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water distribution networks (WDN) is inevitable. In such cases, one of the
reliable methods for water supply is emergency connection between
pressure zones. However, the original design based on separated zone,
loses its effectiveness and in some places, the WDN will face to increase
and decrease in allowable pressure and even flow interruption. Therefore,
in this study, the network analysis and determination of optimal 24-hour
rule curve of pressure reduce valve (PRV) during an emergency
connection between pressure zones, has been taken to reduce hydraulic
difficulties. First, a computer model based on VB programming language
was developed in which the network is analyzed by using slope matrix
method. By linking mentioned model with the code that prepared for
optimization by NSGA-II, the optimal rule curve of PRV in Ezgele WDN
was determined. The results showed that in the case which lower zone
reservoir become out of service and connecting node 12 of the higher zone
with node 41 of the lower zone, it is necessary to install a pressure reduce
valve on the outlet pipe of the higher reservoir. The optimal rule curve
which was calculated during the day showed that the operating range of
the pressure reduce valve is between 8 and 25 meters. The results also
showed that when the higher zone reservoir is out of service during the
maximum consumption, despite the connection between two zones, nodes
13 and 37 faces to absolute flow interruption and about 28% of the
network suffers from pressure deficiencies in comparison to minimum
allowable pressure.

1. Introduction

It can always be expected that water flow will stop during repairs in WDN renovation, or accidents that
will lead to the breaking of pipelines. In this case, in order to have no interruption in necessary affairs
and reduce public dissatisfaction, the emergency connection between the pressure zones of the WDN
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has been used. It is clear that in this case, a separated pressure zone is fed from another pressure zone
and the entire network will experience an increase or decrease in pressure. Therefore, the approved plan
of the WDN of the Ezgele city was examined in order to carry out the necessary analyzes in this field.

2.  Materials and Methods
The studied area is the WDN of the Ezgele. Figure (1) shows the schematic view of the WDN and the
region of pressure zones.
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Figure 1. The study area and schematic view of higher and lower pressure zones of Ezgele WDN

In this study, in order to hydraulic analysis of WDN, the matrix form of the slope method has been used.
Optimization of pressure reduce valve (PRV) rule curve has been done by NSGA-1I method with two
objective function presented in relations (1) and (2):

min: Fy = %0, max(Hpax — Hjunciy, 0)

1) _

min: Fy = X1, max(Hpmin — Hjun(iy, 0) )
Where in, Hmin is the minimum allowable pressure of the system, Hmax is the maximum allowable
pressure of the system, Hj,,, ® is the pressure at node i and NJ is the number of unknown nodes. The

NSGA-II multi-objective optimization (optimizer model) and slope matrix method analysis (hydraulic
analyzer model) codes were prepared in the VB programming environment and linked to each other.

3. Results
Interruption in higher zone reservoir operation

In this case, the issue is this area whether or not possible to get service from the lower zone reservoir.
If the answer is positive, where should the two lower and higher zones be connected to each other and
what should be the specifications of the connecting pipe. It was indicated, if a pipe with 10 m length
connects node 12 of the higher zone to node 41 of the lower zone, nodes 13 and 12 of higher zone have
absolutely no discharge output. Also, nodes 14 and 39 have a water pressure head less than 10 m. In
general, more than 11 nodes will have a pressure head less than 20 m or the minimum required pressure
for full satisfaction. In this condition, at the time of maximum consumption, 65.8% of network nodes
have optimal pressure between 20 and 70 m, and 3.5% suffer lack of water.

Interruption in lower zone reservoir operation

In this situation, the total flow required by the system must be provided through the higher zone
reservoir. Due to topography condition, it is necessary to use PRV. Therefore, we should determine the
best output pressure from the PRV installed on the output pipe from the reservoir during 24 hours, so
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that the sum of excess pressure from the allowable maximum pressure as an objective function and also
the sum of pressure deficit from the allowable minimum pressure as the second objective function
should be minimized.

By defining a node numbered 41 on pipe 1 at the closest location to node 4, the main connection between
the higher zone and the lower zone was conducted. The model was implemented with different
diameters for the connecting pipe between node 4 and node 41. The results showed that the diameter of
the connecting pipe is the second important place. What is most important and has the first priority is
the optimal output pressure from PRV. Figure 2 shows the calculated piezometric head immediately
after the PRV for different options. The PRV should break the pressure 8.89 m (766-757.11) and 22.38
m (766-743.62) at the time of maximum and minimum consumption, respectively.
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Figure 2. Variations of output pressure from the PRV (HGL) in different options and variation of
consumption pattern

The minimum pressure in the critical node 37 for the diameter of the connecting pipe 76.6, 102.2 and
170.2 mm are equivalent to 17.12, 14.60 and 13.85 m, respectively. Finally, because of flow velocity
and operational reasons, the diameter of 170.2 mm for the connecting pipe was chosen.

4.  Discussion and Conclusion

When a problem occurs in one of the reservoirs of the WDN, the emergency connection between the
pressure zones of the network can be used. Connecting the pressure zones will decrease or increase the
pressure in some consumption nodes and cause dissatisfaction. Therefore, in order to determine the
most suitable places to connect the two zones and also to determine the command curve of the PRV on
the outlet pipe of the higher zone reservoir, analysis and optimization studies are necessary. For this
purpose, a computer model was prepared, which was used to optimize the control curve of the pressure
relief valve with the help of the NSGA-1I method, and to analyze the WDN of the city of Ezgele with
the matrix method of the slope method. The results showed that when the reservoir of the higher zone
is taken out of service, connection of the lower zone to the higher zone at the time of maximum
consumption, the nodes number 13 and 37 of the higher zone absolutely face a complete water amended
and also more than 11 consumption nodes, have lower pressure than 20 meters. In this case, at the time
of minimum consumption, it is possible to supply water to all points of the network (even in some places
with minimum water pressure).

For the case of lower zone reservoir flow cutoff, the connection between node number 12 of the higher
zone and node 41 of the lower zone was selected as the optimal option and the command curve of the
piezometric head output from the PRV was presented during 24 hours. The pressure of the critical node
i.e. node number 37 was calculated as equal to 12.6 meters in this case, except for this point, according
to the command curve provided for the PRV, there is no problem at any point of the network.
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Optimal Pressure Management of Drinking Water Distribution Network of
Ezgele City with Emergency Connection between Pressure Zones Using
NSGA-II

Rasool Ghobadian'*, Kamran Mohammadi?

Abstract

The occurrence of hydraulic problems during the repair of reservoirs in water distribution networks
(WDN) is inevitable. In such cases, one of the reliable methods for water supply is emergency
connection between pressure zones. However, the original design based on separated zone, loses its
effectiveness and in some places, the WDN will face to increase and decrease in allowable pressure and
even flow interruption. Therefore, in this study, the network analysis and determination of optimal 24-
hour rule curve of pressure reduce valve (PRV) during an emergency connection between pressure
zones, has been taken to reduce hydraulic difficulties. First, a computer model based on VB
programming language was developed in which the network is analyzed by using slope matrix method.
By linking mentioned model with the code that prepared for optimization by NSGA-II, the optimal rule
curve of PRV in Ezgele WDN was determined. The results showed that in the case which lower zone
reservoir become out of service and connecting node 12 of the higher zone with node 41 of the lower
zone, it is necessary to install a pressure reduce valve on the outlet pipe of the higher reservoir. The
optimal rule curve which was calculated during the day showed that the operating range of the pressure
reduce valve is between 8 and 25 meters. The results also showed that when the higher zone reservoir
is out of service during the maximum consumption, despite the connection between two zones, nodes
13 and 37 faces to absolute flow interruption and about 28% of the network suffers from pressure
deficiencies in comparison to minimum allowable pressure.

Keywords: Drinking water distribution network, Emergency connection of zones,
NSGA-II, rule curve, Pressure Reduce Valve.
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