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ANALYSIS OF THE ACOUSTIC CLIMATE AROUND THE SEWAGE TREATMENT PLANT IN LASK

Abstract

The aim of the study was the analysis of acoustic climate around the Municipal Sewage Treatment Plant
in Lask. In the analysis, using computer program HPZ_2001 ITB, the calculations on the impact of the acoustic
climate were carried out. In addition, to verify the calculations, current noise emission measurements during
the operation of the wastewater treatment plant were made. The results found that during operation, the
wastewater treatment plant does not teach exceeded permissible noise levels in adjacent areas under acoustic
protection, both during the day and night.

Key words
sewage treatment plant, acoustic climate, noise

Introduction

The development of civilization is associated with the development of technology, which in turn produces
frequent changes in the environmental that lead to the deterioration of its condition [1-2]. Noise is a form of
pollution that may pose a health risk [3].

Environmental noise is more widespread than ever before and unfortunately it will continue to increase [4-5].
It is characterized by a multitude of sources and universality of occurrence in all biosphere systems. Noise
refers to all troublesome, unpleasant or harmful vibrations of the elastic center [5]. Noise on the human body is
bad and entails functional and health consequences [6-11]. The first group includes a sense of comfort and
safety, the ability to communicate with the environment, the orientation in the environment. The second
group includes general health, mental state or generally damage the hearing organ. Environmental noise can
worsen the quality of life and generate sleep problems [12-16].

The main factors affecting high noise levels in cities are [17-18]:
compact, double-sided and high-rise buildings in the city center (Canyon effects);
poor technical condition of urban transportation;
poor technical condition of the surface and tram tracks;
high proportion of vehicles (trams, buses, trucks) in motion through-routes.
Figure 1 presents the division of types of noise depending on the environmental in which it occurs.
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Fig.1. Types of noise depending on the environment in which it occurs
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This paper will analyze the acoustic atmosphere the municipal wastewater treatment plant in Lask in Poland.
The waste treatment plant is an irreplaceable element of municipal functioning. The primary task
of wastewater treatment is to protect the human environment and, above all, protect the purity of surface
water [20-23]. An urban waste water treatment plant in Lask, is organized source of noise. The plant is located
in the north-eastern part of city. In one day, the Grabia river gets an average of 6000 m3 of treated
wastewater. [24].

To the north of the sewage treatment plants there are meadows and pastures, as well as undeveloped grounds
adjacent to the Grabia river 500m from the sewage treatment plant. To the East there are meadows, pastures
and undeveloped areas adjacent to Stefan Zeromski street (National Route 12 and Route 14), 830m away from
the plant. To the west there are meadows, pastures and undeveloped areas adjacent to the Grabia river that
are 650-1,200 m away from the sewage treatment plant. To the south there are residential detached houses
along Jan Kilinski street.

Near the plant there is no cultural property subject to protection under the Law on the Protection of Cultural
Property. The land area on which there are objects is 5.7869ha. This area has been fully converted to the
current usage [25]. The 3.5m wide internal road system ensures free access to cubature and technological
facilities. The majority of the area is covered with greenery.

A network of intersecting tubes includes sewage pipes (inlet and discharge), compressed air lines,
raw sludge lines (excessive, interior scenes concentrated, fermented), and leachate from the drainage of
platelet and filter presses.

The technology of the wastewater treatment in the plant is based on a two-stage method of removing
pollutants. In the first stage the impurities are removed mechanically, and the second stage uses biological
cleansing.

The plant includes preliminary clarifiers, a digester, a blower room, a sludge dewatering room, a sludge
pumping station, biological reactors, secondary clarifiers, a thickener room, a wastewater pumping station and
chamber bars, sub- plot sedimentary, a dryer and grit chamber.

There is a plan to reconstruct the wastewater treatment plant. The main aim is to increase the average to 8 000
m?3 per day. It will be equipped with an installation for biogas and a combination of heat and electricity for the
needs of the enterprise. In addition, the treatment plant will be equipped with two sand removers (instead of
the existing sandstone) and rich would be the existing preliminary and secondary clarifiers and biological
reactors.

The main goals of the expansion include [27] reduced nuisance from the wastewater treatment plant, the
application of renewable energy sources, increased efficiency and improved parameters of treated wastewater,
connecting new customers to the sanitary sewage network, reduced emission of sewage to water and soil and
limiting the entry of dangerous substances that threaten the lives and health of humans into the environment,
halting the degradation of groundwater, increasing the investment and tourism attractiveness of
agglomeration areas, improving the quality of life in the agglomeration, and increasing the satisfaction of the
population.

Materials and methods

Noise measurements help you determine the environmental impact of your business [28-30]. The methodology
to assess the environmental noise emitted into the environment is given in in the instructions no 308 and 338
Institute of Building Technology and State Inspectorate for Environmental Protection "Methods of
measurement of external noise in the environment” [32] as well as in PN 1SO 1996 -1,2, 3 [33-35] and PN-ISO
9613-1.2 [36-37]. The calculation method was based on the relationship between sound emission,
characterized by equivalent sound power level of frequency-weighted sound power according to the "A"
correction curve from the individual sources and the immission of the noise in the impact area, characterized
by an equivalent level of sound "A". The weight scale “A” has been chosen because it is close to the

characteristics of the human ear. The equivalent sound level "A" at the place of observation in the distance "r
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from the center of a single source, shall be calculated in accordance with a dependency, with fallowing
formula:

L, =1Ly +Ky—ALg—10log(4n) — AL, — AL, — AL, — AL, [d (A)] (1)

where:
Laweqi — equivalent sound power level [dB (A)];
Ko - correction taking into account the impact of solid angle, equal to 10log(4p/U) [dB (A)];
Ls - correction including directional impact [dB (A)];
Lr - correction taking into account the impact of distance [dB (A)];
Le - correction taking into account shielding [dB (A)];
L; - correction taking into account the impact of green [dB (A)];
Lp - correction taking into account the sound absorption by air [dB (A)].

If the performer measurements apply to the sound level, sound power level is calculated according to the
following formula (2):

Ly = L+ 1010g (3 ) @ (4)] @)

where: Lm =sound level; [dB (A)];
S =4(ab +ac+bc)(a+b +c)/(a+b+c+2d), [m?];
a, b, c =dimensions describing the device test [m];
So =1,[m2.

Mobile sources emitting noise depends on the phase of the movement, and are calculated an equivalent level
of acoustic power - Lawegn from the following formula (3):

N
1 1

L, =10l (7 > r_,l-10°'HW) 3)
n-1

where: Lawegn — €quivalent sound power for the n-th vehicle, [dB (A)];
Lwn - sound power level for this motor option, [dB];

tn - the duration of the mobility options, [s];
N - the number of motor operations in time T, [dimensionless];
T - time of observation for which the calculated level equivalent, [s].

Areas bordering sewage treatment plant subject to acoustic protection [31]:
in a southerly direction permissible sound level A Laeq o= 55 dB and Laeq n= 45 dB areas for homesteads
(32];
towards the east, west and north the terms acceptable level of noise are absent.

For the wastewater treatment plants, the impact of equipment and facilities, as well as light and heavy
vehicles, were identified.

For existing installations, the equipment or machinery located within the wastewater treatment plant [27]:
waste water pumping station and chamber bars;
grit chamber;
the preliminary clarifiers;
biological reactors;
the secondary clarifiers;
hygenisation station of sludge;
blower room, sludge dewatering room, sludge pumping station;
thickener room;
digesters;
the building of social administration.
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The proposed installations, the equipment of machinery located within the wastewater treatment plant are
[27]:

sand removers;

biological reactors;

the secondary clarifiers;

the sewage storage station.

Based on the above equations were calculated sound power levels for all noise sources. The results are shown
in the Table 1. Below are presented the assumptions the calculation for light and heavy vehicles.

For mobile sources, it is assumed that 3 light vehicles will move a distance of 300 m and 10 heavy vehicles a
distance of 800 meters. The total duration of the journey in the first case is less than 1 minute, and the second
less than 1.5 minutes.

For calculations, the following values of the noise impact of light vehicles are used:
driving at a speed 50 km/h (13,9 m/s) on Wojska Polskiego Street and detention at the administrative
and social building, there is expect a value of: 99,5 dB(A);
braking (3 seconds), there is expect a value of: 98 dB(A);
moving (5 seconds), there is expect a value of: 100 dB(A).

For heavy vehicles, the noise values of the impact are as follows:
driving at a speed 50 km/h (13,9 m/s) on Jana Kilinskiego street and 30 km/s (8,33 m/s) on waste
water treatment plant, there is expect a value of: 105 dB(A);
braking (3 seconds), there is expect a value of: 111 dB(A);
moving (5 seconds), there is expect a value of: 101,5 dB(A).

Equivalent sound power level was 56,8 dB(A) for light vehicles and 72,2 dB(A) for heavy vehicles. The
calculation of the acoustic climate impact was carried out using the computer program HPZ 2001 ITB.
Calculations have been carried out only for the day, because there is then the impact of light vehicles and
tankers (movement of vehicles between from hours 6 am and the hours 10 pm). Calculations were made for
the two variants: an existing and taking into account the planned expansion.

Tab. 1. Equivalent sound power levels

Sound source Value [dB(A)]
light vehicles 56,8
heavy vehicles 72,2
the building of social administration 64,0
building with separated fermentation chambers 76,9
wastewater pumping station and chamber bars 58,6
drainage station of sewage 74,0
sediment thickener 78,0
existing biological reactors 81,0
proposed biological reactors 64,0

Source: Author’s

Impact of vehicles is referred to as an omnidirectional source. The impact of light vehicles was replaced by 24
replacement sources, and heavy vehicles with 29 replacement sources. In the case of expansion of the sewage
treatment plant, there was a doubling of the number of cisterns. For the source of the sound, the following
items were adopted: social administration building, building near separate sludge digesters, waste water
pumping station and chamber bars, waste water sludge thickener station, the existing biological reactors and
designed biological reactors. Acoustic screens include the existing digesters, designed digesters, two existing
secondary clarifiers, garage, transformer station, a sieve-grit chamber, a trap, the secondary sedimentary plots
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of the trap, and the existing sludge. A calculation was made regarding the surrounding environment of the
sewage treatment plant.

The calculations were made in a grid of observation points at a height of 4m and calculations of an isophone at
a height of 1.5m, taking into account the nearest surroundings of the treatment plant. Measurements of
current emission of noise were carried out to verify the calculations . The results are shown in Table 1.

Tab. 2. Current immission measurements of noise:

Place of the measurement Value [dB(A)] | Uncertainty of
measurement
[dB(A)]

measurement of the digesters 51,9 0,7
(opposite the blowers)
measurement at the existing the preliminary 54,9 0,9
clarifiers (opposite biological reactors)
measurement at hall of the thickener (from the 55,1 1,2
side of the building of social administration)

Source: Author’s

Results

A computer simulated range impact on the climate was carried out based on the above calculation. The first
variant was carried out from the variant of the current situation for existing equipment, buildings and
10 tanks. The second option includes all designer devices for expansion of the waste water treatment plant and
a doubling of the cisterns.

The following were presented maps illustrating the isophone noise that determine the impact of the sewage
treatment plants on the environment.
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Fig. 2. The time of day, isophone height 1,5 m, height of observation points 4 m,
the numbers of cars to the refurbishment 10.
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Figure 2 illustrates that the isophone of noise (equivalent sound level equal to
55 db(A)- red line) related to the impact of the airborne noise emitted by sewage treatment work, during the
day, do not go beyond the area of water treatment plants. The projected emission values in the southern
points of observation, located in protected areas values do not exceed the 48,6 dB(A), and consequently are
lower than the limit value.
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Fig. 3. The time of day, isophone height 1,5 m, height of observation points 4 m,
the numbers of cars to the refurbishment 20.
Source: Author’s

In the case of a doubling of the number of cars to the refurbishment (Figure 3) is also not to leave out purifier
noise contours expressed equivalent sound level 55 dB(A) in the time of day.

The projected emission values in the southern points of observation, located in protected areas values do not
exceed the 51,6 dB(A), so are lower than the limit value.

Summary and conclusions
On the basis of the measurements and computer simulation carried out at the Municipal Wastewater
Treatment Plant in Lask, we can conclude that the extent of the impact on the acoustic climate is acceptable.

On the acoustic protection areas equivalent sound level does not exceed the limit value in both cases of 55
dB(A). In the case of the current work the expected noise level in these areas will be 48.6 dB(A). In the case of
the planned expansion and doubling the number of tanks the equivalent sound level in these areas will be
around 51.6 dB(A).

It can be concluded that the work of the sewage treatment plant does not adversely affect the acoustic climate
of the immediate vicinity. Reconstruction of technological devices and doubling vacuum trucks also will not
adversely affect an environment.



Acta Innovations - ISSN 2300-5599 - 2017 - no. 25:13-20 - 19

References
[1] A. Enriquez-de-Salamanca, R. Diaz-Sierra, R. M. Martin-Atanda, Environmental impacts of climate change
adaptation, Environ Impact Asses, Volume 64 (2017), 87-96

[2] S. Huysman, T. Schaubroeck, M. Goralczk, J. Schmidt, J. Dewulf, Quantifying the environmental impacts
of a European citizen through a macro-economic approach, a focus on climate change and resource

consumption, J Clean Prod, Volume 124 (2016), 217-225

[3] K. Pawlas, Halas jako czynnik zanieczyszczajacy $rodowisko- aspekty medyczne, Medycyna Srodowiska,
vol. 18, no. 4, 49-56, 2015

[4] A. Lutynski Identyfikacja poziomu hatasu na stanowiskach technologicznych w zaktadach przerébki kopaln
wegla kamiennego, Gérnictwo i Geoinzynieria, rok 30, zeszyt 3/1, 2006

[5] Z. Engel, Ochrona srodowiska przed drganiami i hatasem, PWN, Warszawa, 1993

[6] M. Basner, W. Babisch, A. Davis, M. Brink, C. Clark, S. Janssen, et al., Auditory and non-auditory effects of
noise on health, Lancet, 383 (9925) (2014), 1325-1332

[7] S. A. Stansfeld, M. P. Matheson, Noise pollution: non-auditory effects on health, Br Med Bull, 68 (2003),
243-257

[8] J. Hays, M. McCawley, S. B. C. Shonkoff, Public health implications of environmental noise associated with
unconventional oil and gas development, Sci Total Environ, Volume 580 (2017), 448-456

[9] Ch. Baliatsas, I. van Kamp, W. Swart, M. Hooiveld, J. Yzermans, Noise sensitivity: Symptoms, health status,
illnedd behavior and co-occurring environmental sensitivities, Environ Res, Volume 150 (2016), 8-13

[10] B. Brown, P. Rutherfold, P. Crawford, The role of noise in clinical environments with particular reference to
mental health care: A narrative review, Int J Nurs Stud, Volume 52 (2015), 1514-1524

[11] M. Zelenadkova, L. Zvijakovda, Risk analysis within environmental impact assessment of proposed
construction activity, Environ Impact Asses, Volume 62 (2017), 76-89

[12] E. A. King, E. Murphy, Environmental noise- ‘Forgotten’ or ‘Ignored’ pollutant?, Appl Acoust, Volume 112
(2016), 211-215

[13] D. Halperin, Environmental noise and sleep disturbances: A threat to health?, Sleep Science (2014) 209-
212

[14] A. Muzet, Environmental noise, sleep and health, Sleep Med Rev, Volume 11, Issue 2 (2007), 135-142
[15] L., Goines, L. Hagler, Noise pollution: a modern plague, South Med J, 100 (3) (2007), 287-294

[16] N. L. Carter, L. Macsween, Environmental noise and pure tone thresholds, J Sound Vib, Volume 46, Issue 2
(1976), 259-278

[17] S. H. Park, P. J. Lee, Effects of floor impact noise on psychophysiological response, Build Environ, Volume
116 (2017), 173-181

[18] G. Cannistraro, M. Cannistraro and A. Cannistraro, Evaluation technical and economic the integrations of
co-trideneration system in the dairy industry, vol. 34, Special Issue 2, October 2016, pp-s332, s336. DOI:
10.18280/ijgt.345220

[13] Sadowski J., 1999, Ksztattowanie klimatu akustycznego sSrodowiska i jego ochrona przed hatasem i
drganiami, Prace Instytutu Techniki Budowlanej- Kwartalnik nr 2-3 (110-111)



Acta Innovations - ISSN 2300-5599 - 2017 - no. 25:13-20 - 20

[20] Q. Wang, W. Wei, U. Gong, Q. Yu, Q. Li, J. Sun, Z. Yuan, Technologies for reducing sludge production in
wastewater treatment plants: State of the art, Sci Total Environ, Volumes 587- 588 (2017), 510-521

[21] M. Barbu, R. Vilanowa, M. Meneses, |. Santin, One the evaluation of the global impact of control strategies
applied to wastewater treatment plants, Journal J Clean Prod, Volume 149 (2017), 396-405

[21] B. Kudtak, M. Wieczerzak, G. Yotova, S. Tsakovski, V. Simeonov, J. Namiesnik, Environmental risk
assessment of Polish wastewater treatment plant activity, Chemosphere, Volume 160 (2016), 181-188

[23] Z. Heidrich, A. Witkowski, Urzadzenia do oczyszczania Sciekéw- projektowanie przyktady obliczeniowe,
wyd. Seidel- Przywecki, 2015

[24] Utanowska B., 2002, Operat wodno-prawny na wprowadzanie oczyszczonych Sciekéw komunalnych do
rzeki Grabi z obiektu Miejskiej oczyszczalni Sciekdw w tasku

[25] Andrzejczak E., Hauzer B., Program funkcjonalno-uzytkowy MPWiK task, 2013

[26] G. Cannistraro, M. Cannistraro, A. Galvagno, G. Travato, Evaluation technical and economic the
integrations of co-trigenerations systems in the dairy industry, vol. 34, Special Issue 2, October 2016, pp-s332,
s336, DOI: 10.18280/ijht.345220

[27] J. Fidrysiak, |. Rogozinska, Raport o oddziatywaniu na srodowisko inwestycji pt.: ,Rozbudowa u
przebudowa oczyszczalni sciekdéw w tasku”, 2015

[28] I. V. Muralikrishna, V. Manickam, Chapter Fifteen- Noise Pollution and Its Control, Environ Manage (2017),
399-429

[29] F. B. Diniz, P. H. T. Zannin, Calculation of noise maps around electrical energy substations, Appl Acoust,
Volume 66, Isue 4 (20050, 467-477

[30] M. E. Swearingen, R. Horvath, M. J. White, Climate analysis for noise assessment, Appl Acoust, Volume 119
(2017), 50-56

[31] G. Cannistraro, A. Cannistraro, M. Cannistraro, A. Galvagno and G. Travato, Analysis of the air pollution in
the urban center of four sicilian cities, vol. 34, Special Issue 2, October 2016, pp.S219, 225, DOI:
10.18280/ijht345205

[32] Panstwowa Inspekcja Ochrony Srodowiska, Metody pomiary hatasu zewnetrznego w $rodowisku,
Biblioteka Monitoringu Srodowiska, 1996

[33] PN-ISO 1996-1:2006. Akustyka. Opis i pomiar hatasu srodowiskowego. Cze$¢ 1: Podstawowe wielkosci i
procedury.

[34] PN-ISO 1996-2:1999. Akustyka. Opis i pomiary hatasu srodowiskowego. Zbieranie danych dotyczacych
sposobu zagospodarowania terenu.

[35] PN-ISO 1996-3:1999. Akustyka. Opis i pomiar hatasu srodowiskowego. Cze$¢ 3: Wytyczne dotyczace
dopuszczalnych poziomdéw hatasu.

[36] PN-ISO 9613-1:2000. Akustyka. Ttumienie dzwieku podczas jego propagacji na zewnatrz. Obliczenia
pochtaniania dzwieku przez atmosfere.

[37] PN-ISO 9613-2:2000. Akustyka. Ttumienie dZzwieku podczas jego propagacji na zewnatrz. Ogdlna metoda
obliczeniowa.



