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A machine learning—based method for recovery rate prediction in fractured water—driven gas
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Abstract: Gas reservoir X is a block—fractured edge—water gas reservoir controlled by anticline structures. Due to edge—water invasion,
rapid water breakthrough severely reduced recovery efficiency, highlighting the urgent need for theoretical and methodological guidance for
reservoir development. To address this, based on a systematic analysis of the influence patterns of key parameters on recovery rate, a
recovery prediction model for fractured water—driven gas reservoirs was established. This model provides a scientific basis for the dynamic
optimization of development schemes. Using basic geological and production data, a single—well mechanistic model was constructed with
the embedded discrete fracture model (EDFM). Through single—factor sensitivity analysis, the influence patterns of water body multiple, gas
production rate, matrix permeability, and permeability anisotropy were revealed. Recovery rate exhibited a negative correlation with water
body multiple. As the water body multiple increased, the water—gas ratio of gas wells rose significantly faster, and the stable production time
was greatly shortened. Gas production rate had a pronounced impact on the stable production time of the reservoir. An optimal gas
production rate threshold existed that maximized the recovery rate. Matrix permeability was positively correlated with recovery rate. Lower
matrix permeability led to lower recovery rate. The faster the increase in water—gas ratio, the shorter the stable production time. When

permeability anisotropy was too low, poor seepage capacity resulted in a reduced recovery rate. An increased ratio accelerated water
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invasion, further decreasing the recovery rate. Based on these findings, 125 sets of cross—experimental schemes were designed, and basic

data were obtained through numerical simulations. A recovery rate prediction model for fractured water—driven gas reservoirs was

established. To improve the prediction accuracy of the model, the original data were discretized, and a decision tree algorithm was used.

After parameter optimization, the prediction accuracy of the model reached 96%. The model was validated using actual dynamic data from

two production wells in the gas reservoir X. The prediction results were compared with those from the Blasingame production decline

analysis method. The results showed high consistency between model predictions and actual production data, indicating high reliability and

practicality of the model. This provides an efficient and precise technical method for recovery rate prediction in fractured water—driven gas

TeServoirs.

Keywords: machine learning; embedded discrete fracture model; recovery rate prediction; fractured water—driven gas reservoirs; numerical

simulation
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Fig. 1  Fracture distribution in numerical model
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Influence of water body multiple on recovery rate, water—gas ratio, and stable production time
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controlling fractured edge—water gas reservoirs
44 M k107 m? ol% A B
K1 1 0.1 3 0.10 1
K2 5 0.5 6 0.50 5
K3 10 1.0 9 1.00 10
K4 15 5.0 12
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Table 2 Calculation results of recovery rates for
comparative schemes

GES M k107 wm? 0/% A B RI%
UE 3 1 5.0 3 0.10 1 54.71
VEY 1 1.0 12 0.10 10  47.94
%3 1 10.0 9 050 10 49.00
EX 1 0.1 12 100 1 2210
TES 1 10.0 6 010 5 5328
T4 6 1 0.5 12 050 5 5026
VEY 1 0.1 3 100 5 2512
ES 1 0.5 6 1.00 5 43.74
EL 1 5.0 12 0.10 10 5277
FE 10 5 1.0 3 0.10 1 60.10
EIN 5 0.1 6 1.00 5 2301
ESY 5 10.0 3 0.50 1 64.19
HE13 5 0.5 9 0.10 10  60.38
VESL 5 5.0 6 1.00 1 52.85
VESK 5 0.1 12 0.10 10  36.59
%16 5 10.0 12 0.50 5 63.54
VESY 5 10.0 3 1.00 10 6192
T 18 5 0.1 9 0.50 1 25.33
VESY 10 0.1 3 010 5 3512
J7%20 10 5.0 9 1.00 5 6712
EX) 10 1.0 6 050 10  67.11
VEYY 10 1.0 12 050 5 6647
J7%23 10 0.5 6 010 1 5643
EY 10 10.0 9 1.00 1 66.84
%25 10 5.0 9 1.00 10  67.05

HE122 20 0.5 9 0.10 10  61.07
JE123 20 1.0 12 050 5  61.65
FE124 20 5.0 3 0.10 1 61.67
HE125 20 0.5 3 050 5  57.33
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Table 3 Data discretization criteria
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Fig. 7 Production dynamic curves of two wells in gas reservoir X
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