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ABSTRACT

Hydraulic transients can be due to different causes, such as pump switchings, customer demand changes,
maneuvers on valves. They, in turn, may cause bursts and breaks in water supply systems. The Dorsale
transmission main (TMs) in the north east of Milan, Italy, has been monitored during the night at two measurement
sections with a high frequency rate, that allowed to detect transients with different characteristics. The data
presented in this paper show the importance of monitoring towards a better management of TMs in order to reduce
leakages and bursts.

Keywords: transients, monitoring, transmission mains, field tests, frequency rate.

1 INTRODUCTION

Hydraulic transients in water supply systems are an issue that in the last few years gained interest among water
utilities. In fact, they are a constant presence in networks — as a result of customer demands, pump switching
on and off, maneuvers on valves etc. (Meniconi et al., 2014; Mc Innis and Karney, 1995; Morris, 1967) — and
they may cause bursts and breaks in pipelines. Monitoring networks and detecting transients can lead to a
better management of the water supply systems and to a reduction of leakage and bursts, with a consequent
reduction of all the inconvenience related to such phenomena. One of the crucial features of monitoring with the
aim of detecting transients is the pressure acquisition rate (Rathnayaka et al., 2016), that must be high enough
to capture rapid pressure variations. Such a feature is not ensured by the remote-control systems that the
managers are equipped with.

In this paper, data from a field measurement campaign executed on the Dorsale transmission main (TM) in the
north east of Milan, Italy, managed by CAP Holding SpA, are presented. Such measurements have been carried
out during the night with an acquisition rate of 2048 Hz and reveal the presence of several transients.

2 FIELD MEASUREMENTS

The Dorsale TM connects the Pozzuolo Martesana well-field (WF) to a rising main (RM) that pumps water to a
reservoir. It mainly consists of cast iron pipes (alternated with relatively short iron pipes) of three different
nominal diameters: DN 800 for a length, L, of about 11666.08 m from the WF, DN 700 (L = 2571.67 m) and DN
600 (L = 1353.8 m), for a total length of about 15591.55 m. Between the WF and the RM there are seven active
branches and two inactive ones, consisting of pipes of different materials and diameters. The operating pressure
is between 8 and 10 bar, whereas the steady-state discharge is between 100 and 200 L/s. Two data-loggers
have been placed at the WF and at the RM, with an elevation of 125.5 m a.s.l. and 195.58 m a.s.l., respectively.
Such acquisition systems are equipped with a GPS antenna that allows the data synchronization even at several
kilometers of distance.

As an example, the pressure signal, H, acquired between midnight and 1 a.m. on December 5, 2019 at the two
measurement sections is shown in Fig. 1. It is evident the presence of several rapid pressure variations with a
significant magnitude, especially at the WF section. For example, it is worthy of note that at 00:23 only one of
the four pumps at the WF was operating and it has been switched off, generating a very large pressure variation
of about 42 m. Then, at about 00:28, one pump has been switched on again. It can be observed that the
magnitude of the other pressure oscillations registered at the WF section ranges between 15 and 20 m. On the
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contrary, at the RM section, the pressure variations are smaller (around 4-5 m), but more numerous with respect
to the WF section, and are characterized but a sort of periodicity. This is due to the fact that at RM four variable
speed pumps are installed and the inverter effect reflects on the pressure signal.
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Figure 1. Pressure signal, H (f), acquired at RM and WF sections between 00:00 and 01:00 a.m.

3 CONCLUSIONS

Data acquired synchronously with an acquisition rate of 2048 Hz at two measurement sections of the
Dorsale transmission main in the north east of Milan, Italy have been shown. Within one hour of acquisition
during the night, several transients have been detected and they can be distinguished in two types. On one
hand, few transients due to the pump switching on and off at the Pozzuolo Martesana well-field, with large
pressure variations (up to more than 40 m); on the other hand more numerous transients during the same
time period, but with smaller variations and a repeated pattern, associated to the effect of the inverter
installed at the rising main. Both types of transients can be potentially dangerous for the water system and
surely need to be investigated by means of more field measurements and data analyses. For the first type
of transients, further measurements in other sections would allow studying the propagation of the water
hammer phenomenon in the network. For the second type of transients, the next step is the monitoring of
stresses and strains over long periods of time in some critical points and their analysis by means of both
time- and frequency-domain tools.
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