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ABSTRACT

The water distribution system (WDS) of Padua, Italy, is a complex network of 1,246 km of pipes. In order to control
and improve the efficiency of such a system, recently, AcegasApsAmga, the Padua water utility company, started
monitoring transients. A preliminary analysis of the available pressure measurements provided by the existing
remote-control system has been executed. These measurements, with a time step of 15 minutes, allows pointing
out the most critical areas of the WDS, i.e., the ones exposed to the most severe pressure variations.
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1 INTRODUCTION

In Italy and worldwide, Water Distribution Systems (WDSs) are affected by several deficiencies leading to low
level of service both from a quantitative and qualitative point of view. Particularly, in Italy WDSs are quite aged,
with a very high average level of water leakage — approximately 41.9% of input water volume being dispersed
(ARERA, 2017). Transients are one of the key loads that act on the WDSs and contribute to the occurrence of
leaks (e.g., Karney and Mc Innis, 1990). They are not only caused by an accidental pipe rupture due to external
forces or power failure in a pumping station, but also by the normal variation in the drinking water demand
patterns that trigger pump operations and valve manipulations (e.g., Marsili et al., 2020). In this paper, low-
frequency pressure measurements, acquired by the manager in the network of Padua (ltaly) within the remote-
control system, are used to locate the areas of the network mainly exposed to the most severe pressure
variations. Based on this preliminary study, it is possible to make decisions on where to put high-frequency
mobile dataloggers to monitor transients in the system.

2 MATERIALS AND METHODS

The WDS of Padua, managed by AcegasApsAmga (Hera Group), has a total length of 1,246 km, five pumping
stations with surge tanks and six storage tanks, with a total number of consumers of 290,000. The pipe diameter
ranges from DN700 to DN50 (indicated with different colors and thickness in Figure 1), whereas material differs
between steel, asbestos cement and polyethylene. The supply system has three transmission mains: a free
surface concrete channel installed in 1890, a DN900 diameter concrete main, installed in 1958, and a steel line
with a diameter DN1300, installed in 2000. All these mains convey water to three main pumping stations:
Brentelle, Monta and Codalunga (Figure 1). From 2009, Padua WDS is divided into a series of District Metered
Areas (DMAs), in order to keep the water loss level monitored and under control, and reduce the water pressure
when consumptions are low. For this reason, the WDS has several permanent pressure measurement sections,
indicated by white labels in Figure 1, with a time step of 15 min. In accordance to previous research in this area
(e.g., Rathnayaka et al., 2016), the minimum acceptable value of the frequency acquisition is 20 Hz, much larger
than that of the remote-control system. As a consequence, to measure pressure transients in the network
properly and then to understand and localize their causes, a synchronized acquisition of pressure at high-
frequency in some sections of the WDS is necessary. However, in this paper, the available low frequency data
are preliminary analysed in details to guide and orient the main objective of the study: to measure the magnitude
of pressure transients that occur in the Padua WDS due to various operational scenarios and understand the
dynamics of the system.
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Figure 1. The west part of the Padua WDS with the pumping stations and the pressure measurement sections
highlighted.
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3 RESULTS

As an example, Figure 2a shows the pressure signals acquired on a normal (i.e., with no uncommon maneuvers
executed) midweek day (July 15 2020) by the remote-control pressure sensors highlighted in Figure 1. The
behavior of all the acquired pressure signals is extremely similar, with a maximum pressure value at about 7:15
and a minimum value at 14:30, even if they happen in very different pipe sections in an area of about 3 x 4 km.
The histogram analysis of the pressure variations provides some insight into transient behavior in these sites,
as reported in Figure 2b. The most severe pressure variations happen at the following sites: P036, P037, P058,
P175, P193. Specifically, the measurement section P175 is located immediately downstream of the Brentelle
pumping station in a steel DN700 pipe. Equivalently, sections P058, P193 (in two steel DN600 pipes), and P037
(in a HDPE DN315 pipe), are located downstream of the Monta pumping station. In addition, the P036 point
shows quite large and stable pressure fluctuations, even if it is located in a residential area in a small plastic
pipe (HDPE, DN160). Accordingly, such an area should be analyzed in a deeper detail.

As expected, the preliminary analysis of the low-frequency pressure measurements confirms that high-
frequency measurements are needed to better understand the transient response of the systems. Moreover,
they point out in which sites the high-frequency mobile data loggers should be preferably installed.

35 T T T 25— -
a) b)

I P036
I P037
P038

P058

=AY | POS9
P060
175
. P178
- P179
P189

P193

| | — 194
/ T\ A N A A pP222
~ MU A VIS - P223
M/ N\ P237

[}
S
T

pressure signal, p(m)

n
o
T

pressure variation, Ap (m)

20 I I I 0 |
0 6 18 24 80 85 90 95

time,zt(h) number of occurences

Figure 2. Pressure signals and histograms of head change rates for the measurement sections indicated in
Figure 1.
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