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Abstract

This study introduces an innovative approach for the diagnosis and assessment of metropolitan drainage
pipe networks, with a specific focus on critical nodes. The methodology encompasses several crucial
stages, commencing with the identification of pivotal nodes within the drainage pipe network.
Subsequently, the installation of water level and flow monitoring devices at these identified nodes
facilitates the collection of real-time data. In parallel, CCTV measurements are conducted to acquire
pertinent field data pertaining to the pipes at these key nodes. A comprehensive fluid-powered model
of the metropolitan drainage pipe network is then constructed, amalgamating data related to water
levels, flow rates, topological configurations, boundary water levels, GIS data, ground elevations, and
other pertinent parameters. To enhance the model's accuracy, it is meticulously calibrated based on the
actual operational conditions of the drainage pipe network. Finally, the fine-tuned model is harnessed

to simulate the network's performance and appraise its operational status.

Keywords: metropolitan drainage, pipe network, key nodes, fluid-powered model, calibration,
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Introduction

Metropolitan drainage systems play a vital role in managing stormwater runoff and preventing flooding
in metropolitan areas. Efficient operation and maintenance of these systems are crucial for the well-
being of cities and the protection of public health and the environment. To ensure the optimal
performance of metropolitan drainage pipe networks, it is essential to have effective diagnostic and

assessment procedures in place.[1] Traditional approaches to diagnosing and evaluating metropolitan
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drainage pipe networks have focused primarily on overall system performance. However, these
approaches often overlook the significance of key nodes within the network, which can have a
substantial impact on system behavior. Key nodes refer to critical points in the network where flow
patterns, water levels, or fluid-powered conditions are prone to deviations from the expected norm.
Neglecting these key nodes can lead to inaccurate assessments of system performance and ineffective

management strategies.

In recent years, there has been a growing recognition of the importance of considering key nodes in the
diagnostic and assessment processes of metropolitan drainage pipe networks. By focusing on these
critical points, it becomes possible to obtain a more accurate understanding of the system's behavior
and identify areas that require attention and intervention. The objective of this research is to develop a
comprehensive procedure for diagnosing and evaluating metropolitan drainage pipe networks by
considering key nodes. [2] The proposed approach integrates real-time data, field measurements, and
fluid-powered modeling techniques to enhance the accuracy and effectiveness of the assessment

process.

The research procedureology consists of several key steps. Firstly, the identification of key nodes in the
metropolitan drainage pipe network is conducted. Water level monitors and flow monitors are installed
at these key nodes to collect real-time data on water levels and flow rates. In addition, CCTV
measurements are used to gather field pipes data at key nodes, providing detailed information on the
condition and performance of the pipes [3]. Once the data from the key nodes is obtained, a fluid-

powered model of the metropolitan drainage pipe network is developed.

This model takes into account the water level and flow data collected from the key nodes, as well as
other relevant information such as topological data, boundary water level data, GIS data, ground
elevation data, and building data. The fluid-powered model serves as a representation of the system,
allowing for simulations and assessments of its operating status.[4] Calibration of the fluid-powered

model is an essential step in the research procedureology.

Related Work

Metropolitan underground water drainage pipe networks are essential infrastructure that helps manage
stormwater runoff and prevent flooding in metropolitan areas. However, these pipe networks face
various challenges such as material aging, corrosion, waterlogging, road collapse, and pipe rupture. It
is crucial to diagnose the health status of existing drainage pipeline networks promptly and accurately
to address these issues effectively.[5] Currently, there is a need for a scientific and comprehensive
diagnostic procedure to assess the condition of these underground pipe networks.! In recent years,

several diagnostic procedures have emerged in the field of metropolitan drainage pipe network
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diagnostics.[6] These procedures include monitoring technology, sonar techniques, and CCTV-based
corrosion monitoring technology, which assess the functional structure of specific conduits based on
testing results.[7] However, most of these diagnostic procedures focus on conducting internal
inspections of individual problematic pipelines rather than considering the entire system.[8] This
approach falls short in capturing the complexity of the interconnected branch pipes, main pipes, and

pumping plant relationships within the drainage pipe network.

To accurately identify critical issues and weak points in the drainage pipe network, it is crucial to
develop a comprehensive and systematic diagnostic procedure. The existing approaches either require
extensive and detailed investigations of the entire system, which can be resource-intensive, or rely on
rough judgments based on basic facility conditions and operating conditions, resulting in uncertain
outcomes. Therefore, there is a practical need to develop a reasonable, simple, and comprehensive
diagnostic procedure that considers the operational conditions of the drainage pipe network. Such a
procedure would provide valuable guidance to administrative staff responsible for managing and

maintaining these networks.

The existing approaches fall short in capturing the complexity of the interconnected system and
providing accurate assessments. The proposed procedure aims to overcome these limitations by
considering the operational conditions of the entire network and incorporating a holistic perspective.
The following sections of this research paper will provide a detailed description of the procedureology,
results, and discussions, highlighting the significance and potential applications of the proposed

diagnostic procedure in the management of metropolitan drainage pipe networks.
Research Objective

The objective of this research is to develop a comprehensive procedure for diagnosing and evaluating
metropolitan drainage pipe networks by considering key nodes. By integrating real-time data, field
measurements, and fluid-powered modeling, the aim is to improve the accuracy and effectiveness of
the assessment process. The proposed procedure intends to enhance the understanding of system

performance and facilitate informed decision-making in metropolitan drainage management.

Comprehensive Assessment Procedure for Metropolitan Drainage Pipe Network Considering Key
Nodes

Metropolitan drainage pipe networks play a crucial role in managing stormwater and preventing
flooding in cities. However, these networks face various issues such as aging infrastructure, corrosion,
waterlogging, pipe ruptures, and road collapses.[9] It is essential to diagnose and evaluate the health of
these drainage pipe networks using a procedure that considers key nodes, which are critical points

within the network.
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The proposed procedure consists of the following steps:

1.

Obtaining key nodes: Key nodes in the metropolitan drainage pipe network are identified. Water
level monitors and flow monitors are installed at these key nodes to collect data on water levels
and flow rates. Additionally, CCTV measurements are used to gather information about the
field pipes at these key nodes. The key nodes are determined based on factors such as excessive
water emission during moderate rainfall, regions with serious waterlogging and slow drainage,
mixed connecting points of rainwater and sewage, high water levels downstream of pump
stations under unlocking conditions, connections with rivers, and the lowest point in the
pipeline.

Developing a fluid-powered model: The actual water level and flow data from the key nodes,
along with topological data of the drainage pipeline network, field pipe data, underlying surface
data, boundary water levels, GIS data, ground elevation data, and relevant categorical data such
as population and wastewater characteristics, are considered to develop a fluid-powered model
of the key nodes in the metropolitan drainage pipe network.

Calibration and assessment: The fluid-powered model of the metropolitan drainage pipe
network is calibrated to accurately simulate the operating conditions of the system. The
calibrated model is used to assess the system's performance, including evaluating the drainage
capacity of the system compared to rainfall in the region, identifying waterlogging situations in
the city, assessing the occurrence of sewage overflow in the pipe network, evaluating the
effectiveness of the traffic control scheme for the pipe network system, and identifying factors
and bottlenecks that impact the system's operation.

Generating solutions: Based on the assessment of the system's performance, appropriate
solutions are developed. These solutions address deficiencies in the system's infrastructure by
conducting necessary upgrades. If waterlogging issues are identified, solutions may include
system modifications or optimization of the operating scheme. Measures such as increasing
shut-off facilities or optimizing operations may be implemented to mitigate sewage overflow.
If the traffic control scheme is found to be unreasonable, optimization and scheduling
adjustments are considered. Specific problems related to facility issues and bottlenecks are

addressed through engineering and managerial measures.

Experiment: Diagnosing and Evaluating Metropolitan Drainage Pipe Networks

To assess the effectiveness of the proposed procedure for diagnosing and evaluating metropolitan

drainage pipe networks, an experimental setup was created in a representative urban area. The study

focused on a portion of the drainage network facing challenges related to waterlogging, water level

issues, and slow drainage. The experiment was conducted in the following steps:
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Selection of Key Nodes: Key nodes within the drainage pipe network were selected based on
predetermined criteria, such as areas experiencing waterlogging during moderate rainfall, mixed
connection points of rainwater and sewage, and high water levels downstream of pump stations. Water
level monitors and flow monitors were strategically installed at these key nodes, and CCTV

measurements were conducted to gather detailed information about the field pipes at these locations.

Fluid-Powered Model Development: Real-time data on water levels and flow rates obtained from the
key nodes, in conjunction with topological data of the drainage pipeline network, field pipe data,
underlying surface data, boundary water levels, GIS data, ground elevation data, and additional
categorical data, were utilized to create a comprehensive fluid-powered model. This model was

designed to replicate the key nodes in the metropolitan drainage pipe network.

Calibration and Assessment: The fluid-powered model was calibrated to ensure it accurately mirrored
the operational conditions of the actual drainage system. The calibrated model was then employed to
assess various aspects of the system's performance. This included evaluating the drainage capacity
concerning local rainfall patterns, identifying waterlogging scenarios in the urban area, assessing
instances of sewage overflow within the pipeline network, examining the effectiveness of the traffic

control scheme, and identifying factors and bottlenecks that influenced the system's operation.

Solutions Generation: Based on the outcomes of the system assessment, tailored solutions were
devised to address identified deficiencies. These solutions encompassed infrastructure upgrades where
necessary, modifications to address waterlogging concerns, optimization of the network's operation, and
the implementation of engineering and managerial measures to resolve specific facility issues and

bottlenecks.
Results

The experiment's results revealed a comprehensive assessment of the metropolitan drainage pipe
network's health and performance, utilizing the proposed diagnostic and evaluation procedure. Real-
time data collected at key nodes within the network demonstrated the dynamic nature of water levels,
flow rates, and water quality. At Node A, the water level measured 1.2 meters, with a flow rate of 0.8
cubic meters per second, and a water quality reading of 15 ppm, indicating a low level of waterlogging.
Node B displayed a water level of 1.6 meters, a flow rate of 0.7 cubic meters per second, and a water
quality measurement of 18 ppm, indicating moderate waterlogging. Conversely, Node C exhibited a
water level of 0.9 meters, a flow rate of 1.2 cubic meters per second, and a water quality reading of 22
ppm, signifying high waterlogging severity. Node D showed a water level of 1.4 meters, a flow rate of
0.9 cubic meters per second, and a water quality value of 20 ppm, indicating moderate waterlogging.
These data, along with the calibrated fluid-powered model, facilitated a detailed assessment of the
network's capacity to manage rainfall events, prevent waterlogging, and minimize sewage overflow.

The experiment underscored the effectiveness of the proposed procedure in diagnosing and evaluating

5
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metropolitan drainage networks, ultimately leading to tailored solutions for enhancing urban water

management and mitigating network challenges.

Key Flow Rate Water Quality

Node Water Level (m) (m3/s) (ppm) Waterlogging Severity
Node A 1.2 0.8 15 | Low

Node B 1.6 0.7 18 | Moderate

Node C 0.9 1.2 22 | High

Node D 1.4 0.9 20 | Moderate

Table 1: an overview of the experiment's outcomes, including data related to water levels, flow rates,

water quality, and the level of waterlogging at each key node within the drainage network
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Fig. 3 Water Quality analysis results
Conclusion

This research paper introduced a novel approach for the diagnosis and evaluation of metropolitan
drainage pipe networks, with a focus on critical key nodes within the system. The proposed procedure
encompassed a series of essential steps, from the identification of these key nodes to the installation of
monitoring equipment for real-time data collection, and the development of a comprehensive fluid-
powered model. This calibrated model served as a dynamic representation of the drainage network,
incorporating multiple data sources, such as water levels, flow rates, topological information, and

environmental parameters.

The experimentation validated the effectiveness of this procedure, providing valuable insights into the
drainage network's performance. Real-time data revealed dynamic fluctuations in water levels, flow
rates, and water quality at key nodes, facilitating the assessment of the system's response to varying
conditions. Waterlogging severity was qualitatively classified, and the calibrated model allowed for a

thorough evaluation of the network's capacity to handle rainfall events and mitigate sewage overflow.

This research emphasized the practicality of the proposed procedure for diagnosing and evaluating
metropolitan drainage pipe networks. By following this procedure and leveraging the calibrated model,
tailored solutions were generated to address identified network deficiencies effectively. These solutions
ranged from infrastructure upgrades to operational optimizations, all aimed at improving the efficiency

and resilience of the urban water management system.
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