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Abstract: Deciding on the level of model complexity is one of the first decisions that has to be made
before engaging in the creation of a functional hydraulic model of a municipal water supply system.
There are a number of influencing factors such as time needed to simulate the network, time needed
to create such model and ease of use. The aim of this work is to prove that level of detail has influence
on parameters such as pressure at measurement points, spread of flow speed and flow volume
at different parts of mains. The Voronoi polygon method is one of the basic demand allocation
methods, which, in the event of a different number of junctions depending on model complexity, has
to generate a varying number of polygons of different sizes used to aggregate the demands.
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1. Introduction

In modern-day Poland, there is an ever growing problem of drinkable water scarcity
due to problem of very low water retention. This is caused by many years of neglect
concerning water management. The situation began to change due to Poland joining
the European Union, which forced the introduction of many changes, including water
management, among others. New laws and state organizations have been created to reduce
water losses and improve the quality of water supply systems throughout the country.
One of such laws is Water Law Act, on the basis of which in the year 2017 the Polish
Waters organization was established. The task of this organization is to lead to better water
management in the country. Due to new laws and the Polish Water organization, water
companies have been obliged to limit water losses. One of most important tools to such an
endeavor is the mathematical hydraulic model. Nowadays, such models are implemented
in geographical information system. Such an approach allows the creation of a powerful
tool by which the user can manage, control and optimize the work of a municipal water
system with ease [1].

One of first steps in the creation of a hydraulic model is deciding on model complexity.
The level of detail has an influence on a number of factors such as time needed to simulate
the network, time needed to create such model and ease of use [2]. The aim of this work
was to compare two models with different levels of complexity of the same municipal
water supply system. Doing so will enable us to visualize differences in calculated pressure,
spread of flow speed and flow volume at different parts of the mains. A very important
element of the model work is assigning the water demand recorded at the end consumers
to specific nodes of the hydraulic model. One of the popular demand allocation methods is
the use of Voronoi polygons method [3,4]. They are created based on nodes of the hydraulic
model [5]. Hence, the complexity level used has a measurable impact on the location of
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water demands. This has a direct impact on the simulation results. Higher complexity
increases the difficulty level of detecting faults in water supply systems [6].

2. Methodology

To conduct the study, two hydraulic models of different levels of detail were created.
Their geometry was created in the QGis application, which is open-source geographical
information software. Then, the geometry was exported to the simulation software. The
existing water supply network of a city in Podlasie Voivodeship was chosen as the basis
for the creation of both models. The chosen city was inhabited by around 10,500 people in
the first half of 2010. The water network discussed supplies around 10,150 inhabitants. The
total length of said network is around 77 km long.

The total demands in both models, represented in Table 1, for simplicity, were deter-
mined on the basis of indicators that took into account the number of inhabitants and type
of buildings.

Table 1. Total demands and their types used in both model variants.

Type of Demand Total Demand [CMH] Number of Demand Points

Single-family housing 1066.00 1923
Multi-family housing 249.98 58

Industry 240.04 1

2.1. Complex Model

The first model created includes all 77 km of the network. In total, it consists of
3736 junctions and 3792 pipes. The average pipe length in the model is equal to 20.44 m.
The total number of demands allocated through the network is 2192, and on average, each
node has 1.1 demands allocated. Voronoi polygons were generated on all 3736 junctions
making a mesh that enabled fast and decently accurate allocations of water demands.
Figure 1a shows the full range of the hydraulic model with all water supply connections,
thus allowing us to almost pinpoint the accuracy of demand allocation shown in green
diamonds in Figure 1b.
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Figure 1. (a) Full range of hydraulic model with applied Voronoi polygons; (b) section of hydraulic 
model with applied Voronoi polygons and end recipient location. 

Figure 1. (a) Full range of hydraulic model with applied Voronoi polygons; (b) section of hydraulic
model with applied Voronoi polygons and end recipient location.

2.2. Simplified Model

The second model created has a total geometrical length of around 30.2 km. In total,
it consists of 100 junctions and 136 pipes. The average pipe length is equal to 222.53 m.
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The average demands allocated to each node are equal to 22.12. Figure 2a shows the full
range of the hydraulic model with all water supply connections, thus allowing us to almost
pinpoint the accuracy of demand allocation shown in green diamonds in Figure 2b. It is
clear from Figure 2b that not every demand was allocated to the correct pipe.
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Figure 2. (a) Full range of hydraulic model with applied Voronoi polygons; (b) section of hydraulic
model with applied Voronoi polygons and end recipient location.

2.3. Comparative Points

In both models, there are 100 junctions in total that are located at identical coordinates,
thus enabling ease of comparison. There were a number of points on the peripheries of
the network chosen for pressure comparison. Other than the previously mentioned matter,
there were also a number of links chosen for comparison of flow volume and speed.

3. Conclusions

Demand allocation in hydraulic modeling can be complex task, but it can be made
simple by the use of proper tools. With the use of applications such as QG. the creation
of complex Voronoi diagrams is made easy and quick, but the effect on allocation varies
depending on the predetermined model complexity. The most important disparity in both
of the chosen model sizes is that the complex model offers high fidelity in demand allocation
to real water intake point, while the low complexity model offers lesser accuracy of such
allocation. Examples can be seen when, for example, Figures 1b and 2b are compared side
by side. It can be seen that demands allocated parallel to Białostocka street are allocated to
the wrong water main on the less complex model. Differences can also be seen in the other
model simulation results such as pressure, where the overall model pressure was lower in
the less complex model.

The comparison of flows in both models shows a higher flow resolution in the complex
model, which is logical effect of a higher number of nodes dividing the mains and a lower
number of demands per node, but the most important difference is that there is a difference
in the route that the water takes from the water treatment plant to the final intake point
between the two models. This is followed by different flow speeds and volumes.
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