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Abstract: Noise pollution is one of the most significant harmful physical factors in the industrial and occupational environments. Due to the high costs of exposure to excessive noise; continuous sound evaluation, propose and implement noise control plans in occupational environments is necessary. Thus, the present study aimed to review environmental sound measurements, drawing of noise maps, and prioritizing the engineering noise control methods using the Analytic Hierarchy Process (AHP). This study was a descriptive-analytical study that aimed to assess occupational noises and present a control plan in the City Gas Stations (CGSs) of Kerman, Iran in 2021. The present study was done in two phases. In the first phase, six CGSs were investigated to measure and evaluate the noise. In addition, the noise map of a CGS was drawn using the Surfer software. Finally, the AHP was used in the second phase of the research to prioritize the control measures. In this phase, four criteria and ten alternatives were identified. According to first phase results, the sound pressure level (SPL) of the stations varied from 76 to 98 dBA. Besides, the majority of the studied stations had a sound level higher than 85 dBA (danger zone). The second phase of the study showed that out of the four evaluated criteria, the executability criterion had the highest impact and the cost criterion had the lowest impact on the selection of control measures with a weight of 0.587 and 0.052, respectively. Based on the results of prioritization of the alternatives, using a silenced regulator (weight of 0.223) and increasing the thickness of the tube (weight of 0.023) had the highest and lowest priorities among the alternatives, respectively. The use of engineering noise control methods such as using silenced regulators was the best way to control the noises of CGSs. Additionally; it is noteworthy that AHP is a practical method for prioritizing alternatives to achieve the most accurate decision-making. The results of AHP can be of great help to health and safety experts and managers in choosing the sound engineering control measures more precisely.
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Nomenclature



	AHP
	Analytic Hierarchy Process



	CGSs
	City Gas Stations



	SPL
	Sound Pressure Level



	WHO
	World Health Organization



	ISO
	International Organization for Standardization



	TBS
	Town Board Station



	MCDM
	Multi-Criteria Decision-Making



	SIR
	Superiority and Inferiority Ranking



	MAUT
	Multi-Attribute Utility Theory



	ELECTRE
	Elimination and Choice Corresponding to Reality




1  Introduction

With the ascending growth of industries and manpower, noise pollution is currently one of the most important physically harmful factors in such environments, and it can be regarded as one of the biggest concerns affecting the quality of environmental and urban life worldwide [1]. About 30 million workers in the United States [2] and between 4 and 5 million people in Germany (equivalent to 12% to 14%) of the workforce are exposed to the illegally excessive sound levels defined by the World Health Organization (WHO) [3]. Moreover, according to the statistics provided by the Center of Environmental and Occupational Health affiliated with Iran’s Ministry of Health, more than two million workers are exposed to harmful occupational noises [4]. Exposure to excessive noise levels can cause many health problems such as stress [5], peripheral vascular irritation and hypertension [6,7], cardiovascular problems [8,9], fatigue, sleep disorders, psychosis, and hearing loss [10,11]. Also, excessive exposure to noise can increase oxidative stress and decrease speech comprehension, concentration, and performance in individuals and ultimately increase the risk of accidents in the workplace [12–14]. Therefore, the need to address the noise-related issues as well as prevention of health issues caused by such exposures can also be justified from an economic viewpoint [15]. Due to the high costs of excessive exposure to noise, it is necessary to propose and implement noise control measures in occupational environments [16]. Thus, in addition to legal, administrative, and educational measures, proposing technical control solutions and alternatives to solve the problems caused by noise exposure is of great importance to ensure the health of employees [17].

Various industrial activities can be a source of noise pollution for workers as well as people living in the vicinity of such industries. One of these industries is the city gas refining and exploitation industry. The rapid growth of the demand for natural gas in the world, and particularly in Iran, has caused an annual increase in the gas pipelines and gas pressure reducing stations, many of which have obvious problems with noise pollution [18]. The constant noises of such stations not only have detrimental effects on people’s health but can also damage the pipeline measurement tools and severely harm production safety. Sound generating sources in such industries include fans, compressors, regulators, pumps, boilers, ventilation systems, electrical equipment, and cooling towers, which are generally regarded as the main source of low-frequency noises [19].

In the industries associated with natural gas distribution, the gas pressure must be within the permitted range before reaching the distribution point for consumption. The natural gas extracted from gas and oil wells enters the refinery at a pressure of 4000 psi and exists at 1000 psi. Continuity of the gas flow is maintained by the compressor stations. Refined gas enters the City Gate Stations (CGS) through the main pipeline. Then, the pressure is reduced to 250 psi by the CGS, and the refined gas enters the Town Board Station (TBS). TBS reduces the gas pressure again to 60 psi, and it then enters the main distributor [20]. A lot of noise is created in these stations due to the existing gas flow, gas pressure reduction in the station, gas discharge, and periodic inspection of gas measurement tools [20]. Intra-city gas pressure is one of the main sources of noise pollution by increasing gas consumption and excessive overload. Due to these reasons, the noise level usually exceeds the safe zone (82 dBA) in the site area, and if the noise in them is not controlled, the workers’ hearing system may be damaged [19].

Decision-making is defined as the process of determining the best option among all available options. Nonetheless, in most cases, it is difficult to achieve the optimum result as decision-makers often face various problems when it comes to making certain decisions. Multi-criteria decision-making (MCDM) is one of the most commonly used methods in the decision-making process and is used to identify the best of all available choices [21]. There are numerous techniques to perform MCDM, including AHP, superiority and inferiority ranking (SIR), Simos’ ranking method, multi-attribute utility theory (MAUT), and elimination and choice corresponding to reality (ELECTRE) [22]. The AHP technique has been widely used to prioritize control measures in order to make decisions to control and reduce noise level [16,23,24]. The AHP technique, which was proposed by Saaty in 1980, is a multi-criteria decision-making method widely used to determine the weight of criteria and prioritize them in a structured way based on the pairwise comparison [25]. This technique examines a problem or a factor hierarchically, from goal to criteria, sub-criteria, and alternatives at successive levels [26]. A hierarchical assessment provides experts with an overview of intrinsic complex relationships in a certain field and allows them to compare various factors based on their weight using a 9-level scale [27].

Therefore, since noise is the most prevalent detrimental and harmful factor in the workplace and considering the high prevalence of noise-induced hearing loss in the industries and the high importance of proposing control measures to reduce harmful noises in an occupational environment, the present study was designed to meet the following goals:

•   Assessing the environmental SPL

•   Drawing a noise isosonic map (aligned lines) to determine the danger, caution and safety points using Surfer V.19 software

•   Providing engineering noise control strategies in CGS stations

•   Prioritization of the proposed strategies based on the results of the evaluation of the environmental SPL using the AHP technique

Authors are encouraged to use the Microsoft Word template when preparing the final version of their manuscripts. In introduction, authors should provide a context or background for the study (that is, the nature of the problem and its significance). State the specific purpose or research objective of, or hypothesis tested by, the study or observation. Cite only directly pertinent references, and do not include data or conclusions from the work being reported.

2  Method

2.1 Study Design

The present research was a descriptive-analytical study with the goal of evaluating occupational noise and presenting a control plan in CGSs in Kerman, Iran in 2021. Firstly, the required information was collected from six different CGSs. Geographical locations, output capacity, the number of gas transmission lines, and the required technical information were specified. Finally, the dimensions, types of surfaces, and sound-generating components in each station were determined through an inspection. Next, the obtained data were used to assess the sound in several stages. The present research was conducted as following steps:

1) Evaluation of the environmental noise in accordance with the ISO 9612: 2009 and ISO 11200: 2014 standards; 2) Drawing the noise isosonic map using Surfer V.19 software based on the measurement results; 3) Identifying the main noise sources and selecting the first priority in relation to noise control among all parts given the noise maps; 4) Proposing and prioritizing the engineering noise control methods using AHP to choose the best noise pollution control method.

2.2 Measuring the Environmental SPL in CGSs

The sound level meter model CEL-450 made by the Casella-Cel company in England was used in the frequency distribution network A and at a slow speed in order to measure the environmental SPL in the chosen areas. The previously mentioned sound level meter was calibrated by the Cel calibrator model 2/110. The environmental noise was measured based on the ISO 9612: 2009 and ISO 11200: 2014 standards [28,29] to determine the level of noise pollution in the units and identifying the main sound generating sources [30,31]. In this study, the studied units were divided into equal squares (5 × 5 m2), and the centers of these squares were determined as the measuring points [32–34]. Since the environmental noise was constant in this industrial unit and the sound did not change much given the time, the sound was measured a minimum of three times in each area, and the average of these three readings was recorded as the sound level in the station. The microphone was placed and pointed towards people’s heads, of course without their presence, according to the recommendations presented in the ISO9612: 2009 standard. The distance between the microphone of the sound level meter and the ground level was about 1.55 ± 0.075 m [29–35].

2.2.1 Calculating the Average Environmental SPL

The Eq. (1) was used to estimate the average environmental SPL [36]:


LP¯(dB)=[1N∑1n⁡10LPi10]
(1)

where 
LP¯
is the average SPL in the studied unit in dBA, 
LPi
is the measured SPL in the unit in dBA(A) and 
N
is the number of the measurement points

2.3 Drawing the Noise Zoning Map and the Noise-Isosonic Map

The isosonic and noise maps are common drawing methods in expressing and evaluating environmental noises. These maps determine various areas of the workplace based on the determined zones of sound pressure level. To draw the maps, firstly, the workplace was divided into checkerboard areas with the same dimensions (5 × 5 m2). Then, the center of each area of the station was determined for SPL measurements. After the measurements, the results were recorded in the factory’s stationed plan and then were put in the Surfer V.13 software in a file format (input) [37]. Following that, the isosonic and noise maps were drawn by taking into account the three SPL zones. In the isosonic maps, different points from the same level were connected to one another, and the so-called “isosonic curves” were drawn. These lines showed the SPL zones like topographic maps:

•   Safe zone (SPL < 65 dBA) with the green color

•   Caution zone (65 dBA < SPL < 85 dBA) with the yellow color

•   Danger zone (SPL > 85 dBA) with the red color

The outcome was a zoned and color-coded and a leveled map displaying the safe, cautious, and danger zones, the most important of which was the danger zone as well as control measures were concerned [36].

2.4 Performance and Prioritization of the AHP Process

2.4.1 Determining the Goal, Criteria, and Alternatives as an Engineering Noise Control Methods in Accordance with the Experts Pane

The engineering noise control methods reduce the workers’ exposure to noise. Principles of engineering control include making changes in the noise sources such as installing mufflers, reducing sound emission in the environment like using absorbents, barriers, and installing complete enclosures [38]. Ten experts were involved in the present study, including university professors, health and safety specialists and supervisors with over ten years of experience in the CGS stations. A comparative questionnaire and a Likert-based questionnaire were distributed among the previously mentioned experts to assess the criteria and to evaluate the alternatives based on the criteria. The experts were asked to fill out these two questionnaires. In this study, four main criteria were identified based on the experts’ opinions and field studies, and also, ten alternatives (engineering noise control methods) were identified based on Table 1.

[image: images]

2.4.2 Drawing the AHP Network

A communication matrix is firstly developed, and both the rows and the columns of the said matrix contain effective factors. Then, the final structure of the issue is obtained as a tree. At an overall glance, it can be stated that the development of the hierarchy depends on the type of decision that must be made. The goal is at the top of the AHP network. The goal is followed by the criteria and the alternatives are at the bottom of the lowest level of the network [39]. Fig. 1 displays the resultant AHP network in current study.

[image: images]

Figure 1: AHP network drawn based on criteria and alternatives in the CGSs

2.4.3 Designing the Preferential Judgment Questionnaire (Pairwise Comparisons)

As an input for the AHP, a questionnaire must be designed to become aware of the views of the target population and performing pairwise comparisons based on them. For this purpose, a questionnaire was designed based on the 1–9 Saaty scale. The said questionnaire contained the criteria and alternatives. It must be distributed among a number of technical experts in the industry and experienced health specialists active in the field of noise management and control. Then, the criteria and alternatives must be determined based on the scores given by experts. Finally, the chosen items should be used based on the AHP technique to quantify the weight of engineering noise control measures [25].

Following guide is useful for filling out the questionnaire according to the 1–9 Saaty scale:

Experts must give each question a score from 1 to 9. A score of 1 indicates the equal importance of the two elements, and a score of 9 indicates the great significance of one element in comparison to another element. The degree of importance of the scores (1 to 9) in the pairwise comparisons has been presented in the Table 2 [25].

[image: images]

2.4.4 Prioritization Using AHP

AHP analyzes complex issues, simplifies them, and attempts to solve them. This method has been widely used in economic and social issues, and more recently, it has also been employed in management. The following steps must be taken after constructing the structure of the issue to solve a problem or make a decision [40]:

•   Estimating the weights

•   System consistency

Weight Estimation

Relative weight is calculated using a pairwise comparison matrix, while the absolute weight is the final rank of each option which is calculated by combining relative weights [40].

Calculation of Relative Weights

In AHP, firstly, the elements are compared in pairs, and then the pairwise comparison matrix is developed according to Eq. (2). Next, the relative weight of the elements is computed using this matrix. In general, a pairwise comparison matrix is displayed as follows in which aij indicates the preference of the element i to element j, which is obtained from the value of aij of the weight of the elements, i.e., wi [40].


A=[a11a12….a1na12a22….a2n….a1nan2ann]
(2)

Calculation of the Final Weight

The final weight of each option in AHP is calculated by multiplying the importance of the criteria by the weight of the options.

Calculation of the Rate of Inconsistency

A matrix may be compatible or incompatible. When the matrix is compatible, it is easy to calculate the weight of the elements as it is only obtained from normalizing each column. However, multiple methods can be used for estimating the weight in incompatible matrixes. In addition to estimation of weight in incompatible matrixes, estimation of the rate of inconsistency is of great significance as well. In general, it can be said that the acceptable inconsistency rate of a matrix or a system depends on the decision-maker. However, Saaty presents 0.2 as the acceptable rate of inconsistency and believes that if the rate of inconsistency is higher than 0.1, it must be reviewed [41].

2.5 Data Analysis

The IBM SPSS Statistics software ver. 26 was used to analyze the collected data, and Excel was employed to present the results as a graph. In this study a descriptive static analysis was used to analysis data. Furthermore, the noise map was prepared based on the results of the existing measurements using Surfer ver. 19.2.213. The Expert Choice Software was used to evaluate and prioritize the engineering noise control measures.

2.6 Ethical Code

The present study has been confirmed by the Ethics Committee of Kerman University of Medical Sciences with the code IR.KMU.REC.1399.027.

3  Results

3.1 Environmental SPL Measurements

Table 3 displays the results of measuring the environmental SPL of the six studied CGSs. The number of measurement points, blind spots, mean, standard deviation, minimum, and maximum of SPL in each CGS have been displayed. The majorities of the evaluated points were in the danger zone and had SPL of higher than 85 dBA.

[image: images]

3.2 Noise Map of the Studied Stations

Given the fact that engineering noise control methods must be presented based on the worst-case scenario, Fig. 2 shows the noise map of CGS number 5 as the worst station in terms of noise generation among all six stations. The danger zone is very important for implementing the engineering noise control measures.

[image: images]

Figure 2: Noise map and isosonic points of CGS number 5 drawn using the Surfer software

3.3 Prioritization of Engineering Noise Control Measures Using the AHP Technique

The AHP technique was used to carry out the process of prioritization of the criteria and the alternatives. The obtained results have been presented in the following sections.

3.3.1 Pairwise Comparison of the Criteria Based on the Goal (Inconsistency Rate of 0.056)

Table 4 presents the pairwise comparison of the criteria based on the objective of the study. According to the results, criterion D (executability) was the first priority among all criteria.

[image: images]

3.3.2 Pairwise Comparison of the Alternatives Based on Criterion A = Efficiency Rate (Inconsistency Rate of 0.097)

Table 5 presents the pairwise comparison of the alternatives based on efficiency rate of each measure. Based on this criterion, “reduction of the gas pressure in two stages” and “Increase in the thickness of the pipe” were the highest and lowest priorities, respectively.

[image: images]

3.3.3 Pairwise Comparison of the Alternatives Based on Criterion B = Non-Interference with the Process (Inconsistency Rate of 0.094)

Table 6 presents the pairwise comparison of the alternatives based on non-interference with the process criterion. This criterion showed, “reduction of the gas pressure in two stages” and “use of a ball valve on the bottom of the regulator” were the highest and lowest priorities in the two phases of the study, respectively.

[image: images]

3.3.4 Pairwise Comparison of the Alternatives Based on Criterion C = Cost (Inconsistency Rate of 0.094)

Table 7 displays the pairwise comparison of the alternatives based on cost criterion. Based on this criterion, “use of silenced regulators” and “use of shock absorber and foundations” were the highest and lowest priorities among all alternatives, respectively.

[image: images]

3.3.5 Pairwise Comparison of the Alternatives Based on Criterion D = Executability (Inconsistency Rate of 0.089)

Table 8 displays the pairwise comparison of the alternatives based on executability criterion. This criterion showed the “use of silenced regulators” and “increases in the thickness of the pipe” were the highest and lowest priorities among all alternatives, respectively.

[image: images]

3.3.6 Normalized Rank and Weight of Each Criterion

Table 9 shows the normalized rank and weight of each of the studied criteria. As shown in Table 9, the executability criterion and cost criterion had the greatest and the least effect on choosing the control measure.
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3.3.7 Normalized Weight of Each Alternative Based on Each Criterion and Final Weight and Rank of Each Alternative

Table 10 illustrates the normalized weight of each alternative based on the chosen criteria. According to the results of prioritization of the alternatives, the alternative of the “use of silenced regulators” was the first priority and had the highest weight (with a weight of 0.223) among all studied alternatives. Moreover, “reduction of the gas pressure in two stages” and “use of blind T and 90-degree traps in headers” were the second and third priorities with weights of 0.215 and 0.139, respectively. “Putting distance between the output header and the walls”, “use of shock absorbers and foundation” accounted for the fourth and fifth priorities with weights of 0.039 and 0.024, respectively. Finally, an “increase in the thickness of the pipe” was the last priority among the alternatives, with a weight of 0.023.
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Fig. 3 compars the effect and priority of each of the studied alternatives on controlling the noise in CGSs.
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Figure 3: Comparison of the priority of each studied alternatives on noise control in CGSs

4  Discussion

The present study aimed to review environmental sound measurements, drawing of noise maps, and prioritizing the engineering noise control measures using AHP in CGSs in in 2021 Kerman, Iran. Six CGSs were evaluated in this study, and the results showed that generally, SPL of the studied stations varied from 76 to 98 dBA, with most stations having a sound exceeding to 85 dBA (danger zone) (Table 3). Fig. 2 shows the sound map of the CGS number 5, which had the worst condition among all evaluated stations. Furthermore, multicriteria decision-making was used to prioritize the engineering noise control measures and four criteria and ten alternatives were identified based on the obtained results. Of the said four criteria, the executability criterion and the cost criterion had the highest and the least effect on the selection of alternatives, respectively. According to the results of prioritizing alternatives, the use of silenced regulators accounted for the first priority among all studied alternatives and the highest weight with a weight of 0.223. In addition, an increase in the thickness of the pipes was the lowest priority, with a weight of 0.023 (Table 10).

Golmohammadi et al. [19] conducted a study entitled “Assessing occupational noise and presenting a control plan in TBS.” Based on the noise map developed in their study, 67% of the evaluated stations were in the danger zone (SPL of higher than 85 dBA), and 33% of them were in the caution zone (SPL of between 65 and 85 dBA). From the total of three units of water, air, and power plant, the air unit, with SPL of 88 to 89 dBA and the compression sector, with the mean SPL of 93.28 dBA, had higher levels of sound pressure in comparison to the other sectors of the said complex. Besides, Golmohammadi et al. stated that the main causes of noise in the TBS were the regulator and the outlet valve of the gas transmission lines. These findings were in compliance with the findings of the present study as the majority of the evaluated stations in this research were in the danger zone, and the mean SPL was between 84 and 90 dBA (except for two stations), and regulators were the main cause of the noise. Furthermore, Zare et al. [41] did a study that aimed to evaluate the individual and environmental SPL and to draw noise maps using the Surfer and noise at work software in a glue production factory. They concluded that the canning unit accounted for the maximum SPL (92 dBA). Moreover, the noise maps drawn for the production unit were more in the danger zone than any other area. Similarly, in the present study, regulators were the main causes of noise production with the maximum SPL of 98 dBA. Also, Golmohammdi et al. [42] did a study with the purpose of evaluating and implementing engineering interventions to reduce occupational exposure to noise in various units of an oil-making factory. In their study, they showed that the SPL was above the national limit in all evaluated stations, meaning that all of them were in the danger zone (between 85.20 and 92.63 dBA). They also showed that a 63-ton compressor accounted for the highest SPL (92.63 dBA). In contrast, in the present study, most stations (not all of them) had high SPLs, which put them in the danger zone, with the regulator accounting for the highest SPL with 98 dBA. The reason for this difference seemed to lie in the difference between the two studied industries. Finally, Zare et al. [43] conducted a study entitled “Assessing Individual and Environmental SPL and noise mapping in Iranian Safety Shoes Factory.” They concluded that 32.3% of the three main units of the said factory were in the danger zone (SPLs of higher than 85 dBA). The skiving and creaser unit, injection unit, and cutting, sewing, and the lasting unit had the highest SPLs with 88, 89, and 93 dBA, respectively. While, in the present study, more than 50% of the stations were in the danger zone and the SPL varied from 56 to 98 dBA in the studied CGSs.

Mousavi et al. [16] did a study aimed at prioritizing noise control measures in the distillation unit of a petrochemical factory using the Fuzzy AHP-TOPSIS method and five criteria, i.e., efficiency, cost, safety, executability, and non-interference with the process. According to their evaluations, the efficiency criterion with a weight of 0.256 and the non-interference with the process with a weight of 0.070 had the highest and lowest effects on the selection of engineering noise control measures. In addition, they prioritized the alternatives as follows: personal enclosure (with a weight of 0.147), use of acoustic enclosure on the source (with a weight of 0.137), use of partial enclosure (with a weight of 0.127), and use of personal protective equipment (with a weight of 0.113) as the first, second, third, and fourth priority, respectively. Furthermore, modification or change of the process, with a weight of 0.059, was the lowest priority among control measures. However, in the present study, the executability criterion and the cost criterion had the highest and lowest weights, respectively. The reason for this inconsistency in the findings of the two studies seemed to be the distance between the CGSs and urban areas and the fact that noise control and cost were the most and the least important, respectively. However, the results of prioritizing the noise control measures in the two studies showed that alternatives that aimed to control the noise in the source were higher priorities than other alternatives. Mousavi et al. [23] conducted another study aimed at prioritizing noise control measures. In their study, they stated that the cost criterion had the greatest impact on the selection of control measures. Also, according to their results, the second most effective criterion in selecting an alternative was executability with a weight of 0.244, while the weight of the executability criterion was 0.587 in the present study. In addition, both studies mentioned controlling the noise in the source as the highest priority. Moreover, Thani et al. [24] did a study entitled “Prioritization of the noise control measures using Analytical Hierarchy Process (AHP) in the battery industry.” They evaluated eight criteria and seven alternatives. They concluded that the acoustic efficiency of the measure and the executability of the measure had the highest weights, and the number of people exposed to the noise and SPL of the environment had the lowest weights. Also, they mentioned that among the alternatives, controlling the length of exposure to the noise and workers’ training and the use of sound absorbers in the workplace (controlling noise at the source) had the highest weights and process change measures and the use of active noise control measures had the lowest weights, respectively. Similarly, in the present study, the executability criterion had the highest weight among the evaluated criteria. In addition, Thani et al. mentioned the use of silenced regulators as a method for controlling noise at the source, which was the first priority among the evaluated alternatives. These findings were consistent with the findings of the present study. Eventually, Eshaghi et al. [44] reviewed four criteria and eleven alternatives to prioritize noise control measures in a glass factory. They concluded that the efficiency criterion had the highest weight among all criteria. Also, they mentioned that the cost criterion had the lowest weight and was the lowest priority. These results were in compliance with the findings of the present study. They also mentioned controlling the vibration of the main sources to control noise as a low priority with a weight of 0.091. Similarly, the present study stated use of shock absorbers and foundation specifications used for controlling the vibration of the noise producer as the ninth priority with a weight of 0.024.

The advantage of the present study in comparison to other studies was that it was a comprehensive study that evaluated the sound by preparing a noise map, presenting solutions for noise control, and asking skilled experts to prioritize the CGSs. The findings of the present study could help managers in making decisions regarding the implementation of noise control measures in this field. One of the limitations of this study was the need for a permit to enter the units and the fact that not all experts were willing to cooperate in the evaluations. Another limitation of the present study was that it failed to take into account the mutual effects of alternatives on one another. For this purpose, it is suggested to future researchers to utilize the views of a larger number of people to prioritize and evaluate the measures and to pay attention to the mutual effects of the assessed factors.

5  Conclusion

This research results indicated that the best criterion for selecting the noise control method was the executability criterion. Also, the use of silenced regulators, “reduction of gas pressure in two stages”, and the “use of blind T instead of 90-degree traps in the headers” were the most effective engineering noise control measures in CGSs. Therefore, it can be stated that AHP is a practical method for prioritizing different measures to make the best and most effective decisions. The results of AHP can be of great help for health and safety specialists and managers in best selecting engineering noise control methods.
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Table 1: Four main criteria and ten alternatives identified in the studied unit
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Efficiency criterion

non-interference with the process criterion

Cost criterion

Executability criterion

Use of ball valve in the bottom of the regulator

Use of the shock absorbers and foundation

Increase in the thickness of the pipe

Reduction of the length of the pipes on the bottom of the regulator
Use of silenced regulators

Putting distance between the output headers and the walls
Use of blind T instead of the 90-degree trap in the headers
Reduction of the gas pressure in two stages

Observation of designing principles regarding the maximum allowable speed 1n the input and
output headers

Use of acoustic coverage on the station’s lines






OEBPS/Images/table-3.png
Table 3: Results of environmental SPL. measurements

Name of Number of Mean SPL. Minimum Maximum Stations with sounds Stations with sounds Stations with sounds
the unit  measurement + SD SPL (dBA) SPL (dBA)  higher than 85 dBA between 65 and lower than 65 dBA
points 85 dBA

Percentage Number Percentage Number Percentage Number

CGS 75 86.20+5.20 76 98 38.66 29 61.33 46 0 0
number 1

CGS 75 84.80+£5.10 75 96 57.33 43 42.66 32 0 0
number 2

CGS 95 66 +3.90 56 77 0 0 68.42 65 31.58 30
number 3

CGS 36 73.40+3.40 67 82 0 0 100 36 0 0
number 4

CGS 80 86.90+490 74 98 71.25 57 28.75 23 0 0
number 5

CGS 45 89.40 £2.80 84.60 94.10 95.55 43 4.45 2 0 0

number 6
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Table 8: Pairwise comparison of alternatives based on the executability criterion

Based on E F G H I J K L M N
executability

E 1 5.067 6.732 6204 0480 3.524 0.554 0436 5.637 2.682
F 0.197 1 2.085 0344 0.153 0.293 0234 0.178 0499 0.147
G 0.149 0480 1 0.281 0.134 0.199 0.160 0.142 0.262 0.159
H 0.161 2904 3563 1 0.169 0396 0.191 0.148 0.393 0.136
I 2.084 6.531 7481 50915 1 6.507 2.891 2864 5346 4.376
J 0.284 3413 5.033 2525 0.154 1 0.154 0.178 0426 0.344
K 1.805 4278 6247 5243 0346 6482 1 0.350 7.214 3.004
L 2294 5617 7.045 6.738 0349 5613 2861 1 6.548 2.966
M 0.177 2.006 3.814 2542 0.187 2346 0.139 0.153 1 0.205
N 0.373 6.803 6.304 7.345 0229 2903 0.333 0337 4888 1
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Table 6: Pairwise comparison of the alternatives based on non-interference with the process

Based on E F G H I J K L M N
non-interference

with the process

E 1 0.296 0315 3.104 0.392 0401 0.157 0.161 0.149 0.149
F 3.383 1 0462 6318 0.354 3.634 0.155 0.139 0.265 0.265
G 3.170 2.164 1 6.891 0371 3934 0.176 0.180 0.384 0.384
H 0.322 0.158 0.145 1 0.133 0299 0.132 0.172 0.155 0.183
I 2.554 2822 2694 7492 1 2.541 0427 0462 2314 0432
J 2491 0275 0254 3346 0394 1 0.142 0.131 0.212 0.149
K 6.366 6.463 5.687 7.568 2.341 7.054 1 0.382 3.047 3.047
L 6.224 7.196 5.561 5805 2.164 7.641 2621 1 6.491 3.491
M 6.714 3773 2.603 6462 0432 4712 0328 0.154 1 0.327
N 6.714 3773 2.603 5462 2314 6.712 0328 0.286 3.054 1
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Table 4: Pairwise comparison of the criteria based on the study objective

Based on objective A B C D
A 1 3.212 5.684 0.300
B 0.311 1 2.821 0.163
C 0.176 0.354 1 0.145
D 3.334 6.117 6.907 1
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Table 9: Normalized weight and rank of each criterion

Criterion Weight Rank
A 0.256 2
B 0.103 3
C 0.052 4
D 0.587 1

Total weight 1 -
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Table 7: Pairwise comparison of alternatives based on the cost criterion

Based on cost E F G H I J K L M N

E 1 8542 7.036 3.621 1361 3.144 0463 5.731 2.864 0.283
F 0.117 1 0480 0299 0.196 0.135 0.186 0.240 0.153 0.124
G 0.142 2.084 1 0.298 0.138 0.206 0.160 0403 0.210 0.147
H 0.276 3343 3352 1 0.140 0260 0.135 2.832 0.710 0.135
I 0.735 5.114 7234 7.123 1 2.031 0474 3.056 4268 0.151
J 0.318 7413 4866 3852 0492 1 0421 5887 1902 0.127
K 2.159 5367 6254 7.385 2108 2374 1 3.586 5.468 0.304
L 0.174 4.162 2483 0.353 0.327 0.170 0279 1 0.356 0.124
M 0.349 6.530 4752 1408 0.234 0526 0.183 2807 1 0.121
N 3.537 8.087 6821 7382 6.625 7.892 3294 8.055 8284 1
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Table 2: The guide for filling out the questionnaire according to Saaty scale

Numerical 1 2 3 4 5 6 7 8 9

value

Degree of Similar Similar Relative  Relative  Strong Strong to Very toa Very strong Extremely
importance  importance importance preference to astrong preference a very strong to an strong

in the to a relative preference strong preference extremely  preference
pairwise preference preference strong

comparison preference
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Table 10: Normalized weight of each alternative based on the four studied criteria and final weight and rank
of each alternative

Alternatives Weight of the Weight of the alternative =~ Weight of the ~ Weight of the Final Rank

alternative based based on non-interference  alternative alternative based  weight

on efficiency with the process based on cost  on executability
E 0.156 0.023 0.128 0.131 0.126 4
F 0.020 0.046 0.015 0.022 0.024 9
G 0.026 0.059 0.019 0.015 0.023 10
H 0.117 0.015 0.037 0.028 0.050 7
I 0.208 0.100 0.116 0.260 0.223 1
J 0.030 0.027 0.082 0.041 0.039 8
K 0.064 0.209 0.165 0.157 0.139 3
L 0.252 0.287 0.030 0.202 0215 2
M 0.107 0.090 0.050 0.041 0.063 6
N 0.016 0.138 0.354 0.099 0.095 5
Total 1 1 1 1 1 -

weights
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Table 5: Pairwise comparison of the alternatives based on the efficiency rate criterion

Basedon E F G H I J K L M N
efficiency

E 1 6.734 6.028 2239 0405 4.783 5047 0387 2.613 7.201
F 0.149 1 0.395 0.220 0.148 0.314 0.155 0.163 0.155 2.531
G 0.166 2.529 1 0.138 0.136 0426 0214 0.157 0.132 4.187
H 0447 4546 7242 1 0.398 6.784 2322 0363 2.098 6.112
I 2472 6.741 7.376 2512 1 6.616 6496 0456 2555 7.204
J 0.209 3.182 2345 0.147 0.151 1 0.310 0.141 0.135 2.202
K 0.198 6437 4667 0431 0.154 3231 1 0.129 0386  7.408
L 2.581 6.123 6.386 2756 2.194 7.068 7.725 1 3.014 5.517
M 0.383 6463 7575 0477 0391 7381 2589 0332 1 5.870
N 0.139 0395 0239 0.164 0.139 0454 0.135 0.181 0.170 1
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