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Research on prediction of bottom hole flowing pressure for vertical coalbed methane wells based
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Abstract: Coalbed methane resources are extensively developed using vertical wells, with controlled—pressure and controlled—water
drainage systems. The flowing bottom hole pressure is a crucial parameter in the design of drainage schemes and equipment selection.
Therefore, it is of great significance to predict the flowing bottom hole pressure for vertical coalbed methane wells. To conveniently and
accurately forecast the flowing bottom hole pressure of vertical coalbed methane and guide their pressure control and drainage, a
Backpropagation Neural Network (BPNN) algorithm from the field of machine learning was introduced. Additionally, the Sparrow Search
Algorithm (SSA) was improved. These were coupled to establish a forecasting model for flowing bottom hole pressure based on the improved
SSA-BPNN approach. Five routinely measured parameters that influence flowing bottom hole pressure were selected as the input parameters
for the prediction model, with corresponding bottom hole pressure values as the output parameters. A total of 600 sets of field—measured data
were partitioned into training, validation, and testing datasets to develop and validate the forecasting model for vertical coalbed methane
wells. The validation set showed that the mean absolute percentage errors for the BPNN model and the Improved SSA-BPNN model on the
validation set were 3.10% and 0.53%, respectively. This demonstrated that coupling the Improved SSA and BPNN effectively overcame the

propensity of BPNN to converge to local optima, thereby improving the prediction accuracy of flowing bottom hole pressure in a vertical
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coalbed methane well. Furthermore, the improved SSA-BPNN model was compared with the Genetic Algorithm=Support Vector Regression

(GA-SVR) method and the physical model-based analytical method. The results revealed that the mean absolute percentage errors for these
three different models were 1.318%, 4.971%, and 18.156%, respectively. The Improved SSA-BPNN model had the lowest error, and its

prediction accuracy significantly improved when the flowing bottom hole pressure was low, demonstrating its higher accuracy and strong

applicability. The Improved SSA-BPNN model requires only five input parameters, reducing the complexity of input and calculation

parameters. It does not require consideration of the fluid distribution within the wellbore and can cover all stages of drainage, maintaining

high accuracy across different pressure ranges.

Keywords: coalbed methane; sparrow search algorithm; neural network; bottom hole flowing pressure; prediction model
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Table 1 Measured data of bottom hole flowing pressure for vertical coalbed methane well (partial data)
FH £ /MPa B 5 1 /m ST R B /m H A bt /m® H 7Kt /m? JEIE T /M Pa
0.09 45.29 563.37 12 772.69 24.21 0.54
0.08 65.08 543.58 7452.36 4.20 0.71
0.10 52.63 556.03 10 896.58 8.50 0.62
0.15 16.72 410.45 4151.44 18.00 0.31
0.09 62.99 364.18 2 026.69 10.83 0.71
0.13 9.12 424.43 235.92 5.37 0.21
0.20 66.94 364.22 260.09 1.89 0.86
0.14 302.00 361.10 0 4.00 3.18
1.25 17.90 845.00 501.00 1.30 1.40
0.05 64.47 544.19 9152.99 23.86 0.68
0.15 11.67 421.88 232.83 5.34 0.26
1.39 11.10 300.00 3 650.00 0.90 1.39
2.62 3.20 659.90 158.00 3.90 2.73
0.08 185.40 600.30 0 7.40 1.92
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