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Introduction 

Various actions can be implemented to reduce water losses (Farley et al., 2008; Hamilton 
and Charamboulos, 2013). To help decision makers select the most relevant, INRAE 
(French public research institute), Veolia and Vedif (Water networks operators) worked 
together to study the effectiveness of water loss reduction measures. As part of this study, 
a method for predicting the impact of pipe replacement on water losses levels was 
developed and applied to the “Eaux De Loire” Water Supply System (EDL WSS). 

Method 

The method is based on the cross-referencing of three data sources: Infrastructure asset 
information (GIS, description of pipe sections); maintenance recordings (repairs and 
replacements); and Supervisory Control And Data Acquisition (continuous measurement 
of flows at DMA level). A first phase of cleaning and completion of the flow data, which is 
based on statistical processing, makes it possible to build, at DMA level, a continuous 
chronicle of night flows (in practice, its moving average over seven days, (Figure 1). 

 

Figure 1 Analysis of night flows, repairs and replacement at DMA level (example) 

By combining this chronicle with that of repairs and replacements (pipes and service 
connections), with a limited number of assumptions, it is possible to associate each event 
with the volume lost before it occurs: V4, detectable leaks volume associated with repairs 
and V2, background leakage volume associated with replacements. The values thus 
obtained make it possible to determine average volumes of losses by pipe category 
(depending on material and diameter). These average values, combined with a forecast of 
future breaks, are used to predict the impact of pipes and service connections 
replacements on volumes of water losses in a DMA. 
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Results 

The method previously presented was applied over the period 2008-2015 to 30 DMAs of 
the EDL WSS (713 kilometers of pipes which represents 20% of the total network length). 
The study of the 524 repairs identified allowed highlighting the influences of support (pipe 
or service connection), material and diameter on the average volumes of losses due to 
detected leaks (Table 1). 

Table 1 Average volumes of losses associated with repairs 

Support Material Diameter Number Duration (d) Flow (mᶟ/d) Volume (mᶟ) 

Pipe 

PVC 
< 80 mm 82                159                18.6              1,141   

≥ 80 mm 40                141                14.9              1,366   

Cast Iron 
< 80 mm 56                159                20.4              1,506   

≥ 80 mm 58                166                30.4              1,871   

Other All 14                128                  4.7              1,067   

Connection All All 274                186                  9.0              1,173   

 
Regarding pipe replacements, given their low number, the large uncertainties on works 

dates and the lack of information on the replaced pipes, it was not possible to associate 
them with reliable background leakage volumes. 

Mains and service connections breaks have been forecasted throughout the EDL WSS 
territory using the "Casses software" developed by INRAE (Renaud et al., 2012). The 
models, based on the chronicle of repairs that occurred between 2009 and 2015, show 
that past breaks, length, diameter, material and installation period have a significant 
impact on the failure risk. Coupling the forecasts made over the 2018-2022 period with the 
average lost volumes per event (Table 1), the average annual volume of leaks detected is 
estimated at 510,000 m3, ie, for 3,400 km of pipelines, approximately 0.4 m3/km/d. Given 
a global linear loss index measured in 2015 close to 1 m3/km/d, this leads to estimate the 
level of background and undetected leaks to be 0.6 m3/km/d. 

By sorting the pipe sections by decreasing risk of leakage (expressed in cubic meter 
per kilometer and per year), it seems that the most critical 1% of the network (in length) is 
made up of 99% of cast iron pipes whereas this material represents less than 16% of the 
total length of the network. 

Conclusion and perspectives 

The method developed as part of the INRAE / Veolia / Vedif collaboration, applied to the 
EDL WSS, has made it possible to build a renewal program that maximizes the reduction 
of detectable leaks. 

By capitalizing the information associated with pipes and service connections 
replacement, this method should make it possible to integrate the objective of reducing 
background leakage volumes as decision criteria for pipes and service connections 
renewal. 
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