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Abstract

Installing quality sensors in water networks is one of the most effective quality
management strategies. In this research, the optimization-simulation approach is
used to determine the optimal locations of quality sensors considering the
uncertainty of the effective parameters. EPANET software as a simulator and
multi-objective genetic and gray wolf algorithms as an optimizer are employed.
Two goals including the number of sensors and the maximum possible damage
are minimized. To achieve more realistic answers, the contaminant injection node
and injection time are considered indefinitely. Six different scenarios are
considered for injection duration time and injection mass rate. Also, +20%
variation for the uncertainty of the demands, and +6% for the roughness
coefficient are applied. Results demonstrate that the optimal location of quality
sensors could greatly reduce the damage caused by the entry of pollutants. Only
one sensor installation leads to a reduction of the maximum damage in each of
the six scenarios by 42.5, 58.5, 53.96, 44.94, 53.53, and 59 percent, respectively.
Also, by increasing the number of sensors up to 20, the maximum damage is
reduced to 99%.

1. Introduction

Due to their large size and complex configurations, water distribution systems (WDSs) are highly
vulnerable to accidental and intentional contamination events. A remarkable number of pollution
incidents have been recorded in recent decades. For example, 27000 consumers were affected by water
contaminated by Clostridium in Norway in 2019. When the contaminants enter the network can cause
irreparable damage to consumers’ health besides social and economic instability. Control and protection
of all components of water networks are not possible continuously, and there will be always the
possibility of contamination of water networks. In this regard, one of the most efficient tools is the
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installation of quality sensors in distribution networks. due to the high cost, and budget constraints, the
optimal location of monitoring stations in water distribution networks is a common issue.

A review of previous studies on the optimal locating of quality sensors shows that despite the efforts of
various researchers, to simplify the calculations, the complexity of modeling, and simulation of water
networks, some simplifying assumptions such as limiting input nodes, number of sensors, and scenarios
of infections entering the network have been considered. Also, the uncertainty of influencing parameters
in distribution networks is not investigated.

In this research, the optimal location of quality sensors according to two goals: minimizing the number
of sensors and minimizing the maximum damage (volume of polluted water consumed by consumers)
by considering the probability of occurrence of pollution from all network nodes, as well as the
uncertainty related to the roughness of network pipes and demands, is investigated. For this purpose,
six different scenarios for the concentration and duration of the pollutant entering the network have
been considered. In order to simulate the network, EPANET software was used, and to optimize, gray
wolf (GWO) and non-dominated sorting genetic algorithms (NSGA-I1) were used simultaneously.

2. Materials and Methods
In this research for simulating the effect of a contamination event distributed through the water network,

the EPANET 2.0 software was used. EPANET is a computer program performing an extended period
simulation of hydraulic and water quality behavior within a drinking water distribution system. In the
quality analysis, the concentration is calculated at each node and time step.

3. Results

In this research, an uncertainty of £20% and +6% for demands and roughness coefficient has been
considered. Also, the contamination can be entered from all nodes and at any time of the day. Six
different scenarios for mass and duration of contaminations have been considered. in scenarios, one to
three (S1to S3), the concentration of the pollutant entered is equal to 10, 25, and 40 gr/min, respectively,
and the contamination is injected for 30 minutes. in scenarios four to six (S4 to S6), the concentration
of the pollutant entered is equal to 10, 25, and 40 gr/min, respectively, and the contamination is injected
for 60 minutes. For all scenarios, the duration of the simulation is 48 hours, and the pollutant enters to
network only in the first 24 hours. The optimal Pareto front for all six scenarios is computed.

The results illustrated that node 120 has the highest possible damage in the three scenarios. Therefore,
this node is one of the most critical nodes for contamination to enter the network and should be
monitored by the sensor. By installing only one sensor in the network at the optimal location, the
maximum damage to the network can be reduced by 42.5%, 5.58%, 53.96%, 44.94%, 53.53%, and 59%
in scenarios one to six, respectively. By increasing the number of sensors up to 20 sensors, the maximum
possible damage in scenarios one to six will be reduced by 99%; But, the costs of installation and
maintenance of sensors increase.

4.  Discussion and Conclusion
In this research, a method based on simulation optimization considering the uncertainty of the effective
parameters was presented for optimal placement of quality sensors in water networks.

The investigation and analysis of the results showed that the proposed locations for installing the sensors
are in the nodes, which will cause a lot of damage if pollution enters the network from these nodes.
Also, the optimal locations of sensors are different for different scenarios; However, some of the
network nodes are common in different scenarios and have the most repetition of sensor locations.
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