«Texnoexonozisy

nepr 60 XB. gocsarae 55% 3a movyaTkoBoi KoHIEHTpallii 234 Mr/n. Buxonsuu 3 mporo, MokHa
3pOoOUTH BUCHOBOK, III0 HA TIOBEPXHI COPOCHTY Mae Miciie K i3ndHa TaK i XiMiuHa aIcopOis.

3BakalOuu Ha HEBEJIWKY IIBUAKICTh BHIYYCHHS MOKHA BHKOPHCTOBYBAaTH JaHy METOIUKY
MEepIIMM €TaroM 0aratocTaaiiHOl TEXHOJIOT1i OUMILEHHS MPOMHUCIOBUX CTOKIB. 3aBISKH IIbOMY
BHUPIIIYETHCS MpoOeMa YTHIIi3allii BiIXOMIB Ta 3CHICBICHHS MPOILECY OYUCTKH CTIYHHUX BOJI
(dapmaneBTUYHUX MIJIPUEMCTB, SIKI 3HaX0AThcs Ha TepuTopii M. IllocTka.
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Infiltration and inflow (I/1) into wastewater sewers have number of negative effects on
both the sewer system and wastewater treatment plant (WWTP) including reduced effective
capacity of sewers, increased risks of flooding and sanitary sewer overflows, increased
hydraulic load on WWTP and reduced efficiency of wastewater treatment, accelerated
deterioration of the system and increased costs of operation [1]. The causes for I/l may
include the excessive water entering the sewers through broken pipes, poor pipes
connections, manholes, roof and basement drains [2]. Such inflows frequently occur as
rainfall derived inflow and infiltration [3] but also during the snowmelt period, which is of
special importance in cold climate regions such as Scandinavia, Canada and northern
USA [4]. The measurements of the I/l rate can improve the strategies for the sewer
rehabilitation [2] and the locations of the inflows should be identified in order to remove the
sources of I/l [5]. This paper presents the use of distributed temperature sensing (DTS) for
identification and locating of I/l into the wastewater system during the snowmelt period,
under dry and wet weather conditions.

DTS setup consists of the fibre-optic cable and the control unit equipped with the laser
and sensing optoelectronics. The laser pulses are continuously emitted into the fibre-optic
cable and partially reflected along it. The reflected signals are analysed by the DTS unit:
location and temperature values along the cable are determined by the travel time of the
signals and their Raman backscattering, respectively [5].

Marepiamm XX| MixHapoaHOi HAYKOBO-TIPAKTHYHOT KOHGEpEHITiT 207
«Exomoris. Jlioquaa. CycminbctBo», M. Kuis, Ykpaina, 2020 p.




S
S
2
=
S
O

«Texnoexonozis»

Two fibre-optic cables with the length of 2 km and 1.2 km were installed at the invert of a
foul sewer in the village with 355 inhabitants in 2010, Skellefted municipality, Sweden. The
time and space resolutions were around 14 seconds and 0.25 m with the precision of around
0.1°C. The DTS monitoring campaign took place between March, 16 (with the snow cover
still present on the ground) and June, 24, 2015.

The data from the DTS monitoring campaign were analysed and presented in form of
colour-coded plots, where time and location are represented by the vertical and horizontal
axes, respectively. Analysis of the plots may reveal temperature anomalies that indicate I/1.
For example, in Fig. 1 several I/l locations were found on DTS plots. Snowmelt and rainfall
induced I/ have shown different locations indicating also different pathways these types of
I/1 entered the sewers.
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Figure 1. DTS analysis results from snowmelt (left) and rainfall (right) induced I/l with
marked distances along DTS cable

Due to the high temporal and spatial resolution as well as the measurements over prolonged
period of time (over 3 months), DTS has shown to be effective for identifying and locating I/1
inflows into the wastewater system during the snowmelt period, dry and wet weather conditions.
Snowmelt has shown to contribute to inflow via the same entries as rainfall as well as to
infiltration via a range of entries, such as broken pipes or leaking manholes.
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