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The relationships between pressure and bursts – a ‘state-of-the-art’ update
* Pressure management has been used to control ;osses from supply networks for many years, but now research is taking this further to explore how the frequency of bursts changes with pressure. ALLAN LAMBERT and JULIAN THORNTON report on recent work of the Pressure Management Team of the IWA Water Loss Specialist Group (WLSG)
The proven benefits of pressure management have now moved beyond simple leakage control, in the UK and Japan thirty years ago, to include water conservation (Lambert and Thornton 2005) and aspects of Asset Management (Thornton and Lambert 2006, Lambert and Fantozzi 2010).
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This article reviews aspects of pressure: bursts relationships that are currently being considered and researched by the authors for the report of the Pressure Management Team, due to be presented at Water Loss 2012 in Manila. 
Terminology
The terminology in this area includes, for example, ‘breaks’, ‘bursts’ and ‘leaks’. These have different local interpretations between countries and utilities. This article focuses on the relationship between pressure and bursts, and for the purposes of this article burst are defined as detectable failures on pipes, joints and valves which cause loss of significant volumes of water from mains and services, leading to relatively costly repairs or replacements. This means leaks at hydrants and meters/stop taps should be analysed separately.

There are also other terms used when describing networks: PMZ (Pressure Managed Zone), PMA (Pressure Managed Area) and District Metered Area (DMA). These tend to be used interchangeably, perhaps because many district metered areas also have pressure management facilities. 

PMZs and PMAs can be considered as interchangeable terms. However, reasons for establishing these and DMAs can differ, as can the design criteria and sizing. In this article, the term PMZ is used, rather than PMA, to describe zones subject to active pressure management (most of which also have metered inflows). DMAs are districts where inflows are measured for active leakage control purposes, but without active pressure management.  

Prediction and Analysis of Pressure:Bursts Relationships

Prediction methods are required to estimate the reduction in bursts that would occur if a PMZ was established and maximum pressures (due to static and/or transient pressures) were reduced. 

Analysis methods are required for two purposes:

· to improve prediction methods, for better PMZ selection and benefit calculations

· to check if predicted benefits (both reduction of burst numbers and duration of reductions) were achieved after the PMZ was set up. 

For analysis, it must be remembered that in most Utilities, bursts are recorded at the date of repair, which is not necessarily the date when the burst occurred. Time-lags between the two are longer for unreported bursts than for reported bursts.
State of the Art of Prediction Methods 

The practical approaches for predicting changes in burst frequencies on mains and services (Water 21, Dec 2006) appear to have encouraged many Utilities to successfully implement pressure management programs to reduce burst frequencies. 

The 2006 prediction method was based on comparisons of recorded % reductions in mains and service bursts, with % reductions in maximum pressure PMax, for 112 Pressure Managed Zones (PMZ) in 12 countries. 

The basic prediction equation is:
                 % reduction in bursts = A* x % reduction in Pmax.

where A has an average value of 1.4, but can vary from close to zero to around 3.0 in individual schemes. There appears to be no obvious difference between the general relationship for mains, and the relationship for service connections (Figure 1). 
Figure 1: % burst reduction vs. % Pmax reduction, for 112 PMZs in 12 countries
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Source: Thornton & Lambert, 2006
[Note: in the February 2012 paper by Lambert and Thornton on this topic, ‘A’ has been replaced by ‘S’ to represent the slope of the line(s) in Figure 1.]

Further analyses of recent mains and services burst data from 60 PMZs in Australian cities (Lambert et al, 2010) and 180 PMZs in Brazilian cities (SABESP 2007) have confirmed these general relationships for Zones with relatively high initial burst frequencies.  

When making such predictions, the following guidelines are relevant:

· monthly and annual burst numbers and frequencies for at least 3 years are needed, for mains and services separately

· moving averages (3 and 12 months) help to reduce statistical ‘noise’ in the data 

· Pmax should be the maximum static pressure at the Average Zone Point, plus any pressure transients
The 2006 Water 21 article also provided a basic conceptual explanation of why burst frequencies change seasonally and from year to year, and why pressure management sometimes produces large reductions in burst frequency in one system, but not in another (Figure 2); or (within the same PMZ) in mains but not services, or services but not mains, or both mains and services, or neither mains nor services.

Figure 2: Initial (2006) conceptual explanation of how burst frequencies with pressure
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Source: Thornton & Lambert, 2006
A Burst Frequency Index – the ratio of the actual burst frequency before pressure management, to an assumed base level frequency - has been successfully used to rapidly identify Zones that are expected to have significant reductions in burst frequencies after pressure management, and those that will not – with separate predictions for mains and services. Base level frequencies used to date are those in the Unavoidable Annual Real Losses (UARL) equation, as follows:

· Mains: 13 bursts per 100 km of mains per year

· Service Connections, main to property line: 3 bursts per 1000 service cons/year

· Service Connections, property line to meter: 13 per 100 km of service pipe/year 

Recent research into the influence of pressure on natural seasonal and annual variations of burst frequency suggests that the basic conceptual relationship between pressure and burst frequency shown in Figure 2 needs to be reviewed and improved. 
Further improvements in prediction methods, taking into account seasonal variations and differences in pipe materials, are being developed and tested based upon good quality data using the analysis methods outlined below. 
State of the Art of Analysis Methods 

Burst frequency can vary seasonally and from year to year, even when system pressure is unchanged. These changes generally occur alongside climatic influences (low or high air or water temperatures, or changes in soil moisture causing ground movement, for example). The first step in ‘before’ and ‘after’ analysis of bursts in a PMZ is to consider when the PMZ was established in relation to the natural seasonal variation of burst frequency within the Utility.
Figure 3 shows variations in monthly mains burst frequency for a large Utility, and the dates when some PMZs were established. Clearly, the recorded reductions in bursts from the first PMZ would be increased by the seasonal influences, so Control Areas are needed to assist in data interpretation. Selection of appropriate Control Areas and statistical methods for tracking the ongoing reduction of both the numbers of bursts, and the number of years for which they are being sustained, are current research topics.
Figure 3: Monthly Mains Burst Frequencies for a large Utility
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Further insights for pressure-bursts relationships for individual pipe materials are being gained by analysis of large PMZs with initial high burst numbers and burst frequencies, with predominant type of pipe material. In the PMZ in Figure 4, pressure management reduced both average burst frequency and seasonal range – so seasonal range of burst frequency was partly pressure-dependent for this material and type of failure (lateral split)  However, this is not necessarily the case for all pipe materials and types of failure; ring cracks in small diameter Cast Iron and AC mains are currently being investigated. 

Figure 4: Average burst frequency & seasonal range before and after PMZ
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Concluding Comments
Pressure management to reduce burst frequencies on mains and services has become increasingly and successfully practised internationally, in the past few years.

The simple 2006 prediction method (% reduction in bursts = 1.4 x % reduction in Pmax) appears to work quite reliably for groups of Zones with high burst frequencies. 

However, the conceptual explanation of how burst frequencies change with pressure now needs to be reviewed and improved. 
For analysis and interpretation of results, basic plots of variability in monthly frequency of mains bursts, and service bursts, can offer rapid and interesting insights, and may indicate a need for use of Control Zones for interpreting reductions in bursts. Research into seasonal variations in burst frequency and pressure-dependency of different pipe materials and types of failures is proceeding.
The authors welcome feedback from readers of this article which may help the work of the WLSG Pressure Management Team.  
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