir

H= oAb MEREm  KCEBIRE/m SRR AMLE SN0’ m? bt /10°m? JRHBRUE:
£ H9-1 0.78 0.64 0.50 0.10 0.16 0.49 0.33
4 H62-3 0.72 0.64 0.21 0.18 0.28 0.13 0.25
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Fig. 2 Thermal map of correlation between production and influencing factors for Class -1l single wells
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Fig. 6 Radar chart of evaluation indicators comparison for Class II single wells
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