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below 0°C. For the “T7” group, the mean tempera-
ture of wastewater flowing into the sewage treatment 
plant was 9.7°C. As the air temperature rises, a clear 
increase in the temperature of wastewater is observed. 

Based on the data presented in Figure 6, we can 
notice a significantly higher inflow of wastewater in 
the summer months, especially from May through 
July. The highest value of wastewater outflow was ob-

served in June, amounting to 13.395 m3 ∙ d–1. The low-
est value was recorded in the autumn-winter months 
(from October through January). These results are 
reflected in the amount of atmospheric precipitation, 
which was the highest in these months. The high-
est rainfall (mean daily precipitation) was recorded 
in June (4.62 mm ∙ d–1) and the lowest was recorded in 
February (1.20 mm ∙ d–1). As in previous cases, the 

Fig. 4. Mean values of wastewater outflow for particular groups of air temperature in 2011–2016

Fig. 5. Mean values of wastewater temperature for particular groups of air temperature in 2011–2016
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reason for the variation in the outflow of wastewater 
to the studied treatment plant was the level of pre-
cipitation (and in winter, precipitation trapped in the 
snow and released at the time of the thaw). In order to 
determine this impact in more detail, the study peri-
od was subdivided into groups of rainfall intensity in 
particular days.

CONCLUSIONS AND ASSERTIONS

The following conclusions and assertions can be for-
mulated on the basis of the conducted research:
• For the studied multiyear period, the mean daily 

inflow of wastewater to the tested treatment plant 
was 13 388.5 m3 ∙ d–1, which accounted for 54.8% 
of the planned (designed) inflow. These values in-
dicate that additional households can be connected 
to the sewage system.

• For the studied multiyear period (2011–2016), 
a high variability was observed in wastewater out-
flow from the analysed sewage agglomeration, in the 
range between 5 302.0 m3 ∙ d–1 and 40.630.0 m3 ∙ d–1 
(i.e. the range of 35328.0 m3 ∙ d–1). In most part, rain-
water entering into the combined sewerage system, 
and foreign (external) water entering the sanitary 
(distribution) sewage system, are responsible for 
the maximum value. Large variations in wastewa-
ter outflow to the sewage treatment plant may pose 

a threat to the proper operation of the treatment 
plant, and lead to increased costs associated with 
sewage pumping.

• There is a clear correlation between the rainfall in-
tensity group and wastewater outflow from sewage 
agglomerations. Considering that wastewater from 
the combined sewage system (which constitutes 
40.6% of the total length) and from the distribution 
sewage system (which constitutes 59.4% of the to-
tal length) are outflowing from the studied facility, 
this suggests that the sewage system also receives 
foreign (external) water. The main reason for the 
inflow of foreign water to the analysed catchment, 
established on the basis of field studies and water 
smoke tests carried out by the water supply compa-
ny, consisted in illegal connection of outlets from 
roof gutters or courtyard inlets to sewage sewers. 
Studies carried out in Germany (Karpf and Krebs 
2005, Franz 2007) showed that between 18 and 56% 
of foreign water in sanitary sewage is entering the 
sewers by means of leakages in the tops and man-
holes’ openings. In Poland, similar research was 
conducted by Kaczor (2009), demonstrating that in 
the Małopolska region improper execution of sewer 
manholes can be an important reason for the pene-
tration of rainwater into the sanitary sewage system.

• We should aim at moving from a combined sewage 
system to a distribution one.

Fig. 6. Mean values of wastewater outflow to the sewage treatment plant in particular months of 2011–2016
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• In rainfall groups with higher intensity of atmo-
spheric precipitation, higher values of the mean 
temperature of wastewater flowing into the treat-
ment plant were observed. Such correlations result 
from the fact that groups without rainfall, especial-
ly those with a long dry season, fell during the win-
ter period when the wastewater temperature was 
lower. High temperatures of wastewater flowing 
into the treatment plant were recorded in the period 
of the largest precipitation.
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WPŁYW OPADU ATMOSFERYCZNEGO NA ZMIENNOŚĆ ODPŁYWU ŚCIEKÓW Z WYBRANEJ 
AGLOMERACJI KANALIZACYJNEJ W JAWORZNIE

ABSTRAKT

Cel pracy
Celem artykułu było określenie wpływu opadu atmosferycznego na zmienności odpływu ścieków z aglome-
racji kanalizacyjnej w Jaworznie w Polsce południowej. Okres badań obejmował lata 2011–2016. Do analizy 
posłużono się dobowymi odpływami ścieków z aglomeracji kanalizacyjnej. Określono podstawowe statysty-
ki opisowe ilości ścieków dopływających do zbiorczej oczyszczalni.

Materiał i metody
Pozyskano dane opadowe ze stacji oddalonej od o 7 km (najbliższa stacja opadowa od badanego obiektu) 
i na tej podstawie określono średnie wartości dobowego opadu atmosferycznego dla badanego okresu. Na-
stępnie dokonano podziału dób okresu badawczego ze względu na wielkość opadów atmosferycznych na 
7 zasadniczych grup. Określono, czy średnie wartości odpływu ścieków z aglomeracji kanalizacyjnej w po-
szczególnych grupach intensywności opadowej w istotny sposób się od siebie różnią. Analiza ta została prze-
prowadzona z wykorzystaniem jednoczynnikowej analizy wariancji ANOVA. Czynnikiem determinującym 
wartość odpływu ścieków z aglomeracji kanalizacyjnej były grupy natężenia opadu deszczu.

Wyniki i wnioski
Na podstawie przeprowadzonych badań zaproponowano dla eksploatatora działania zwiększające kontrolę 
odpływu wód obcych do systemu kanalizacyjnego, a na tej podstawie działania minimalizujące dopływ wód 
obcych na odcinkach kanalizacji szczególnie wrażliwych. Należy wprowadzić szkolenia edukacyjne w gmi-
nie (aglomeracji) odnośnie zagospodarowania wód opadowych tak, aby zatrzymać je w jak największym 
stopniu w miejscu ich powstawania.

Słowa kluczowe: ścieki, opad atmosferyczny, oczyszczalnia ścieków, kanalizacja


