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Summary 

Infiltration and inflow (I/I) into wastewater sewers have numerous negative effects on the 

whole wastewater system. A number of methods have been developed to estimate performance 

of sewer system with regards to I/I. This abstract presents and compares selected results of 

Distributed Temperature Sensing (DTS), Closed-circuit television (CCTV) and ammonium 

sampling for identifying I/I in wastewater sewers during the snowmelt period, under dry and 

wet weather conditions. The results showed that different methods produce results that vary in 

precision, accuracy, time and spatial resolution. 

 

Introduction 

Infiltration and inflow (I/I) into wastewater sewers reduce effective capacity of sewers, increase 

risks of flooding and sanitary sewer overflows (SSOs), accelerate deterioration of the system, 

increase hydraulic load on wastewater treatment plant (WWTP) and reduce efficiency of 

wastewater treatment, as well as increase costs of operation (Karpf and Krebs, 2011; Bareš, 

Stránský, et al., 2012). The common contributors to I/I include the water that enters the sewers 

via broken pipes, poor pipe connections, roof and basement drains, defects in manholes and 

openings in manhole covers (Field and O’Connor, 1997; Staufer, Scheidegger, et al., 2012). The 

measurements of the total I/I rate can provide valuable information for improving the strategies 

for the sewer system rehabilitation (Field and O’Connor, 1997; Bareš, Stránský, et al., 2012). A 

number of methods have been developed to estimate performance of sewer system with regards 

to I/I (Bareš, Stránský, et al., 2012; Staufer, Scheidegger, et al., 2012; Schilperoort, Hoppe, et al., 

2013). This abstract presents and compares selected results of Distributed Temperature Sensing 

(DTS), Closed-circuit television (CCTV) and ammonium (NH4) sampling for identifying I/I in 

wastewater sewers during the snowmelt period, under dry and wet weather conditions. 

 

Materials and Methods 



The study was performed in small town (355 inhabitants) in Skellefteå municipality, Sweden, 

between March, 16 (snow cover still present) and June, 24, 2015. This abstract is focused on the 

upstream 1.6 km of main wastewater sewer and a 150 m long tributary inflow sewer with 4 

sampling stations and the DTS cable installed along the foul sewer, at its invert (Fig. 1).  

 

 

Fig. 1. Schematic plan of study area. Red circles show locations of the sampling stations (A, B, C, 

D). Identified inflow points marked as SM1…3, R1…3  

 

At each sampling station a portable ISCO 6712 automatic sampler was used for NH4 sampling 

(Fig. 1). Four subsamples were taken every 15 min to form hourly time-weighted samples that 

were frozen until the analysis. For the DTS, the time and space resolutions were around 

14 seconds and 0.25 m with the precision of around 0.1°C. CCTV inspection was conducted in 

Feb., 10, 2015 by an authorized municipal inspector. 

 

Results and Discussions 

The analysis of DTS results showed 3 possible locations of inflows due to snow melting (SM1, 

SM2 and SM3) (see Figs. 1 & 2) and three locations where the inflow was caused by the rain 

events (R1, R2 and R3) (Figs. 1 & 2). Inflows R1 and SM1 were located at the upstream ends of 

the main and tributary sewers, correspondingly; inflow R3 — next to the wastewater pipe inflow 

from a single house and a barn. Inflows R2, SM2 and SM3 were located between the manholes 

without any known pipe connections next to them. 

 



 

Fig. 2 Results of DTS analysis. Inflows identified due to the snowmelt (left, SM1…3) and rainfall 

event (right, R1…3) 

 

The CCTV inspector identified 22 problems along the section of the main sewer, including pipe 

cracks (10), partial blockages due to the roots (10) and fat, oil and grease (2) with no visible 

infiltration during the inspection. CCTV inspection of the tributary sewer section revealed a 6 m 

long concrete pipe at the location SM2 installed in between two plastic sections of pipes with 

considerable amount of water flowing through the joints of the concrete pipe. 

 

The results of one sampling campaign for NH4 are presented in Fig. 3. It is clear that the 

concentration of NH4 in the tributary sewer section (D) is lower than in the main section of 

sewer (A, B, C), indicating that wastewater in BL is considerably diluted by I/I. Results also 

showed that the inflow from D decreased the NH4 concentration in downstream sampling 

stations B and C as compared to the upstream station A (Fig. 3). 
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Fig. 3. Ammonium concentrations measured along the main (A, B, C) and tributary (D) sections 

of wastewater sewer 

 

Conclusions 

Identification of rainfall derived I/I and I/I during snowmelt period is of great 
importance, especially in cold climate regions (Field and O’Connor, 1997). The results 
presented in this abstract showed that different methods produce results that vary in 
precision, accuracy, time and spatial resolution. DTS method showed the highest 
resolution, but might not detect the minor inflows of water or inflows with insufficient 
temperature differences. Automatic sampling of NH4 provided good indication of 
wastewater dilution degree by I/I, however it’s time (1 h) and space (0.6–1 km) 
resolutions were relatively large. CCTV inspection can be used for finding exact locations 
of I/I, if performed at appropriate time, which is often not the case. In order to improve 
the I/I rate measurements, evaluation of priorities and limitations for each specific 
situation and a proper selection of methods should be done. 

 

Acknowledgments 

This work has been done with the financial support from the Research Council Formas (2012-

618), Vinnova (2011-03232) and Skellefteå municipality, within the Stormwater&Sewers 

research cluster. This support is gratefully acknowledged. 

 

References 

Bareš, V., Stránský, D., and Sýkora, P. (2012) Evaluation of sewer infiltration/inflow using COD 
mass flux method: case study in Prague. Water Science & Technology, 66(3), 673. 

Field, R. and O’Connor, T. P. (1997) Control strategy for storm-generated sanitary-sewer 
overflows. Journal of Environmental Engineering, 123(1), 41–46. 

Karpf, C. and Krebs, P. (2011) Quantification of groundwater infiltration and surface water 
inflows in urban sewer networks based on a multiple model approach. Water Research, 
45(10), 3129–3136. 

Schilperoort, R., Hoppe, H., de Haan, C., and Langeveld, J. (2013) Searching for storm water 
inflows in foul sewers using fibre-optic distributed temperature sensing. Water Science 
& Technology, 68(8), 1723. 

Staufer, P., Scheidegger, A., and Rieckermann, J. (2012) Assessing the performance of sewer 
rehabilitation on the reduction of infiltration and inflow. Water Research, 46(16), 5185–
5196. 

 


