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Abstract 
 
The challenge of water quality is a universal issue across all countries around 

the world. Accidental or intentional contamination of the water distribution 
system cause threat to public health. The partitioning of the Water 

Distribution Network (WDN) is accomplished by combination of clustering 

and identification of District Metered Areas (DMAs). District Metered Areas 
provide control of water utilization as well as protection during 

contamination. The clustering techniques applied to WDN play a key role in 

the determination of DMAs. This paper analyzes various clustering 

approaches and discusses future areas of work. 
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1    Introduction 
 

With urbanization, the challenge of water quality [1, 2] is a universal 

issue in all countries around the world. The quality of the drinking water, if 
compromised, will have a direct impact on public health [3, 4] and hence to  
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ensure the quality, the water distribution system must be monitored 

periodically to detect contamination and take suitable measures. With the 

increase in population, the size, and the complexity of drinking water 
distribution system and its dynamic nature, effective monitoring through 

sensor placement poses a serious challenge. Various techniques have been 

proposed over the years to detect contamination in water distribution systems 
to optimize monitoring with limited number of samples from ideal locations 

or nodes. The clustering techniques have been suggested to manage the 

large-scale water distribution systems.  These techniques divide the large and 
complex water distribution system into managable subsystems termed as 

District Metered Areas (DMAs).  DMA provides control of water utilization 

as well as protection during contamination. Each DMA can be isolated from 

other DMAs by using isolation valves at its boundary that connects one 
DMA to another and install flow meter in the remaining connections. This 

paper presents an analysis of the various clustering techniques proposed and 

applied in real-time water distribution systems.  
   

2 Literature Survey 
 

The threat to public health may be caused by accidental or deliberate 

contamination of the water distribution system. The ideal placement of 

sensors to identify contaminants in water distribution system is complex, due 
to growing population and large scale of the water distribution systems. 

Different algorithms have been considered with objectives ranging from 

single to multiple objectives to achieve best possible placement of sensors of 

which the clustering techniques provide „divide and conquer‟ approach as 
suggested in [5]. The drinking water distribution system (WDS) that provides 

water supply to residents from reservoirs, lakes through pipes spreading 

across hundreds to thousand kilometres is considered as water distribution 
network (WDN) with the junctions as nodes (N) and pipes as edges (E). The 

water distribution system can be represented as a graph G which has a set of 

nodes, N and set of edges, E represented as G = (N, E). The Water 
distribution network partitioning is accomplished by combination of 

clustering where the number of nodes in each cluster is balanced to 

determine the cluster size and the cluster-based identification of the district 

metered areas (DMAs) that divides the water distribution network into 
smaller sub-networks. DMAs provide security by means of isolation values 

at selected edges (pipes) at the boundary and by flow meters installed at 

remaining edges (pipes) at the boundary. DMAs therefore not only helps in 
contamination detection, it also supports in convenient maintenance, leakage 

detection etc. 

The clustering techniques applied to WDN plays the key role in 
determining DMAs. The various clustering methodologies are analysed in 

the following sections and the prospective areas of future work are discussed. 
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3 Clustering Techniques 
 

The clustering techniques applied in the following works are broadly 
based on graph theory algorithms applied to topology of the WDN 

considering temporal and spatial aspects. 

 

3.1 Topological Analysis 
 

Using topological analysis in [6] WDN is divided into two categories of 

clusters namely, Strong Connected Clusters and Weakly Connected Clusters. 
A Strongly Connected Cluster (SCC) is established in a cyclic subgraph for 

the set of nodes, when all pairs of nodes (u, v) have atleast a directed path 

i.e., u→v or/and v→u and a Weakly Connected Cluster (WCC) is established 
in an acylic subgraph for the set of nodes, when all pairs of nodes (u, v) only 

have unidirectional path from either u→v or v→u  and a connectivity matrix 

between the clusters is designed to build a response model if contaminants 

are detected. In [7] the challenge of numerous clusters generated in different 
sizes in larger WDN is addressed. The total clusters are minimized by 

determining the threshold on the number of nodes in the cluster and merge 

the clusters with few nodes based on the adjacent SCC or WCC. In [8], 
steady strongly connected clusters (SSCCs) and steady weakly connected 

clusters (SWCCs) are identified based on the constant flow directions over a 

period and the cluster connections are analysed with mesh diagrams for 

monitoring and contamination detection.  
 

3.2 Multi Level Recursive Bisection (MLRB) 
 

Multi-Level Recursive Bisection (MLRB) algorithm in [9] occurs 

through stages-coarsening, partitioning, and uncoarsening recursively. The 

graph size is reduced in each stage by aggregating nodes and graph edges, 
partitioning using recursive bisection, and then projecting back and refining 

the initial graph partition. 

 

3.3 Community Structure Algorithms 
 

The Community structured algorithms utilizing the properties of network 

density and modularity have been proposed. The algorithms in the papers 
[10, 11] are based on the maximizing the modularity index.  Modularity 

index is a network property used to indicate the quality of a network divided 

into community groups and positive modularity index is a strong measure of 
the presence of a community structure. The network density is considered 

effective when there are several edges within groups or modules (intra-

clusters) and only a few (inter-clusters) between them. 
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3.4 Spectral Clustering Algorithm 
 

In paper [12], the spectral clustering consists of determining the 
Laplacian matrix from the WDN degree matrix and adjacency matrix, 

calculating the eigenvectors from the normalized Laplacian matrix and 

defining a matrix with the eigenvectors and clustering the nodes by applying 

k-means algorithm to the rows of the defined matrix.  
 

3.5 Dynamic Clustering 
 

The papers [13, 14] propose methodologies like dynamically 

reconfigurable topology and automated reconfiguration of network, 

respectively. The dynamic clustering in the paper [15] is achieved by adding 
non-returning valve into the WDN such that the DMAs formed is different 

from time to time (i.e.,) time dependent. This is achieved by replacing the 

closed pipe by a non-returning value and identifying and replacing the 

transmission main minimum cut-set by a non-returning value. This type of 
installation creates two different sets of DMAs when the tank is filled or 

emptied. Two sets of DMAs combine when the tank in one cluster fills water 

through the check valve from the other cluster, and clusters separate when 
the tanks in the combined clusters discharge water. 

 

4 Conclusion and Future Work 
 

This paper provides a comprehensive analysis of the clustering 

techniques applied in Water Distribution System. The clustering plays a 
significant role in identifying the size and shape of DMAs. In this analysis, 

some popularly used clustering algorithms such as (i) Topological Analysis 

(ii) Multi Level Recursive Bisection (MLRB) (iii) Community Structure 

Algorithms (iv) Spectral Clustering Algorithm and (v) Dynamic Clustering 
are presented and discussed. These algorithms are based on the graph theory 

that depends on the network‟s topology. Recently, clustering algorithms are 

used in combination with multi-objective heuristic algorithms to achieve 
trade off among contamination detection, leakage detection and WDN 

reliability. The pressure management, sensor placement at optimal locations 

to minimize time of detection and segregation of the affected DMA from 
other DMAs are some of the factors that will likely influence the quality of 

the DMA design and sensor placement apart from network topology for 

contamination detection. 
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