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Abstract 
Noise pollution is an important environmental problem and in comparison, to other pollutants, the 
control of environmental noise has been hampered by insufficient knowledge as well as a lack of 
criteria. Power Plant industries have worldwide substantial progress and noise pollution is one of the 
considerable environmental impacts of various processes of these industries. This cross-sectional 
research aimed to study the sound levels to control noise pollution at different sections of the 
Mazandaran Thermal Power Plant in Iran. Sound pressure level measurements and frequency 
analysis were performed using the net” method where the results were compared with ACGIH 
Threshold Limit Values. It was found that inside the factory most of the measuring stations have high 
sound levels in comparison to industrial standards of 85 dB(A). Office buildings have the lowest 
sound pressure among measured areas.  As 43% of measured stations are located in danger areas. 
Also, environmental noise measurements around Mazandaran Power Plant as an industrial residential 
area have revealed that sound levels were not higher than the admissible standards in Iran. The 
electricity generator’s fan and Feed Water Pump section produce high levels of noise; therefore, a 
silencer and an enclosure were designed respectively. The amount of noise reduction for the 
enclosure was 38.7 dB(A) while the values of insertion loss and for the silencer 63.9 dB(A) reduction 
has been achieved. 

 
 
Keywords: Enclosure, environmental pollution, noise control 
 
 
 
 
 
 
 
 
 

 
∗Corresponding author:                               makaremi20@yahoo.com  
 



60                                                                          Makaremi et al.     Iranian Journal of Geophysics, Vol 18 NO 3, 2024 

1    Introduction 
Noise pollution adversely affects the lives 
of millions of people.  Studies have shown 
that there are direct. Links between noise 
and health.  Problems related to noise in-
clude stress-related illnesses, high blood 
pressure, speech interference, hearing 
loss, sleep disruption, and lost productiv-
ity (EPA, 1990). According to the Interna-
tional Programm on Chemical Safety, an 
adverse effect of noise is defined as a 
change in the morphology and physiology 
of an organism that results in an impair-
ment of functional capacity, or an impair-
ment of capacity to compensate for addi-
tional stress, or an increases the suscepti-
bility of an organism to the harmful effects 
of other environmental influences. This 
definition includes any temporary or long-
term lowering of the physical, psycholog-
ical, or social functioning of humans or 
human organs (Berglund et al., 1999). In-
creasing need for electricity throughout 
the world, particularly among  developing 
countries is seeking to develop power 
plants (Srinivasan, 2003; Joshi et al., 
2017). The mentioned trend has been rap-
idly accelerated within the last decades in 
Iran (Ghobadianet al., 2019; Ghorashi, 
2007). Power plants including thermal 
power plants are considered the main cen-
ters for electricity generation as one of the 
basic forms of modern life. The produc-
tion and consumption of electricity lead to 
environmental impacts which must be 
considered in making decisions on the 
way in which to develop energy systems 
and energy policy (IAEA, 1999).  In de-
veloping countries, continuous and cheap 
electricity production can play a vital role 
in industrial and social development (Is-
mail  et al., 2009). During industry activi-
ties, several environmental problems such 
as water, soil, air, and noise pollution may 
be occurred. The power plants, according 
to their production process and machinery 
produce various degrees of  noise pollu-
tion counted among harmful physical 
agents of the workplaces and are regarded 

as part of the professional hazards causing 
damage to the workers’ health. the harm-
ful effects of noise pollution, nervous dis-
orders, nervous headaches, impatience, 
aggression, depression, dizziness, insom-
nia, and so on can be named (Dzhambov 
et al., 2018; Lusk et al., 2002). Nowadays, 
following the rapid progression in applica-
tion of the renewable energies as well as 
the increasing trend of power plant con-
struction, workers’ health maintenance 
has been regarded significantly, so a lot of 
research have been done to diagnose the 
noise generation sources in various parts 
of the power plants and seek to find out 
appropriate control tools or strategies 
(Hashemian, 2011; Ma and Jiang, 2011). 
In this way, several conventional methods 
have been presented for reducing vibra-
tion and noise pollution in the power plant 
(Jena et al., 2018). By sound pollution 
identification, the emitted acoustic noise 
can be controlled and secondary effects 
prevented. Post-processing methods can 
be adapted for the disposition of the dif-
ferent acoustic power and pressure levels, 
especially as far as the impact on the envi-
ronment is concerned (Seutche et al., 
2019). In 2006, Kisku and Bhargava as-
sessed the noise level of a medium-scale 
thermal power plant in India. They con-
ducted the noise monitoring process using 
the "Cirrus sound level" Method within 30 
min at a height of 1.5 m and 1 m away 
from the chest and investigated the noise 
pollution sources separately. Finally, the 
lowest and highest avg. noise equaled to 
70.37 dB(A) and 95.91 dB(A) was respec-
tively found by them in control room and 
Brittain (2005) carried out research to as-
sess the indoor noise propagation and pre-
diction in power plants. He focused on re-
viewing the basic room theory and out-
lined inefficiencies for application in pre-
dicting noise propagation inside power 
plant buildings. Ahmed and Zulquernain 
(2009) presented an expert system to pre-
dict  the effects of noise pollution on oper-
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ators of power plants a neuro-fuzzy ap-
proach. They aimed to developing a 
neuro-fuzzy model to predict the impact of 
noise pollution on human professional ef-
ficiency. For the mentioned purpose, they 
regarded factors including noise level, ex-
posure time, and age of the operators do-
ing complex types of tasks. Rodríguez et 
al. (2010) examined noise pollution gener-
ated from a Turbo  gas Power Plant within 
commissioning service using a Continu-
ous Emissions Monitoring System in-
stalled in situ. Finally, they concluded that 
the Turbogenerator complies with all 
noise levels and contaminant emissions 
requirements and regulations regarding 
the limits determined by the domestic and 
international standards. 
    The current study aims to address the 
major noise sources generated by various 
sections and machines in the thermal 
power plant. Furthermore, a decrease in 
sound levels of main noise sources by in-
troducing control methods is included in 
this study. The findings of the study will 
be so helpful in recognizing noisy units of 
thermal power plants as well as presenting 
mitigation measures to control them.  
 

2    Materials and Methods 
Mazandaran Power Plant is one of  the 
most important power plants as it supplies 
about 4 percent of the total electricity of 
Iran (Fig.1). This power plant, located in 
north of Iran nearthe Caspian Sea, is 45 
km away from Sari city, center of Ma-
zandaran province which is operated by 
natural gas fuel. 
     The Mazandaran Power Plant com-
prises four steam units of 440 MW power 
and two synthetic cycle units (steam and 
gas) of 137.5 MW power.  
    The empirical acoustic method used 
here is based on an experiment, which 
consists of measuring the sound impulses 
produced by vibration, propagation, and 
reflection of sound waves. Sound levels at 
different locations of Mazandaran Power 
Plant including steam, synthetic cycle 
(steam and gas), and official parts were 
measured. Environmental impact assess-
ments were also performed at ten stations 
near Mazandaran Power Plant. 
    The location of noise pollution sources 
and the pause areas of employees were 
first identified and then measurement sta-
tions were defined according to ISO 9612 
(2009). 

 
 

 
 

Figure 1. The location of Mazandaran(Neka) Power Plant in Iran. 
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    To estimate the sound levels, the power 
plant area was divided into equivalent sta-
tions by net method. At each station, 
Sound Pressure Level (SPL), Equivalent 
Sound Level (Leq), and frequency analy-
sis were performed at one-octave band. 
The total number of stations in the steam 
unit, synthetic cycle unit, and lateral in-
stallment were 77, 87, and 22, respec-
tively.  
    Also, nineteen stations were specified 
in official parts to measure the SPL, Leq, 
and background noise in ten stations were 
also considered for environmental noise 
measurement around Mazandaran Power 
Plant. The measurements were conducted 
applying Cell-450 Sound Level Meter 
where it was calibrated with Cell 110/1. 
By identification of the main noise sources 
and their critical frequency, results were 
evaluated and applied for noise control 
measures. For each noise source, different 
aspects were determined to reduce the 
sound levels by theoretical methods. For 
instance, the applied absorptive material 
of the enclosure in the Feed Water Pump 
and the area of the silencer for the electric-
ity generator are among the important fac-
tors that should be considered in control 
methods. 
 

3    Results and Discussion  
3.1     Industrial and Environmental 
Noise Measurements  
As was stated in  the previous section, SPL 
and Leq were measured at different sta-
tions of Mazandaran Power Plant. Also, to 
do some control design for the reduction 
of noise pollution at different sound 
sources, frequency analysis was per-
formed. Table 1 represents the results of 
sound measurements at four different 
units including the steam unit, synthetic 
cycle unit, lateral installment unit, and, of-
fice buildings. As it can be seen, stations 
in rectifiers, battery homes, condensed 
turbines, and office buildings have lower 
sound levels compared to the American 
Conference of Governmental Industrial 
Hygienists (ACGIH) Threshold Limit 

Value (TLV) which is 85 dB(A) for 8-
hour duration per day (30) All stations of 
Emergency electricity generator, Conden-
ser-Turbine, Turbine-Feed Water Pump, 
Turbine-Turbines and Boiler-Fuel distri-
bution have higher sound levels compared 
to the standard while the sound levels in 
some stations of Boiler and all stations of 
level Rectifier, Battery home and Con-
densed turbine were lower than the per-
missible level. Considering the Synthetic 
cycle unit, the 8-hour weighted sound 
pressure level in sections 1 and 2 of the 
Generator, Boiler Room, Oil Tank, Com-
pressor Duct, Turbines, Water Cooling 
System, Filter House, Boiler Feed Pump, 
and also in Compressor House, Boiler 
Aid, Diesel House were higher than 85 
dB(A). However, due to the application of 
acoustic materials on the ceiling and inte-
rior walls and using ceramic on the ground 
as well as the distance between the follow-
ing areas to predominant noise sources, 
the sound levels in the Control Room, Se-
curity Room, and Shift Engineer Room 
were lower than the standard ones. The 
Water Pump Home and the main work-
shop of turnery of Lateral Installment 
were the only areas that had higher SPL 
than 85 dB(A).  
     Moreover, a noise impact assessment 
was also performed at ten stations near 
Mazandaran Power Plant during daytime. 
Sound levels at the A-weighted network 
were measured using the environmental 
Sound Level Meter (Table 2). As Ma-
zandaran Power Plant is located in a Resi-
dential and Industrial area, sound pressure 
levels in all these stations were lower than 
Environmental noise standards in Iran 
(Table 3). 
    According to a net method, of the total 
205 measurement stations, results repre-
sent that 74 (37%), 42 (20%), and 89 
(43%) stations were safe, cautious, and 
dangerous areas, respectively. As only 
quite less than 50 percent of Mazandaran 
Power Plant is exposed to sound levels 
higher than 85 dB(A). 
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Table 1. Mazandaran Power Plant units noise level measurement 

Unit Stations Number of 
Stations SPL (dB(A)) Leq (dB(A)) 

Steam Emergency Electricity 
Generator 8 91.90 

*(2.14) 
91.73 
(2.12) 

 

Condenser-Turbine 16 92.13 
( 1.29) 

92.21 
( 1.27) 

Turbine -Feed Water 
Pump 6 96.88 

(2.47) 
96.60 
(2.13) 

Turbine-Turbines 20 93.32 
(1.06) 

93.20 
(1.23) 

Boiler-Fuel distribution 4 90.70 
(2.22) 

90.72 
(2.02) 

Boiler 7 87.10 
(2.17) 

86.17 
(2.95) 

Rectifier 6 80.00 
(1.78) 

80.13 
(1.73) 

Battery home 6 79.55 
(1.63) 

79.66 
(1.62) 

Condensed Turbine 4 83.55 
(13.91) 

83.80 
(14.08) 

Synthetic Cycle  87 109.06 
(14.20) 

109.14 
(14.23) 

Lateral Installment  22 95.93 
(7.82) 

95.93 
(7.82) 

Office Buildings  19 76.04 
*(4.18) 

75.99 
*(4.10) 

*The number in Parentheses is the standard deviation. 
 
 
 
 
 
 
 

Table 2. Environmental noise level measurements around Mazandaran Power Plant 

Station Geographical situation Leq 30 min (dB(A)) Explanation 

A South 65.0 Roadside 

B Southwest 64.0 Roadside 

J South 63.2 Roadside 

F North 63.1 Seaside 

C West 59.4 Roadside 

I South east 59.3 Roadside 

G North east 59.1 Seaside 

D West 58.2 Roadside 

H East 58.2 Roadside 

E North west 57.0 Seaside 
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Table 3. Ambient Noise Standards of Iran (31). 
 

Category of Zones 
Leq 30 (dB(A)) 

Day 1 Night 2 

Residential 55 45 

Residential and Commercial 60 50 

Commercial 65 55 

Residential and Industrial 70 60 

Industrial 75 65 
1 Day Time (7.00 AM-10.00 PM) 
2 Night Time (10.00 PM - 7.00 AM) 
 
3.2    Control methods  
A. Silencer for Electricity Generator 
As the fan of the emergency electricity 
generator produces a high level of noise, a 
silencer is proposed; the capacity and 
static pressure of the fan are 96500 cfm 
and 34 inches of water, respectively. Ac-
cording to the measurements, the domi-
nant frequency of the generator is 1000 Hz 

presented in Table 4. The proposed of gen-
erator is an absorptive parallel baffle in 
which the thickness ratio of lateral canals 
to mid canals is two to one. The applied 
absorptive material is stone wool, while 
the walls are covered by steel sheets with 
holes of 3 mm thickness at every 2 cm dis-
tances. The outlet and inlet of silencer is 
aerodynamic and installed vertically near 
the fan. 

 
Table 4. Frequency analysis of Electricity Generator Fan at one octave band. 

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

Sound level (dB) 61.9 79.1 80.7 86.3 92.1 90.4 80.3 74.6 

Overall sound level 94.5 dB 
 
Table 5. The Insertion Loss (IL) values and predicted sound pressure levels by silencer installation at octave band center 
frequencies. 

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

IL (dB) 11 19 24 40 52 49 27 17 

Sound level (dB) 50.9 60.1 56.7 46.3 40.1 41.4 53.3 57.6 

 
    The proposed silencer has four parts 
and every two parts are connected with the 
entrance of one of the inlets. These parts 
of the silencer are attached to an anti-vi-
bration frame. The total flow Vs of these 
four parts is 96500 cfm which for each 
part is 24125 cfm. The flow area of each 
part is twelve square feet and its height is 
5 ft. 
     According to instructions of the ap-
plied silencer (model 5Es), the insertion 

loss values were extracted, and then by in-
stalling the silencer set the expected sound 
pressure levels were estimated and pre-
sented in Table 5. The insertion loss for 
this set would be 63.9 dB(A) after the si-
lencer installation. 
 
B. Designation of enclosure for Feed 
Water Pump 
The following steps are performed to de-
cline the noise level of the Feed Water 
Pump: 
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B.1) Computation of critical frequency fc 
of main enclosure insulation (steel of 2 
mm thickness) from equation 1(Golmo-

hammadi & Aliabadi, 2016).  
𝑓𝑓𝑐𝑐 =  𝐶𝐶2

1.8 ×𝑈𝑈 ×𝑡𝑡 × 𝑠𝑠𝑠𝑠𝑠𝑠2𝛼𝛼𝑖𝑖
                            (1) 

U is the speed of sound in steel, which is 
5050 m/s, and C is the speed of sound in 
air, which is 3٤۱ m/s in standard atmos-
pheric air conditions (Kinsler et al. 2009). 
t is steel thickness in meters and αi is the 
angle of incident, which is taken to be 𝜋𝜋/2 
radians. So in normal conditions:  
𝑓𝑓𝑓𝑓 = 3412

18.2
= 6389  Hz                          (2) 

As it can be seen the resonant frequency is 
higher than the measured field dominant 
frequency. 
B.2 Classification and characteristics of 
sandwich layers of enclosures: 
B.2.1) Absorptive material: slag wool 
with a surface density of 2.5 kg/m2 and 
thickness of 25 mm. Reflective surfaces 
around the source will increse sound lev-
els in one of the important steps to 150. 
decline noise pressure is to use an appro-
priate absorptive material considering the 
main frequency.  
B.2.2) Steel with a surface density of 17 
kg/m2 and thickness of 2 mm. The noise 
source was isolated by steel to prevent any 
sound from inside the enclosure to the out-
door.  
B.2.3) Plasto foam of 20 mm thickness. 
B.2.4) A Door with 43 mm thickness and 
surface density of 9 kg/m2 is used for the 
entrance of the enclosure. The dimension 
of the door is designed to be 1.9 by 1 m. 
The location of the door is on the side of 
3×10.5. 
B.2.5) Window: one double-layer glass 
window of 9 mm thickness and surface 
density of 7 and dimension of 1 by 1.5 m 
is used for the enclosure. The location of 
the window is on the side of 3×6.  
B.3) The dimension of the designed enclo-
sure consists of length, width, and height 
is 10.5×6×3 m where an area of ceiling, 
floor, walls, door, and window were 63, 
63, (36+63), 1.5, and 1.9 m, respectively. 

Thus, the total surface of the enclosure is 
226.4 m2. 
B.4) Computation of Noise reduction of 
enclosure: Expected sound pressure level 
inside and measured mean sound pressure 
level outside of the enclosure were 58.5 
and 97.2 dB(A), respectively. Thus, the 
calculated noise reduction is predicted to 
be equivalent to 38.7 dB(A). Fig. 2 repre-
sents the amount of noise level in octave 
band centre frequencies before and after 
installing the enclosure. 
 
4    Conclusion 
According to the above results, it can be 
stated that the sound levels around the Ma-
zandaran Power Plant area are not higher 
than the Ambient Noise Standards of Iran, 
however, inside the factory most of the 
measuring stations have high sound levels 
in comparison to industrial standards 85 
dB(A). Office buildings have the lowest 
sound pressure among measured areas.  
As 43% of measured stations are located 
in danger areas, some control methods, for 
example, the application of hearing pro-
tection devices such as earmuffs and ear-
plugs, should be considered.  
     The results of this study indicated that 
in Mazandaran Power Plant the noise lev-
els were higher than admissible noise lev-
els of 85 dB(A) in most areas in which var-
ious methods were applied to reduce the 
noise levels. Installing the designed enclo-
sure for the Feed Water Pump (Fig. 2) re-
sulted in a 38.7 dB(A) reduction has 
shown that the applied absorptive mate-
rial, the thickness, and dimensions of 
doors and windows are appropriate to de-
cline the noise level. Also, after reviewing 
the noise characteristics of the electricity 
generator (especially the dominant fre-
quency), an appropriate silencer was pro-
posed in which 63.9 dB(A) reduction has 
been achieved. Finally, it should be men-
tion that although the results of enclosure 
are approved in Mazandaran Power Plant 
environments, the results of silencer 
should be validated with field research. 
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Figure 2. Sound Pressure Level variations at frequency band before and after enclosure installation. 
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