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A Prediction Method for Scale of Karst Cave Water Inrush and Mud Outburst Based

on Comprehensive Advanced Geological Prediction

YANG Weilin'*, XIAO Huabo’, MENG Lubo'*",ZHANG Caihong'?*, CHEN Weidong’, WANG Hao’
(1. College of Environment and Civil Engineering, Chengdu University of Technology, Chengdu, Sichuan 610059, China; 2. State Key

Laboratory of Geohazard Prevention and Geoenvironment Protection (Chengdu University of Technology), Chengdu, Sichuan

610059, China; 3. Chengdu Engineering Corporation Limited (POWERCHINA), Chengdu, Sichuan 610072, China)

Abstract: To improve the accuracy of water inrush and mud outburst disaster prediction during tunnel
construction through karst caves, a method of first forecasting the unfavorable geological conditions of karst
caves and subsequently predicting water inrush and mud outburst geological disasters was proposed in this
paper. First, a karst cave advanced prediction model based on the polynomial naive Bayes algorithm was
established to predict the scale grade of karst caves. Secondly, taking the scale prediction results of karst caves
as the input condition for water inrush and mud outburst, a support vector machine (SVM) grade prediction
model for karst cave water inrush and mud outburst based on the genetic algorithm (GA) was established. The
random seed was regarded as an optimizable hyperparameter, and the overall training effect of machine learning
models could be improved by adjusting the random seed during data partitioning; the prediction imputation
methods, namely the K-nearest neighbor algorithm and SMOTE algorithm, were adopted to generate synthetic
samples to fill in missing sample values and solve the problem of sample imbalance. By comparing the GA-
SVM model with three models (SVM, GS-SVM, and IPOS-SVM), the results indicate that the overall
prediction accuracy of the GA-SVM model is the highest. Model testing demonstrates that the accuracy of the
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comprehensive advanced prediction model for karst caves is 81.25%, and the accuracy of the grade prediction

model for water inrush and mud outburst is 91.67%. Applications in multiple tunnels indicate good effects, and the

research results provide a new method for the prediction of water inrush and mud outburst in tunnel karst caves.
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Figure 1 Diagram of grade forecast index system for karst cave
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Table 1 Grade classification of proximity precursor
indicators for karst cave
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Figure 2 MIC correlation coefficient chart of karst cave
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Figure 3 Prediction confusion matrix of comprehensive
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Figure 4 Data distribution feature chart of karst cave water inrush and mud outburst
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Figure 5 MIC correlation analysis of karst cave water

inrush and mud outburst
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Figure 6 Parameter optimization variation curve of GA-

SVM model for karst cave water inrush and mud outburst
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Figure 7 Confusion matrix of GA-SVM model prediction
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Table 10 Evaluation indicator results of GA-SVM model

for karst cave water inrush and mud outburst
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Table 11 Comparison of accuracy among different models

oA MRR AW R/ Y 109758 IR/ %
SVM 87.50 89.11
GS-SVM 91.67 93.44
IPSO-SVM 87.50 91.33
GA-SVM 91.67 94.56
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Table 12 Forecast results of karst cave in section ZK203+880-ZK203+892 of Jiuhuangshan Tunnel
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Table 13 Prediction results of water inrush and mud outburst of karst cave in section ZK203+880-ZK203+892

of Jiuhuangshan Tunnel
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Figure 8 Karst cave in section ZK203+880-ZK203+892
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Figure 9 Water inrush and mud outburst at right

arch waist of ZK203+884



236 L NS 7 S 2026 5

®14 WA ABETH 2 T 1L % 8 AR B 5 R LR 25 AR an 3R
Table 14 Prediction accuracy evaluation 15 i o mm‘z,xxﬁ%m‘yjim%ﬁﬂjt%#ﬁ%
R BL I 4/ o e U o
% UMM THERTERE T A A 5 T O 7K R T 4 SR A U
R WE<6m %<6 m o AT ¥ AE U B 1L ¥ B ZK203+ 880~ZK2034-892
FRVETOKER KK KRR A SR INALE e Yo

®15 HIAWEBEB RR_SHELRNA
Table 15 Typical applications in Yaowanggu Tunnel and Dakang No. 2 Tunnel
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