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Abstract

The paper presents an analysis of hydraulic load in a wastewater treatment plant (WTP) in Jasto. The study

was based on the records of daily sewage volume entering the treatment plant within a multi-year period of
2010-2014. The analysis took into account the average daily amount of incoming sewage, the maximum daily
peaking factor for the incoming sewage, changes in the sewage volume depending on specific month and day of
a week, and class intervals with the greatest frequency of occurrence.

The analysis revealed that the average daily volume of the sewage entering the WTP in Jaslo in the investi-
gated multi-year period was 13 045 m’-d"'. The amount of incoming sewage was variable, as evidenced by the
maximum peaking factors of daily sewage inflow that ranged from 1.07 to 2.78, depending on a specific month.
The sewage admission was the largest in March, May and June and on Saturdays. Sewage volume interval most
often occurring at the WTP in Jasto was the one between 8 000 and 10 000 m*d". The study results indicated

that the facility was hydraulically underloaded.
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INTRODUCTION

One of the main and widely investigated fields of
water and wastewater management is the problem of
discharging and treating the sewage generated in the
course of human economic activities [BERGEL et al.
2013]. The problem is important, as the sewage pose
athreat to both humans and the environment. This
requires a construction of efficient sewerage systems
discharging wastewater into treatment plants [MIKO-
ELAICZYK, KRAJEWSKI 2014]. To correctly assess the
dimensions of a sewerage system, it is necessary to
determine water needs of a human population [BER-
GEL, PAWELEK 2005]. An important parameter in this
aspect is unit water consumption that directly trans-

lates into the amount of generated sewage. Unit water
consumption depends on water and sewage system
installed in a dwelling, sanitary habits of residents,
their age and sewage discharge system [PAWELEK,
KACZOR 2006]. When the nature of water consump-
tion by residents is known for a reasonable period of
time, a hydraulic load of a treatment plant may be
determined with a certain probability [KACZOR 2009].

In the recent years, the amount of domestic sew-
age has been on the rise. This is due to a continuous
development of water supply systems and construc-
tion of buildings equipped with a complete water and
sewage system. As a result, water consumption and
consequently the amount of discharged sewage in-
crease [BUGAJSKI, BERGEL 2009; BUGAISKI, KACZOR
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2005; BUGAIJSKI, PAWELEK 2005]. Increased amount
of sewage inflowing a wastewater treatment plant
(WTP) may be also due to other factors, such as me-
chanical damage or leaks in the sewerage pipes that
transport also infiltration waters [KACZOR, PRZE-
BINDA 2009]. In extreme cases, the water inflowing
a sewerage system from outside the pipes may cause
even fivefold increase in average daily sewage admis-
sion [KACZOR, PAWELEK 1999]. This may cause
a hydraulic overload affecting the efficiency of tech-
nological devices or leaching of active sludge from
a bioreactor [KACZOR 2011; TOET et al. 2005; XU et
al. 2015]. However, hydraulic underload is another
problem faced by the treatment plant operators. It may
disturb consecutive steps of sewage treatment, as the
processes of pollution removal require certain amount
of sewage to be effective [BUGAJSKI 2007; GIOKAS et
al. 2002; SPELLMAN 2013].

Since Poland’s accession to the European Union,
a significant improvement in water and sewage man-
agement has been noticed in both urban and rural ar-
eas. Poland, as a member of the European Union, is
committed to implementation of the Water Frame-
work Directive (WFD), which requires all member
states to rationally use and protect water resources.
Implementation of WFD’s provisions resulted in the

station of sewage

transported by tanks

inflow of raw sewage
steep screns

radial primary settling tanks

introduction of the National Sewage Treatment Pro-
gramme. It states that agglomerations with population
equivalent (PE) of at least 2000 must have collective
sewerage systems discharging the sewage into waste-
water treatment plants [CHMIELOWSKI et al. 2015;
MIERNIK, MLYNSKI 2014].

The facility in Jasto is one of such WTPs. Its re-
sponsibility is to dispose of physical and oxygen-
demanding contaminants and nutrients admitted with
the sewage discharged from Jasto agglomeration with
72 613 PE [MASLON 2014]. Bearing in mind the re-
sults of hydraulic overload and underload and the im-
plementation of WFD, the aim of this paper was to
analyze the amount of sewage inflowing the treatment
plant in Jasto, based on the total amount of sewage
disposed of at this facility.

DESCRIPTION OF THE STUDY OBJECT

The wastewater treatment plant in Jasto is a facil-
ity combining mechanical and biological methods of
sewage treatment and using an active sludge in the
biological phase. Designed capacity of the treatment
plant in the dry season is 20 000 m’-d"", and in the wet
season 72 000 m’-d”'. A simplified diagram of the
Jasto treatment plant is presented in Figure 1.

secondary settling tanks

vertical vortex

biological reactor 1

clean

sewage

grid chambers

biological reactor 2

Wistoka river

Fig. 1. A simplified diagram of the wastewater treatment plant in Jasto; source: own elaboration

Mechanical treatment involves step screens, two
vertical vortex grit chambers and two radial primary
settling tanks. Biological treatment is performed in
two bioreactors utilizing the Bardenpho process. Be-
fore the treated sewage is discharged into the receiv-
ing water, it is directed to two secondary settling
tanks to separate the active sludge from the treated
sewage. At the end of the process, the treated sewage
is discharged into the receiving water, i.e. the Wistoka
River.

MATERIALS AND METHODS

The analysis of hydraulic loading of the Jasto
wastewater treatment plant was based on the data of
daily records of sewage volume admitted into the fa-
cility in the years 2010-2014. The data were provided

by Jasto Public Utility Department. They were used to
determine descriptive statistics such as the measures
of location: maximum (Qmax), medium (Qyay,), modal
(M,), and minimum (Qymi,) daily volume of sewage
admitted to the facility within the investigated multi-
year period, and the measures of spread: standard de-
viation (s) and coefficient of variation (V).

Maximum daily peaking factors of sewage ad-
mission (Nm.x) were determined according to the fol-
lowing formula [HEIDRICH 1998]:

— Qd max
Ny = 1
Qd avg
where:
Oumax = maximum daily sewage volume inflow-

ing the treatment plant (m’-d"), within
the study period;
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= average daily sewage volume inflowing
the treatment plant (m*d '), within the
study period.

Qdav g

Quavg Was determined for individual months and
days of the week. The significance of differences in
Quave for individual months and days of the week for
the significance level a = 0.05 was assessed using
Kruskal-Wallis and j° tests [SPELLMAN 2005].

Furthermore, histograms and empirical cumula-
tive distribution function of the sewage volume in-
flowing the WTP in Jaslo were determined for the
years 2010-2014. The number of intervals and their
width were worked out using the formulas employed
by MIERNIK and WALEGA [2013]:

Ly =5 logN (2)

A = Lamn = Qamin 3)
Ly
where:

A = width of the class interval, m*d™;

Oumax = maximum daily sewage volume inflow-
ing the treatment plant (m’-d™"), within
the study period;

Oumin = minimum daily sewage volume inflow-
ing the treatment plant (m’-d'), within
the study period.

STUDY RESULTS

The data collected in the course of the study were
used to prepare a graph presenting daily volume of
sewage inflowing the wastewater treatment plant in
Jasto in the years 2010-2014 (Fig. 2). The values of

where: individual statistical parameters and maximum daily
Ly = number of right-open class intervals, peaking factors for sewage admission (Tab. 1) de-
N = number of data in the observation sequence. scribe the dynamics of changes in the daily amount of
sewage inflowing the facility.
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Fig. 2. The amount of sewage inflowing the wastewater treatment plant in Jasto in the years 2010-2014;
source: own elaboration

Table 1. Parameters describing sewage admission into the Jasto wastewater treatment plant in individual years and the entire

study period
Study parameter Unit Parameter value
2010 2011 2012 2013 2014 2010-2014

Outmax m’d’! 34 694 29296 23 140 30472 38 434 38434

Qe m’d’! 14018 12113 10 436 12 622 14 125 13 045

Ouimin m’-d’! 7209 7084 6345 5455 6722 5455

s m*d”! 5338 4133 2594 4253 5531 4 860

v, - 0.38 0.34 0.25 0.34 0.39 0.37

M, m*d”! 13 969 8198 8601 9478 8031 8031

Noimax - 248 2.42 222 241 2.72 2.95

Source: own elaboration.

The data presented in Figure 2 and the results
compiled in Table 1 revealed that Q ;i of the sewage
inflowing the WTP in the years 2010-2014 was ob-
served in 2013 and was nearly 5 500 m>-d. O umax
amounting to nearly 38 500 m>d ™' was recorded in
2014. Therefore, Qg of the sewage inflowing the
Jasto WTP in the years 2010-2014 was 13 045 m’>-d™".

According to MUCHA’S classification [1994], the co-
efficient of variation for the sewage volume inflowing
the treatment plant each day, which for the investi-
gated period was below 40%, indicated moderate
variation in the volume of admitted sewage. Nyyax for
the years 2010-2014 was 2.95. Moreover, based on
results which are presented in table, it was conclude,
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that volume of inflowing sewage to sewage treatment
plant in Jasto is greater in relative to currently accept-
ed unit consumption of water per day per person (ac-
tually to design is it 0.12 m*-d "-P™") and population
equivalent. The length of the sanitary sewage system
of Jaslo is equal to 350.8 km. The length of the com-
bined sewage system is equal to 34.9 km (it is over
9-percentage part of the total length of the sewage
system). Total length of the sewage system is equal to
385.7 km. The length of the rain water sewage system
is equal to 16.1 km (probably it is independent sew-
age system and it doesn’t discharge rain water to the
treatment plant). Considering information, it can be
supposed that increased sewage inflow to wastewater
treatment plant related to PE can be caused by infiltra-
tion water and accidental water. To identify the reason
of increased sewage inflow, it is necessary to perform
additional study deal with sewage inflow during night
and determine the percentage value of infiltration wa-
ter and accidental water related to the total amount of
sewage.

Oimax and Oy, are some of the most important
parameters to be considered during design, construc-
tion and operation of wastewater treatment plants
[KEACZYNSKI, RATAJCZAK 2012]. Therefore, the
equation (1) was used to determine Ny, of the sew-
age inflowing the Jasto treatment plant in individual
months of 2010-2014 period. The resulting N .« val-
ues are presented in Figure 3.
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Fig. 3. Njmax for individual months within the years
2010-2014; source: own elaboration

In the investigated multi-annual period, Ny, for
individual months ranged from 1.07 to 2.78. The low-
est Nymax Was calculated for November 2011 and the
highest for September 2014. The main reason for
Nymax Vvariation is the effect exerted on the sewerage
system by of extraneous water [MINES et al. 2007;
MLYNSKA 2014]. An analysis of Ny for the indi-
vidual months as well as for the entire investigated
period (Tab. 1) revealed that the values of this pa-
rameter were different from those reported in the lit-
erature. This is very important for predicting the
amount of wastewater discharged from a specific area.
As claimed by MYSZOGRAJ and PANEK [2007], the
amount of sewage discharged from a defined settle-
ment unit with over 25k inhabitants is forecast assum-

ing Numax of 1.2. When this reference value was used
for the Jasto population comprising over 33k of in-
habitants, the calculated Ny, for the individual
months, years and the entire investigated period
20102014 was different than that predicted by
MYSZOGRAJ and PANEK [2007]. Assuming too low
Namax at the design stage may cause periodic hydraulic
overload of a wastewater treatment plant that may
disturb the processes of removing contaminants from
the treated sewage.

Figure 4 shows Quy, changes in specific months
against the design capacity of the Jasto WTP and
Qavg determined for the years 2010-2014. The aim of
the analysis was to identify the months with the low-
est and the highest O, Within the five-year period.
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Fig. 4. Average daily amount of sewage inflowing
the wastewater treatment plant in Jasto in individual months
of the years 2010-2014; source: own elaboration

The results presented in Figure 4 indicate that
Quavg of the sewage inflowing the Jasto facility differ
significantly between individual months. This is con-
firmed by »° = 367.97 that assumed values above y’,
(k= 21.026 for o = 0.05 and k = 12). The highest
Quavg for the sewage inflowing the Jasto WTP was
recorded in March, June and July — almost 15 000
m>-d"'. The lowest Qudavg Was recorded in November
and amounted to nearly 10 300 m*d™'. Moreover, it
was observed that Q... was higher in the first half of
each investigated year in the period of 2010-2014.
However, the design capacity of the wastewater
treatment plant was never exceeded. It seems highly
probable that Oy, distribution for the sewage inflow-
ing the Jasto facility is mainly affected by the extra-
neous water. In early spring (March) it was probably
mostly meltwater from melting snow cover. In late
spring and summer (May, June and July) it was rain-
water. This water infiltrated through leaks in the sew-
erage system or holes in the manholes or was illegally
discharged from roof gutter outlets and yard gullies
connected to the sanitary sewerage system [KACZOR
2011; KACZOR et al. 2013; RAUCH, HARREMOES
1996; STRICKER et al. 2003].

The analysis of hydraulic load of the Jasto facility
was supplemented with determination of Q.. for
specific weekdays of the investigated period. The
analysis outcomes are presented in Figure 5.
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Fig. 5. Average daily amount of sewage inflowing the
wastewater treatment plant in Jasto on individual weekdays
of the years 2010-2014; source: own elaboration

The values statement on Figure 5 has been calcu-
lated, based on daily inflow of sewage to wastewater
treatment plant in Jasto, in each days of weeks,
throughout the analyzed multi-year. A scrutiny of the
data presented in Figure 5 revealed that the amount of
sewage inflowing the Jasto WTP is similar on all days
of the week. This was confirmed by the value of y for
the amounts of sewage admitted on specific week-
days. It was equal to 1.55 and thus lower than . that
for k=7 and a = 0.05 was 14.067. Therefore, the dif-
ferences between the amount of sewage entering the
facility on specific weekdays were not significant.
The highest sewage admission in the investigated pe-
riod was reported for Saturdays (nearly 13 300 m*-d™")
and the lowest for Mondays (nearly 12 840 m*d™).
Similar results were published by KACZOR [2006]. He
indicated that the amount of discharged sewage corre-
sponded to the general weekly pattern of water con-
sumption. This means that the greatest amount of
sewage is discharged on Saturdays and the lowest on
Sundays and holidays.

The final stage of the analysis of hydraulic load
dynamics in the Jasto wastewater treatment plant in-
volved determining the frequency of different sewage
inflows and their probability of occurrence. The num-
ber of class intervals and their width were determined
based on equations (2) and (3). For the investigated
multi-year period, there were 19 class intervals per
2000 m*d" each. The frequency of individual in-
flows together with empirical cumulative distribution
function are presented in Figure 6.

The data compiled in Figure 6 indicated that O ue
of the sewage entering the WTP in Jasto most often
ranged between 8 000 and 10 000 m*-d'. This class
amounted to 24% of all recorded sewage admission.
The empirical cumulative distribution functions re-
vealed that the probability of sewage inflow exceed-
ing the design capacity of the facility for the dry sea-
son was about 8%.

mmmmm Histogram of relative frequency
e CUMulative distribution

Fig. 6. Histogram of relative frequency and empirical
cumulative distribution function for the amount of sewage
inflowing the wastewater treatment plant in Jasto in the
years 2010-2014; source: own elaboration

CONCLUSIONS

1. Average daily amount of sewage inflowing the
Jasto WTP in the years 2010-2014 was 13 045 m’>-d .
This amounts to 67% of the facility design capacity.
There were a few situations in which the sewage
amount admitted to the treatment plant exceeded the
average amount for the investigated period by a few
times (particularly in 2010). This is explained mainly
by intense precipitation that occurred in the Subcarpa-
thian region in 2010 [LIPINSKA (ed.) 2011].

2. The amount of sewage inflowing the Jasto
WTP in the years 2010-2014 was highly variable.
This was evidenced by Nyn.x values that for both indi-
vidual years and the entire investigated period signifi-
cantly exceeded 2.00. Whereas the most often occur-
ring amount of sewage was the one in the range 8 000
to 10000 m*d"'. This class interval accounted for
24% of all recorded inflows.

3. The greatest daily amount of sewage entered
the Jasto facility in the early and late spring (March
and May) and early summer (June and July), what
corresponded with the effects of extraneous water
(meltwater and rainwater) on the sewerage system. It
is suggest to perform studies deal with the volume of
sewage inflowing to wastewater treatment plant dur-
ing night. It would give the treatment plant operator
information about the size of percentage value of the
infiltration water and accidental water related to the
total amount of sewage. It is suggest to perform de-
tailed study on the particular sewage system section to
prove where the largest quantities of infiltration water
and accidental water inflow to sewage system. If sew
age system is leaky, it could be propose to perform
sewage system renovation with using e.g. resin-
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saturated felt tube made of polyester and nylon fibers.
The analysis of the age structure and material struc-
ture of sewage system in Jasto should be perform. It
would indicate which sewage system section is the
most endangered with the infiltration water and acci-
dental water inflow. Additional advantage would be
information about the ground water level. It is suggest
to take action by the treatment plant operator to obtain
this information and based on this information per-
form detailed analysis.

4. Considering the results of this study, it was
concluded that in the investigated multi-year period
the wastewater treatment plant in Jasto operated in
hydraulic underload conditions. According to BUGAJ-
SKI and SATORA [2009] and BUGAIJSKI [2009], hy-
draulic underload is primarily due to lower water con-
sumption by residents, compared to the standard con-
sumption assumed during the facility design and in-
creasing environmental awareness of the residents
who try to conserve water resources. Moreover the
daily flow from one person has changed from 0.2
m>-d P! in the 1970 to the 0.12 m>d P! now,
what was resulted from changes in taxes for water.
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Analiza obciazenia hydraulicznego oczyszczalni §ciekéw w Jasle

STRESZCZENIE

Stowa kluczowe: ilos¢ sciekow, obciqzenie hydrauliczne, oczyszczalnie sciekow, Scieki

W artykule przedstawiono analizg obciazenia hydraulicznego oczyszczalni $ciekow w Jasle. Badania prze-

prowadzono na podstawie rejestrow dobowych objgtosci sciekow doplywajacych do oczyszczalni w wieloleciu
2010-2014. Wyznaczono $rednig dobowa ilo§¢ doptywajacych $ciekdéw w badanym pigcioleciu, okre§lono mak-
symalne wspotczynniki nierdownomierno$ci dobowej doptywu Sciekow, ksztattowanie si¢ wielkosci doptywu
w poszczegdlnych miesiacach oraz dni tygodnia analizowanego wielolecia i wyznaczono przedziaty klasowe,
w ktorych najczesciej pojawiaty sig¢ doptywy Sciekow.

Na podstawie przeprowadzonej analizy stwierdzono, ze $rednia dobowa ilosé Sciekow doptywajacych do
oczyszczalni w Jasle w rozpatrywanym wieloleciu wynosi 13 045 m*-d". Tlo$¢ doptywajacych $ciekéw charakte-
ryzuje si¢ nierdwnomiernoscia, o czym $wiadcza wielkos$ci maksymalnych wspotczynnikéw nierownomiernosci
dobowej doptywu $ciekow, ktore w poszczegdlnych miesiacach przyjmowaty wartosci z przedziatu od 1,07 do
2,78. Ponadto stwierdzono, ze najwigksze doptywy $ciekow wystepuja w miesigcach: marzec, maj, czerwiec,
a w ciggu tygodnia — w soboty. Analiza czgstosci wystapienia poszczego6lnych ilosci §ciekéw doptywajacych do
jasielskiej oczyszczalni wykazata, ze najczgsciej pojawiajacym si¢ doptywem byt doplyw przyjmujacy wartosci
z przedziahu od 8 000 do 10 000 m*d™'. Bazujac na uzyskanych wynikach, stwierdzono, ze oczyszczalnia $cie-
kéw w Jasle pracuje w warunkach niedociazenia hydraulicznego.
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