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ABSTRACT

Aim of the study

The present paper analyses the influence of atmospheric precipitation on the variability of wastewater dis-
charge from a selected sewerage system located in southern Poland. The research period covered the years
2011-2016. The daily outflows of wastewater from the sewerage system were adopted.

Material and methods

Precipitation data were obtained from a station located 7 km away from the tested facility (the nearest rainfall
measurement station from the tested object) and based on this data, the mean daily precipitation values were
determined for the examined period. Subsequently, the research period was divided, according to the amount
of precipitation, into 7 basic groups. It was determined whether the mean values of wastewater discharge
from the sewerage system in particular groups of rainfall intensity significantly differed from each other. The
analysis was carried out using a one-way analysis of variance (ANOVA). The groups of rainfall intensity
constituted the factor determining the value of wastewater outflow from the sewage agglomeration.

Results and conclusions

Based on the results of the research we conducted, actions were proposed aimed at increasing the control
of accidental water outflow to the sewerage system. Based on that, operations have been determined, mini-
mizing the inflow of accidental rainwaters to particularly sensitive sections of the sewerage system. Training
should be provided for municipalities of the agglomeration, regarding the management of rainwater, so as to
stop the inflow as far as possible, in the locations where it may arise.

Keywords: precipitation, sewage, wastewater treatment plant

INTRODUCTION

Discharging wastewater from sewage agglomerations
is an important and current problem. In this respect,
various legal acts are in force, specifying the condi-
tions for wastewater disposal by sewage systems and
their treatment in collective sewage treatment plants.
In Poland, one of the most important is the Sewage

*e-mail: k.chmielowski@ur.krakow.pl

Directive (Directive, 1991) on the basis of which
lower-ranking documents have been suitably adjust-
ed (Act, 2001). The aforementioned Act removes the
following from the current definition of wastewater:
rainwater and snowmelt in open or closed sewage
systems originating from contaminated surfaces with
solid surface, in particular from cities, ports, airports,
from industrial, commercial, service and storage areas
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as well as transportation bases, roads and parking lots,
which ultimately results in the so-called rainwater no
longer constituting wastewater in the meaning of the
law. The exception to the above-mentioned changes
is the situation in which rainwater and snowmelt are
discharged by a combined sewage system, i.e. when
the rainwater mixes with municipal wastewater, then
it will be included in the notion of municipal sew-
age. Implementing legislation for the Act includes the
Regulation (2014a) in the field of quality of wastewa-
ter that can be discharged to water and soil, and the
Regulation (2014b) on the method of determining the
area and boundaries of an agglomeration. Another
document of high significance to water and sewage
management is the National Municipal Wastewater
Treatment Program (2003), which since had sever-
al updates and amendments (Miernik and Mtynski,
2014a; Miernik and Mtynski, 2014b; Bugajski et al.,
2017; Chmielowski et al., 2016). The abovementioned
document includes much information about agglomer-
ations equipped with sewage systems completed with
collective sewage treatment plants. One of the ele-
ments it presents is the projected capacity and the ac-
tual capacity of sewage treatment plants. This is a very
important issue from the point of view of the exploita-
tion of a potential wastewater treatment plant (Mtyns-
ki and Chmielowski, 2017; Kaczor, 2011). The cor-
rect dimensioning of the sewerage network depends
mainly on the correct determination of human water
needs (Bergel and Pawetek, 2005; Chotkowski and
Lis, 2006). Overloading the plant, or its insufficient
loading, may adversely affect the wastewater treat-
ment processes, and it may lead to deterioration in the
quality of wastewater discharged to the receiver. In-
creased amount of wastewater inflowing into the sew-
age treatment plant may also be caused by factors such
as mechanical damage to sewage pipes or their leaks,
causing infiltration water inflow (Kaczor et al., 2017;
Wasik et al., 2017; Kaczor and Przebinda, 2009). In
extreme cases, the foreign (external) water incoming
into the sewerage network may even cause a five-fold
increase in the mean daily outflow of wastewater to
the treatment plant (Kaczor and Pawelek, 1999). The
correct operation of a sewage treatment plant is pri-
marily dependent on its hydraulic load.

The aim of the present article was to determine the
impact of atmospheric precipitation on the variability
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of wastewater outflow from a selected sewage agglom-
eration system in southern Poland (Jaworzno). The
research period covered the years 2011-2016. Daily
outflows of wastewater from the sewage agglomera-
tion were adopted for the analysis. The research period
has been divided according to the groups of precipi-
tation intensity. The mean wastewater outflow to the
treatment plant was determined for each of the pre-
cipitation intensity groups. The impact of atmospheric
precipitation on the outflow of wastewater from the fa-
cility has been determined. The basic descriptive sta-
tistics regarding wastewater outflow from the sewage
agglomeration were determined: mean (Q,,), median
(M), minimum (Q, . ), maximum (Q, ), standard
deviation (0), coefficient of variation (V_,), and range
(R,). The above descriptive statistics were determined
for particular years separately, and for the studied pe-
riod as a whole.

DESCRIPTION OF THE STUDIED FACILITY

The research object was the Jaworzno sewage agglom-
eration, located in southern Poland. It is an agglomera-
tion with one collective wastewater treatment plant. The
number of actual inhabitants in the agglomeration is
96,183 people, whereas the number of inhabitants using
the sewage system is 83,854 people, and the number of
inhabitants served by the slurry tank is 9102 people. The
length of the sewerage network in the agglomeration
is 340.6 km, of which the combined sewerage system
covers 137.9 km (that amounts to 40.6%), and the san-
itary sewage system covers 202.1 km (which amounts
t0 59.4%). It is a network that is draining wastewater in
a gravitational system. There exists a storm overflow,
which is a part of a combined sewerage system. Waste-
water from the agglomeration flows into a collective
sewage treatment plant with an RLM of 102 973. The
main installation of the treatment plant is a biological
flow reactor based on the activated sludge process. The
treated wastewater can be discharged to the waters in
the following quantity: Q. , =25 000 m*-d".

RESEARCH METHODOLOGY
The work specifies the variability of wastewater out-

flow from sewage agglomeration in southern Poland.
The basic descriptive statistics regarding sewage out-
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flow from the sewage agglomeration were determined:
mean value (Q,), median (M), minimum (Q, . ),
maximum (Q, ), standard deviation (0), coefficient
of variation (V,,), and range (R)). The histogram of
wastewater inflows to the sewage treatment plant has
been presented for given observation intervals. The dai-
ly outflows of wastewater from the examined sewage
agglomeration in 2011-2016 were compared against
the limit value from the permit required by the Water
Law Act and the mean value. The mean daily values of
wastewater flows have been summarized for particular
months of the year, for the period 2011-2016. Precipi-
tation data was obtained from the station located 7 km
away from the facility (the nearest precipitation station
from the tested object), and based on that the mean
values of the daily atmospheric precipitation for the
examined period were determined. Subsequently, the
studied period was subdivided according to the amount
of precipitation, into 7 basic groups:

* “O1” group — days without rainfall and days with

rainfall up to 1 mm-d,

e “02” group — days with rainfall over 1.1 mm-d™!

and below 5 mm-d,

e “03” group — from 5.1 mm-d~!to 10 mm-d,
* “0O4” group — from 10.1 mm-d"'to 15 mm-d,
e “O5” group — from 15.1 mm-d"! to 20 mm-d-,
* “06” group — from 20.1 mm-d"' to 25 mm-d™,
+ and “O7” group —above 25 mm - d.

The precipitation intensity group “O1” contains
days in which the atmospheric precipitation remained
in the range from 0 to 1 mm-d!' (it was assumed that
the rainfall below 1 mm - d' does not generate outflow
to the sewage system).

In addition, four groups were introduced, taking
into account the period without precipitation:

* “S1” group — number of days without rainfall:
from 1 to 9 days,

*  “S2” group — from 10 to 19 days without rainfall,

*  “S3” group — from 20 to 29 days without rainfall,

*  “S4” group — over 30 days without rainfall.

On that basis, the dependence of wastewater out-
flow from the examined sewage agglomeration on the
intensity of rainfall has been determined.

Next, it was determined whether the mean values
of wastewater outflow from sewage agglomeration in
particular groups of precipitation intensity significant-
ly differ from each other. This analysis was carried out
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using a one-way analysis of variance (ANOVA). Daily
values of wastewater outflows from sewage agglom-
eration were adopted as the dependent variable. The
groups of precipitation intensity constituted the factor
determining the value of wastewater outflow from the
sewage agglomeration.

Formally, for the test of differences between multi-
ple mean values to be applied, it is required that there
exist significant differences between the variances in
each group. In empirical studies, wherever ANOVA
analysis was used, Levene’s test did not reject the null
hypothesis about the lack of significant differences be-
tween the variances.

ANALYSIS AND DISCUSSION OF RESEARCH
RESULTS

First, basic descriptive statistics of wastewater outflow
from sewage agglomeration are presented in Table 1.
On the basis of the data contained in Table 1, one
can notice a large variation in the value of wastewater
outflow from sewage agglomeration throughout the
entire studied period. Similarly, large variability of
outflow was obtained by the authors (Kaczor, 2011;
Mtynski and Chmielowski, 2017) who investigated
wastewater outflow from other sewage systems. Mean
wastewater outflow over the entire 2011-2016 period
amounted to 13 688.5 m*- d ! and accounted for 54.8%
of the planned flow (Q,, = 25,000 m*-d™"'). There-
fore, the sewage treatment plant can work on a much
higher hydraulic load than the current one, and thus
it would be feasible to expand the existing sewage
system and to connect additional new users thereto.
Insufficient hydraulic load in a wastewater treatment
plant is a frequent occurrence, as demonstrated by the
work by the authors (Bugajski et al., 2016a; Bugajski
and Slizowski, 2006). Broken down for each year, the
highest mean daily flow of wastewater was for 2016
(Qy, = 15702.6 m*-d™") and the maximum daily flow
amounted to (Q,.. =40 630.0 m*-d™"). Intensive at-
mospheric precipitation was the reason for such high
values. In turn, extremely low values of wastewater
outflow were observed at the level of 5302.0 m?*-d',
which occurred in the rainless period. The high value
of the outflow of wastewater to the tested facility is
confirmed by the high value of the range (for the ex-
amined multi-year period R = 35328.0 m*-d™).
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Table 1. Basic descriptive statistics of wastewater outflow from the sewage agglomeration system

Parameter of wastewater outflow

Value of the parameter

Name Symbol Unit 2011 2012 2013 2014 2015 2016 2011-2016
Maximum outflow O jmax m*-d! 26380 30750 31100 36510 31807 40630 40 630
Mean outflow O m*-d! 12999 11837 14196 12955 14441 15703 13 688
Minimum outflow O jmin m?-d! 7 080 5442 5910 5740 5302 6920 5302
Median M, m*-d' 12070 10595 13310 12220 13600 14910 12 829
Standard deviation s m?-d! 3453 3410 3970 3982 3706 4533 4053
Coefficient of variation v - 0.27 0.29 0.28 0.31 0.26 0.29 0.30
Range R m’-d? 19300 25308 25190 30770 26505 33710 35328
Number of samples N pes. 365 366 365 365 365 366 2192

In addition, mean daily wastewater flow for the
entire period (the horizontal line) and design flow
are marked. When analysing the data from Figure 1,
a significant unevenness of wastewater outflow to the
treatment plant can be observed. Significant differenc-
es in the value of wastewater outflow to the treatment
plant could have been influenced by rainwater. The
highest value of wastewater outflow to the treatment
plant (40630 m?-d!') was observed at an atmospheric
precipitation of 14.7 mm - d.

The dotted line marks the boundaries between rain-
less weather and the period with atmospheric precipi-
tation (see: Fig. 2). The higher the number of the “O”
precipitation group, the higher the intensity of rainfall
(see: research methodology) and the higher the num-
ber of the “S” group, the longer the period without
precipitation.

The outflow of wastewater from the examined sew-
age agglomeration system should be considered equal
to the inflow of wastewater to the collective treatment
plant. Figure 2 shows a clear increase in wastewater
outflow to the sewage treatment plant with the in-
crease of the precipitation intensity group.

For the group “O1” (days without rainfall), the
mean wastewater outflow from the sewage agglom-
eration amounted to 12,759 m?-d™!, while for the last
group “O7” (with rain intensity of 25 mm-d!) the
mean wastewater outflow from sewage agglomeration
amounted to 24 767 m?-d!. There was an increase in
the volume of wastewater flowing out of the sewage
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agglomeration by 12597 m?3-d™!, which is an increase
of 103.5% in relation to the outflow of wastewater re-
corded for the “O1” group. The number of days with-
out rainfall in a multi-year period (groups “O1” + “S1”
+ “S2” 4+ “S3” + “S4”) amounted to 1536 d, which
accounted for over 70.0% of all days in the examined
period. Even for precipitation up to 5 mm-d! (group
“02”), the mean wastewater outflow from the sewage
agglomeration was increased by 2532 m?®-d™! in rela-
tion to the period without rainfall (group “O1”), which
corresponds to an increase of 19.8%. For the remain-
ing precipitation groups, a clear increase in wastewater
outflow to the sewage treatment plant was observed
along with an increase in the rainfall intensity group.
Taking into account the groups from “S1” to “S4”,
a clear decrease in the mean wastewater outflow to the
tested treatment plant can be observed. It turns out that
the longer the rainless weather lasted, the smaller the
inflow of wastewater to the treatment plant that was
recorded. For example, for the group “S1” (rainless
period lasting fall from 1 to 9 days), the mean waste-
water outflow from the sewage agglomeration amount-
ed to 12,083 m?*- d!, which corresponds to a decrease
by 676 m?®-d! (constituting 5.3% in relation to group
“O1”). Whereas for the last group “S4”, with the lon-
gest dry period, the outflow of wastewater from the
sewage agglomeration at the level of 9808 m*- d! was
determined. This inflow is 2951 m?-d ! smaller than
that recorded for the group “O1”, which corresponds to
a decrease by 23.1%. The decrease in wastewater out-
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Fig. 1. Daily wastewater outflow from the sewage agglomeration in 2011-2016
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Fig. 2. Mean values of wastewater outflow for particular groups of atmospheric precipitation in 2011-2016

flow to treatment plants in various groups of rainless
weather may point to a decreasing amount of infiltra-
tion water entering the sewage system through leaks.
The period of rainless weather lasting several dozen
days may cause the groundwater table to lower, and
this in turn may affect the amount of infiltration wa-
ter entering the sewage system. The presented division
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of days due to the duration of rainless weather can be
helpful in determining the amount of infiltration water
entering the sewage system. In the analysed example,
this can be determined at an average level of at least
23.1% of the total volume of sanitary sewage.

Due to the fact that the sewage system in the sew-
age agglomeration consists of 40.6% of the combined
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sewage system, it can be expected that this should
cause an increase in the amount of wastewater during
rainfall. The intensity of inflow of rainwater to the
sewage system may also be influenced by illegal con-
nections of gutters that collect water from the roofs of
the properties (this concerns sanitary sewage consti-
tuting 60% of the total sewage system). In the sewage
agglomeration there are over 340.0 km of sewage net-
work, of which the combined sewerage system occu-
pies 137.9 km (corresponding to 40.6%), and the san-
itary sewage system covers 202.1 km (corresponding
to 59.4%). According to Kaczor et al. (2017) foreign
(external) water gets through the sewer system leaks
or openings in manhole hatches, or it is illegally dis-
charged from the roof gutters and yard drains, con-
nected to the sanitary sewage system. It is necessary
to provide education and training in municipalities in
the field of rainwater management in a given property,
which will contribute to the retention of these waters
in the place of their formation, and will stop the ille-
gal connection of roof gutters to the sanitary sewage
system. As the greater amount of sewage contributes
to the increase in operating costs of the treatment
plant, the residents should consider alternative ways
of retaining rainwater on their property and then us-
ing it for their own needs. The amount of wastewater
incoming to the sewage treatment plant may also be
affected by infiltration waters, however, confirmation
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of their impact would require a detailed analysis of
wastewater outflow to the treatment plant at particular
hours of the day. On this basis, it would be possible to
determine the amount of wastewater flowing into the
treatment plant at night and then determine the per-
centage of outflow of infiltration waters to the sewage
system.

The test probability value below 0.05 indicates
a significant difference between the particular pairs of
mean values of wastewater outflow to the treatment
plant in individual intensity groups of atmospheric pre-
cipitation. This means that the intensity of atmospher-
ic precipitation is a decisive factor in the significance
of the wastewater outflow to the treatment plant. This
does not apply to the relationship between the mean
value of wastewater outflow to the treatment plant for
rainfall intensity groups: “O7” and “06”; “O7” and
“05”; “O5” and “06”; “06” and “0O4”; as well as
“05” and “04”. Also for groups without rainfall from
“S1” to “S4”, the differences between the mean waste-
water inflows to the treatment plant in these precipita-
tion groups were not statistically significant.

Having analysed the data presented in Figure 3, we
observe that in rainfall groups of higher intensity of
atmospheric precipitation, higher values of the mean
temperature of wastewater flowing into the treatment
plant were recorded. For the neutral group “O1”, the
mean temperature of wastewater flowing into the
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Fig. 3. Mean values of wastewater temperature for particular groups of atmospheric precipitation in 2011-2016
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Table 2. Values of test probability — Tukey’s HSD test between possible pairs of mean wastewater outflows to the sewage
treatment plant for particular groups of atmospheric precipitation

Atmospheric Tukey’s HSD test probability for statistical significance of differences between possible pairs of mean
precipitation wastewater outflows to the sewage treatment plant, for particular groups of atmospheric precipitation

group {07} {06} {05} {04} {03} {02} {01} {S1} {S2} {S3} {S4}

{07}

{06} 0.977

{05} 0.477  1.000

{04} 0.016  0.735  0.860

{03} 0.000  0.005  0.000  0.002

{02} 0.000  0.000  0.000  0.000  0.000

{01} 0.000  0.000  0.000 0.000 0.000 0.000

{81} 0.000  0.000  0.000  0.000 0.000 0.000 0.001

{152} 0.000  0.000  0.000  0.000 0.000 0.000 0.402  0.995

{S3} 0.000  0.000 0.000 0.000 0.000 0.026 0.944 0999  1.000

154} 0.000  0.000  0.000  0.000 0.000 0.017 0.709 0929 0989  1.000

Values of test probability below 0.05 are marked in red.

treatment plant was 13.9°C. At the highest intensity
of atmospheric precipitation, the mean temperature of
wastewater reaching the sewage treatment plant was
17.9°C, which means that it was 4°C higher compared
to the group “O1” — without rainfall. The temperature
of wastewater that is higher by 4°C means much bet-
ter conditions for the biological treatment of sewage
and the development of microorganisms. In the case of
persistent rainless weather (groups from “S1” to “S2”)
a decrease in the mean temperature of wastewater en-
tering the treatment plant was observed. For example,
the mean temperature of wastewater inflowing into the
treatment plant for the “S4” group was 11.4°C, which
was 2.5°C lower compared to the “O1” group. Such
correlations result from the fact that groups without
rainfall, especially those with a long dry season, fell
during the winter period when the wastewater tem-
perature was lower. High temperatures of wastewater
flowing into the treatment plant were recorded in the
period of the highest precipitation.

When analysing the data presented in Figure 4, it
can be concluded that the mean values of wastewa-
ter outflow to the treatment plant differed depending
on the temperature group. The reference point will be
the “T6” group, for which the air temperatures ranged
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from 0.0 to 5.0°C. There were snow thaws in this
group, which could have contributed to the increased
amount of wastewater in the sewage system. For the
“T6” group, the average value of wastewater outflow
to the treatment plant was recorded at 14340 m?-d.
This value is definitely higher than in the case of
the neighbouring group “T7” (air temperature range
from —0.1 to —5.0°C), for which the mean inflow of
wastewater to the treatment plant was determined at
12.174 m*-d'. The difference of mean sewage in-
flows in these two groups amounts to 2166 m?-d".
The reason for this is the fact that in the “T6” group
melt water from snow thaw occurred (air temperature
from 0.0 to +4.9°C). With the lowering of air tem-
peratures (groups “T8” and “T9”), a further reduc-
tion of the mean outflow of wastewater into the sew-
age treatment plant is observed: respectively, for the
“T8” group by 3240 m*- d'and for the “T9” group by
4,200 m*- d!. In groups from “T1” to “T5”, the mean
inflows of wastewater to the treatment plant remained
at a similar level.

Having analysed the data presented in Figure 5, we
notice a clear correlation between air temperature and
wastewater temperature. Air temperatures from “T7”
to “T9” comprise days when the air temperature was
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Fig. 5. Mean values of wastewater temperature for particular groups of air temperature in 2011-2016

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-
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served in June, amounting to 13.395 m?- d!. 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!) and the lowest was recorded in
February (1.20 mm-d). As in previous cases, the
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Fig. 6. Mean values of wastewater outflow to the sewage treatment plant in particular months of 2011-2016

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 orderto ~ *
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 m?- d™!, 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 m*-d!and 40.630.0 m?- d!
(i.e. the range 0f 35328.0 m* - d!). 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
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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 Matopolska 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.
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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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WPLYW OPADU ATMOSFERYCZNEGO NA ZMIENNOSC ODPEYWU SCIEKOW Z WYBRANE)
AGLOMERACJI KANALIZACYJNEJ W JAWORZNIE

ABSTRAKT

Cel pracy

Celem artykutu bylo okreslenie wptywu opadu atmosferycznego na zmienno$ci odptywu $ciekow z aglome-
racji kanalizacyjnej w Jaworznie w Polsce poludniowej. Okres badan obejmowat lata 2011-2016. Do analizy
postuzono si¢ dobowymi odptywami $ciekdw z aglomeracji kanalizacyjnej. Okreslono podstawowe statysty-
ki opisowe ilosci $ciekow doplywajacych do zbiorczej oczyszczalni.

Materiat i metody

Pozyskano dane opadowe ze stacji oddalonej od o 7 km (najblizsza stacja opadowa od badanego obiektu)
i na tej podstawie okre$lono $rednie warto$ci dobowego opadu atmosferycznego dla badanego okresu. Na-
stepnie dokonano podziatu dob okresu badawczego ze wzglgdu na wielko$¢ opadow atmosferycznych na
7 zasadniczych grup. Okreslono, czy $rednie warto$ci odptywu $ciekow z aglomeracji kanalizacyjnej w po-
szczegblnych grupach intensywnosci opadowej w istotny sposob si¢ od siebie roznig. Analiza ta zostata prze-
prowadzona z wykorzystaniem jednoczynnikowej analizy wariancji ANOVA. Czynnikiem determinujacym
warto$¢ odptywu Sciekow z aglomeracji kanalizacyjnej byty grupy natezenia opadu deszczu.

Wyniki i wnioski

Na podstawie przeprowadzonych badan zaproponowano dla eksploatatora dziatania zwigkszajace kontrole
odptywu wod obeych do systemu kanalizacyjnego, a na tej podstawie dziatania minimalizujgce doptyw wod
obcych na odcinkach kanalizacji szczegdlnie wrazliwych. Nalezy wprowadzi¢ szkolenia edukacyjne w gmi-
nie (aglomeracji) odnosnie zagospodarowania wod opadowych tak, aby zatrzymaé je w jak najwickszym
stopniu w miejscu ich powstawania.

Stowa kluczowe: Scieki, opad atmosferyczny, oczyszczalnia Sciekdéw, kanalizacja
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