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Control parameters If Pa > 80% Tqti+1 = 0.6 Tqti                                IAi+1 =40 
If Pa > 50% Tqti+1 = 0.75 Tqti                              IAi+1 =60 
If Pa > 20% Tqti+1 = 0.9 Tqti                                IAi+1 =80 
If Pa ≤ 20% Tqti+1 = 0.95 Tqti                              IAi+1=100 

Number of evaluations at each 
temperature (CDE3)  

IAi × Number of pipes in the network 

Stopping criteria Pa < 5% and 2 temperatures without solution improvement 
Table 1: Simulated annealing algorithm implementation 

2.1.3. Hydraulic Simulation Model 
At the MNF, water demand is very low and is less uncertain. The WDN hydraulic behaviour is 

studied assuming steady state conditions. The energy and continuity equations are solved by the 
Newton-Raphson method. The node equations implicitly ensure the continuity and the energy laws. 
The head losses were estimated using the Hazen- Williams formula (equation 2): 
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The methodology described was implemented as a computer application. The WDN is represented 
by a calibrated model. A local campaign was organized to collect the relevant data. The methodology 
uses data occurred during the MNF period. 

The final results of the methodology highlight the leaky pipes and estimate their leakage flows. 

3 Case Study 
The real WDN has one tank (66.0 m). This WDN supplies water to about 3,100 inhabitants. The 

network has 150 junction nodes and 160 pipes. The total length of the network is near 20 km, with 
topographic elevations of nodes between 3.9 m and 45.5 m. During a week, four pressure sensors (PS) 
were installed in the network; the tank flow was monitored as well as the tank water level. 

The tank guaranteed the MNF of 2.2 L/s and the peak flow of 13.65 L/s. 
The actual number of leaks is unknown. So it was assumed that the total leak flow could be 

allocated to ten different locations. With this high number of possible locations, the methodology is 
free to search for the correct number of leaks and respective flows.  

Figure 1 presents the WDN with the location of pressure sensors. 
For different nights or hours, with slightly different MNFs, the methodology identified repeatedly 

the same pipes as having leaks. It is important to notice that the pipes with higher leakage flows were 
easier to identify than the pipes with lower leak flows. This fact is important because increases the 
benefits associated with the leak repair and the leakage control. 
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Figure 1: Representation of the WDN with four pressure sensors locations. 

The telemetry system saved the measurements from the flowmeter and the water level sensor 
installed. Figure 2 shows the WDN demand profile for a series of eight days.  

Pressure sensors saved the pressure evolution in their locations and the tank water level was 
monitored during the same period of time. After collecting and treating data, the MNF was isolated 
for each night, with the correspondent tank water level and the associated pressures at the network.  

 
Figure 2: WDN demand profile. 

A major concern is the effective number of leak locations in the WDN. Ten different leak 
locations with the same flow were admitted. This hypothesis allowed a detailed analysis of the 
network behaviour. The methodology, namely the optimization analysis, was able to search for the 
appropriate number of leaks and its flows. 
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Figure 3: Locations of unreported leaky pipes identified with the methodologies. 

Figure 3 highlights the area with more problems and the pipes identified by the methodology as 
having leaks. It is a small part of the network, in a residential area.  

After a leak survey, with acoustic equipment, the leaky pipes identified were checked. The water 
company confirmed the presence of four leaky pipes in the area. Two of them were correctly 
identified by the methodology, one was very close to the pipes identified and a fourth pipe belonging 
to the same loop of the pipes identified as leaky pipes (Figure 4). 

 
Figure 4: Locations of unreported leaky pipes confirmed with acoustic equipment. 



After the repairing activities the MNF was no totally recovered. This fact could reflect the arising 
of new leaky pipes as a consequence of the repairing activities (opening and closing valves). 

With a more realistic prediction of the flow in the repaired pipes that had leaks (2.0 L/s equals the 
total leak flow), the methodology was used for a second time. The second day (27-05-17) had the 
major value of MNF (3.233 L/s) and was used to perform new analyses. 

This second approach admitted the existence of five additional unreported leaks. All leaks were 
equal, with the same flow, totalizing 1.233 L/s. The hydraulic model incorporated the known leaky 
pipes and the associated leak flows represented in Figure 4.  

Figure 5 presents the new solution of the methodology. The methodology identified in the second 
model four independent leaky pipes (one pipe had a leak with duplicated flow). Final results pointed a 
pipe without consistency. The three pipes identified most frequently in the final results of the second 
model are represented in Figure 5. It identified the pipe linking the tank to the network, which is a 
pipe continuously monitored and without leaks. The others two options for leaky pipes were checked 
with acoustic equipment and in one of the pipes an unreported leak was identified. 

 
Figure 5: Location of unreported leaky pipes confirmed with acoustic equipment after introducing the leak 

flows represented in Figure 4. 

4 Conclusions 
Unreported leaks are a concern for water companies and are very difficult to locate. The case 

study highlighted the benefits of using a computer application to locate leaky pipes.  
Firstly, it was proved that a short monitoring campaign can assess the overall behaviour of the 

WDN. This assessment can rank areas were intervention is more needed and can provide a bigger 
impact towards the reduction of unreported leaks.  
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Secondly the MNF monitoring was very useful to estimate the unreported leakage flow. The MNF 
can be easily identified with measurements saved on a telemetry system. The MNF proved to be 
mostly caused by unreported leaks in the case study area. 

Thirdly, the methodology was able to overcome the technical limitations imposed by data and 
measurements uncertainties and the stochastic nature of the optimization method. The methodology 
also surpassed typical real world problems, like gathering and checking data and building and 
calibrating the WDN model.  

The small number of pressure sensors, located on appropriate nodes during a short period of time, 
was suitable for gathering relevant data to introduce in the methodology.  

Looking at the final results, the main conclusion is that the methodology produced quite accurate 
solutions, identifying correctly the most probable leaky pipes in the WDN, giving a significant 
contribution to increase the efficiency of active leakage control activities. The leaky pipes identified 
were close to the real pipes with unreported leaks. So the pipes highlighted by the methodology are 
ideally good elements to start the leak search with acoustic equipment. 

The main disadvantage of the methodology is its dependence on the WDN simulation model 
which has to be very accurate.  
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