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ABSTRACT
While extreme pressure transients are widely understood, moderate and frequent transients are not
frequently studied. This paper reports on field results from the Central Business District (CBD) of
Adelaide, South Australia, which show that moderate transients are caused by regular and semiregular events. The results are analysed to assess the range of influence (and impact) of these
events and are also compared to the results from transient hydraulic models. The use of the model
predictions, with relative adjustment for measured damping, can be used to estimate the number of
events that could be detected based on the number of time-synchronised high frequency loggers and
their location.
Keywords: Transient Impact, Field Data, Pipe Water Networks

1

INTRODUCTION

The fact that extreme pressure transient events can damage pipe assets has been well acknowledged
[1], but research on the impact of moderate and repeated transients on pipeline networks is limited.
This is because it has been assumed that these transients are infrequent. In addition, there has been a
lack of high frequency pressure data and a lack of collated evidence of pipe failure mechanisms
related to repeated transient pressures [2]. Pressure transients can result in the failure of weakened
pipes in the short term, but, when repeated, can also contribute to the long term process of
weakening pipes [2,3,4]. Indeed, a comparison of the level of transient pressure activity and pipe
failures undertaken for a case study area encompassing 48 district metered areas in the UK showed
an increase in the failure rates of cast iron pipes when exposed to higher ranges of transient pressure
variations [2].
Time-synchronised high-frequency acquisition systems for the collection of transient pressure data
have been deployed in laboratory and field research settings [2,3,4]. Commercially available
platforms are now being used by some water utilities as part of instrumentation of systems to reduce
pipe bursts and impacts on customers (e.g. the Smart Networks project [5]). High-frequency
transient pressure data obtained in the field at typically 100-200 Hz has revealed that there are many
more repeated transients occurring in the instrumented pipeline networks than expected by water
utilities [2,4], with the potential for having significant short and long term impacts on pipes.
Following on from this, systems for characterising and quantifying the effect of recorded pressure
transient events, ready for inclusion in statistical models for pipe failures, have been developed [4].
This paper reports results from time-synchronised high-frequency transient pressure data measured
from the water pipe network in the Central Business District (CBD) of Adelaide, South Australia.
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The results are analysed to assess the range of influence (and impact) of moderate-sized and shortduration transients using transient hydraulic models. This is an extension to the consideration of the
impact of pressure transients identified in the literature to date. Furthermore, the responses of the
pipe network to a controlled input event and an uncontrolled customer event are analysed to
confirm the range of transient influence (propagation) and the sensitivity of transient event
detection to the number and topological distribution of high-frequency pressure measurement
locations.

2

METHODS

In order to use the results from a transient hydraulic model to assess the influence (and impact) of
moderate-sized and short-duration transients, these results need to be compared and validated
against the real network behaviour. Numerical comparisons can then be used to assess the impact of
the network damping on the number of events that can be detected. The characteristics of the
system and of the hydraulic models are given in the subsection below.

2.1

Network Description

The Adelaide CBD water pipe network is a gravity system comprising approximately 125 km of
predominantly cast iron pipe of less than 250 mm diameter with extensive cross-connections of the
pipes on a regular grid pattern (over an area equal to about 2.5 km x 1.8 km). Twenty (20) timesynchronised high frequency pressure loggers (supplied by Visenti Pty Ltd, Singapore) have been
deployed across the network, as shown in Figure 1(a), and pressure data has been continuously
recorded at 128 Hz since December 2016. A significant number of moderate-sized (typically >10 m
and <25 m), short-duration (in seconds), and repeated pressure transients from building water
service operations (daily), fire system operations (semi-regular weekly or monthly tests) and burst
events have been recorded in a 6 month period to June 2017.

Figure 1. (a) Adelaide CBD water pipe network and high frequency pressure logger locations and
(b) Maximum pressure difference (ΔH) of each simulated valve opening.
Transient hydraulic computer simulation models have been developed for the CBD network (using
both commercial [6] and in-house customised software) as a tool for gaining insight into and
corroboration of the relative impacts of the field measured transients. These tools have also been
used to assess the number of pressure loggers required to detect the measured transients as well as
the influence of their spatial deployment. The transient hydraulic models have not been skeletonised

CCWI 2017 – Computing and Control for the Water Industry

Sheffield 5th - 7th September 2017

across the Adelaide CBD area, but pipes outside of the CBD area with diameters less than 150 mm
have been removed. Physical boundary tanks, with measured levels, and connecting pipes have
been retained in the model.
Numerical tests with these models confirmed that, for the moderate-sized and short-duration
transients observed in the Adelaide CBD, there was insignificant (<0.1 m maximum) variation in
the transient pressure outside the Adelaide CBD. This was due to the size and duration of the
transient events as well as the extensive cross-connections of the pipes on a regular grid pattern
throughout the city. Therefore, the use of transient influence zone (TIZ) models to enable the
decomposition and efficient analysis of larger water distribution networks [7] has not been required
in the case of the Adelaide CBD system. It is noted that the concept of a TIZ is distinct from the
range of influence of moderate-sized and short-duration transients, in terms of physical pipe impact
and logger deployment.

2.2

Comparison of Field Events and Modelled Responses

Firstly, a controlled field event was generated in the network. In this case, the event was created
near Elizabeth St in the Adelaide CBD (near pressure logger locations 16, 17 and 18 as shown in
Figure 1(a) as a red dot). The input characteristics of this event were measured at its source using a
flowmeter and a separate pressure data acquisition system recording at 2 kHz. The event was
created by a rapid valve opening (achieved using an electrically actuated solenoid valve) with a
discharge of 20 L/s. The corresponding time for valve opening and pressure drop was determined
from the source pressure data as approximately 1.0 s. The measured flowrate and rate of valve
opening have been used in the transient hydraulic models.
The comparison of modelled and measured pressure responses is also undertaken by analysing an
uncontrolled event. This event is a customer event (semi-regular), which has been diagnosed based
on the measurements from the pressure logger at location 25 (and subsequently by physical
inspection). Note that the source of the event (shown in Figure 1(a) as a green dot) is within 15 m
from the logger. The input characteristics for this event were therefore taken as approximately the
same as the measured pressure responses at logger location 25.

2.3

Threshold for Event Detection and Logger Placement

The comparison of the measured and modelled pressures from the previous cases is used to define a
damping ratio between the modelled pressure response and the pressure response of the real
network. This information may be used to assist in deciding the number and location of loggers
required to detect a minimum pressure variation threshold and number of transient events.
To illustrate this concept, 100 simulations for valve openings have been completed using the
hydraulic transient models. The discharge following the valve openings is set to 15 L/s (a value
representative of observed customer flows during potable and fire water operations). The time of
valve opening was set to 0.5 s which was also representative of observed customer equipment
operation. The results of these simulations have been used to determine the magnitude of the
predicted pressure responses and their frequency of occurrence.
Figure 1(b) show the location of the simulated events and the difference between the maximum
hydraulic gradeline (HGL) and the minimum HGL recorded during the simulation for the node
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where the event was generated. Depending on the location of the event generation, different
changes in pressure are predicted.
Using the results of the 100 simulations, two different configurations of the logger locations are
tested: one where there are only six loggers available and one in which there are 23 loggers
available (six loggers were chosen as it is the approximate number used for other utility trials across
a similar geographical city area and 23 because it is the ultimate number of loggers that will be
deployed for the Adelaide CBD pipe network). In both cases, the loggers have initially been
spatially distributed as uniformly as possible in the network. The actual distribution of the 20
loggers across the Adelaide CBD pipe network for the period between December 2016 and June
2017 is also assessed.
The data collected from the Adelaide CBD system shows a continuously varying spectrum of
customer induced transients in a range up to approximately 2-3 m. Therefore, the event detection
threshold of interest has been determined to be a pressure variation of 4 m. Furthermore, two
different criteria to assess if an event can be detected have also been used. In one case, an event is
detected (by at least one logger) if the difference between the maximum HGL and the minimum
HGL (ΔH) predicted by the model is larger than ΔHmin = 4 m. In the other case, taking into account
that, as it will be shown, the model has less pressure damping when compared to the actual system,
an event is detected if the ΔH estimated by the model is larger than ΔHmin = 10 m.

3

RESULTS

3.1

Comparison of Controlled Field Event and Modelled Responses

Figure 2(a) shows a comparison between the modelled and measured pressures at the closest three
logging stations (i.e., stations 18, 17, 16, in order of closeness to the source event in terms of pipe
topology) around the event location for the 20 L/s controlled event. Figure 2(b) shows the same
comparison with normalised pressures (i.e. the change in pressure head from the steady state
pressure head divided by the initial pressure head drop at the measurement locations estimated by
the model) in order to visualise the differences between the actual response and the model response
without the bias due to the different magnitudes of pressure heads.

Figure 2. Comparison of measured and modelled transient responses at different locations for a
valve opening discharging 20 L/s: (a) pressure head, (b) normalised pressure head.
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The responses show variations in the transmission of transients to each logging station that will be
discussed further below. The comparison also shows that the modelled (predicted) pressure
variations are significantly greater than the measured pressure variations (in the order of 2.5 times
greater). This result is broadly consistent with a number of studies of measured transients in which
dampening and dispersive effects due to any one or a combination of air, pipe material type,
demands, unsteady friction, wave speed estimation, mechanical damping losses and network
dissipation have been noted [2,8,9,10]. Nevertheless, the relative range of influence of pressure
variations is still determinable despite the damping and dispersion of the measured transients.
Figure 3 shows a comparison between the ‘relative modelled and measured pressures’ at six logging
stations around the controlled event location (i.e., stations 11, 16, 17, 18, 22 and 28) for the 20 L/s
controlled event. ‘Relative modelled pressures’ are calculated by dividing the modelled pressure
changes by the maximum pressure drop (at the event source) in output from the model. This
basically represents the percentage of the transient that is transmitted at a certain point (in space and
time) in the system. Similarly, ‘relative measured pressures’ are calculated by dividing the
measured pressure changes by the maximum measured pressure drop at the event source (measured
using the separate pressure data acquisition system recording at 2 kHz).

Figure 3. Comparison of (a) modelled relative pressure and (b) measured relative pressure at
different measurement stations for a valve opening that discharges 20 L/s.
The results confirm that the predicted influence of the event varies significantly for different areas
in the network. Figure 3(a) shows the relative modelled pressures: as expected, the closest logging
stations (16, 17 and 18) exhibit a more significant response than the further logging stations (11, 22
and 28). Figure 3(b) shows the relative measured pressures with the same relative orders as for
Figure 3(a). The results confirm that the measured influence of the event varies significantly and
that the relative variations between loggers are similar to those obtained numerically, even though
the relative measured pressures are significantly less than the predicted pressures. Note that the
vertical scales of Figures 3 (a) and (b) are different to enable better visualisation of the results.
The range of influence of the modelled pressure transient can be visualised using thematic maps of
the Adelaide CBD pipe network: for example, Figure 4(a) shows the minimum hydraulic head
(Hmin) reached by each node during the simulation of the event. Note that it has been chosen to
present the hydraulic head (the sum of elevation and pressure heads) instead of the pressure head
alone in order to avoid misleading results due to the differences in node elevations. Given that the
steady state hydraulic head in the whole CBD is about 104 m, Figure 4(a) clearly shows that logger
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17 followed by loggers 18 and then 16 would experience a larger pressure variation. The next most
distant loggers (in terms of pipe topology) are 22, 11 and 28 with the event having a weaker
influence at these locations. The relative modelled and measured pressures can be used to determine
an impact ratio for the controlled event at each of the logger stations [where the impact ratio is the
ratio between the first pressure trough, either modelled or measured, at the logger stations and the
first pressure trough at the source, as shown in Figure 4(b)]. The impact ratio quantifies the range of
influence of the modelled and measured presure transients across the Adelaide CBD pipe network.

Figure 4. (a) Minimum hydraulic head for the simulated opening at Elizabeth St (red circle)
discharging 20 L/s and (b) impact ratio versus logger location for this event.

3.2

Comparison of Uncontrolled Field Event and Modelled Responses

Figure 5(a) shows a comparison between the modelled and measured pressures at the closest three
logging stations around the customer location (i.e., stations 25, 29, 11) for the uncontrolled event.
The comparison shows that the modelled (predicted) pressure variations are greater than the
measured pressure variations (but to a lesser degree than for the Elizabeth St controlled event
because the three nearest loggers are located relatively closer to the uncontrolled source event).
Other loggers that were analysed, including loggers 16, 17, 18, 22, 26 and 28, were relatively more
distant and exhibited a difference between modelled and measured pressure variations similar to
those obtained for the Elizabeth St controlled event.

Figure 5. (a) Pressures modelled vs measured and (b) modelled and measured relative pressures
for loggers 25, 29 and 11.
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Figure 5(b) shows a comparison between the modelled and measured relative pressures at the
closest three (out of nine) logging stations around the uncontrolled event location. The closest
logging stations 25, 29 and 11 (in order of closeness to the source event in terms of pipe topology)
exhibit the most significant responses. The furthest stations exhibit less significant responses [refer
to the impact ratio plot in Figure 6(b)].
As previously, the range of influence of the modelled pressure transient can be visualised using a
thematic map showing the minimum hydraulic head (H min) [Figure 6(a)]. It can be infererred that the
pressure drop associated with the uncontrolled event is greatest for logger 25 (nearly at source)
followed by loggers 11 and then 29. The next most distant loggers (in terms of pipe topology) are
28, 26 and 18 with the event having a weaker influence at these locations. The furthest loggers
assessed are 17, 16 and 22 with the event having the weakest influence. The modelled and measured
relative pressures can be used to determine an impact ratio for the uncontrolled event at each of the
logger stations for each first pressure trough as shown in Figure 6(b).

Figure 6. (a) Minimum hydraulic head for the simulated opening (customer activity) near logger
station 25 and (b) impact ratio versus logger location for this event.

3.3

Using the Model Response to Assess Logger Placement

As the average observed damping of the measured responses [the ratio of the modelled impact
ratios versus the measured impact ratios shown in Figure 4(b) for the controlled event conducted on
Elizabeth St] has been defined, it is possible to use the model to estimate which and how many
events would be detected. As described in the section 2.3, the event detection threshold of interest is
a pressure variation of 4 m. Therefore, a scaled threshold equal to 10 m for the model results
(corresponding to 2.5 times the 4 m threshold of interest) has been tested.
Table 1 shows how many events (out of the 100 simulations) could be detected in cases where an
unscaled threshold (ΔHmin = 4 m) and a scaled threshold (ΔHmin = 10 m) are used. As expected, less
events are detected when the minimum number of sensors is available and when a larger threshold
ΔHmin is applied. Thus, it is important to account for measured damping rates when assessing the
number of loggers to be installed in the system. Further analysis is required to assess how the
different magnitude of the events generated, the location of the sensors and the threshold used
influence the number of events detected.
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Table 1. Number of simulated events (out of 100 valve openings) detected for the different number
of loggers (nLog) and minimum threshold on the change in pressure for detection (ΔHmin).
nLog
6 (uniform) 23 (uniform) 20 (actual)
Case
82
88
85
ΔHmin = 4 m
ΔHmin = 10 m (taking into account damping)

4

54

69

58

CONCLUSIONS

The above investigation and analysis has added to the understanding of the range of moderate-sized
and short-duration transients in the Adelaide CBD pipe network. These types of customer activity
induced transients are much more common than anticipated and their relative range of influence
and/or impact can be assessed, using hydraulic transient models, in terms of the extent of network
affected by, and magnitude of, pressure variations. The model predictions are consistent (to some
extent) with the measured behaviour, allowing the relative range of influence predicted by the
models to be confirmed and scaled to approximately allow for network damping behaviour. Further
work to calibrate the model is required. The identification of the extent of network affected by, and
magnitude of, pressure variations can be used when transient response information is characterised
and quantified before inclusion in statistical models for pipe failures. Furthermore, the use of the
model predictions, with relative adjustment for measured damping, is important in estimating the
performance of different numbers of time-synchronised high frequency loggers and their location.
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