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Abstract: In recent years, frequent issues in underground drainage networks have posed serious
threats to aquatic environments and public assets. Conducting risk prediction for drainage networks holds
significant importance for optimizing pipeline maintenance and rehabilitation plans, as well as enhancing
operational safety. The complete detection and maintenance data of underground pipelines in Shenzhen
provide a robust foundation for precise risk prediction. Meanwhile, advancements in geographic
information system (GIS) and machine learning offer new research perspectives for pipeline risk
assessment. This study utilizes measured pipeline data from a district in China, selecting 80% of risk
points as training data. Seven risk factors include sewage/stormwater pipeline type, pipe age, diameter,
length, material, elevation, and burial depth. These factors are incorporated into a binary Logistic
regression model for risk prediction. Model performance is evaluated using a confusion matrix and ROC

curve. The results demonstrate: () Sewage pipelines, aging pipes, and smaller-diameter pipes exhibit
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significantly high-risk characteristics; 2 The model achieves an overall accuracy of 79.0%, with AUC

values of 80.1% and 84.6% for the training and validation sets, respectively, indicating strong predictive

capability; 3 Pipe segments with risk probability grades Il and IV accounted for 27.33% of cases,

covering 61.90% of risk points in the study area, which aligns with the actual risk distribution. This

research confirms that the risk prediction method, integrating multi-dimensional risk factors and Logistic

regression modeling, effectively evaluates the risk distribution of drainage networks in the study area,

providing reliable support for scientific management and decision-making in drainage pipeline

maintenance.
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Fig.1 Number of drainage network defects
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Tab.l Impact factors and categories of variables

SR PR S g2 S| BRI | %
Tk ﬁiﬁk 1 5706 73.1
157K 2 2096 26.9
WAL | 1 6558 84.1
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[0,400) 1 5888 75.5
[400,800) 2 1579 20.2
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[1200,1 600) 4 46 0.6
>1 600 5 9 0.1
[0,30) 1 6028 773
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[0,2) 1 4337 55.6
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Tab.2 Covariance analysis of impact factors
SR [R5 VIF TOL
(=27 1.065 0.939
B 1.080 0.926
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Tab.3 Parameters of model
A PdE | Wald4t | H i e Exp
o PR el R B
SER wmE | s | E (A)
EHE | 0.087 | 0.041 | 4.422 1 0.035* | 1.091
S 1 0185 10.002 | 33.728 | 1| 0.000%* | 1.014
MR 0.000 | 0.023 | 0.000 1 0.998 | 1.000
| -0.161 | 0.000 | 10.978 | 1 | 0.001** | 0.999
PR | 0.050 | 0.003 | 3.240 1 0.042* | 1.005
| 0.107 |0.002 | 41.948 | 1 | 0.000%* | 0.984
MWAG/K | -0.246 | 0.073 | 11.224 | 1 | 0.001** | 0.782
WE | -0.542 [0.133 | 16,731 | 1 | 0.000%* | 0.581

T *48 p<0.05, **#4§ p<0.01,
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Fig.2 ROC curves for training and validation samples
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Tab.5 Partial examples of risk probability calculus for logistic regression models
a4 B (x,) B (x,)/a E12 () b (vg)/m | 4K (x)/m A5 K (x;) P
AR e 15 8 DN1 600 1.33 22.56 V57K 0.20
IR BRE 158 5 DN1 600 2.52 18.13 15K 0.20
1% | ‘MATREE 5 8 DN1 200 3.56 28.65 V57K 0.22
BRI+ 6 DN1 500 4.56 8.48 15K 0.22
HDPE % 7 DN1 800 1.01 21.69 V57K 0.21
TREE T 18 DN400 2.35 25.63 M7k 0.42
HDPE % 15 DN600 5.65 56.14 K 0.44
I 2% HDPE % 16 DN600 8.14 32.11 MK 0.44
TREE T 8 DN400 6.31 5.56 157K 0.33
g+ 15 DN500 5.14 16.55 157K 0.38
TR+ 25 DN200 11.13 65.78 MK 0.58
HDPE % 22 DN300 12.11 84..57 M7k 0.56
Mm% HDPE 45 28 DN400 14.88 73.21 FiK 0.52
HDPE % 28 DN500 13.12 65.16 157K 0.46
AR EE A 35 DN400 14.14 78.58 V57K 0.49
UPVCH 38 DN200 16.33 110.62 M7k 0.68
UPVCH 35 DN100 22.89 120.2 HizK 0.69
Ve g+ 40 DN300 16.21 135.58 Mk 0.66
bR g =g 35 DN200 19.58 122.74 MK 0.66
UPVCHE 36 DN200 25.14 110.65 Mk 0.67
x6 NEm#H=ERAE
Tab.6 Number and percentage of risk points
P&l SEPR R AR /Ab Touim B e Kt/ 4k 5 S BRI A R/ EEHEI%

1% 3194 3156 2134 67.21

I %% 1997 2514 1258 55.77

4% 1012 974 647 65.16

V4 1599 1158 821 59.56
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