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Abstract

Pollution entrance into water distribution networks can cause irreparable damage
to human health. Awareness and understanding of pollutant sources and transport
of contamination process in the water network cause suitable modeling of this
phenomenon as well as perform a proper crisis management. To simulate the
movement of nitrate in the soil, the nitrate advection-dispersion equation was
programmed in MATLAB. Potential points with high concentration of pollutants
in Zahedan water distribution network have been identified. Scenario of 24-hour
water network simulation, after two hours of contamination, was tested for water
contamination by using WATERGEMS, EPANET and EPANET-BAM software.
To manage the network pollution crisis, two tools were proposed including
detention time and dilution flow. To calculate detention time, the network was
divided into four parts including: near, middle, far and very far. The results
indicated that required detention time in the nodes of the middle, far and very far
decreased 33 to 50, 58 to 62.5 and 75 percent compared to the near nodes,
respectively. Moreover, efficiency and positive performance of dilution flow as a
tool for quality management and control of water distribution network, was
proved. Required dilution flow was determined from 10.6 to 15.9% of the base
pipe flow.

1. Introduction

Due to their large size and complex configurations, water distribution systems (WDSs) are highly
vulnerable to accidental and intentional contamination events. When an event occurs in a water
distribution system, such as large-scale water pollution, it can have a significant impact on society and
the economy. For example, in 2014 in West Virginia (USA), 300,000 consumers were affected when
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the drinking water distribution system was accidentally contaminated with the methylcyclohexane
methanol. In this research, firstly, the advection-dispersion of nitrate pollutant in the soil has been
simulated by MATLAB software. Then, potential points with high concentration of pollutants in
Zahedan network have been investigated. After that, an important part of the drinking water network of
Zahedan under the sudden inflow of nitrate has been investigated using three numerical models:
EPANET, Water GEMS and EPANET-BAM. Finally, to manage the network pollution crisis, two tools
were proposed including detention time and dilution flow.

2. Materials and Methods

In this research for simulating the effect of a contamination event distributed through the water network,
the EPANET, Water GEMS and EPANET-BAM software were used. The 24-hour simulation scenario
of the water network of Zahedan city after the pollution occurred between 15:00 and 17:00 was
investigated. To calculate detention time, the network was divided into four parts including: near,
middle, far and very far.

3.  Results

By investigating the strategy of detention time to control unallowable pollution in different nodes of the
network in all three numerical models, it was observed that in the nodes close to pollution injection
(near area), the detention time for pollution is longer than the nodes that were in very far area. Therefore,
it can be said that when unallowable pollution enters the network, the nodes near the injection node
have more stress than the middle, far, and very far areas, and more detention time should be given to
correct the water quality.

By comparing the duration of pollution with a concentration higher than the allowable concentration
for the middle area compared to the near area, it was observed that this duration in the middle area is
associated with a 33-50% decrease compared to the near area.

Also, by comparing the duration of the presence of pollution with a concentration higher than the
allowable concentration for the far area compared to the middle area, it was observed that this duration
in the far area is associated with a decrease of 25 to 37.5 percent compared to the middle area.

The comparison of the duration of pollution with a concentration higher than the allowable
concentration for the very far area compared to the far area showed that this duration in the very far
area is associated with a 33-40% decrease compared to the far area.

In the second stage of pollution management in the network, a dilution flow tool has been used. dilution
flow is an efficient and cost-effective tool for the quality management of water resources systems.
During this process, it was observed that a specific volume of water should be entered as a diluting flow
at different points of pollution entering the network. This amount of flow is completely dependent on
the base pipe flow. In other words, if the base pipe flow is high, more dilution flow is needed to improve
the water quality of the network. Required dilution flow to treat the quality water was determined from
10.6 to 15.9% of the base pipe flow.

4, Discussion and Conclusion

In this research, Scenario of 24-hour water network simulation, after two hours of contamination, was
tested for water contamination by using WATERGEMS, EPANET and EPANET-BAM software.
Finally, to manage the network pollution crisis, two tools were proposed including detention time and
dilution flow.

To calculate detention time, the network was divided into four parts including: near, middle, far and
very far.

The results showed that the detention time required to improve the water quality for the nodes in the
very far area is less than the nodes in the near area, and for the very far area compared to the near area,
it was associated with a decrease of 75 percent.

Then, the positive and efficient effect of the dilution flow as a network management and quality control
tool was also proven. Thus, by using a certain volume of water as a dilution flow after detecting the
contamination by sensors located in different parts of the network, water quality was improved and the
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nitrate concentration was allowable. It should be noted that required dilution flow to treat the quality
water was determined from 10.6 to 15.9% of the base pipe flow.
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