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Abstract: Aiming at the problem of low pollutant concentration in the sewage treatment plant due 

to external water intrusion into the sewage collection system, which in turn leads to low pollutant 

reduction efficiency. A sewage system in Zhenjiang City is taken as an example. Analyze the 

situation of external water intrusion in the sewage pipe network, and determine the external water 

intrusion proportion based on the water quality and quantity method. First, the dry season flow rate 

of the sewage pipe is obtained according to the monitoring data of the flowmeter. Then, the key 

research areas are screened out based on the changes in the concentration of water quality 

characteristic factors. Furthermore, chemical oxygen demand and electrical conductivity are used 

as the water quality characteristic indicators to characterize shallow groundwater and river water. 

In addition, the proportions of groundwater and river water intrusion in the sewage pipe network 

are quantitatively analyzed based on the chemical mass balance equation. At the same time, the 

dredging detection method is used to assist in the investigation, and finally the engineering 

rectification of the problems found in the drainage is carried out. The results show that the water 

quality and quantity method can effectively identify the types of external water and analyze the 

proportion of external water intrusion, which is of exemplary significance for the evaluation of 

sewage collection systems. 

Keywords: sewage collection system; external water; water quality and quantity; quality and 

efficiency improvement 

 

1. Introduction 

The drainage system is an important component of urban public facilities, mainly composed of 

drainage networks and sewage treatment plants. The collection, transportation, treatment, and 

discharge of urban sewage play an important role, while also affecting urban planning, ecological 

protection, and public health. Since the reform and opening up, with the acceleration of China's 

urbanization process, by the end of 2021, the proportion of urbanization population in China reached 

64.72%, and the urban population exceeded 900 million. The speed of sewage treatment infrastructure 

construction in our country is also in line with the expansion speed of urban population. According 

to the 2020 Statistical Yearbook of Urban and Rural Construction, 2618 sewage treatment plants have 

been built in cities in China, and the length of drainage pipelines has reached 802721 kilometers; The 

urban sewage treatment capacity in China has increased from 104.36 million cubic meters per day in 

2010 to 192.67 million cubic meters per day. In 2020, the centralized treatment rate of urban sewage 

in China reached 97.53%, which is similar to that of European and American countries and reaches 

the world's leading level [1]. 

However, there are still a series of problems in the construction of sewage treatment facilities in 

China, such as uneven construction level, low quality of operating facilities, lagging development of 

management and maintenance technology, and weak regulatory system. Specifically, the defects in 
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the pipeline network system lead to severe exchange of sewage, groundwater, and surface water, 

high water level operation on sunny days, and low concentration of influent water in sewage 

treatment plants. For example, in 2016, the average chemical oxygen demand (COD) concentration 

in the inflow of urban sewage treatment plants in China was 267mg/L, and in some southern cities, 

the COD concentration in the inflow was even lower than 100mg/L [2], far below the average level of 

400mg/L in Europe [3]. Therefore, in order to solve these prominent problems, the relevant 

departments of the country issued the "Opinions on Strengthening Ecological Environment 

Protection and Resolutely Fighting the Battle of Pollution Prevention and Control" in June 2018, 

which clearly proposed "improving the quality and efficiency of sewage treatment", that is, 

comprehensively enhancing the collection and treatment capacity and level of urban domestic 

sewage, achieving full coverage of sewage pipelines and full collection and treatment of sewage. On 

April 29, 2019, the Ministry of Housing and Urban Rural Development, the Ministry of Ecology and 

Environment, and the Development and Reform Commission jointly issued a three-year action plan 

to improve the quality and efficiency of urban sewage collection and treatment facilities, aiming to 

achieve full coverage of drainage networks and complete collection and treatment of sewage as soon 

as possible. The Jiangsu Provincial Government also released an action plan for the province on June 

6, 2019. In the context of the protection of the Yangtze River and the improvement of sewage quality 

and efficiency, Zhenjiang City actively responds to the requirements of the Party Central Committee, 

the State Council, the Provincial Party Committee, and the Provincial Government on ecological 

civilization construction and water environment governance, implements and promotes the "three-

year action" plan, and strives to achieve the goal of improving sewage treatment quality and 

efficiency. 

In recent years, more attention has been paid to the process transformation of sewage treatment 

plants for improving sewage quality and efficiency, and the investigation and research of sewage 

collection pipelines are easily overlooked. In recent years, water management work has shown that 

only by conducting a comprehensive investigation of the drainage system, thoroughly identifying 

the problems, and formulating targeted and systematic implementation plans, can the goal of 

improving quality and efficiency be fundamentally achieved. Compared to improving the effluent 

standards of sewage treatment plants, improving the drainage network has higher economic benefits 

for pollutant reduction [4]. We should establish a dual emphasis on factory and network inspection, 

research, and renovation ideas. This study conducted an investigation and evaluation of the drainage 

network in Zone A of Zhenjiang City, and analyzed and studied the problems caused by defects in 

the drainage network, such as low inflow concentration of sewage plants and high water level 

operation during dry days. Based on the current research data of the drainage network, establish a 

health evaluation model for the drainage network, which is convenient for later operation, 

maintenance, and management. Through the investigation, evaluation, and research on the 

construction of Zone A, it plays a demonstration role in improving the quality and efficiency of 

sewage collection systems in other built-up areas of Zhenjiang City. The health evaluation model of 

sewage pipeline network can be promoted based on the actual situation in various regions, making 

contributions to improving the quality and efficiency of sewage treatment nationwide. 

2. Materials and Methods 

The limitations of basic data on drainage networks and their inherent characteristics of having 

many qualitative indicators make them uncertain and fuzzy. The Analytic Hierarchy Process (AHP) 

has unique advantages in analyzing complex evaluation problems with multiple objectives and 

criteria. This is due to its ability to integrate quantitative and qualitative analysis based on the 

subjective judgment of experts, and express it through specific numbers. The entropy weight rule 

relies on the objective description of information within the system, and calculates the degree of 

difference between various indicators based on the decision matrix formed by the solution set. It can 

minimize human interference in the weight calculation process and truly reflect the objective 

differences between indicators. Therefore, this article adopts the combination weighting method. 

Firstly, the health evaluation index system of the drainage network is constructed. Based on AHP, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 February 2024                   doi:10.20944/preprints202402.1166.v1



 3 

 

the entropy weighting method is used to calculate the weights of some quantitative indicators, and 

the weights obtained by AHP are fused to obtain the final weights. Then, a health evaluation model 

of the drainage network is constructed based on the fuzzy comprehensive evaluation theory. Applied 

to the construction of Zone A to verify its accuracy and practicality. 

2.1. Constructing a health evaluation index system for drainage network 

2.1.1. Purpose and significance of constructing indicator system 

The health status of drainage networks is influenced by many factors and is dynamically 

changing, which is difficult to describe through precise mathematical expressions. The health 

condition of the drainage network has a significant impact on the ability to perform predetermined 

functions and the surrounding environment. Traditional single evaluation indicators can only reflect 

the operational status of drainage pipelines from a certain aspect, and the results have a certain 

degree of one-sidedness. However, by constructing an indicator system, the health status of drainage 

pipelines can be comprehensively evaluated from multiple perspectives and all aspects, enabling 

construction units, maintenance units, and industry regulatory departments to have a clearer 

understanding of the operational status of drainage pipelines. At the same time, it can provide a basis 

for the inspection, rectification, and maintenance of drainage networks, point out the direction, and 

promote the improvement of quality and efficiency in sewage collection and treatment. 

2.1.2. Theoretical basis and principles of indicator system architecture 

The establishment of an indicator system is a prerequisite for evaluating the health status of 

drainage networks. There are many factors that affect the health of drainage networks, and they are 

interrelated. There are many factors that need to be considered. To ensure that the selected indicators 

can comprehensively reflect the health status of drainage networks, the following principles need to 

be noted: 

1. Systematic principle 

The health status of the drainage network involves a wide range of aspects. When evaluating, it 

is important to not only pay attention to the characteristics of the pipeline itself, but also to the current 

operation status, social environment, and maintenance of the network. Therefore, when selecting 

indicators, it is necessary to consider all aspects in a balanced manner, and each indicator should be 

independent of each other and have inherent connections, which can comprehensively reflect the 

health status of the drainage network. 

2. Objectivity principle 

The evaluation indicators selected for evaluating the health status of drainage networks should 

be able to be qualitatively or quantitatively described, that is, the evaluation results of the indicators 

can be objectively measured by objective data, avoiding the influence of subjective factors on the 

evaluation results as much as possible, making the evaluation results more accurate and authentic. 

3. Principle of scientificity 

The main purpose of evaluating the health status of drainage networks is to comprehensively 

evaluate the health status of drainage networks, providing a basis for later pipeline inspection, 

rectification, and maintenance. Therefore, comprehensive analysis should be conducted on the basis 

of fully considering the operational requirements of the pipeline network, scientifically and 

reasonably selecting indicators, constructing an indicator system, and ensuring that the selected 

indicators can truly reflect the actual health status of the drainage network. 

4. Principle of representativeness 

The evaluation indicators for the health status of drainage networks should be representative, 

which means reducing the number of indicators as much as possible while fully reflecting the health 

status, ensuring that there is no overlap between indicators, and the content should be as independent 

as possible to avoid complexity. 

5. Feasibility principle 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 February 2024                   doi:10.20944/preprints202402.1166.v1



 4 

 

When selecting indicators, special attention should be paid to the availability and difficulty of 

obtaining indicator data. The selected indicators should not only be easy for researchers to analyze 

and calculate, but also for construction units, maintenance units, administrative authorities, and even 

the public to understand and master. The original data of indicators should be as easily accessible 

from existing data as possible to ensure the practicality of evaluation. 

2.1.3. Indicator screening and system construction 

Selecting scientifically reasonable evaluation indicators is a necessary prerequisite to ensure the 

accuracy and reliability of evaluation results. Based on the requirements of evaluating the health 

status of drainage networks and the feasibility of obtaining indicator data, this article takes the 

evaluation of the health status of drainage networks as the target layer. Based on the investigation, 

rectification, and later operation and maintenance of the pipeline network, select the criteria layer 

and indicator layer indicators in sequence. From the perspective of the hierarchical structure 

characteristics of health evaluation indicators for drainage networks, the indicator system includes 

bottom level diagnostic indicators and intermediate transition indicators. The health status of the 

drainage network can be comprehensively reflected through the evaluation results of various levels 

of indicators. 

This article selects six criteria layer indicators: pipeline characteristics, environmental factors, 

pipeline structure condition, pipeline function condition, water quality of node wells, and operation 

management situation, and selects appropriate indicators as the indicator layer indicators. 

1. Pipeline characteristics 

The diameter, age, pipe material, and interface form of the drainage network are the basis for 

the health status of the drainage network. The size of the pipe diameter in the drainage network plays 

a decisive role in the water flow velocity and head loss within the network. The smaller the pipe 

diameter, the thinner the pipe wall, and the poorer the impact resistance. The pipe age refers to the 

service life of the drainage network, and the longer the pipe age, the greater the possibility of defects. 

The construction methods of different pipes are different, and their material characteristics determine 

their advantages and disadvantages. For example, plastic pipes such as HDPE have lower roughness 

coefficient, faster water flow rate, and stronger corrosion resistance compared to reinforced concrete 

pipes. However, they also have the disadvantage of poor external pressure resistance. The interface 

is the midpoint at which the pipeline bears stress. Once it is misaligned or disconnected, it can lead 

to external water intrusion, which is also an important factor affecting the health of the pipeline 

network. 

2. Environmental factors 

The drainage pipeline is buried underground and has openness, which is influenced by various 

natural conditions and human factors. The thickness of soil cover and road grade are two important 

environmental factors. The distance from the top of the outer wall of the pipeline to the ground is the 

thickness of the pipeline's soil cover. According to the "Outdoor Drainage Design Standard (GB50014-

2021)", the burial depth of the pipeline is determined by factors such as pipe strength, external loads, 

soil freezing depth, and soil properties. The minimum soil cover depth under sidewalks should be 

0.6m, and under roadways it should be 0.7m. For existing pipelines, the deeper they are buried, the 

less they are affected by external factors, the higher their safety, but the higher their construction 

costs. The health condition of buried drainage pipes is closely related to external ground loads. 

Generally speaking, the higher the road level, the greater the traffic flow, the greater the ground load, 

and the higher the likelihood of pipeline damage. However, the ground load on drainage pipelines 

is generally difficult to calculate, so road grades are used to classify the external load on pipelines [5]. 

3. Pipeline structure condition 

The health of pipeline structure is based on the relative concept of pipeline structural defects, 

indicating the integrity of the internal structure of the pipeline. It has a decisive impact on the 

infiltration of external water and is also a decisive factor in whether the drainage network needs to 

be repaired. The indicators for measuring the structural condition of pipelines include pipeline 

deformation rate, interface material detachment, degree of pipeline misalignment, degree of pipeline 
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corrosion, degree of pipeline rupture, pipeline undulation rate, degree of pipeline leakage, pipeline 

disconnection distance, and concealed connection length of branch pipes, totaling 9 items. 

4. Pipeline functional condition 

Pipeline functional health is based on the relative concept of pipeline functional defects, 

expressing the water transmission capacity of pipelines. It is mainly divided into three indicators: 

pipeline water loss rate, pipeline slope, and pipeline fullness. The loss rate of pipeline water section 

refers to the loss ratio of the current water section compared to the intact state caused by 

sedimentation, residual walls, dam roots, hard scaling, obstacles, tree roots and foreign objects that 

affect the flow in the pipeline. The slope of a pipeline refers to the ratio of the height difference 

between the starting and ending ends to the length of the pipeline. The drainage pipe is mainly 

gravity flow, and the slope of the pipeline is an important factor affecting the flow velocity and 

sedimentation conditions inside the pipe. The pipeline filling degree refers to the ratio of the water 

depth inside the pipeline to the pipe diameter, which has a certain impact on the pipeline load. 

5. Water quality of node wells 

The water quality of the node well is mainly determined by the water concentration of the 

sewage monitoring well during dry days, in order to determine the collection effect of the sewage 

pipeline network and the situation of external water intrusion. 

6. Operation management situation 

The operation and management of the drainage network includes three indicators: management 

team, management system, and management records. 

The evaluation index system for the health status of the drainage network is shown in Figure 1. 

 

Figure 1. Evaluation index system of health status of drainage pipe network. 

2.1.4. Index scoring method construction 

This article combines the evaluation methods of domestic and foreign scholars on the 

standardized performance indicators of drainage networks [80–82], existing standards in China, such 

as the Technical Regulations for Testing and Evaluation of Urban Drainage Pipelines (CJJ181-2012), 

and quantitative scoring suggestions from relevant experts in the field for qualitative indicators in 

health condition evaluation, to develop a scoring method. The maximum score for the health 

evaluation index layer of the drainage network is 100 points. The scoring method for the 22 evaluation 

indicators is as follows: 
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1. Pipe diameter: According to the drainage design specifications, the minimum pipe diameter 

for outdoor sewage pipe networks is DN300. As the amount of sewage increases and the pipe 

diameter increases, the probability of pipe damage gradually decreases. This article selects DN300 

and DN800 as the dividing lines for pipe diameters. A pipe diameter not less than DN800 is defined 

as 90, DN600 ≤ pipe diameter<DN800 is defined as 80, DN400 ≤ pipe diameter<DN600 is defined as 

70, DN300 ≤ pipe diameter<DN400 is defined as 60, and a pipe diameter less than DN300 is defined 

as 0. 

2. Pipe age: The water delivery performance of the pipeline decreases with the increase of pipe 

age. At present, about 10% of the total length of urban sewage pipelines in China are over 30 years 

old, and the damage rate of such pipelines is extremely high [83]. This article selects 5 years and 30 

years as the dividing line for pipe age, with 90 points for pipes less than 5 years, 80 points for pipes 

less than 5 years ≤ pipe age<10 years, 70 points for pipes less than 10 years ≤ pipe age<20 years, 60 

points for pipes less than 20 years ≤ pipe age<30 years, and 0 points for pipes greater than or equal to 

30 years. 

3. Pipes: Taking into account the corrosion resistance, compressive and seismic resistance of 

pipes, steel plastic pipes are defined as 90 points, ductile iron pipes are defined as 80 points, plastic 

pipes such as HDPE are defined as 70 points, and concrete pipes are defined as 60 points. 

4. Interface form: Based on the adaptive performance of different interface forms in geological 

settlement, flexible interfaces such as plug-in rubber rings are defined as 90 points, prefabricated 

sleeve asbestos cement (or asphalt mortar) interfaces are defined as 80 points, cement mortar 

plastering interfaces are defined as 70 points, and cast-in-place concrete sleeve interfaces are defined 

as 60 points. 

5. Soil cover thickness: If the minimum burial depth thickness recommended by the 

specifications is met, 100 points will be given, otherwise 0 points will be given. 

6. Road level: Based on traffic type, capacity, and volume, the impact of roads on pipelines is 

divided into four levels. Pipelines laid under green belts and sidewalks are defined as 90 points, 

pipelines laid under branch roads are defined as 80 points, pipelines laid under secondary roads and 

slow lanes are defined as 70 points, pipelines laid on main roads and under fast lanes are defined as 

60 points. 

7. Pipeline deformation rate: Full score for no deformation, defined as 80 points for deformation 

not exceeding 5% of pipeline diameter, 60 points for deformation ranging from 5% to 15% of pipeline 

diameter, 40 points for deformation ranging from 15% to 25% of pipeline diameter, and 0 points for 

deformation greater than 25% of pipeline diameter. 

8. Interface material detachment: If the interface material does not detach, it will receive a full 

score. If the interface material is visible above the horizontal centerline in the pipeline, it will receive 

a score of 60 points. If the interface material is visible below the horizontal centerline in the pipeline, 

it will receive a score of 0 points. 

9. Degree of pipeline misalignment: If no misalignment occurs, the score is full. If the deviation 

between the two adjacent pipe orifices is not more than 0.5 times the thickness of the pipe wall, it is 

defined as 90 points. If the deviation is 0.5-1 times the thickness of the pipe wall, it is defined as 60 

points. If the deviation is 1-2 times the thickness of the pipe wall, it is defined as 40 points. If the 

deviation is more than 2 times the thickness of the pipe wall, it is defined as 0 points. 

10. Degree of pipeline corrosion: Full score for no corrosion, defined as slight surface peeling, 

and defined as concave and convex surfaces on the pipe wall as 90 points. Surface peeling exposing 

coarse aggregate or steel bars is defined as 60 points, and complete exposure of coarse aggregate or 

steel bars is defined as 0 points. 

11. Degree of pipeline rupture: No rupture is given a full score. According to the level of pipeline 

structural rupture, slight fine cracks or peeling on the pipeline wall are defined as 90 points. Cracks 

on the pipeline wall that are not affected by the shape of the pipeline and do not fall off are defined 

as 60 points. The circumferential coverage range of fragments left at the location where the pipeline 

wall ruptures or falls off is defined as 40 points, with an arc length of 60 ° or less. Collapse with a 
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circumferential coverage range greater than 60 ° at the location of pipeline rupture is defined as 0 

points. 

12. Pipeline undulation rate: If there is no undulation, it is a full score. The undulation rate is the 

ratio of the pipeline undulation height to the pipe diameter. A undulation rate of less than or equal 

to 20% is defined as 90 points, 20% ＜ undulation rate ≤ 35% is 60 points, 35% ＜ undulation rate ≤ 

50% is 40 points, and a undulation rate greater than 50% is 0 points. 

13. Pipeline leakage degree: Full score for no leakage, 90 points for drip leakage, 60 points for 

line leakage, 40 points for water surface area less than or equal to 1/3 of the pipeline cross-section 

when leakage occurs, and 0 points for water surface area greater than 1/3 of the pipeline cross-section 

when leakage occurs. 

14. Pipeline disconnection distance: If there is no disconnection, the score is full. When there is 

a small amount of soil squeezed into the end of the pipeline, it is defined as 80 points. If the 

disconnection distance is not greater than 2cm, it is 60 points. If the disconnection distance is 2-5cm, 

it is 40 points. If the disconnection distance is greater than 5cm, it is 0 points. 

15. Branch pipe concealed connection length: If there is no branch pipe concealed connection, it 

is full score. When the distance between the concealed connection branch and the main pipe is not 

more than 10% of the diameter of the main pipe, it is defined as 90 points. When the distance between 

the concealed connection branch and the main pipe is 10% to 20%, it is defined as 60 points. When 

the distance between the concealed connection branch and the main pipe is greater than 20%, it is 

defined as 40 points. 

16. Loss rate of water flow section: Full score for intact water flow section. When the water flow 

loss rate of the pipeline is less than 15%, it is defined as 80 points. When the loss rate is between 15% 

and 25%, it is 60 points. When the loss rate is between 25% and 50%, it is 40 points. When the loss rate 

is greater than 50%, it is 0 points. 

17. Pipeline Slope: When the pipeline slope meets the minimum slope requirements in the 

outdoor drainage design specifications, it is considered full score. Otherwise, it is considered 0 point. 

18. Pipeline filling degree: When the filling degree is not greater than the maximum design filling 

degree in the outdoor drainage design specification, it is full score; otherwise, it is 0 point. 

19. Sewage monitoring well dry day water quality concentration: Set up a high line Ximax and 

a low line Ximin for evaluating the dry day water quality concentration of the sewage monitoring 

well. The scoring method is as follows: Xi represents the measured values of various water quality 

indicators in the sewage monitoring well during dry days, SXi represents the scores of each water 

quality indicator, and SW represents the scores of the sewage monitoring well during dry days. 

SXi = {

100                             (Xi ≥ Ximax)
100×(Xi−Ximin)

(Ximax−Ximin)
         (Ximin＜Xi＜Ximax)            

            0                               ( Xi ≤ Ximin)         

                            (1) 

 

 SW =
1

n
∑i=1
n SXi                                                                   (2) 

(n represents the number of water quality indicators, i represents different water quality 

indicators) (2.4) 

20. Operation and Maintenance Status: The indicators of operation and maintenance status 

include the management team, management system, and management records. If the regional 

requirements are met, a full score will be given for each item. If there is no corresponding content, it 

will be 0 points. 

This article aims to evaluate the health status of the entire regional sewage pipeline network, not 

limited to individual sewage pipe sections. Therefore, sewage pipelines are divided based on roads 

for evaluation, and the overall pipeline score is obtained by weighting the average length of 

individual pipe sections. 

The score of the evaluation criteria for the health status of the drainage network is the sum of 

the corresponding indicator scores and their weights, and the total score is the sum of the product of 

the indicator scores and their weights for each criterion layer. 
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2.2. Determination of Evaluation Index Weights 

2.2.1. Analytic Hierarchy Process (AHP) 

This article takes into full consideration the feasibility of the data and selects the evaluation 

indicators as the content, combined with expert consultation and Analytic Hierarchy Process (AHP) 

to calculate the weights of each level of evaluation indicators. The specific steps are as follows: 

1. Construct a judgment matrix 

Through a questionnaire survey, experts determined the importance of each layer of indicators 

relative to the previous layer of indicators through pairwise comparison, and quantified them into 

numerical values using the scaling rule shown in Table 1 to obtain the judgment matrix of each expert 

for each evaluation indicator, as shown in Table 2. 

Table 1. The scale description table. 

Scale Meaning 

1 Indicating that indicators i and j are equally important 

3 Indicates that indicator i is slightly more important than j 

5 Indicating that indicator i is significantly more important than j 

7 Indicating that indicator i is strongly important compared to j 

9 Indicator i is extremely important compared to j 

2，4，6，8 Represents the middle value of the pairwise comparison scale 

mentioned above 

count backwards Comparing the importance of indicator i and j yields Cij, then 

comparing the importance of indicator j with i Cji=1/Cij 

Table 2. The general form of the judgment matrix. 

 C1 C2 … Cn 

C1 C11 C12 … C1n 

C2 C21 C22 …  

… … … … … 

Cn Cn1 Cn2 … Cnn 

2. Weight calculation 

Calculate the eigenvectors of each expert's judgment matrix separately, and then calculate their 

weights. To determine the matrix Cn × Taking n as an example, if its feature vector is W, then W is 

the allocation of weights for each indicator in level C. 

(1) Normalize the judgment matrix 

 dij =
cij

∑1
ncij
  (i, j = 1,2,3…n)                                                (3) 

(2) Add normalized matrices by row 

wi
′ = ∑j=1

n dij (i = 1,2,3…n)                                               (4) 

(3) Calculate weight vectors 

Normalize the vector to obtain an approximate solution for the weight vector. 

 wi =
wi
′

∑i=1
n wi

′  (i = 1,2,3…n)                                               (5) 

The vector w=(w1, w2,..., wn) is the desired vector. 

3. Consistency judgment and error analysis 

Consistency testing can be used to determine whether the error of the weight approximation 

solution is within the allowable range. 

(1) Calculate the maximum eigenvalue of a matrix 

Let the maximum eigenvalue of the judgment matrix be λ Max, then: 

 λmax = ∑i=1
n (Cw)i

nwi
                                                       (6) 
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Where (Cw) i represents the product of the i-th element of the judgment matrix C and its weight, 

and n represents the order of the matrix. 

(2) Consistency indicators 

 CI =
λmax−n

n−1
                                                            (7) 

(3) The average random consistency index can be obtained by looking up the Table 3: 

Table 3. Random Consistency Index RI Value Table. 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 

RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 1.52 1.54 1.55 

(4) Consistency ratio 

 CR =
CI

RI
                                                               (8) 

When CR ≤ 0.1, it is considered that the judgment matrix has satisfactory consistency; When 

CR>0.1, the judgment matrix must be reconstructed. 

4. Hierarchy combination weight 

By the above calculation, the weight of each indicator relative to the previous level can be 

obtained, and the weight of each indicator relative to the target layer can be obtained through 

hierarchical combination. Let the first level indicator layer be A, and the next level B has B1, B2,..., 

Bm. The indicator weight vector of B has w1={b1, b2,..., bm}; The next layer of layer B is layer C, which 

has C1, C2,..., and Cn specific indicators. The weight vector of C has w2={c1, c2,..., cn}, so the weight 

of the i-th element in layer C relative to the target layer is: 

 WCi
= ak × bm × ci                                                     (9) 

Among them, bm is the weight of the second level indicator (Bm) to which the third level 

indicator Ci belongs; Ak is the weight of the primary indicator Ak to which the secondary indicator 

Bj belongs. 

2.2.2. Entropy weight method 

Entropy was originally a thermodynamic concept, but later passed down by C E. Shannon 

introduced information theory, which is now widely used in engineering technology and social work. 

Usually, entropy is used to represent weights. When the values of the evaluation object on a certain 

indicator differ significantly, the entropy value is small, indicating that the indicator provides more 

effective information and occupies a larger weight; On the contrary, if the value difference of a certain 

indicator is small and the entropy value is large, the weight of the indicator is small [6,7]. This article 

attempts to use the entropy weight method to weight and analyze some indicators in the health 

evaluation system of drainage networks. The entropy weight method involves the following three 

steps in determining weights: 

1. Calculate the proportion pij of the i-th item's indicator value under the j-th indicator; 

 pij =
rij

∑ rij
m
i=1

                                                           (10) 

2. Calculate the entropy value ej of the jth indicator: 

 ej = −k∑ pijlnpij
m
i=1 ，Among themk =

1

lnm
                                 (11) 

3. Calculate the entropy weight wj for the jth indicator: 

 wj =
(1−ej)

∑ (1−ej)
n
j=1

                                                               (12) 

2.2.3. Evaluation Index Weight Fusion 

In the previous text, the subjective AHP method was used to determine the relative weights of 

each level in the health evaluation system of the drainage network; The entropy weight method was 

used to determine the initial weight values of some quantitative indicators relative to the previous 

layer of indicators. Taking into account the advantages of both weight assignment methods, the game 

theory combination weighting method is adopted to determine the optimal weight of the indicators 
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[8]. The indicator weight obtained by AHP method is W1=w1i, (i=1, 2,..., n), while the indicator weight 

obtained by entropy weight method is W2=w2i, (i=1, 2,..., n). Consider the weights of the two as the 

two sides of the game, and the optimal combination weight is when the two reach an equilibrium 

state. In a balanced state, the sum of the deviations between the weights of the combination of w1 

and w2 indicators should be minimized, and its calculation method is as follows: 

1. The weight vector W of the indicator combination expressed by the linear combination of W1 

and W2 is denoted as 

 W =

(

 
 
 

λ1w11 + λ2w21

λ1w12 + λ2w22

·
·
·

λ1w1n + λ2w2n)

 
 
 

=

(

  
 

w11 w21

w12 w22

· ·
· ·
· ·

w1n w2n)

  
 
(
λ1
λ2
)=λ1W1 + λ2W2                      (13) 

λ 1 and λ 2 is the linear combination coefficient. 

2. Based on the ideas of game theory, establish an objective function with the goal of minimizing 

the sum of deviations between indicator combination weights W and W1 and W2, and seek the 

optimal linear combination coefficient λ 1 * and λ 2 *, the weight of the indicator combination at this 

time is the optimal combination weight W *. The objective function and constraints are as follows: 

min(‖W −W1‖2 + ‖W −W2‖2) = min(‖λ1W1 + λ2W2 −W1‖2 + ‖λ1W1 + λ2W2 −W2‖2) 

s.t. λ1+λ2=1，λ1，λ2＞0                                                 (14) 

According to the principle of differentiation, the first derivative condition for obtaining the 

minimum value of model is: 

 {
λ1W1W1

T + λ2W1W2
T = W1W1

T

λ1W2W1
T + λ2W2W2

T = W2W2
T                                             (15) 

4. Normalize the linear combination coefficients obtained from the above equation: 

 {
λ1
∗ =

|λ1|

|λ1|+|λ2|

λ2
∗ =

|λ2|

|λ1|+|λ2|

                                                         (16) 

The optimal combination weight of evaluation indicators can be obtained as 

 W∗ = λ1
∗W1 + λ2

∗W2                                                    (17) 

2.3. Building a Health Evaluation Model for Drainage Network 

According to the calculation method of health status indicators for drainage networks and the 

weight of each indicator, the overall score of each area and evaluation area can be calculated. In this 

paper, the fuzzy comprehensive evaluation method is used to construct a membership matrix of 

indicators to achieve qualitative evaluation of the health status of drainage networks. 

2.3.1. Fuzzy comprehensive evaluation theory 

Given the complexity and multidimensional nature of the health status of drainage networks, 

and considering the advantages and disadvantages of various evaluation methods, this paper selects 

the fuzzy comprehensive evaluation method to evaluate the health status of drainage networks. The 

principle steps are as follows [9]: 

1. Determination of indicator set 

According to the evaluation index system, the evaluation factors are formed into a set of factors 

U={u1, u2,..., un}, where ui (i=1, 2,..., n) is the evaluation index factor, and n is the number of 

evaluation factors at the same level. 

2. Determination of evaluation set 

The evaluation results obtained by the evaluation system form a set of comments V, V={v1, v2,..., 

vm}, where vj (j=1, 2,..., m) refers to the j-th evaluation result, and m is the number of evaluation 

levels. The set of comments V={v1, v2,..., vm} can be a qualitative fuzzy description or a quantitative 

specific numerical value. 

3. Construction of membership matrix 
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Using a semi trapezoidal distribution function to determine the membership degree of 

indicators. This method divides a certain boundary point on a continuous interval, and obtains the 

membership degree of the corresponding quantitative indicator through linear interpolation based 

on the value of the indicator. 

For the set of evaluation factors U={u1, u2,..., un} and the set of evaluation criteria levels V={v1, 

v2,..., vm}, let vj and vj+1 be adjacent evaluation criteria, and vj+1>vj, then the membership function 

of evaluation factor ui to the evaluation criteria vj is: 

 r1= {

1   (ui < v1)
v2−ui

v2−v1
  (v1 ≤ ui < v2

0  (ui ≥ v2)

)                                                    (18) 

 r2= {

1 − r1   (v1 < u
i
< v2)

v3−ui

v3−v2
  (v2 ≤ ui < v3)

0  (ui ≤ v1或u
i
≥ v3)

                                                    (19) 

 r3= {

1 − r2   (v2 < u
i
< v3)

v4−ui

v4−v3
  (v3 ≤ ui < v4)

0  (ui ≤ v2或u
i
≥ v4)

                                                    (20) 

 …… 

 rj=

{
 

 
1 − rj−1   (vj−1 < u

i
< vj)

vj+1−ui

vj+1−vj
  (vj ≤ ui < vj+1)

0  (ui ≤ vj−1或u
i
≥ vj+1)

                                                    (21) 

Based on the above methods, calculate the membership degree rij of the evaluation factor ui to 

the evaluation level j, and then obtain the membership matrix R. 

R = [

r11 r12 … r1m
r21 r22 … r2m
… … … …
rn1 rn2 … rnm

]                                                       (22) 

4. Fuzzy comprehensive evaluation 

The membership degrees of each indicator layer and target layer need to be synthesized through 

the membership matrix and weight matrix of the indicators in the next layer. The synthesis formula 

is as follows: 

 S = W · R                                                                      (23) 

Among them, S is the membership matrix of the current layer; W is its lower level weight matrix; 

R is its lower level membership matrix; • It is the operational symbol for matrix multiplication. Fuzzy 

comprehensive evaluation results analysis usually includes maximum membership degree method, 

weighted average method, fuzzy distribution method, and confidence criterion method. 

The weighted average method takes the membership degree bi of each evaluation level vi as the 

weight coefficient, and takes the weighted average value v0 of each alternative element vi as the 

evaluation result: 

 v0 =
∑ bjvj
n
j=1

∑ bj
n
j=1

                                                                    (24) 

The quality of the evaluation object is determined based on the numerical range of V0. 

The fuzzy distribution method summarizes the final evaluation results of the target layer and 

summarizes the membership degrees of each element in the evaluation set corresponding to the 

evaluation object. The fuzzy distribution method can vividly depict the situation where the 

evaluation membership belongs to each evaluation element in the form of a pie chart. By using the 

fuzzy distribution method, drainage network managers can have a more comprehensive 

understanding of the health status of the drainage network . 

If the maximum membership degree method is simply used to evaluate the health level of the 

drainage network, it is easy to conceal the true situation of the system. Meanwhile, when dealing 

with practical problems, it is often necessary to have a clear understanding of vague concepts. The 

confidence criterion is suitable for situations where fuzzy sets need to be transformed from ordinary 

sets. Usually, confidence criteria are considered from a "strong" perspective, with strong classes 
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accounting for a considerable proportion. The usual range of confidence values is [0.5,1], typically 

ranging from 0.6 to 0.7. In this article, 0.7 [10–12] is chosen. 

2.3.2. Evaluation Model Construction 

1. Construction of evaluation factor set and comment set 

(1) Determination of evaluation factor set 

The health status of the drainage network is determined through two evaluations, namely B1 is 

determined by the scores of C1~C4, B2 is determined by the scores of C5~C6, B3 is determined by the 

scores of C7~C15, B4 is determined by the scores of C16~C18, B5 is determined by the scores of C19, 

and B6 is determined by the scores of C20~C22. The comprehensive evaluation of the health status of 

the regional drainage network is based on the scores of B1, B2, B3, B4, B5, and B6. 

(2) Comment set determination 

At present, there is no clear and unified standard for the classification of the health status 

evaluation of drainage networks. Based on the actual situation of drainage networks, this article 

divides the health status evaluation results of drainage networks into five levels: critically ill, 

moderately ill, generally ill, sub healthy, and healthy. 

2. Construction of membership matrix 

There are three commonly used methods for constructing indicator membership: trigonometric 

function method, trapezoidal function method, and Gaussian function method. In this paper, the 

semi trapezoidal function method is used to determine indicator membership, which is obtained by 

dividing boundary points on a continuous interval and linearly interpolating the indicator values 

based on their size. 

For the evaluation levels of the health status of the drainage network: critical, moderate, general, 

sub healthy, and healthy, the membership function parameters are v1=60, v2=70, v3=80, v4=90, 

v5=100, and the corresponding membership calculation formula for each evaluation level is: 

 r1= {

1          (ui < 60)
70−ui

70−60
  (60 ≤ ui < 70

0           (ui ≥ 70)

)                                                    (25) r2 =

{

1 − r1 (60 < ui < 70)
80−ui

80−70
  (70 ≤ ui < 80)

       0 (ui ≤ 60或ui ≥ 80)

                                              (26) 

 r3= {

1 − r2   (70 < ui < 80)
90−ui

90−80
  (80 ≤ ui < 90)

       0  (ui ≤ 70 或 ui ≥ 90)

                                              (27) r4 =

{

1 − r3   (80 < ui < 90)

  
100−ui

100−90
  (90 ≤ ui < 100)

       0  (ui ≤ 80 或 ui ≥ 100)

                                              (28)  r5 =

{
      1 − r4    (90 < ui < 100)

1         (ui ≥ 100)
                                               (29)                                                 

Based on the above methods, calculate the membership degree rij of the evaluation factor ui to 

the evaluation level j, and then obtain the membership matrix R. 

3. Multi level fuzzy comprehensive evaluation 

Calculate the membership matrix of the criterion layer indicators based on their weights and 

membership matrices. If the weight vector of the indicator layer indicators is W and the membership 

matrix is R, then the membership matrix R1 of the indicator layer indicators is: 

 R1 = W × R                                                                     (30) 

If the weight vector of the criterion layer indicator is W1, then the membership matrix of the 

target layer is: 

R2 = W1 × R1                                                                   (31) 
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3. Results 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 

3.1. Calculation results of indicator weights 

3.1.1. Calculation of AHP Index Weights 

Based on the selected evaluation indicators, establish a hierarchical structure of indicators. 

Through a questionnaire survey (see appendix), compare the criteria layer and indicator layer 

indicators for evaluating the health status of the drainage network pairwise. Invite 5 experts who 

have a detailed understanding of the construction, operation, inspection, and maintenance process 

of the drainage network to judge the importance of each layer indicator based on the scale rules of 1-

9 (Table 1), Then obtain the weight judgment matrix of the criterion layer (B) indicator and the 

indicator layer (C) indicator. For each expert's judgment matrix, use SPSSPRO weight calculation 

software to calculate the weights of each indicator and conduct consistency checks. 

1. Calculation of criterion layer weights 

The judgment matrices corresponding to the criteria layer indicators constructed by experts, 

including pipeline characteristics, environmental factors, pipeline structure conditions, pipeline 

function conditions, water quality conditions of node wells, and operational management conditions, 

are as follows: 

[
 
 
 
 
 
 
 1 1

1

6

1

5

1

5

1

2

1 1
1

6

1

5

1

5

1

2

6 6 1 1 2 4
5 5 1 1 1 3

5 5
1

2
1 1 3

2 2
1

4

1

3

1

3
1]
 
 
 
 
 
 
 

       

[
 
 
 
 
 
 
 1 1

1

5

1

5

1

4

1

3

1 1
1

5

1

5

1

4

1

3

5 5 1 1 2 3
5 5 1 1 2 3

4 4
1

2

1

2
1 2

3 3
1

3

1

3

1

2
1]
 
 
 
 
 
 
 

       

[
 
 
 
 
 
 
 1

1

2

1

5

1

5

1

4

1

4

2 1
1

4

1

4

1

3

1

3

5 4 1 1 2 2
5 4 1 1 2 2

4 3
1

2

1

2
1 2

4 3
1

2

1

2

1

2
1]
 
 
 
 
 
 
 

 

[
 
 
 
 
 
 
 1 1

1

3

1

3

1

3
1

1 1
1

3

1

3

1

3
1

3 3 1 1 1 3
3 3 1 1 1 3
3 3 1 1 1 3

1 1
1

3

1

3

1

3
1]
 
 
 
 
 
 
 

         

[
 
 
 
 
 
 
 1 1

1

7

1

7

1

5

1

2

1 1
1

7

1

7

1

5

1

2

7 7 1 1 4 5
7 7 1 1 4 5

5 5
1

4

1

4
1 4

2 2
1

5

1

5

1

4
1]
 
 
 
 
 
 
 

 

The weights corresponding to each judgment matrix can be calculated as shown in Table 4. 

Table 4. The index proportion of criterion layer. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Pipeline 

characteristics B1 

0.0488 0.0503 0.0444 0.0833 0.0398 0.0533 
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Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Environmental 

factor B2 

0.0488 0.0503 0.0664 0.0833 0.0398 0.0577 

Pipeline 

structure condition B3 

0.3245 0.2998 0.2810 0.2500 0.3518 0.3014 

Pipeline 

functional condition 

B4 

0.2593 0.2998 0.2810 0.2500 0.3518 0.2884 

Node well water 

quality situation B5 

0.2310 0.1839 0.1825 0.2500 0.1515 0.1998 

Operation 

management situation 

B6 

0.0876 0.1159 0.1448 0.0833 0.0653 0.0994 

Consistency ratio 

of judgment matrix 

(CR) 

0.0072 0.0123 0.0191 0.0000 0.0369  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test, and the weight calculation results are all valid. By calculating the arithmetic mean of the criterion 

layer indicators, the weights W1, W2, W3, W4, W5, and W6 for pipeline characteristics B1, 

environmental factor B2, pipeline structure condition B3, pipeline function condition B4, node well 

water quality condition B5, and operation management condition B6 are obtained as 0.0533, 0.0577, 

0.3014, 0.2884, 0.1998, 0.0994, and the sum of weights is 1. 

2. Calculation of indicator layer weights 

(1) Pipeline characteristics 

The judgment matrix for the four indicator layers under the pipeline characteristic indicators 

relative to the pipeline characteristic indicators is: 

[
 
 
 
 
 1

1

5

1

3
1

5 1 2 5

3
1

2
1 4

1
1

5

1

4
1]
 
 
 
 
 

  

[
 
 
 
 1

1

3

1

3

1

2

3 1 1 2
3 1 1 2

2
1

2

1

2
1]
 
 
 
 

   

[
 
 
 
 
 1

1

5

1

3

1

2

5 1 3 5

3
1

3
1 4

2
1

5

1

4
1]
 
 
 
 
 

  

[
 
 
 
 
 1

1

5

1
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1

2

5 1 2 4

5
1

2
1 4

2
1

4

1

4
1]
 
 
 
 
 

   

[
 
 
 
 
 1

1

4

1

4
1

4 1 3 5

4
1

3
1 4

1
1

5

1

4
1]
 
 
 
 
 

 

The weight of each indicator relative to the pipeline characteristic indicator can be calculated as 

shown in Table 5. 
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Table 5. The index proportion of the pipeline properties. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Pipe diameter C1 0.0976 0.1089 0.0799 0.0714 0.0948 0.0905 

Management age 

C2 

0.5109 0.3512 0.5504 0.4778 0.5275 0.4835 

Pipe C3 0.3007 0.3512 0.2645 0.3378 0.2881 0.3085 

Interface form C4 0.0908 0.1887 0.1052 0.1130 0.0896 0.1175 

Consistency ratio 

of judgment matrix 

(CR) 

0.0080 0.0039 0.0612 0.0334 0.0488  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test, and the weight calculation results are all valid. Through calculation, the weights w1-w4 of 

indicators C1-C4 under pipeline characteristics are 0.0905, 0.4835, 0.3085, and 0.1175, respectively. 

(2) Environmental factors 

The judgment matrix for indicator layer indicators under environmental factors, including soil 

cover thickness and road grade, is: 

[
1 3
1

3
1]   [

1 1
1 1

]   [
1 1
1 1

]    [
1 2
1

2
1]   [

1 1
1 1

] 

The weight of each indicator relative to environmental factors can be calculated as: 

Table 6. The index proportion of the environment factors. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Cover soil 

thickness C5 

0.2500 0.5000 0.5000 0.3333 0.5000 0.4167 

Road Class C6 0.7500 0.5000 0.5000 0.6667 0.5000 0.5833 

Consistency 

ratio of judgment 

matrix (CR) 

0.0000 0.0000 0.0000 0.0000 0.0000  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test, and the weight calculation results are all valid. By calculation, the weights w5 and w6 of 

indicators C5 and C6 under environmental factors are 0.4167 and 0.5833, respectively. 

(3) Pipeline structure condition 
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The judgment matrix for the 9 indicators of the pipeline structure relative to the pipeline 

structure condition is: 

[
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The weight of each indicator relative to the pipeline structure condition indicator can be 

calculated as shown in Table 7. 

Table 7. The index proportion of the pipeline structure conditions. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Pipeline 

deformation rate C7 

0.1083 0.1775 0.0532 0.1410 0.1563 0.1273 

Interface 

material detachment 

C8 

0.0570 0.0376 0.0966 0.0455 0.0303 0.0534 
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Pipeline 

misalignment degree 

C9 

0.0848 0.1043 0.1384 0.1410 0.1298 0.1196 

Pipeline 

corrosion degree C10 

0.0545 0.0648 0.0601 0.1070 0.0444 0.0662 

Pipeline rupture 

degree C11 

0.1224 0.1043 0.0629 0.1305 0.1113 0.1062 

Fluctuation rate 

of pipeline C12 

0.1322 0.1043 0.1575 0.1305 0.1113 0.1272 

Pipeline leakage 

degree C13 

0.2713 0.1043 0.1626 0.1305 0.1113 0.1560 

Pipeline 

disconnection 

distance C14 

0.1263 0.2450 0.2345 0.1305 0.2611 0.1995 

Branch pipe 

concealed connection 

length C15 

0.0432 0.0581 0.0342 0.0435 0.0444 0.0446 

Consistency 

ratio of judgment 

matrix (CR) 

0.0596 0.0291 0.0429 0.0063 0.0268  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test, and the weight calculation results are all valid. Through calculation, the weights w7-w15 of 

indicator C7-C15 under pipeline structure conditions are 0.1273, 0.0534, 0.1196, 0.0662, 0.1062, 0.1272, 

0.1560, 0.1995, and 0.0446, respectively. 

(4) Pipeline functional condition 

The judgment matrix for the indicator layer indicators under pipeline functional conditions, 

including the loss rate of water flow section, pipeline slope, and pipeline fullness, is: 

[

1 3 3
1

3
1 1

1

3
1 1

]    [

1 4 5
1

4
1 3

1

5

1

3
1

]    [

1 5 4
1

5
1

1

2
1

4
2 1

]   [
1 1 1
1 1 1
1 1 1

]    [

1 5 3
1

5
1

1

2
1

3
2 1

] 

The weight of each indicator relative to the pipeline functional condition indicator can be 

calculated as shown in Table 8. 
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Table 8. The index proportion of the pipeline function conditions. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Loss rate of 

water section C16 

0.6000 0.6738 0.6833 0.3333 0.6483 0.5878 

Pipeline slope 

C17 

0.2000   0.2255 0.1168  0.3333 0.1220 0.1995 

Pipeline filling 

degree C18 

0.2000   0.1007  0.1998 0.3333 0.2297 0.2127 

Consistency 

ratio of judgment 

matrix (CR) 

0.0000 0.0817 0.0234 0.0000 0.0035  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test, and the weight calculation results are all valid. By calculation, the weights w16, w17, and w18 

of indicators C16, C17, and C18 under pipeline functional conditions are 0.5878, 0.1995, and 0.2127, 

respectively. 

(5) Water quality of node wells 

Under the water quality situation of the node well, the indicator layer only has the dry day water 

quality concentration of the sewage monitoring well, so its weight is 1. 

(6) Operation management situation 

The judgment matrix for the indicator layer indicators under operational management, 

including the management team, management system, and management records, is: 

[
1 1 1
1 1 1
1 1 1

]    [
1 1 1
1 1 1
1 1 1

]    [
1 1 1
1 1 1
1 1 1

]    [

1
1

2
1

2 1 2

1
1

2
1

]    [
1 1 1
1 1 1
1 1 1

] 

The weight of each indicator relative to the operational management indicators can be calculated 

as: 

Table 9. The index proportion of management of drainage facilities. 

Indicator Name Expert 

1 

Expert 

2 

Expert 

3 

Expert 

4 

Expert 

5 

Mean 

weight 

Management 

and maintenance 

team C20 

0.3333  0.3333 0.3333 0.2500 0.3333 0.3167 
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Management 

and Maintenance 

System C21 

0.3333 0.3333 0.3333 0.5000 0.3333 0.3666 

Management 

and Maintenance 

Record C22 

0.3333 0.3333 0.3333 0.2500 0.3333 0.3160 

Consistency ratio 

of judgment matrix 

(CR) 

0.0000 0.0000 0.0000 0.0000 0.0000  

The consistency ratio CR of each judgment matrix is less than 0.1, which meets the consistency 

test and the weight calculation results are all valid. By calculation, the weights of indicators C20, C21, 

and C22 under operational management are 0.3167, 0.3666, and 0.3160, respectively. 

3.1.2. Entropy Weight Method Index Weight Calculation 

Due to the suitability of entropy weight method for weight analysis of quantitative indicators, 

combined with the characteristics of health evaluation indicators for drainage network, the 

determination of positive and negative indicators, and the determination of combined weights, it is 

used for the analysis of relative weights of indicator layer indicators C7-C15 under pipeline structural 

conditions (quantified based on structural defects level I, II, III, and IV). The calculation results are 

shown in Table 10. 

Table 10. Entropy and entropy weight of pipeline structural condition index. 

Evaluating indicator information entropy entropy weight 

Pipeline deformation rate C7 0.9880 0.0320 

Interface material detachment C8 0.9550 0.1150 

Pipeline misalignment degree C9 0.9790 0.0530 

Pipeline corrosion degree C10 0.9620 0.0970 

Pipeline rupture degree C11 0.9080 0.2340 

Fluctuation rate of pipeline C12 0.9690 0.0770 

Pipeline leakage degree C13 0.9510 0.1240 

Pipeline disconnection distance 

C14 

0.9350 0.1640 

Branch pipe concealed 

connection length C15 

0.9590 0.1050 
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3.1.3. Evaluation index weight fusion calculation 

After calculating the comprehensive weight of the pipeline structure condition indicator 

layer,𝑊∗ = 0.4106𝑊1 + 0.5894𝑊2 

The relative weight values of the integrated pipeline structure condition indicator layer are 

shown in Table 11. 

Table 11. Relative weight of pipeline structure condition index layer after fusion. 

Evaluating indicator Integrated indicators 

Pipeline deformation rate C7 0.0710 

Interface material detachment C8 0.0896 

Pipeline misalignment degree C9 0.0803 

Pipeline corrosion degree C10 0.0844 

Pipeline rupture degree C11 0.1814 

Fluctuation rate of pipeline C12 0.0975 

Pipeline leakage degree C13 0.1370 

Pipeline disconnection distance C14 0.1786 

Branch pipe concealed connection length C15 0.0802 

3.1.4. Index weight results of the health evaluation system for drainage network 

The comprehensive weight of each indicator layer is the product of its weight in the criterion 

layer indicator and the corresponding criterion layer indicator weight. The weight allocation of 

indicators for the health evaluation system of drainage network is shown in Table 12. 

Table 12. Distribution of index weights of drainage pipe network health status evaluation system. 

Target layer 

Criterion layer  indicator layer 

Indicator Weight  Indicator Name  

 

Proportion 

of Criteria 

Layer 

Weight 

Comprehensive 

Weight 

Health evaluation of 

drainage network 

Pipeline 

characteristics 

0.0533 

pipe diameter 0.0905 0.0048 

Age of 

management 

0.4835 0.0258 

tubing 0.3085 0.0164 
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Interface form 0.1175 0.0063 

environmental 

factor 

0.0577 

Cover soil 

thickness 

0.4167 0.0240 

Road grade 0.5833 0.0337 

Pipeline structure 

condition 

0.3014 

Pipeline 

deformation rate 

0.0710 0.0214 

Interface material 

detachment 

0.0896 0.0270 

The degree of 

pipeline 

misalignment 

0.0803 0.0242 

Corrosion degree 

of pipelines 

0.0844 0.0254 

Pipeline rupture 

degree 

0.1814 0.0548 

Pipeline 

undulation rate 

0.0975 0.0294 

Pipeline leakage 

degree 

0.1370 0.0413 

Pipeline 

disconnection 

distance 

0.1786 0.0538 

Branch pipe 

concealed 

connection length 

0.0802 0.0242 

Pipeline functional 

condition 

0.2884 

Loss rate of water 

section 

0.5878 0.1696 

Pipeline slope 0.1995 0.0575 
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Pipeline filling 

degree 

0.2127 0.0613 

Water quality of 

node wells 

0.1998 

Wastewater 

monitoring well 

water quality 

concentration 

during dry 

weather 

1.0000 0.1998 

Operation 

management 

situation 

0.0994 

Management and 

maintenance 

team 

0.3167 0.0315 

Management and 

maintenance 

system 

0.3666 0.0364 

Maintenance 

records 

0.3160 0.0314 

weight 1.0000 weight 1.0000 

4. Analysis and evaluation of the sewage pipeline network in Zone A of Zhenjiang 

Due to the similar evaluation methods for rainwater and sewage networks, and the 

implementation of the rainwater and sewage diversion project for the drainage network in Zone A 

in 2019, the service life of the rainwater network is relatively short, and compared to the sewage 

network, its health condition is good. Therefore, this evaluation model is mainly applied to the 

construction of the sewage pipeline network in Zone A. 

4.1. Evaluation Index Score 

4.1.1. Determination of water quality assessment line 

The determination of the water quality assessment line in this study is mainly based on the three-

year action plan for improving the quality and efficiency of urban sewage treatment issued by the 

country, Jiangsu Province, and Zhenjiang City, as well as the actual carbon nitrogen ratio of the water 

quality in the sewage pipeline network in the region. The high and low evaluation lines for water 

quality concentration in sewage monitoring wells during dry weather are shown in Table 13: 
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Table 13. Water quality assessment linen of sewage monitoring wells in sunny days. 

Indicator name 

Dry weather 

Evaluate high line  Evaluate low line 

COD（mg/L） 260 100 

Ammonia nitrogen（mg/L） 35 10 

4.1.2. Calculation of indicator scores 

Table 14. Scores of WS77004-WS272098. 

Target layer 

Criterion layer  Indicator layer Score 

Indicator name Indicator name  

Health evaluation of drainage 

network 

Pipeline 

characteristics 

pipe diameter 70.00 

Age of management 70.00 

tubing 70.00 

Interface form 90.00 

environmental factor 

Cover soil thickness 100.00 

Road grade 70.00 

Pipeline structure 

condition 

Pipeline deformation rate 84.62 

Interface material detachment 99.28 

The degree of pipeline 

misalignment 

100.00 

Corrosion degree of pipelines 100.00 

Pipeline rupture degree 91.13 

Pipeline undulation rate 98.73 

Pipeline leakage degree 92.92 

Pipeline disconnection distance 100.00 

Branch pipe concealed connection 

length 

100.00 

Pipeline functional 

condition 

Loss rate of water section 80.00 

Pipeline slope 100.00 
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Pipeline filling degree 100.00 

Water quality of node 

wells 

Wastewater monitoring well 

water quality concentration 

during dry weather 

0.00 

Operation 

management 

situation 

Management and maintenance 

team 

100.00 

Management and maintenance 

system 

100.00 

Maintenance records 100.00 

4.2. Health status evaluation of sewage pipeline network in Zone A 

4.2.1. Determination of indicator membership degree 

According to the calculation method of indicator membership degree in 2.3.2, the following 

results can be obtained: 

Table 15. WS77004-WS272098 Health status evaluation index layer membership matrix. 

Criterion 

layer B 

 Indicator layer C 

Membership matrix 

1 2 3 4 5 

Pipeline 

characteristics 

pipe diameter C1 0 1 0 0 0 

Age of management  C2 0 1 0 0 0 

tubing  C3 0 1 0 0 0 

Interface form  C4 0 0 0 1 0 

environmental 

factor 

Cover soil thickness  C5 0 0 0 0 1 

Road grade  C6 0 1 0 0 0 

Pipeline 

structure 

condition 

Pipeline deformation rate  C7 0 0 0.538 0.462 0 

Interface material detachment  

C8 
0 0 0 0.072 0.928 

The degree of pipeline 

misalignment  C9 
0 0 0 0 1 

Corrosion degree of pipelines  

C10 
0 0 0 0 1 
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Pipeline rupture degree  C11 0 0 0 0.887 0.113 

Pipeline undulation rate  C12 0 0 0 0.873 0.127 

Pipeline leakage degree  C13 0 0 0 0.292 0.708 

Pipeline disconnection distance  

C14 
0 0 0 0 1 

Branch pipe concealed connection 

length  C15 
0 0 0 0 1 

Pipeline 

functional 

condition 

Loss rate of water section  C16 0 0 1 0 0 

Pipeline slope  C17 0 0 0 0 1 

Pipeline filling degree  C18 0 0 0 0 1 

Water quality 

of node wells 

Wastewater monitoring well 

water quality concentration 

during dry weather  C19 

1 0 0 0 0 

Operation 

management 

situation 

Management and maintenance 

team  C20 
0 0 0 0 1 

Management and maintenance 

system  C21 
0 0 0 0 1 

Maintenance records  C22 0 0 0 0 1 

4.2.2. Multi level fuzzy comprehensive evaluation 

(1) Fuzzy comprehensive evaluation of criterion layer 

According to the multi-level fuzzy evaluation method in 2.3.2, calculate the membership degree 

of the criterion layer based on the weight vectors and their membership matrices of each indicator 

layer. 

Membership degree B1 of pipeline characteristics=(0 0.8825 0 0.1175 0) 

Membership degree B2 of environmental factors =(0 0.5833 0 0 0.4167) 

Membership degree B3 of pipeline structure condition= 

(0 0 0.0382 0.3253 0.6365) 

Membership degree B4 of pipeline function status=(0 0 0.5878 0 0.4122) 

Membership degree B5 of node water quality situation=(1 0 0 0 0) 

Membership degree B6 of operation management situation==(0 0 0 0 1) 

In summary, the membership matrix of criterion layer is: 
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Table 16. WS77004-WS272098 Criterion layer membership matrix. 

Criterion 

layer B 

Membership matrix 

Critical 

illness 

Moderate 

illness 

General 

illness 

Sub 

health 

Overall 

health 

Pipeline 

characteristics 

0 0.8825 0 0.1175 0 

environmental 

factor 
0 0.5833 0 0 0.4167 

Pipeline 

structure 

condition 

0 0 0.0382 0.3253 0.6365 

Pipeline 

functional 

condition 

0 0 0.5878 0 0.4122 

Water quality of 

node wells 
1 0 0 0 0 

Operation 

management 

situation 

0 0 0 0 1 

The construction of the sewage pipeline network in Zone A is composed of multiple sewage 

pipelines. After solving the membership matrix of the criterion layers (B1~B6) of each pipeline, it is 

necessary to induce each pipeline to obtain the overall membership vector of the criterion layer of the 

constructed sewage pipeline network in Zone A. Taking pipelines as an example, their inductive 

function form is as follows: 

Bm = ∑ Wi · Bm
in

i=1 (m = 1、2…、6)                                                (32) 

 Wi =
Qi

∑ Qi
n
i=1

                                                                      (33) 

In the formula,  

Bm——The membership degree vector of the overall criterion layer for the construction of the 

sewage pipeline network in Zone A 

Bmi——The membership vector of the criterion layer for pipeline i 

Wi—— Weight of pipeline i 

N —— Number of sewage pipeline networks built in Zone A 

Qi—— flow rate in pipeline i 

M—— Number of items in the criterion layer 
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According to equations 5.29 and 5.30, based on the membership matrix of each pipeline criterion 

layer, the membership matrix of the health status evaluation criterion layer of the constructed sewage 

pipeline network in Zone A is obtained as shown in Table 17: 

Table 17. The matrix of the evaluation criteria for the health status of the sewage pipe network in area A. 

Criterion 

layer B 

Membership matrix 

Critical 

illness 

Moderate 

illness 

General 

illness 

Sub 

health 

Overall 

health 

Pipeline 

characteristics 

0.0740 0.6296 0.2000 0.0964 0.0000 

environmental 

factor 

0.0000 0.1213 0.4220 0.0742 0.3825 

Pipeline structure 

condition 

0.0000 0.0000 0.0773 0.3283 0.5944 

Pipeline 

functional 

condition 

0.0000 0.0000 0.5812 0.3677 0.0511 

Water quality of 

node wells 

0.4370 0.5630 0.0000 0.0000 0.0000 

Operation 

management 

situation 

0.0000 0.0000 0.0000 0.1580 0.8420 

(2) Fuzzy comprehensive evaluation of the target layer 

The fuzzy evaluation result of the target layer can be obtained by multiplying the weight vectors 

of each indicator in the criterion layer relative to the target layer by the membership matrix of the 

criterion layer. 

A=(0.0913 0.1530 0.2259 0.2301 0.2997) 

The health status evaluation results of the sewage pipeline network in Zone A are shown in 

Table 18. 

By analyzing the membership degree of each health level in the evaluation results and using the 

confidence criterion method, it is determined that the health status of the sewage pipeline network 

in Zone A is generally pathological. When the health level is higher than the general pathological 

state, the sewage pipe network system operates relatively normally, with a healthy and sub healthy 

state accounting for 52.98%. However, there are still many unhealthy factors, with critically ill and 

moderately ill states accounting for 24.43%. Based on the above conclusions, it can be basically 

concluded that the overall health status of the sewage pipeline network in Zone A is in a generally 
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pathological state, and rectification and maintenance are needed to improve the health status of the 

pipeline network. 

Table 18. Health status evaluation of sewage pipe network in area A. 

Target 

layer 

Target layer fuzzy judgment matrix 

Health 

grade 

Critical 

illness 

Moderate 

illness 

General 

illness 

Sub 

health 

Overall 

health 

Health  

status  

0.0913 0.1530 0.2259 0.2301 0.2997 

General 

illness 

5. Discussion 

Based on the principles of systematicity, objectivity, scientificity, representativeness, and 

feasibility, this article first constructs an evaluation index system for the health status of drainage 

networks from the aspects of pipeline characteristics, environmental factors, pipeline structure 

conditions, pipeline function conditions, water quality of node wells, and operational management. 

It also clarifies the calculation methods for scoring various levels of indicators. By consulting 

literature and combining with the actual situation of the investigation project, evaluation indicators 

are selected to construct an evaluation index system for the health status of the drainage network, 

and the scoring standards for each indicator are determined. By comparing the advantages and 

disadvantages of various weight calculation methods, the combination weighting method was 

selected to determine the weights of each indicator. Combined with fuzzy evaluation theory, a health 

evaluation model for drainage network was constructed, and finally applied to the evaluation of 

drainage network in the A district of Zhenjiang City. The research results are as follows: 

(1) According to the requirements of drainage network inspection and operation management, 

a health evaluation index system for drainage network was constructed, including target layer, 

criterion layer, and indicator layer. The scoring method for each indicator layer was explained in 

detail. The criteria layer includes pipeline characteristics, environmental factors, pipeline structural 

conditions, pipeline functional conditions, water quality of node wells, and operational management. 

The indicator layer specifically includes 22 evaluation indicators. 

(2) The combination weighting method is used to determine the weights of each indicator. The 

Analytic Hierarchy Process (AHP) is used to analyze the weights of the indicators, and the entropy 

weighting method is combined to analyze the weights of some quantitative indicators, resulting in 

the final indicator weights. This article constructs a membership function using the semi trapezoidal 

function method to calculate the membership degree of each indicator evaluation level, and combines 

its weights for multi-level fuzzy comprehensive evaluation. 

(3) Based on the constructed drainage network health evaluation model, an evaluation was 

conducted on the sewage network system within the built A area. The results showed that the overall 

health status of the sewage network in the built A area was generally pathological, with health and 

sub health status accounting for 52.98%, and unhealthy factors of critical and moderate illness 

accounting for 24.43%. Timely rectification and maintenance of the sewage network are necessary. 

6. Conclusions 

This article is based on the particularity of the evaluation indicators for the health status of 

drainage networks, and uses the combination weighting method to determine the weights of various 

indicators. Based on the fuzzy comprehensive evaluation theory, a health status evaluation model for 

drainage networks is constructed. At the same time, the constructed evaluation model was used to 
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evaluate the health status of the sewage pipeline network in Zone A. The main research findings are 

as follows: 

1. The combination weighting method combining Analytic Hierarchy Process and Entropy 

Weight Method was used to determine the weights of indicators at all levels. The weights of pipeline 

characteristics, environmental factors, pipeline structure status, pipeline function status, water 

quality of node wells, and operation management status relative to the health evaluation of drainage 

network are 0.0533, 0.0577, 0.3014, 0.2884, 0.1998, and 0.0994, respectively. The indicators of pipeline 

structure and functional condition have a greater impact on the overall health of the drainage 

network compared to other indicators. 

2. For the fuzzy comprehensive evaluation method, it mainly discusses the determination of the 

evaluation factor set and evaluation comment set, and divides the health status of the drainage 

network into five evaluation levels: critically ill, moderately ill, generally ill, sub healthy, and healthy. 

This article describes the method of determining the membership degree of indicators, obtaining the 

membership matrix, calculating the evaluation result vector based on fuzzy operations, and finally 

analyzing the evaluation results using the fuzzy distribution method and confidence criterion 

method. 

3. Based on the investigation data of the pipeline network, the specific steps for evaluating the 

health status of the drainage pipeline network were discussed. And the model was applied to 

evaluate the health status of the sewage pipe network system in Zone A, and it was found that the 

overall health status of the sewage pipe network in Zone A was generally pathological, with 24.43% 

of unhealthy factors being critical and moderately pathological, verifying the practicality of the 

evaluation model. Based on the evaluation results, suggestions for rectification and repair of the 

drainage network have been proposed. 
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