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(a,*) jki@niras.dk, NIRAS A/S, Denmark; (b) DTU Environment, Technical University of Denmark, Denmark

SUMMARY 
In this study, the effect of two artificial leakages in a district 
metered area (DMA) in Brønderslev, Denmark, was analyzed us-
ing the temperature from the DMA inlet and from smart  meters 
located inside customers’ homes. The leakages’ effect on the 
DMA inlet temperature could clearly be seen when compar-
ing the inlet temperature in the weeks prior to and during the 
leakage. However, no conclusions could be drawn by comparing 
measured smart meter temperatures with temperatures sim-
ulated using a heat-transfer model. Future work will focus on 
improving the heat-transfer model and on the identifi cation of 
uncertainties connected to the collected smart meter data.

INTRODUCTION
An improved understanding of the water temperature through-
out the water distribution network is beneficial in many fields of 
water distribution network analysis [1]. Contrarily to source and 
storage locations, the availability of temperature data from the 
network is often limited [2]. This lack of data may be improved 
by installing smart meters measuring the temperature. In this 
study, we applied smart meter temperatures and assessed the 
effect of two leakage events on the measured and simulated 
temperature throughout a DMA.

CASE STUDY 
Figure 1 shows the case study DMA in Brønderslev, Denmark. 
The DMA consists of 525 consumers, each equipped with a 
smart meter (100% coverage). 

The testing was carried out 
during four weeks between 
18 July 2020 and 15 August 
2020. Smart meter data was 
collected with a resolution of 
approx. one sample/5 min-
utes/meter. Each sample 
consisted of a timestamp 
including the accumulated 
volume reading and water 
temperature. A 1 m3/h and 2.5 
m3/h “leakage” was created 
by flushing a fire hydrant for 
24 hours on 28 July 2020 and 
04 August 2020,  respectively. 

Figure 1. Case study DMA with 525 consumers in Brønderslev, Denmark. 

METHODOLOGY
1. An all-pipes all-nodes combined hydraulic and heat-trans-

fer model was constructed using the commercial software 
‘Termis’ [3]. Each smart meters’ demand assigned to a 

 distinct node as well as the measured soil temperature and 
inlet pressure defined the model’s boundary conditions. 

2. A volume-based filtration was applied to the smart me-
ter temperatures, which reduced the number of sam-
ples affected by, for example, in-house temperatures: 
- Smart meter demand ≥ x * ’service line volume’ [m3] 
-  Smart meter sample age < y [min]

3. The root-mean squared error (RMSE) between the model 
and measured temperatures for a given set of x and y was 
used to evaluate the model performance.

RESULTS & DISCUSSION
Figure 2 shows the DMA inlet temperature, with the grey area 
highlighting the occurrence of both leakage events. The  increa- 
  sed flow due to the leaks resulted in a decreased retention 
time and temperature of the water flowing into the DMA. 
This effect is in particular visible during Wednesday night of  
week 3  (black  line).

Figure 2. Measured inlet temperature over four weeks in 2020.

Figure 3 shows the average measured smart meter tempera-
ture based on service line volumes and sample ages for all 525 
smart meters from 18 July 2020 to 25 July 2020. Whereas the 
measured soil temperature averaged around 15 °C, the average 
smart meter temperature was at least 2 °C higher, independent 
of x and y. Consequently, we set the soil temperature in the 
model 2 °C higher than the measured one (e.g. owing to specif-
ic weather and pavement conditions). The RMSE based on this 
model of the first week is shown in Figure 3 (right). The RMSE is 
at least 3 °C, which shows that the applied heat-transfer model 
is not capable of heating the water as fast as measured by the 
smart meters. Figure 4 (upper panel) shows that some locations 
have a good fit between the simulated and measured tempera-
ture. However, many locations resemble the pattern shown 
in Figure 4 (lower panel) where the measured temperature is 
significantly greater than the simulated one. The source of this 
 additional heating occurring during distribution (such as local 
soil temperatures or uncertainties originating from the smart 
meter temperatures) should be the focus of future work.

Figure 3. Average smart meter temperature (left) and model error 
(right). 

Figure 4. Simulated and measured temperatures at two closely locat-
ed nodes (Figure 1) with x = 1.25 and  y = 15 minutes.

CONCLUSIONS
The two leakages affected the inlet temperature visibly when 
compared to weeks prior the events. Further work is required 
to determine why simulated temperatures are lower than the 
measured smart meter temperatures.
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