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Abstract

Background: It is essential to decide on where to allocate available resources and identify priorities in noise control.
Objectives: This study was performed to prioritize noise control solutions in various units of an oil refinery using the noise control
priority index (NCPI).
Methods: This cross-sectional study was conducted in an oil refinery in 2019. The standard of ISO 91612 was applied in the first stage
to assess workplaces and determine the values of the noise pressure level (SPL). The activity of stations and the duration of workers’
presence in these stations were determined via interviews with the supervisors and senior personnel of each unit. The NCPI value in
various units was determined using three variables, including the number of exposed people, exposure duration, and the weighting
factor related to the sound pressure level (SPL). Finally, units were prioritized based on the final NCPI value.
Results: Totally, 10 units were assessed based on the ISO9612 standard. The results revealed that 8.09% of the assessed stations were
in the safe zone, 62.24% in the warning zone, and 29.66% in the hazard zone. The highest noise emission was related to the NTA unit
(98 dB), and the lowest noise emission was observed in the spherical reservoir unit (84 dB). The NTA unit with 12 workers had the
highest noise control priority index (1.25) among the units.
Conclusions: The NCPI index makes it possible to appropriately prioritize noise control solutions in various industrial units and
also implement technical and noise control plans in the oil and gas industries.
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1. Background

Noise is defined as an unwanted and annoying sound
(1). Noise is a frequent occupational danger in an exten-
sive range of industries such as iron and steel, smelting,
wood, textile, aerospace, and chemical (2, 3). Exposure to
noise is not a new phenomenon but has been raised as one
of the most important industrial problems in the last cen-
tury because of the accelerating speed of industrialization
and the development of various professions and heavy ma-
chinery (4). According to the National Institute for Occupa-
tional Safety and Health (NIOSH), 14% of the workers occu-
pied in the United States and 30% of the workers employed
in Europe are exposed to noises higher than permitted lim-
its (5). Based on statistics from the Center for Environ-
mental and Occupational Health of the Iranian Health Min-
istry, more than two million workers are exposed to noises
above permitted limits (6). The standard limit of exposure
to noise has been determined 85 decibels (dB) (7). Expo-

sure to noise higher than the recommended threshold can
result in unwanted complications and effects, including
temporary and permanent hearing loss. Moreover, it can
cause unfavorable physiological and psychological effects,
reduce efficiency and productivity, and also increase the
risk of workplace accidents (8-10).

Various solutions, such as noise control either at the
source, at the path, or at the receiving point, have been rec-
ommended for decreasing noise exposure. In some cases,
just one controlling method is enough to reduce the in-
tensity of noise exposure, but in most cases, a combina-
tion of several methods is required (11). The Noise Control
Priority Index (NCPI) can help prioritize noise control so-
lutions in various industries. The NCPI is used for the pri-
oritization of different units in terms of their importance
for noise control. However, there are different solutions for
controlling noises, and it is necessary to select the most ap-
propriate one in each industrial unit. This index was in-
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troduced by Dehghan et al. (12) for the petrochemical in-
dustry in 2013. The NCPI value determines the priority of
noise control solutions based on the number of the people
exposed to desired ranges of sound pressure level (SPL) in
each zone, the duration of exposure, the total number of
people in all units and the total exposure time. Golmoham-
madi et al. (13) also applied NCPI to prioritize noise control
solutions in a tire manufacturing company.

The oil industry is one of the industries with the high-
est rate of noise pollution and exposure higher than per-
missible levels. The results of the studies conducted by
Moradirad et al. (14), Ferguson et al. (15), and Ali (16)
showed that the operational personnel employed in this
industry are exposed to noise levels higher than 85 dB.
Therefore, noise control is essential to prevent its adverse
consequences for oil industry employees (14-16). The opera-
tional units of the oil industry are often large and have var-
ious noise sources. Steam leakage, fans, compressors, fur-
naces, and flares are the most important sources of noise
in these industries (17). Therefore, it is essential to identify
and prioritize noise control solutions in the units in which
noise pollution is particularly an important problem. In
fact, it is essential to identify priorities and decide on allo-
cating available resources because it is not reasonable to
perform all control solutions (18). Therefore, because of
the existence of a variety of operational units with differ-
ent noise sources and also inadequate financial resources,
the identification and prioritization of operational units
for the implementation of noise control solutions can im-
prove the decision-making process in implementing an ap-
propriate noise control strategy. In this regard, the NCPI in-
dex can be applied as a scientific tool to identify and priori-
tize the units requiring the implementation of sound con-
trol measures.

2. Objectives

The present study was conducted to prioritize different
units of an oil refinery in terms of their importance for im-
plementing noise control measures using the NCPI index.

3. Methods

This cross-sectional study was performed in the oil stor-
age reservoirs and transport units of an oil refinery in 2019.
This unit is responsible for receiving the crude oil, send
it to distillation units, and also provide feed for ancillary
units. The reservoir unit includes the methyl tertiary-butyl
ether (MTBE) transportation unit, new transportation area
(NTA), Kerosene transportation area (KTA), 1-2-3 crude oil
pumping stations, a control center, and gas supply, dirt

oil, and spherical reservoirs. Basic information such as
the location of noise sources, the information of operat-
ing conditions, and the number of people in each unit
were collected by interviews with the supervisors and se-
nior personnel of each unit. To determine the noise pollu-
tion value in different units, the SPL value was measured
using the CEL490 device calibrated with the CEL-110/1 cali-
brator based on the ISO 9612 standard. In the next stage,
NCPI was calculated for each unit, and the units were pri-
oritized based on the calculated scores.

3.1. Determining SPLs Based on the ISO 9612 Standard

At first, the units were divided into squares with the di-
mensions of 5 × 5 m, and their centers were determined
as the measurement points. The dominant climatic condi-
tion included a clear and sunny sky with an average tem-
perature of 36°C, a relative humidity of 54 percent, and
a gentle wind speed during measurements. Also, the dis-
tance of the device’s microphone from the ground level
was nearly 1.55 meters. Finally, SPLs were measured at least
three times in the center of each square. The minimum
measurement time to record SPL in each workstation was
nearly 15 seconds, and the average of the measured values
was considered as the SPL of each station (11). After that, the
noise map was drawn for the units by determining the dan-
ger (SPL above 85 dB), warning (SPL between 65 and 84 dB),
and safe (SPL below 65 dB) zones.

3.2. Calculating NCPI

The value of NCPI was calculated for each unit using
Equation 1. This index was computed based on the num-
ber of the people exposed to desired ranges of SPL in each
zone, exposure duration, the total number of people in all
units, and total exposure time (12).

(1)NCPI =

∑n
i = 1wi × Pi × ti∑

PT

Where “Wi” is the weighting factor related to SPL; “Pi”
is the number of the people exposed to desired ranges of
SPL in each zone; “ti” represents each individual’s exposure
time (hours), and “PT” is each individual’s total exposure
time (hours).

4. Results

Overall, 10 units were evaluated based on the ISO 9612
standard. Table 1 reports the results of noise emission mea-
surement in the assessed operational units. The highest
value was related to the NTA unit (98 dB), and the lowest
value was observed in the spherical reservoir unit (84 dB).

The results revealed that 8.09% of the stations assessed
were in the safe zone, 62.24% in the warning zone, and
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Table 1. The Results of Noise Emission Measurement in the Operational Units of an
Oil Refinery

Units Sound Pressure Level, dB
Mean ± SD

Min Max

MTBE 64 85 81 ± 9.63

Spherical
reservoirs

64 84 77.77 ± 7.15

Dirt oil 76 92 82.21 ± 5.45

Gas supply 65 87 78.82 ± 7.35

NTA 75 98 89.32 ± 9.12

Control Center 64 92 88.3 ± 1.88

crude oil
pumping stations
1

70 90 86.6 ± 7.25

crude oil
pumping stations
2

68 93 78 ± 6.62

crude oil
pumping stations
3

72 92 77 ± 6.65

KTA 64 88 80.79 ± 4.25

29.66% in the danger zone. Table 2 represents the distribu-
tion of stations in different units in the safe, warning, and
danger zones.

The results of Table 2 showed that 143 stations had SPLs
higher than 85 dB; 300 stations had SPLs between 65 and
85 dB, and 39 stations had SPLs less than 65 dB. The NTA
unit delivered the highest SPL, and the spherical tank unit
showed the lowest SPL. Then the NCPI index was calculated
for all units. Table 3 describes the values of the NCPI index
in various units.

The results revealed that the NTA unit had the highest
noise pollution with a NCPI value of 1.25, so it was the first
priority unit for implementing noise control measures.
Also, the KTA unit and Crude oil pumping station 1 were
in the second and third ranks, respectively. The spherical
reservoir unit was recognized as the last priority.

5. Discussion

In this study on noise control prioritization in an oil
refinery, workers’ exposure to noise in different units of
reservoirs and the petroleum products transportation unit
were determined using the NCPI index. The number of em-
ployees, the duration of exposure in each unit, and employ-
ees’ working places were determined by interviews with
the supervisors and senior personnel of each unit. Then
the NCPI index was computed by the values measured for
the sound emission rate. The results showed that the high-
est sound emission was related to the NTA unit (98 dB),

and the lowest sound emission was observed in the spher-
ical reservoir unit (84 dB). The difference between the min-
imum and maximum SPLs was estimated to be 34 dB, and
the average SPL was equal to 89 dB.

The results of a study by Mousavi et al. (11) showed
that the NTA unit had the highest amount of noise pollu-
tion (92 dB) among the units in an oil refinery, which is
in agreement with the results of the present study. Here,
the numerical values of the NCPI index were calculated in
the range of 0.84 to 1.25, and the NTA unit with a score
of 1.25 had the first priority for noise control among the
units. Main noise sources in this unit included centrifu-
gal pumps and pumping stations. Steam leakage and de-
fective metal covers in pumps and their rhythmic vibra-
tion were the main causes of sound emission in these units.
Moradirad et al. also concluded that the main noise gener-
ator sources in the distillation unit of an oil refinery con-
sisted of steam leakage, pumps, and the vibration caused
by devices (14). Huang et al. also showed that the employ-
ees of an oil refinery were exposed to noises higher than 85
dB (i.e., the permissible level), and the main sound genera-
tors in the operational units of the oil refinery were flares
and compressors. (19). These results are in agreement with
the findings of the current study.

Dehghan et al. (12) used the NCPI index to prioritize
noise control measures in a petrochemical complex and
showed that the compression unit with a score of 0.32 had
the first priority of noise control. Additionally, the results
of Golmohammadi et al. (13) revealed that the curing unit
with a score of 1.369 was the first priority for noise control
among 11 units. In fact, NCPI defines a pattern for rank-
ing and prioritizing noise control measures by combin-
ing useful criteria for determining the contribution of dif-
ferent units in noise pollution (16). As it is not possible
to implement all noise control solutions to reduce noise
exposure in operational units because of financial limita-
tions, multi-criteria decision-making methods can be used
to select the most suitable solutions based on available re-
sources. Using multi-criteria decision-making methods,
such as fuzzy hierarchical analysis, Vikor, and TOPSIS, it is
possible to prioritize noise control methods as a comple-
ment for the NCPI method (18). Mousavi et al. determined
the weights of effective criteria for selecting the most suit-
able noise control solution in the distillation unit of an
oil refinery using the FAHP hierarchical analysis method.
Moreover, they concluded based on the TOPSIS method
that the construction of an enclosed chamber was the most
suitable noise control solution (17). Additionally, Ishaqi
et al. prioritized noise control criteria and solutions in
a glass manufacturing company using the AHP hierarchi-
cal analysis method and proposed that the use of a com-
plete partition between two main parts was the most suit-
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Table 2. Results of SPL Measurement in the Operational Units of Reservoirs and Transportation of Petroleum Products in Terms of the Type of the Station

Units Safe Zone (SPL < 65 dBA) Warning Zone (65 dBA ≤ SPL ≤ 85 dBA) Danger Zone (SPL > 85 dBA) Total

MTBE transportation unit 6 30 10 46

Spherical reservoirs 8 42 2 48

Dirt oil 0 10 18 28

Gas supply 10 24 4 38

New transportation area (NTA) 0 24 46 70

Control Center 12 30 6 48

Crude oil pumping stations 1 0 30 20 50

Crude oil pumping stations 2 0 50 14 64

Crude oil pumping stations 3 0 30 15 45

Kerosene transportation area (KTA) 5 30 10 45

Total 39 300 143 482

Table 3. The Values of the NCPI Index in Various Units Evaluated

Units
Exposure

Time, h
Number of

Workers

Weighting Factor, Mean ∑n
i=1 wi ×Pi × ti

∑
PT NCPI

Min Max

New transportation
area

6 12 0.18 5 832 664 1.25

Kerosene
transportation area

7 12 0.32 2.31 712 664 1.07

Crude oil pumping
stations 1

7 8 0.54 2.31 684 664 1.03

Crude oil pumping
stations 2

5 8 0.54 3 673 664 1.01

Crude oil pumping
stations 3

5 8 0.83 3 654 664 0.98

Control center 6 10 3.2 1.7 623 664 0.93

Dirt oil 6 10 0.83 3 611 664 0.92

Gas supply 8 8 0.32 2.31 601 664 0.90

MTBE transportation
unit

6 12 0.32 3 590 664 0.88

Spherical reservoirs 6 10 0.32 1.7 560 664 0.84

able noise control solution with a final weight of 0.113 (20).
The present study was conducted only in one part of an
oil refinery while there are various operating units in oil
refineries, such as distillation and water and steam units.
Therefore, it is recommended to conduct further studies
in other operating units and employ the NCPI index to pri-
oritize noise control measures in various industries. Sub-
sequently, the most appropriate solutions can be selected
using multi-criteria decision-making methods such as ANP
and FAHP.

5.1. Conclusions

In general, the results of this study revealed that the
average sound emission was higher than the permissible

limit of 85 dB in the reservoirs and the petroleum products
transportation unit of the studied oil refinery. Based on the
NCPI method, the NTA unit was the first priority to reduce
the rate of noise exposure. The results of this study can be
applied as a guidance to identify and prioritize noise con-
trol strategies by occupational health experts and supervi-
sors in oil refineries.
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