DOI: 10.2478/jwld-2019-0017

© Polish Academy of Sciences (PAN), Committee on Agronomic Sciences
Section of Land Reclamation and Environmental Engineering in Agriculture, 2019
© Institute of Technology and Life Sciences (ITP), 2019

www.czasopisma.pan.pl P N www.journals.pan.pl

JOURNAL OF WATER AND LAND DEVELOPMENT
2019, No. 40 (I-1ll): 155-160
PL ISSN 1429-7426, e-ISSN 2083-4535

Available (PDF): http://www.itp.edu.pl/wydawnictwo/journal; http://www.degruyter.com/view/j/jwld; http://journals.pan.pl/jwid

Received 19.11.2018
Reviewed 18.12.2018
Accepted 21.12.2018

A — study design

B — data collection

C — statistical analysis

D — data interpretation

E — manuscript preparation
F — literature search

Designed and real hydraulic load
of household wastewater treatment plants

Piotr M. BUGAJSKI" **“*®_Karolina KUREK” *"",
Dariusz MLYNSKI® “°%, Agnieszka OPERACZ" """

D:2:3:9) University of Agriculture of Krakow, Department of Sanitary Engineering and Water Management, al. Mickiewicza 24/28,

30-059, Krakow, Poland

" orcid.org/0000-0002-6891-7953; e-mail: p.bugajski@urk.edu.pl
2 orcid.org/0000-0003-2944-9656; e-mail: k.kurek@urk.edu.pl

% orcid.org/0000-0002-8925-2591; e-mail: d.mlynski@urk.edu.pl
 orcid.org/0000-0002-1717-1661; e-mail: a.operacz@urk.edu.pl

For citation:

Bugajski P.M., Kurek K., Mtynski D., Operacz A. 2019. Designed and real hydraulic load of household wastewater

treatment plants. Journal of Water and Land Development. No. 40 (I-III) p. 155-160. DOI: 10.2478/jwld-2019-0017.

Abstract

The paper presents the results of the analysis concerning the verification of the actual hydraulic load and the load of
organic pollutants compared to the conditions designed for 4 household wastewater treatment plants. The researches were
carried out in the annual period from May 2015 to April 2016. Based on the conducted analysis, it was found that objects
act as underloaded hydraulically and the actual inflow of sewage to the analysed objects during the research period ranged
from 7.3% to 32.7% in relation to the inflow assumed in the project. Furthermore, in the case of loading the treatment plant
with the load of pollutants expressed as PE, it was fund that the actual PE values were lower than assumed in the project.
Therefore, it is important that the sizes of the series of household sewage treatment plants were selected depending on the
individual conditions of household, i.e. the number of inhabitants or the amount of consumed water.

Key words: household wastewater treatment plants, hydraulic load, inflow per inhabitant (person), population equivalent

INTRODUCTION

One of the basic factors indicating the level of civiliza-
tion in society is the state of development of systems for
discharge and disposal of sewage [MESTER ef al. 2017,
OBARSKA-PEMPKOWIAK et al. 2015; PAWELEK 2016]. In
Poland, despite the numerous investments in wastewater
management carried out in recent years in the areas of rural
and urban-rural communes, currently only 40.3% of resi-
dents of non-urbanized areas discharge and dispose of
sewage in collective systems, while in cities — 90% [GUS
2017]. Additional, in the rural areas, where it is economi-
cally justified, there are approx. 217 thousand household
sewage treatment plants [GUS 2017]. According to the
growth trend in recent years, there are around 22.000
household sewage treatment plants in Poland in various
treatment technologies, and forecasts indicate that the

number of such facilitates in the next 10-15 years will
amount to 500,000 units. At the same time, it is important
that during the selection of a treatment technology for
small amounts of wastewater, it is necessary to be guided
not only economic reasons, but also ecological and tech-
nical reasons. Users should choose such objects, which are
wastewater treatment plants, not only in name, but also
fulfill their functions [CHMIELOWSKI 2016; JAWECKI et al.
2016; JOZWIAKOWSKI et al. 2015; 2018; WASIK, CHMIE-
LOWSKI 2017]. A common phenomenon in rural or urban-
-rural communes is the selection of one type of sewage
treatment plant for all houses in the tender procedure for
household sewage treatment plants. During the exploitation
of this type of sewage treatment plant, this results in too
low or too high hydraulic load, which translates into the
effectiveness of eliminating pollution from sewage.
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The aim of the study was to verify (compare) the actu-
al amount of treated sewage to the capacity assumed in
projects in 4 household wastewater treatment plants serv-
ing single-family houses. These plants were named in the
work as A, B, C and D. Households with wastewater
treatment plants are located on the area of the commune of
Patecznica in the district of Proszowice, the Matopolska
voivodeship (50°17' N, 20°17' E). The comparison of flow
capacity was determined on the basis of two design param-
eters, i.e. average daily flow (Q) and population equivalent

(PE).
MATERIALS AND METHODS

The researches were conducted in 4 household
wastewater treatment plants serving households, in which
practically the entire amount of consumed waster goes to
wastewater treatment plants. The amount of sewage flow-
ing into individual sewage treatment plants was determined
on the basis of the readings of water meters regarding the
amount of consumed water. Farms, in which there is no
animal or agricultural production and water is used only
for living purposes of residents, were selected for these
studies. Therefore, the so-called non-returnable water con-
sumption was not observed [BERGEL 2005].

In individual buildings, readings of water meters were
collected on the last day of each month, so that it was pos-
sible to determine the monthly consumption and daily wa-
ter consumption, as the daily average value for each ana-
lysed month. This enabled to determine the amount of in-
coming sewage to the treatment plant. The researches were
carried out in the annual period from May 2015 to April
2016. In order to calculate the PE parameter in each of the
analysed sewage treatment plant, raw sewage was collect-
ed (each month) from the first chamber of an initial settling
tank. This procedure enables to determine the BODs value.

Population equivalent (PE) was calculated from the
formula:

PE = Qa.d.BODs (1)
ULBops
Where: Q,q = average daily flow of sewage (m>-d™),
BOD;s = value in raw sewage (g-m ), ULpops = unit load
for BODs equal (60 g-person'-d ™).

The analysis of raw sewage was conducted in the La-
boratory of Water and Wastewater Assessment, located at
the Faculty of Environmental Engineering and Geodesy of
the University of Agriculture in Krakow. The value of
BODs in raw sewage was determined in accordance with
PN-EN 1899-1:2002 and PN-EN 25814:1999.

Characteristics of households. The house “A” is in-
habited by four permanent residents, including to adults
and two children. The residential building is equipped with
the installation of cold and hot water supplied to the point-
of-use in kitchen and bathroom. Residents occasionally use
water to wash cars. Due to the marginal use of water for
other purposes than housing purposes, the analytical part of
the work took into account that 100% of the consumed
water goes to the wastewater treatment plant.

The house “B” is inhabited by six permanent residents,
including four adults and two children. The residential
building is equipped with the installation of cold and hot
water supplied to the point-of-use in kitchen and bathroom.
Residents additionally use water for washing cars and for
watering the backyard vegetable garden in the period from
July to August. After consultations with residents, it was
estimated that the amount of water not reaching the treat-
ment plant in the period from July to August is 10%.

The house “C” is inhabited by two permanent residents
in the retirement age. The residential building is the oldest
of the analysed buildings and it is equipped with the instal-
lation of cold and hot water supplied to the point-of-use in
kitchen and bathroom. Residents do not use water for other
purposes than housing purposes, so it was assumed that
100% of consumed water goes to wastewater treatment
plant.

The house “D” is inhabited by two young persons in
working age. The residential building is the newest of all
the described buildings and it was put into service one year
before the rests. The residential building is equipped with
the installation of cold and hot water supplied to the point-
-of-use in kitchen and bathroom. In this household, it was
assumed that 100% of consumed water goes to sewage
treatment plant, because there is no the so-called non-
-returnable water consumption.

Characteristics of wastewater treatment plant. The
analysed household sewage treatment plants in all house-
holds are characterized by the same type. They are so-
called container mechanical and biological wastewater
treatment plants with activated sludge technology. The
technological line of the treatment plant consists in a me-
chanical part from a two-chamber septic tank and in the
biological part from the aeration chamber (biological reac-
tor with activated sludge) and secondary settling tank
combined with the Imhoff funnel. The treatment plant is
designed for characteristic design parameters:

— Qu=15m™d",
— PE =12 person.

RESULTS

In the first part of the analysis, the results concerning
the amount of actually flowing wastewater for individual
buildings were developed and compared with the inflow
assumed in the project. The average daily and individual
(per inhabitant) inflow of sewage were analysed.

In the case of the sewage treatment plant in the house
“A” inhabited by four-person family, the average daily
flow of sewage to the sewage treatment plant in the ana-
lysed period amounted to 0.30 m*-d™". This flow was lower
than the planned treatment plant’s flow capacity by 80%.
In the examined period, in individual months, the average
daily flow of sewage was uneven and ranged from 0.24
m’-d”" (in June, March and April) to 0.44 m*>-d”" in Sep-
tember. The coefficient of variation for the analysed flows
was Cv = 0.21 and according to the scale [MUCHA 1994],
the analysed flows were at the level of small variation. The
characteristic average daily flows of sewage in individual
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Fig. 1. Characteristic average daily inflows of wastewater
from house “A”; source: own study

months along with the medium flow and flow projected
from the house “A” are presented in Figure 1.

The individual flow of sewage to the sewage treatment
plant in the house “A” ranged from 58.8 dm’-person '-d!
recorded in April to 110.9 dm®-person™'-d™" in September.
The average daily unit sewage flow in the period of the
analysed 12 months was 74.3 dm’-person '-d"'. The differ-
ence between the minimum and maximum flow was 36.6
dm’-person™'-d"". The individual flows of wastewater from
the house “A” in individual months and in the annual
period are presented in Figure 2.
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Fig. 2. Inflow of wastewater per inhabitant from house “A”;

source: own study

For the sewage treatment plant installed on the house
“B” inhabited by six-member family, during the study pe-
riod, the average daily flow of sewage ranged from 0.35 in
March to 0.70 m*-d"' in July. Therefore, the difference
between the minimum and maximum flow was 0.35 m*-d"".
The coefficient of variation for the analysed flows was Cv
= (.20 and according to the scale [MUCHA 1994], the ana-
lysed flow was at the level of small variation. The average
daily annual flow of sewage amounted to 0.49 m’-d "' and
it was lower that the flow assumed in the project by 67.3%.
The characteristic average daily flows of sewage in indi-
vidual months along with the medium flow and the flow
planned from the house “B” are presented in Figure 3.

The individual flow of sewage to the sewage treatment
plant in the house “B” ranged from 56.8 dm®-person'-d"!
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Fig. 3. Characteristic average daily inflows of wastewater from
house “B”; source: own study

recorded in March to 117.1 dm*-person'-d"" in July. The
average daily unit sewage flow in the period of the ana-
lysed 12 months was 82.2 dm®-person '-d"'. The difference
between the minimum and maximum flow was 58.5
dm’-person'-d"". The individual flows of wastewater from
the house “B” in individual months and in the annual peri-
od are presented in Figure 4.
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Fig. 4. Inflow of wastewater per inhabitant from house “B”;
source: own study

In the case of the house “C” inhabited by two older
people, the average daily flow of sewage oscillated be-
tween 0.08 and 0.13 m*-d"' in May and January, respec-
tively. The difference between the minimum and maxi-
mum flow was 0.05 m*-d"". The coefficient of variation for
the analysed flow was lower than in the previous cases and
amounted to Cv = (.12 and according to the scale [MUCHA
1994], this flow was at the level of small diversity. The
analysed sewage treatment plant was hydraulically loaded
in only 7.3% in relation to the load assumed in the project.
The characteristic average daily flow of sewage in individ-
ual months along with the medium flow and the flow pro-
jected from the house “C” are presented in Figure 5.

In the analysed house “C”, the individual flow of sew-
age to the treatment plant oscillated from 41.1 to 66.7
dm*-person '-d"' in May and January, respectively. There-
fore, the difference between the minimum and maximum
flows was 25.6 dm’-person '-d”'. The average daily unit
sewage flow in the period of the analysed 12 months was
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Fig. 5. Characteristic average daily inflows of wastewater
from house “C”; source: own study
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Fig. 6. Inflow of wastewater per inhabitant from house “C”;
source: own study

53.6 dm’-person '-d"'. The individual flows of wastewater
from the house “C” in individual months and in the annual
period are presented in Figure 6.

In the last analysed house “D”, which (like the previ-
ous house) is inhabited by two persons, but with the differ-
ence that there are young people of working age, the aver-
age daily flow of sewage ranged from 0.21 m*-d"' in No-
vember to 0.45 m*-d"' in May. The difference between the
minimum and maximum flow was 0.24 m*-d"'. The coeffi-
cient of variation for the analysed flows was Cv =0.19 and
according to the scale [MUCHA 1994] it was diversification
at a small level. In the annual period, the average daily
flow of sewage to the treatment plant was 0.32 m*-d "', so
the treatment plant was hydraulically underloaded at
78.7%. The characteristic average daily flows of sewage in
individual months along with the medium inflow and the
flow planned from the house “D” are presented in Figure 7.

In the analysed house “D”, the unit flow of sewage to
the treatment plant ranged from 103.7 dm®-person'-d "' in
November to 223.8 dm’-person '-d”"' in August. The dif-
ference between the minimum and maximum flow was
120.1 dm®-person'-d™". The average daily unit flow of
sewage in the period of analysed 12 months in this house
amounted to 162.3 dm’-person'-d"' and it was the highest
of all analysed farms. The individual flows of wastewater
from the house “C” in individual months and in the annual
period are presented in Figure 8.
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Fig. 7. Characteristic average daily inflows of wastewater
from house “D”
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Fig. 8. Inflow of wastewater per inhabitant from house “C”;
source: own study

In the second part of the analysis, based on the BODs
values in raw sewage and the amount of incoming sewage,
the actual project parameter regarding the selection of the
type of sewage treatment plant (i.e. the PE — population
equivalent) was determined. Moreover, it was compared
with the PE assumed in the project.

In individual houses, BODs values in raw sewage were
varied. BODs value in the “A” house oscillated from 500 to
1000 g'm™, in the “B” house — BODs values ranged from
500 to 1850 g'm™, in the “C” house — fluctuations in
BOD; values ranged from 350 to 1300 g'm and in case of
“D” house, fluctuations in BODs values ranged from 150 to
260 g'm .

In the case of the sewage treatment plant for the house
“A”, on the basis of BODs values in raw sewage and the
average daily amount of incoming sewage, it was found
that PE in individual months ranged from 3.7 to 8.8 and in
annual terms PE for this house amounts to 5.6, so the
rounded value is 6. PE assumed in the project is higher by
50% compared to the actual PE. On the “B” house, PE
ranged from 3.2 to 7.7 in individual months and the aver-
age PE in the annual period is 7.7 (the value in the amount
of 8 can be assumed). PE assumed in the project is 35.8%
higher than the actual PE. On the “C” house, the calculated
PE value varies in individual months from 0.7 to 2.5, while
for the annual period — it is 1.2. Therefore, the value of PE
in the amount of 1 can be assumed. The actual PE is lower
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than the assumed value in the project by almost 92%. In
the case of the last of the analysed house “D”, the PE cal-
culated for individual months ranged from 0.5 to 1.5, and
the average annual value of PE reached 1.1. It has been
assumed that the real PE for this house is 1.

DISCUSSION

According to KACZOR [2011; 2012], ANDRAKA and
DzieNIS [2013], as well as MLYNSKI et al. [2017], the ade-
quate (according to the design assumptions) hydraulic load
of a sewage treatment plant plays a key role in the
wastewater treatment process. Overloading or underload-
ing of the sewage treatment plant is the cause of disruption
of wastewater treatment processes.

During the analysis of actual and planned hydraulic
load of four home sewage treatment plants, it is stated that
all objects were hydraulically underloaded to a different
degree. The basic reasons for this fact at the stage of se-
lecting the type of sewage treatment plant is incorrect spec-
ification of the unit amount of wastewater and the errone-
ous determination of the average daily amount of incoming
sewage from a given house. In recent years, generally, dur-
ing the design of sewage systems in non-urbanized areas,
aunit amount per inhabitant of 150 dm*-d™' is accepted
[BERGEL 2005; BERGEL, KACZOR 2007, CWIERTNIA 2004;
HEIDRICH 1998; MUCHA, Mik0sz 2009]. The studies con-
ducted by BUGAIJSKI and BERGEL [2009], BERGEL [2005],
PAWESKA et al. [2013] show that the unit quantity of sew-
age assumed at the level of 150 dm®-person'-d” is too
large in comparison to the actual quantity of sewage,
which (in practice) does not exceed 100 dm’-person '-d .
Similar conclusions regarding the unit quantity of water
consumed in other countries were presented by DIAS et al.
[2018] and GURAGAL et al. [2018]. An additional problem
in determining the actual amount of sewage flowing out is
the so-called non-returnable water consumption, i.e. water,
which does not go to the sewage system after consumption.
According to the research conducted by BERGEL [2005],
the non-returnable water consumption constitutes about
10-20% of the daily water consumption. Therefore, during
the determination of the amount of sewage generated on
the basis of water consumption readings from the water
meter in rural areas, such an event should be anticipated
and taken into account [JOZWIAKOWSKI 2017]. The errone-
ously determined average daily amount of sewage has
a direct impact on the calculated PE. When this design
parameter is taken into account in the selection of the type
of wastewater treatment plant, there is a mistake of under-
loading or overloading with the load of organic pollutants
expressed in BODs [BUGAIJSKI et al. 2017].

CONCLUSIONS

On the basis of the conducted analysis regarding the
hydraulic load of four household sewage treatment plants
in the aspect of verification of design assumptions, it was
found that the objects act as hydraulically underloaded.
During the research period, the actual sewage flow to the
analysed facilities ranged from 7.3% to 32.7% in relation

to the flow assumed in the project. Furthermore, in the case
of the assumed PE design parameter, the objects were un-
derloaded with a load of pollutions. The actual PE (calcu-
lated on the basis of the BODs value and the average daily
amount of sewage) ranged from 1 to 8 at the assumed de-
signed value PE = 12. In order to prevent the phenomenon
of hydraulic underloading of household sewage treatment
plants due to the small number of incoming sewage, each
type of farm should be treated individually when choosing
the type of objects. It means the determination of the actual
number of inhabitants and the specificity of using water
supply and sewage facilities in residential buildings. How-
ever, if possible, the number of incoming sewage should be
determined on the basis of the amount of consumed water
(readings from the water meter). Acceptance of theoretical
values results in hydraulic underloading of the objects.
Additionally, it is recommended to use the so-called small
centralization (i.e. connection of a few or a dozen buildings
to one wastewater treatment plant where it is possible due
to topographical and social reasons) instead of the con-
struction of a dozen or so household sewage treatment
plants.
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Projektowane a rzeczywiste obciazenie hydrauliczne przydomowych oczyszczalni §ciekéw

STRESZCZENIE

W pracy przedstawiono wyniki analizy dotyczace weryfikacji rzeczywistego obcigzenia hydraulicznego oraz obcigze-
nia tadunkiem zanieczyszczen organicznych w pordéwnaniu z warunkami projektowanymi dla czterech przydomowych
oczyszczalni §ciekow. Badania prowadzono w rocznym okresie — od maja 2015 r. do kwietnia 2016 r. Na podstawie prze-
prowadzonej analizy stwierdzono, ze obiekty dziatajg jako niedocigzone hydraulicznie, a rzeczywisty doptyw $ciekow do
analizowanych obiektow w okresie badan wyniost od 7,3% do 32,7% w stosunku do doplywu zaktadanego w projekcie.
Rowniez w przypadku obcigzenia oczyszczalni tadunkiem zanieczyszczen wyrazonych jako RLM, stwierdzono, ze rze-
czywiste wartosci RLM byly nizsze, niz zaktadane w projekcie. Zatem wazne jest, aby wielkosci typoszeregdow przydomo-
wych oczyszczalni $ciekéw byly dobierane w zalezno$ci od indywidualnych uwarunkowan gospodarstw domowych, t;.
liczby mieszkancow lub ilosci zuzywanej wody.
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