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Abstract: Industry and industrial complexes are often located in the proximity of people’s homes.
One of the negative effects of industry is noise emissions into the surrounding environment. With the
increasing concentration of the human population and the increase in industrial production, more
and more people are exposed to the negative effects of noise. This article discusses a comprehensive
approach to reducing noise emissions from industrial operations, and the subsequent impacts on
surrounding villages and human health. The first step of the whole process is to understand the
current state of the acoustic situation in industrial operation and in the nearby villages, an important
part of which is the identification and localization of dominant noise sources. For this purpose,
a unique noise visualization tool was used, namely, an acoustic camera. The next important step is to
propose a technical solution and measures to reduce the noise of the individual source. Consequently,
it is necessary to create a mathematical model, i.e., noise maps, in order to verify whether the proposed
measures will be sufficient. Once the proposed measures have been implemented, verification of
the effectiveness of these measures needs to be carried out through repeated noise measurements in
nearby villages and also on the site of the industrial installation. The above procedure was applied to
the operation of a wastewater treatment plant that was causing noise exceeding the permissible levels
in the surrounding villages. The application of this approach, the implementation of the proposed
measures, and the subsequent verification confirmed a significant reduction in the noise levels in the
affected villages, and the measures implemented were assessed as highly effective.

Keywords: noise; noise sources; reduction; measure

1. Introduction

The environment and its protection together are one of the most important tasks of
our society. As a result of scientific and technological development, the growth of the
human population, and the globalization of the world, another important issue related
to the damage and devastation of the environment comes to the forefront, namely, noise.
Noise presents one of the most common environmental problems, which is also affected
by the development of industry and transport. Noise presents unwanted, disturbing, or,
in some cases, harmful sound that is transmitted through sound waves. Environmental
noise is a natural part of human activity; its existence in the environment is related to
different work, non-work activities, industries, or transport. At present, it is possible to
talk about noise pollution. Noise pollution interferes in complex task performance, it
may affect social behavior, and it may cause noise annoyance and noise-induced sleep
disturbance [1,2]. Generally, noise may be defined as unwanted sound and it is perceived
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as an environmental stressor. Basner et al. defined the non-auditory effects of noise as all
of those effects on health and well-being that are caused by exposure to noise [3].

Environmental noise management is an important aspect of the environmental policy
of the European Union [4]. Environmental noise is, as stipulated in the European Union
(EU) policy, regulated by the Environmental Noise Directive (2002/49/EC). This directive,
related to the process of the assessment and management of environmental noise, is also
referred to as the “END”. This directive aims to define a common approach to prevent
or reduce environmental noises. The basis of the environmental noise management is to
develop EU measures to reduce the noise emitted by important sources, such as industrial
activity. The most important elements are to monitor the environmental problems and
create strategic noise maps (e.g., for roads, agglomeration, and industrial plants). This
uses “L den” (day–evening–night equivalent level) and “L night” (night equivalent level)
harmonized noise indicators. Another important role of this directive is to inform the
public about noise exposure and its effects and to realize measures [5].

It is very important to emphasize that the usage condition of industrial units has a
major and significant effect on the noise emissions [6]. Nowadays, a widely used concept
for improving the life standard is to reduce the industrial noise, above all in industrial
and residential mixed areas [7]. Industrial development, different, and also, in some cases,
chaotic locations of manufacturing facilities which are near residential areas demands to
realize noise level monitoring [7].

An interesting view of industrial noise solution was presented by Vasilyev [8], who
used active noise and vibration control to reduce low-frequency noise and vibration in
gas guide systems of power plants. This author explained that the impact of vibration
and the related mechanical noise of industrial plants and joining mechanical systems may
cause a significant impact on, for example, the reliability, productivity, durability, and
other significant parameters [8]. The authors in [9,10] conducted research on noise solution,
dealing with the problems of vibration and noisiness, and they stated that the two are
closely related.

An important part of measures to reduce noise is the proposal and verification process
of the realized measures. It is also necessary to take into account the material selection,
construction, and other parameters during this process [11,12].

The problem of industrial noise and its impact on the environment was presented
by Sadler, who analyzed the industrial noise generated by industrial installations, and
then described a proposal about how to take into account the additional effect from other
types of noise from the environment and other human activities in the described area [13].
During the evaluation of noise sources, it is important to evaluate the sound quality, and
not just the sound quantity, because some sounds are very annoying for people [14].

Wzolek and Kukulski examined a methodological approach with the help of a case
study with the main subject being the cumulation of industrial noise sources. These authors
used the evaluation of cumulative noise levels for a new object realized by computational
methods, as well as for the existing object, by measurement of or by help from a combination
of measurement and computational methods [15].

Research of industrial noise was presented by Tomozei et al., who used mathematical
modeling of noise pollution to preset a three-dimensional mathematical model. This
model characterizes the variation of sound pressure level propagation and the variation
of attenuation of the sound pressure level propagated in an enclosed space. The authors
realized experimental measurements and mathematical modeling, taking into account the
position of the acoustic screen for the noise source and the height of the used microphone
for recording [16].

The use of mathematical modeling for the prediction of pollutants was also presented
by Ani et al. (via MATLAB), who used the initial parameters for the calculation of pollutant
distribution [17].

The possibility of industrial noise source localization and reduction in industrial
plants was examined by Fiebig and Dabrowski, who identified main noise sources using
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an acoustic camera and the beamforming method. They also performed a sound level
measurement on the main noise sources. Their research was presented in the form of an
acoustic noise map with the help of LEQ Professional software, which also included the 3D
geometry of the examined buildings inside the studied plant [18,19].

An acoustic camera is a measurement tool that joined the field of acoustics a few years
ago. This technology analyzes the actual sound scene, which consists of a superposition
of different sound sources, and then combines them into a visual sound map. The basic
principle relies on the accurate calculation of the specific runtime delays of acoustic sound
emissions radiating from several sources to the individual microphones of an array. An
acoustic map of the local sound pressure distribution at a given distance is calculated using
the acoustic data of all simultaneously recorded microphone channels. The sound pressure
level is displayed via color coding, similar to popular thermal imaging. The application of
an acoustic camera was also presented in [20]. Bocher et al. conducted noise modeling in
their research, and they described an open source form for the implementation of a noise
mapping tool that is fully implemented in a geographic information system compliant with
the Open Geospatial Consortium standards. The contribution of these authors made easier
the formatting and harvesting of noise model input data and output data, linkage with
population data, and also cartographic rendering [20]. The use of noise mapping is very
important and necessary to ensure environmental noise control, as well as industrial noise
control. Noise maps are established to obtain information for noise reduction planning [6],
and noise mapping presents the best suitable way to present information on acoustic
pollution [21].

One of the tasks of noise mapping is to investigate noise exposure in living areas
and knowledge of noise situation in the surroundings of noise sources, particularly in
connection with the development of residential and industrial areas, as well as transport
axes in many urban areas. These types of maps are also useful for the determination
of the minimal sound insulation of individual buildings necessary for acoustic comfort
conditions [22].

In the literature review, it is possible to find publications related to the study of noise
and noise mapping. For example publications [23–25] which are oriented to the area of
transport (railway noise, airport noise, road noise). Another interesting publication is
presented by the authors Lertsawat et al. They focused on the prediction of noise emissions
from power plants using a mathematical model. They used the principles of outdoor
sound propagation and developed a noise prediction model, providing an illustration of
the accuracy level of the mathematical model [26].

The noise mapping of industrial sources was researched by Santos et al. [27]. They
described the forms of applications of noise mapping for industrial sources, and addition-
ally pointed to its potential in the design phase of existing installations for noise reduction
plans. They also created a general methodology for the noise mapping of industrial plants,
consisting of input data collection, data processing and adjusting, modeling by software to
compute noise emissions and propagation, and, at the end, the noise map production [27].

2. Materials and Methods
2.1. Determination of Sound Pressure Levels

The measurements were carried out in accordance with applicable national legislation
and international standards (ISO 1996-1 Acoustics standards. Description, measurement
and assessment of environmental noise. Part 1: Basic quantities and assessment procedures;
ISO 1996-2 Acoustics. Description, measurement and assessment of environmental noise.
Part 2: Determination of sound pressure levels) [28,29].

For measurement of the sound pressure level, the Norsonic type 140 (Nor140) sound
analyzer with the Norsonic type 1225 (Nor1225) microphone was used. The Nor140 is a
class 1 approved integrating sound level meter, while Nor1225 is a 1⁄2 free-field, 50 mV/Pa
sensitivity microphone—a general purpose microphone covering the frequency range from
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3.15 to 20 kHz, corresponding to class 1 of the sound level meter standard IEC (International
Electronical Comminsion) 61672.

2.2. Sound Visualization

For sound visualization, the gfai tech acoustic camera with a star microphone array, a
48-channel measurement system designed for outdoor applications, was used. A digital
camera is taking an image of the noise emitting object. At the same time an exactly
computed array of microphones acquires and records the sound waves emitted by the
object. A specially developed software calculates a sound map and combines the acoustical
and the optical images of the sound source. The acoustic camera can extend the time
and frequency selectivity and add a location-selective component. With this method the
sound signal is shown and also a sequence of acoustic images can be acquired-acoustic
videos are generated. The measurement distances ranged from 4 to 200 m, while the
frequency mapping ranged from 150 to 13 kHz. For acoustic cameras, the delay-and-sum
beamforming method is the most widely known sound localization technique [30,31].

2.3. Noise Mapping

The mathematical model-based noise map was created using the CADNA A version
3.6.117 software package with the relevant methodologies implemented. CADNA A meets
the requirements for quality assurance of software for the calculation of sound outdoors
according to the DIN 45687 and ISO 17534 series. For calculation purposes, the ISO 9613-2
standard was used. For calculating the noise maps, the software requires the sound power
level data of each relevant noise point source. This was achieved by measuring the sound
pressure level around the identified noise sources in the wastewater plant. An Acoustic
Determinator is a tool that determines the sound power level of respective noise sources
by measuring the sound pressure levels using reverse engineering methods, in accordance
with ISO 8297 and other similar guidelines.

The first step of the noise map creation was to model the terrain, for which we set
an appropriate ground factor for each part and also took into account vegetation. All
noise sources were modeled as point sources, with only the air distribution pipe being
a line source. Noise maps were then created with noise isophones at a height of 1.5 or
3 m above ground level, which were subsequently color coded in 5 dB steps. The height
of the isophone and calculation points was chosen as 3 m because of the hilly terrain, in
aid of better knowledge of the acoustic situation and the spread of noise at the location in
question, and also because a large number of the houses have windows at this height.

3. Description of the Problem

The main task of the wastewater treatment process is to convert wastewaters into
clean waters of the required quality. This fact means that this process has to respect the
limits of the contaminants imposed by the legislation of the environment, for example, by
the Water Quality No. 2000/60/EC directive [32].

In the case study the effect of wastewater treatment plant on the noise situation is
described, as noise pollution is one of the major environmental problems. A biological
wastewater treatment plant is a source of such noise. Herein, we chose a treatment plant
that is used for treating wastewater from industry, as well as municipal wastewater, located
between two villages approximately 200 m from the treatment plant site. Residents of these
villages complain about the noise caused by this wastewater treatment plant. According to
the operator of wastewater treatment plant, 13 noise complaints have been registered in
the last three years (personally, phone, or mail).
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3.1. Description of the Noise Source

The noise source that we evaluated was the operation of the wastewater treatment
plant and, in particular, the individual pieces of equipment located on the treatment plant
site. The operation of the treatment plant is continuous and the nature of the sound
emitted by the equipment is stable. The treatment plant purifies wastewater from a paper-
manufacturing company’s industrial plant, along with wastewater from residents and other
wastewater producers in the town and connected villages. A view of the treatment plant
premises is given in Figure 1. The critical sources of noise on the site of the wastewater
treatment plant are the:

• Blower room;
• Air distribution pipes;
• Biofilter;
• Sludge treatment;
• Activation tanks;
• Input pumping station.
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Description of the Site and Protected Areas

The wastewater treatment plant site is located between two villages. Village A is
located at a distance of approximately 200 m north of the treatment plant site, while village
B is at a distance of approximately 180 m south of the treatment plant site. The villages
contain mainly houses for families. A view of the wastewater treatment plant area and the
adjacent villages is shown in Figure 2.
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4. Knowledge of the Current State of the Noise Situation in the Adjacent Villages

In order to gain knowledge of the current noise situation in the adjacent villages,
noise measurements were carried out in both villages in the protected areas near the
family homes on the edges of the villages facing toward the wastewater treatment plant.
Measurements were made in front of the façade of the family houses. We consider these
selected locations to be the most affected by the noise from the plant’s operation.

The measurements were carried out in accordance with applicable national legislation
and international standards (ISO 1996-1 Acoustics standards. Description, measurement
and assessment of environmental noise. Part 1: Basic quantities and assessment procedures;
ISO 1996-2 Acoustics. Description, measurement and assessment of environmental noise.
Part 2: Determination of sound pressure levels) [28,29].

The measurement results of the equivalent noise levels are given in Table 1. It is clear
from the frequency analysis of the noise measurement results that the noise is characterized
by tonal components at a frequency of 800 Hz, as shown in Figure 3.

From the point of view of the legislation in force, a correction of 5 dB for sound
with tonal components should be added to the measured values. Positive values of wide
uncertainty must be added to these values. These values can then be compared with
the permissible values to determine the noise pollution levels. The results of the noise
measurements in the surrounding villages are given in Table 1.
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Based on objectification of the noise measurements, it can be concluded that the noise
limit values in both villages are exceeded for all reference intervals: Day, 50 dB(A); evening,
50 dB(A); night, 45 dB(A).

Table 1. The results of the noise measurements in the surrounding villages.

MP
Location of the
Measurement

Point

Equivalent Sound
Pressure Level

LAeq,T
[dB]

Correction for Tonal
Compound

[dB]

Uncertainty
[dB]

Assessed Value
LR ,Aeq,Tref

[dB]

P1
Village A, in

front of house
façade

45.5 5 2.1 52.6

P2
Village B, in

front of house
façade

52.9 - 2.1 56.0

5. Measurement of the Noise Sources on the Site of the Wastewater Treatment Plant

Measurements on the site of the wastewater treatment plant were carried out adja-
cent to the individual noise sources, as well as generally across the site. Measurements
were made at 18 measuring points, the locations of which are shown in Figure 4. The
measurement results are shown in Table 2.

Measurements were carried out to determine the noise level of the stationary sources
on the site of the wastewater treatment plant, the results of which were later used as input
into the mathematical model (noise map) of the surroundings of the treatment plant, in-
cluding knowledge of the acoustic situation and the site of the wastewater treatment plant.
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Table 2. Measurement results on the site of the wastewater treatment plant.

MP Distance from Source
[m] Location of the Measurement Point LAeq,T

[dB]

M1 6 Blower room—north side 68.1

M2 3 Between blower room and air distribution pipes 79.5

M3 9 Blower room—south side 80.2

M4 6 Activation tanks—south side 68.7

M5 6 Activation tanks—south side 67.5

M6 6 Activation tanks—south side 63.5

M7 6 Activation tanks—south side 59.8

M8 25 Biofilter 62.4

M9 10 Input pumping station 63.6

M10 12 Sludge treatment 63.2

M11 6 Activation tanks—north side 61.8

M12 3 Air distribution pipes 72.3

M13 6 Activation tanks—north side 65.8

M14 3 Air distribution pipes 74.6

M15 3 Air distribution pipes 76.1

M16 6 Northwest border of the wastewater plant 57.1

M17 4 Between blower room and transformer station 64.5

M18 8 Between input pumping station and sludge treatment 66.4

6. Visualization of the Noise Sources on the Site of the Wastewater Treatment Plant
6.1. Measurement No. 1—Air Distribution Pipes

Measurement no. 1 was carried out with a focus on the pipes designed for air distri-
bution from a distance of 20 m. Figure 5 shows a view of the installed acoustic camera.
Figure 6 shows the noise emissions of the visualized object across the 740–840 Hz frequency
band. The location of the integrated noise source is evident from the acoustic image pre-
sented. Figure 7 shows the noise spectrogram for this measurement. It is clear from the
spectrogram that the dominant frequencies are in the range of 740–840 Hz.
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6.2. Measurement No. 2—Blower Room Building (East Side)

Measurement no. 2 was carried out with a focus on the blower room building from the
east side from a distance of 13 m. Figure 8 shows a view of the acoustic camera installed.
Figure 9 shows the noise emissions of the visualized object across the whole frequency band.
The location of the integrated noise source is evident from the acoustic image presented.
Figure 10 shows the noise spectrogram for this measurement.

It is clear from the above spectrogram that the dominant frequencies are in the ranges
of 250–500 and 1500–2000 Hz. Figure 11 shows the noise emissions of the visualized
object in the 250–500 Hz frequency band, whole Figure 12 shows the 1500–2500 Hz fre-
quency band.



Sustainability 2021, 13, 2409 10 of 22
Sustainability 2021, 13, 2409 10 of 22 
 

 
Figure 8. View of the installed acoustic camera—measurement no. 2. 

 
Figure 9. Noise emissions of the visualized object across the frequency band (150–13 kHz)—meas-
urement no. 2. 

 
Figure 10. Spectrogram—measurement no. 2. 

Figure 8. View of the installed acoustic camera—measurement no. 2.

Sustainability 2021, 13, 2409 10 of 22 
 

 
Figure 8. View of the installed acoustic camera—measurement no. 2. 

 
Figure 9. Noise emissions of the visualized object across the frequency band (150–13 kHz)—meas-
urement no. 2. 

 
Figure 10. Spectrogram—measurement no. 2. 

Figure 9. Noise emissions of the visualized object across the frequency band (150–13 kHz)—
measurement no. 2.

Sustainability 2021, 13, 2409 10 of 22 
 

 
Figure 8. View of the installed acoustic camera—measurement no. 2. 

 
Figure 9. Noise emissions of the visualized object across the frequency band (150–13 kHz)—meas-
urement no. 2. 

 
Figure 10. Spectrogram—measurement no. 2. Figure 10. Spectrogram—measurement no. 2.



Sustainability 2021, 13, 2409 11 of 22
Sustainability 2021, 13, 2409 11 of 22 
 

 
Figure 11. Noise emissions of the visualized object in the 250–500 Hz frequency band—measure-
ment no. 2. 

 
Figure 12. Noise emissions of the visualized object in the 1500–2500 Hz frequency band—measure-
ment no. 2. 

6.3. Measurement No. 3—Blower Room Building (South Side) 
Measurement no. 3 was carried out with a focus on the blower room building from 

the south side from a distance of 11 m. Figure 13 shows the noise emissions of the visual-
ized object across the frequency band. The location of the integrated noise source is evi-
dent from the acoustic image presented. Figure 14 shows the noise spectrogram for this 
measurement. 

Figure 11. Noise emissions of the visualized object in the 250–500 Hz frequency band—measurement
no. 2.

Sustainability 2021, 13, 2409 11 of 22 
 

 
Figure 11. Noise emissions of the visualized object in the 250–500 Hz frequency band—measure-
ment no. 2. 

 
Figure 12. Noise emissions of the visualized object in the 1500–2500 Hz frequency band—measure-
ment no. 2. 

6.3. Measurement No. 3—Blower Room Building (South Side) 
Measurement no. 3 was carried out with a focus on the blower room building from 

the south side from a distance of 11 m. Figure 13 shows the noise emissions of the visual-
ized object across the frequency band. The location of the integrated noise source is evi-
dent from the acoustic image presented. Figure 14 shows the noise spectrogram for this 
measurement. 

Figure 12. Noise emissions of the visualized object in the 1500–2500 Hz frequency band—
measurement no. 2.

6.3. Measurement No. 3—Blower Room Building (South Side)

Measurement no. 3 was carried out with a focus on the blower room building from the
south side from a distance of 11 m. Figure 13 shows the noise emissions of the visualized
object across the frequency band. The location of the integrated noise source is evident from
the acoustic image presented. Figure 14 shows the noise spectrogram for this measurement.
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6.4. Measurement No. 4—Sludge Treatment

Measurement no. 4 was carried out with a focus on the object of the sludge farm from
a distance of 43 m. Figure 15 shows a view of the acoustic camera installed. Figure 16 shows
the noise emissions of the visualized object throughout the frequency band. The location of
the integrated noise source is evident from the acoustic image presented. Figure 17 shows
the noise spectrogram of this measurement.
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Based on the measurements taken to visualize the sources of noise of the wastewater
treatment plant, the following can be concluded:

• Specific critical points in terms of noise emissions were visualized and identified for
individual structures.

• The dominant sources of noise on the WWTP (Waste Water Treatment Plant) site were
confirmed to be the:

◦ Blower room building;
◦ Air distribution pipes;
◦ Sludge treatment building.

• The main source of noise in the air distribution pipes was the break in the pipe, where
noise caused by airflow in the bend occurs.

• Regarding the blower room building, the source of noise was the ventilation openings
on the south and east sides.
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• The identified noise sources from these objects were confirmed by repeated measure-
ments.

• For the blower room building, the dominant frequency bands were 250–500 Hz and
1500–2500 Hz.

• For the air distribution pipes, the dominant frequency band was 740–840 Hz.
• For the sludge treatment building, the dominant frequency band was 290–870 Hz.
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Knowledge of the dominant frequency bands is important in the selection of appropri-
ate acoustically absorbent materials when implementing noise reduction measures.

7. Proposal for Measures to Reduce Noise

Based on the noise measurements and the visualizations of noise sources made, the
following measures are proposed:

• Acoustic insulation of air distribution pipes;
• Replacement of ventilation grilles with acoustic blinds on the blower room and sludge

treatment buildings.

7.1. Acoustic Pipe Insulation

The air distribution line provides air supply to the activation tanks. The air is ducted
from the blower room through a pipe with a 1200 mm diameter and a total length of 70 m
under a pressure of 60–63 kPa and a flow rate of 62,000–64,000 m3/h. Herein, acoustic
insulation of the pipe consisted of wrapping the full length of the air distribution pipe with
mineral wool with a thickness of 120 mm and a density 60 kg.m−3, as well as application of
a protective PE (polyethylene) film and an external stainless steel sheet with a thickness of
3 mm. A stainless steel sheet with a thickness of 3 mm was selected due its good weather
resistance, good formability, and good price–performance ratio.

When designing acoustic insulation, it was necessary to take into account the effect
of insulation in terms of changing the temperature of the air, which is ducted by pipes
into the activation tanks. For this reason, the change in the temperature of the ducted air
due to acoustic insulation was calculated. Based on thermodynamic conversion under
the given input conditions, the increase in the air temperature in the distribution line was
determined to be 2.9 ◦C.

After consultation with the operator, it was confirmed that the increase in the temper-
ature of the ducted air would not have negative effects on the operation of the activation
tanks. Figure 18 shows a view of the air distribution pipes before and after application
measures to reduce noise.
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7.2. Application of Acoustic Blinds

Acoustic blinds were applied to the ventilation openings of the blower room and
sludge farm buildings. Standard available acoustic grilles were used, which were made
individually as needed. The transmission loss acoustic parameter of the installed acoustic
grilles is shown in Table 3; only the transmission loss values are indicated, because each
acoustic grill is different.

Table 3. Transmission loss of the installed acoustic grilles.

Frequency (Hz) 63 125 250 500 1000 2000 4000 8000

Transmission Loss (Db) 2 3 3 5 7 11 13 18

Figure 19 shows a view of the blower room before and after application measures to
reduce noise.
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8. Creating a Mathematical Model-Based Noise Map

The mathematical model was created using the CADNA A version 3.6.117 software
package with the relevant methodologies implemented. Noise maps were created for both
the current situation and as a prediction of the implemented measures to reduce noise.

The noise map of the current situation was created to understand the current noise
situation in the area in question. The prediction noise map was created to verify the
efficiency of the proposed adjustments to reduce noise and their impact on the distribution
of sound to the surrounding environment.

In creating the analytical noise map of the equivalent noise levels in the external
environment of the area of interest from the emissions of acoustic energy from the stationary
industrial noise sources situated on the site of the wastewater treatment plant, the general
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principle of breaking down the phenomenon under consideration (i.e., noise emitted by
an industrial source) to elementary phenomena was used, followed by synthesizing the
effects of individual elementary phenomena at the site under consideration.

The noise maps created address the problem of the impact of noise from the operation
of the wastewater treatment plant on the surrounding area. When creating the noise maps,
we took into account all of the stationary noise sources contingent on the operation of the
wastewater treatment plant.

The input data about sound power levels of sound sources that were used in mathe-
matical model are presented in Table 4.

Table 4. Sound power level of sound sources.

Source Type
Sound Power Level [dB]

Before After

Blower room—north Point 94 85

Blower room—south Point 85 80

Air distribution pipe—knee Point 100 87

Air distribution pipe Line 70–80 60–70

Biofilter Point 80 80

Sludge treatment Point 85 80

Activation tanks Point 65 65

To get an idea of noise emissions around the wastewater treatment plant, we present
values of the equivalent noise level at some calculation points in Table 5. The values relate
to a distance of 1.5 m in front of the outer walls, where the calculation points were situated
next to buildings. The positions of the calculation points are shown in Figure 20.

Noise maps were created with noise isophones at a height of 1.5 or 3 m above ground
level, which were then color coded in 5 dB steps. The height of the isophone and calculation
points was chosen as 3 m because of the hilly terrain, in aid of better knowledge of the
acoustic situation and the spread of noise at the location in question, and also because a
large number of the houses have windows at this height.

Both types of noise maps were designed for the reference time intervals of day, evening,
and night, in accordance with the relevant legislation; since the stationary noise sources
are constant during these reference time intervals, there is no basis to create noise maps
individually for these reference time intervals.

A noise map of the current situation is shown in Figure 21, and a noise map prediction
with the proposed measures to reduce noise is shown in Figure 22.
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Table 5. The calculated values of the sound pressure levels at the calculation points (CP1–CP7).

CP Measurement Point
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Equivalent Sound Pressure Level Equivalent Sound Pressure Level

LAeq [dB] LAeq [dB]

Current Situation Prediction

Day
Evening

Night

Day
Evening

Night

CP1 Village A, house façade
1.5 46.5 39.4

3 49.2 42.2

CP2
Village A, kindergarten

building façade
1.5 47.5 40.1

3 50.1 42.8

CP3 Village A, house façade
1.5 48.6 41.3

3 51.3 44.3

CP4 Village A, east part
1.5 45.7 41.0

3 48.7 43.0

CP5 Village B, house façade
1.5 47.3 43.0

3 51.2 46.4

CP6 North border of WWTP
1.5 64.5 54.4

3 - 56.2

CP7 South border of WWTP
1.5 57.5 49.5

3 - 53.0
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9. Verification of the Effectiveness of the Measures Implemented

The proposed noise reduction measures were carried out at the wastewater treatment
plant. After the measures were put into practice, further measurements were made to
assess the effectiveness of the measures taken. The measurements were performed on the
premises of the wastewater treatment plant and in both villages where the permissible
values were exceeded. All measurements were made at identical locations to those from
before the measures were implemented.
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The results of measurements at the wastewater treatment plant site before and after
the measures are presented in Table 6.

Table 6. Results of measurements at the wastewater treatment plant site before and after the measures.

MP
Distance from Source

[m] Location of the Measurement Point

LAeq,T
[dB]

Before After

M1 6 Blower room—north side 68.1 58.7

M2 3 Between blower room and air distribution pipes 79.5 64.5

M3 9 Blower room—south side 80.2 66.0

M4 6 Activation tanks—south side 68.7 60.1

M5 6 Activation tanks—south side 67.5 61.4

M6 6 Activation tanks—south side 63.5 60.2

M7 6 Activation tanks—south side 59.8 59.0

M8 25 Biofilter 62.4 58.4

M9 10 Input pumping station 63.6 62.4

M10 12 Sludge treatment 63.2 52.4

M11 6 Activation tanks—north side 61.8 54.4

M12 3 Air distribution pipes 72.3 65.4

M13 6 Activation tanks—north side 65.8 54.8

M14 3 Air distribution pipes 74.6 73.1

M15 3 Air distribution pipes 76.1 67.3

M16 6 Northwest border of wastewater plant 57.1 56.2

M17 4 Between blower room and transformer station 64.5 63.5

M18 8 Between input pumping station and sludge treatment 66.4 59.1

The results of the measurements of the equivalent noise levels in both villages before
and after the noise reduction measures were implemented are given in Table 7. It is clear
from the frequency analysis of the results of the noise measurement that the nature of the
noise after the measures were taken did not contain tonal components; therefore, it was not
necessary to apply a correction of 5 dB for sound with tonal components to the measured
values. Positive values of wide uncertainty must be added to these values. The values can
then be compared with the permissible values determining the noise levels.

It is clear from the measured values on the site of the wastewater treatment plant
that, after the noise reduction measures were implemented, equivalent levels of A sound
pressure were reduced at all measured locations. The reduction in noise levels was between
0.8 and 15.0 dB. In places where critical noise sources were identified, the reduction in
noise levels was between 8.8 and 15 dB.

Based on the measured values at the treatment plant site and in the adjacent villages,
we can conclude the modifications made to reduce noise were highly effective.
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Table 7. Results of measurements in both villages before and after the noise reduction measures.

MP
Location of the
Measurement

Point

Equivalent Sound Pressure
Level
LAeq,T
[dB]

Correction for Tonal
Compound

[dB]

Uncertainty
[dB]

Assessed Value
LR ,Aeq,Tref

[dB]

Before After Before After Before After

P1 Village A, in front
of house façade 45.5 40.1 5 -

2.1
52.6 42.2

P2 Village B, in front
of house façade 52.9 47.5 - - 56.0 49.6

10. Conclusions

The issue of noise reduction of industrial plants is an important task, considering the
increasing numbers of these sources. A significant number of industrial noise sources are
located near people’s residences. It is estimated that around 800,000 people, living in urban
areas in the European Union, are exposed to industry noise levels of at least 55 dB during
the day evening–night period and around 400,000 to levels of at least 50 dB during the
night-time period. [33] With the increasing numbers of industrial noise sources, people
are increasingly exposed to excessive noise, which is closely linked to negative effects on
human health and a reduction in the quality of their housing [33].

Reducing the noise from industrial sources and their impact on people requires a
comprehensive approach. The basis is insight in of the current state of the acoustic situation
using special measuring instruments. Based on these measurements, herein, critical noise
sources were identified on the site of the wastewater treatment plant. The dominant sources
of noise were identified as being mainly the blower room and air distribution pipes.

With thorough information-gathering, specific proposals, and measures can be taken
to reduce the noise from sources in order to reduce the negative impact on people in the
vicinity. Before implementing these measures, it is appropriate to model and simulate these
measures and to assess their effectiveness on a preliminary basis, and making possible
corrections if necessary. The next step is to then thoroughly implement the proposed
measures in accordance with the technical proposal. The final step is to verify the effective-
ness of the proposed noise measures, to compare them with the original situation and the
model created.

In this case study, all of the above steps were taken to reduce the negative noise effects
of the wastewater treatment plant on the people in the vicinity. After defining the problem
in order to understand the current state of the noise situation, noise measurements were
carried out in adjacent villages and directly in the area the wastewater treatment plant site.

It was clear from the measurements that the permissible noise levels in these mu-
nicipalities were being exceeded due to the wastewater treatment plant. Measurements
directly at the wastewater treatment plant were carried out in order to identify the partial
noise sources. For more accurate analysis, a unique tool for visualizing noise was used,
namely, an acoustic camera. On the basis of these measurements, the dominant noise
sources were identified on the wastewater treatment plant site. Subsequently, a proposal
was made to reduce the noise of the dominant noise sources, and mathematical models
were created for a preliminary assessment of the efficiency—i.e., noise maps of the current
state and a predictive noise map simulated with the measures. On the basis of these noise
maps, it was predicted that the above proposals would contribute to reducing noise in the
surrounding villages.

After the implementation of the proposed measures, noise measurements were again
performed in adjacent municipalities and in the area of the wastewater treatment plant.
It is clear from the noise measurements that after the measures were implemented, there
was a significant reduction in noise in the surrounding villages, as well as directly in the
wastewater treatment plant.
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The measured values in the surrounding villages also showed a decrease in equivalent
levels of A sound pressure. In Village 1, there was a decrease of 5.4 dB and the tonal
component of the sound was also removed, so it was not necessary to apply a correction
of +5 dB. In Village 2, equivalent levels of A sound pressure were reduced by 6.4 dB. In
conclusion, the proposed measures were highly effective, with a significant reduction in
the noise in nearby people’s homes, thereby significantly increasing the quality of life for
these people and reducing the negative impacts on their health.

By applying the above steps in this case study in order to reduce the negative impact
and to correctly implement the proposed measures to reduce noise from industrial sources,
a reduction in noise based on this model can also be achieved for other industrial sources
of a similar nature.
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