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Abstract 

INTRODUCTION: Crisis management is of critical importance in the oil and gas industries due to 
the increasing occurrence of accidents in these areas. One of the most important issues 
regarding crisis management in such industries is the identification of safety assembly points 
where employees should gather in emergencies. This study aimed to identify the safe points in a 
refinery using geographic information system (GIS) and fuzzy logic for emergency assembly. 

METHODS: Regarding the aim of the study purpose, the required data were collected, and a 
focus group meeting was held with experts to determine the criteria influencing the safety point 
zoning as well as high-risk units using the HAZOP method. After the identification of the criteria 
and sub-criteria affecting the zoning, the weight of each zoning parameter was calculated, and 
the safety zones were determined using the fuzzy logic model and its operators in the GIS 
environment. 

FINDINGS: According to the results of the risk assessment, the criteria and sub-criteria affecting 
zoning were divided into three categories of inconsistent (layer weight: 0.740), consistent (layer 
weight: 0.094), and access to exit routes (layer weight: 0.167). Moreover, the map results based 
on the fuzzy logic model revealed three safe points, including the vicinity of the fire station, 
clinic, and wastewater treatment plant in this refinery where the employees should gather in the 
event of emergencies. 

CONCLUSION: The results of this study showed that the selection of appropriate criteria in safe 
point zoning is of great importance in the emergencies in the industries. Moreover, an initial 
risk assessment can be effective in determining these criteria and sub-criteria. In addition, the 
fuzzy logic model has high accuracy and precision in determining the appropriate safe places. 
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Introduction 
he severity of adverse consequences is 

high in crises; therefore, the emergency 

response team such as the main control 

team (MCT) and forward control team (FCT) 

cannot deal with it alone. Accordingly, when 

deciding on an unfortunate event, (whether it is 

a crisis or just an accident), the ability of the 

emergency response team to deal with it should 

be measured. Crisis in the industry is an 
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unexpected event leading to disruptions in 

production, thereby resulting in far-reaching 

financial, human, or environmental impacts on 

the area and the environment (1-3). 

Nowadays, special industry zones with a high 

density of operational units are one of the main 

sources of industrial crises around the world. 

Mahshahr Petrochemical Special Economic Zone 

(PETZONE) and Pars Special Economic Energy 

Zone (PSEEZ) have such features in Iran. The 

high volume of materials, process temperature and 

pressure conditions, and the proximity of process 

equipment to each other have made these areas 

potential points for the occurrence of major 

accidents and crises (4-6). 

The accidents that occurred in industrial units 

can have much more severe consequences due to 

the very high volume of materials and substances. 

The major events or crises in the industries are of 

great importance from different perspectives. 

Firstly, due to the high volume of materials, some 

of which are flammable hydrocarbons or highly 

toxic substances. Therefore, the number of deaths 

and casualties can be very high in industrial units 

in case of the occurrence of accidents. 

Secondly, each of these industrial units, as part 

of a large production chain, consumes the 

products or fulfills the feed of another unit. 

Therefore, accidents in such units lead to the 

disruption of the production cycle and many 

financial losses. Although efforts have been made 

to improve the safety of industrial units, major 

accidents or industrial crises still occur in these 

units. 

As a result, the improvement of safety degree 

using enhanced control equipment and design 

optimization does not necessarily guarantee the 

elimination of accidents.  Therefore, there have 

been interests in the utilization of management 

approaches as a complement to safety to deal with 

accidents and crises in the industry. To this end, 

risk and crisis management plans have been 

presented and implemented in the industry (7-10).  

Industries determine how to react to 

emergencies at the accident scene. Some 

organizations protect their employees in 

emergencies using appropriate prevention plans 

and evacuation the employees from danger to safe 

points. Moreover, they account for public 

emergency services organizations to deal with the 

accidents at the community level. 

The majority of the industries try to take the 

responsibility of emergency response measures 

until the external emergency responders arrive at 

the scene of an incident, thereby reducing the 

severity of injuries (1,9, 11).  

Reaction to disasters and other emergencies is 

not only a requirement but also it leads to 

reducing the amount of damage to the 

organization. Some of the requirements and 

regulations in this situation include emergency 

evacuation, the presence of firefighters, and 

emergency response teams in an enclosed area, 

as well as the medical team. In general, these 

regulations include training along with the 

preparation and utilization of equipment 

accompanied by other issues affecting the 

performance of personnel (12-14) . 

According to the literature, the identification of 

safe points for assembling the employees during 

emergencies is one of the most important ways to 

gather staff, ensure their health, and evacuate 

them from the accident scene. To this end, 

classical mathematical methods have been used to 

determine the safe points at work (3, 15). The 

researchers in classical mathematics have selected 

safety places without considering industry 

conditions and eliminating uncertainties. 

Safety and health experts make mistakes in 

planning the safety points because they do not 

consider hidden factors and the problems related 

to determining evacuation assembly areas using 

classical mathematics in the industries (8, 10). 

Therefore, there is a need for a method to 

examine the hidden root causes and eliminates 

uncertainties.  

In addition, the results of several studies to 

identify safe points in cities, hospitals, and 

industrials demonstrated that fuzzy set theory can 

provide more accurate results in terms of the 

identification of safe assembly areas in 

emergencies (3, 16).  

Crisis management is of significant importance 

in Iran, due to the presence of oil and gas 

industries. Refineries are one of the most 

important parts of this industry. The safety 

enhancement should be considered in refineries 

since any hazard in this industry leads to 

environmental and human irreversible damage in 

addition to economic challenges (17, 18).  

Therefore, this study aimed to use fuzzy logic 

modeling to identify the safe assembly points 

where employees should gather in the event of 

emergencies in a gas refinery in Iran. 
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Scopes of the study 

Scopes of this study were selected based on the 

importance of risks in gas refineries, location of 

the refinery being one of the high-risk industries 

in the PSEEZ, possibility of crisis in PSEEZ when 

refineries are v, and fencing as well as traffic 

restrictions using security gates and guardians.  

Methods 

The following steps represented the 

identification of safe points for staff to assemble 

in the event of emergencies. Initially, risk 

assessment was performed using the HAZOP 

method for all units of the refinery. Moreover, to 

define the scenario (toxic material release, as well 

as fire and explosion, flammable, and explosive 

chemical substances) based on HAZOP results in 

this study, it was assumed that all control valves 

operated automatically and any deviation was also 

investigated in this study. In addition, due to the 

avoidance of repetition, opening of the bypass 

route of the control valves was not regarded as a 

factor for operational disturbances, such as 

increased flow. 

The control system monitors the situation by 

closing the valve; however, there is a low 

probability that this will happen. Chemical 

process emergencies rarely occur as a result of 

one factor, and in most cases, predisposing causes 

and intermediate events, including safety 

measures and human interventions, are involved.  

It has generally been found that it is 

impossible to identify all probable causes, 

moderator effects, and final consequences of 

potential scenarios. Therefore, if all factors are 

considered in complex process equipment, there 

will be a great number of potential scenarios 

about fires, explosions, as well as the material 

release of toxic and flammable substances. As a 

result, it is inevitable to eliminate some of them 

in emergency planning. Accordingly, scenarios 

that are more potential to occur are considered in 

process risk analysis (3, 4). 

Regarding emergency planning, a great deal of 

attention should be paid to several factors in an 

industry. Therefore, all industries have to identify 

valid events in this regard. The expert group in 

this study included expert or managers; heads of 

exploitation units (refining, utility, and sulfur 

recovery), process engineering, and HSE (safety 

and firefighting); a risk assessment expert, and an 

occupational health expert, (number of team 

members = 12) who participated in conducting the 

study.  

In the next stage, the expert team determined 

the effective parameters according to the results of 

the studies conducted in Iran and other countries 

to identify the appropriate criteria for safe point 

zoning as well as influencing factors, such as 

human factors, high-risk equipment, personnel 

accommodation, traffic areas, fences, and security 

gates).  

Following that, descriptive and spatial 

information (AutoCAD maps) was received from 

the engineering unit to locate safe points.  

Next, the collected data were prepared for 

spatial analysis operations in the geographical 

information system (GIS) software. Therefore, all 

information layers were converted into shapefiles 

and mapped on a scale of 1:1,500. Furthermore, 

the projection was performed to define the 

coordinate system.  

According to the geographical location of the 

study area, the coordinate system of each data was 

converted to the UTM1-39 system and WGS-

1984 basis in the GIS environment followed by 

cutting out operation 3. Moreover, the information 

layer cutting out process was performed based on 

the area under study (8, 19) . To raster the layers, 

the spacing was set to 1 in several layers (20, 21), 

which led to 10 layers in this study. Finally, the 

results were useful for the identification of safe 

assembly areas. In the next step, the criteria and 

sub-criteria (affective factors) weights were 

calculated to determine the importance and value 

of each factor, compared to other factors, using 

the AHP method. To this end, a focused group 

discussion method (using a group of experts) was 

used in this study. The guidelines and contents of 

the focus group discussion were prepared in 

advance and distributed among the experts before 

the meeting. 

Binary comparisons were used to prepare the 

guidelines. Following that, the final matrix was 

completed based on the scores given by the 

experts. The clock drawing test scoring system 

was used to score the items from 9 to 1.9. 

Subsequently, the maps of each layer were 

prepared after identifying and preparing all the 

criteria and effective factors in locating safe 

points and weighting the criteria and sub-criteria 

(components).  

In the final step, the layers overlapped with 
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each other using the Raster Calculator in GIS. In 

the next step, subsequently, each of the general 

criteria was multiplied by their weight again and 

they were overlaid after weight calculation.  

Finally, the layers were combined using the 

fuzzy logic model, and the fuzzy layers obtained 

from the preparation layer step were extracted 

using the Fuzzy Membership function in GIS. 

Layers were identified one by one, and low (it is 

better if the staff assembly is closer to the 

component), as well as high (it is better if the staff 

assembly is further away from the component) 

items, were identified for the layers. The fuzzy 

maps were then overlapped with each other and 

combined; moreover, 5 fuzzy operators in the GIS 

were investigated in this study using gamma 0.1-

0.9 functions on 10 maps (3, 8, 10). The fuzzy 

operators were fuzzy OR, fuzzy AND, fuzzy 

algebraic product, fuzzy algebraic sum, and fuzzy 

gamma. 

The rules of fuzzy logic or its operators are as 

follows: 

 
A) Fuzzy OR 

This operator uses the minimum function in 

the overlap and is equivalent to subscription. It is 

defined using Eq (1): 

 

                *          +               Eq1. 

 
Where 𝝁𝒄𝒐𝒎𝒃𝒊𝒏𝒂𝒕𝒊𝒐𝒏 is the calculated 

fuzzy membership function, 𝝁𝑨 signifies the 

membership value for map A, and 𝝁𝑩 indicates 

the value for map B. 

This operator is used for independent 

parameters or when there should be two or more 

evidence to prove a hypothesis. 

 
B) Fuzzy AND 

This operator utilizes the maximum function in 

combination and is defined using Eq (2): 

 

                *          +              Eq2. 

      

Out of two membership functions, this 

operator selects the function with the maximum 

amount of function. 

 

C) Fuzzy algebraic product operator  

The membership function in this operator is 

defined using Eq (3) as follows: 

 

               ∏ (    )
 
                     Eq3. 

 

Where 𝝁i is the fuzzy membership function for 

the i-th map, and i=1, 2, …, n signifies the 

number of the maps that are to be combined 

The amount of fuzzy membership that is 

combined using this operator becomes smaller 

due to the multiplication of some numbers smaller 

than 1. 

 

D) Fuzzy algebraic sum operator 

The fuzzy membership function of this 

operator is obtained using Eq (4).  

 

               ∏ (    )
 
                     Eq4. 

 

C) Fuzzy gamma operator 

The gamma operation is defined in terms of 

the fuzzy algebraic product and the fuzzy 

algebraic sum using Eq (5): 

 

              (            )
  

(                )                                  Eq5. 

 

Where y is a parameter selected within the 

range of (0, 1) 

The determined parameter is between 0 and 1. 

The gammas equal to 0 and 1 are equivalent to 

fuzzy product and sum operators, respectively. 

Appropriate selection of the parameter leads to the 

extraction of values in the output which are 

consistent with an increase in the algebraic sum 

and a decrease in the algebraic product. 

Findings 

This section presents the research finding, risk 

assessment results, identification of the effective 

criteria in zoning, determination of the degree of 

importance and criteria weighting in zoning, and 

output of the two models using information layer 

combination in maps. 

Based on the results of the HAZOP risk 

assessment, high-risk units have effects on the 

identification of the safe assembly areas where 

employees should gather in the event of 

emergencies (Table 1). 

The other important factors identified by 

experts included the presence of a fire station, 

clinic, green space, and access to exit doors and 

routes. 
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Table 1. Criteria influencing the identification of the safe assembly areas where employees should gather in the event of 

emergencies based on the results of risk assessment 

Reference Description Criteria Number 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Sulfur recycling unit 1 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas sweetening unit 2 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas delivery unit 3 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas and gas condensate 

receiving and separation 

unit 

4 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Reversible gas 

compressor unit 
5 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Sulfur granulation unit 6 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Demercaptanization unit 7 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas dehumidification 

unit 
8 

Meeting with a specialized 

committee 

The high-risk unit was identified in the risk 

assessment process using the HAZOP method 

Gas condensate 

stabilization unit 
9 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Dew point adjustment 

unit 
10 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas station 11 

Meeting with a specialized 

committee 

The high-risk unit was identified in the risk 

assessment process using the HAZOP method 
Condensate storage unit 12 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Gas system unit with 

high and low pressure 

towards the flare 

13 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Condensate pumps unit 14 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Burn Pit Unit (Waste 

Incinerator) 
15 

Meeting with a specialized 

committee 

The high-risk unit was identified by a 

specialized committee in the risk assessment 

process using the HAZOP method 

Sour Water Unit 16 
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Figure 1. Criteria to determine the safe assembly areas in the refinery 

 
Figure 1 shows the results of expert group 

meetings and risk assessments regarding criteria 

and sub-criteria affecting safe point zoning. 

Table 2 tabulates the results of the binary 

comparison of factors.  

The results of a binary comparison of access 

levels are presented in Table 3. 

Table 4 tabulates the binary comparison matrix 

of inconsistent criteria involving high-risk units. 

 
Table 2. Binary comparison matrix of consistent 

factors 

(C) (B) (A) Criteria 

3 5 1 Fire station (A) 

0.5 1 0.2 (B)Clinic 

1 2 0.33 (C)Space area 

00.00 consistency rate 

The general criteria based on consistent and 

inconsistent factors, as well as access levels are 

presented in Table 5. 

Table 6 summarizes the ultimate criteria and 

sub-criteria weights affecting safe point zoning. 

The weights are divided into three categories of 

consistent and inconsistent, as well as access 

levels. 

Figure 2 illustrates the location and 

coordination of different units of the refinery, 

including, sulfur recycling and granulation units,  
 

Table 3. Binary comparison matrix of the access level 

(B) (A) Criteria 

0.33 1 Door (A) 

1 3 Route (B) 

00.00 consistency rate 
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Table 4. Binary comparison matrix of inconsistent criteria 
(P) (O) (N) (M) (L) (K) (J) (I) (H) (G) (F) (E) (D) (C) (B) (A) Criteria 

9 9 8 8 8 7 6 6 5 5 4 3 2 2 1 1 Sulfur recycling unit (A) 

9 9 8 8 8 7 6 6 5 5 4 3 2 2 1 1 Gas sweetening unit (B) 

8 8 7 7 7 6 5 5 4 4 3 2 1 1 50.0 50.0 Gas delivery unit (C) 

8 8 7 7 7 6 5 5 4 4 3 2 1 1 50.0 50.0 
Gas and gas condensate receiving and 

separation unit (D) 

7 7 6 6 6 5 4 4 3 3 2 1 25.0 5.0 33.0 33.0 Reversible gas compressor unit (E) 

6 6 5 5 5 4 3 3 2 2 1 5.0 33.0 33.0 25.0 25.0 Sulfur granulation unit (F) 

5 5 4 4 4 3 2 2 1 1 5.0 33.0 25.0 25.0 20.0 20.0 Demercaptanization unit (G) 

5 5 4 4 4 3 2 2 1 1 5.0 33.0 25.0 25.0 20.0 20.0 Gas dehumidification unit (H) 

4 4 3 3 3 2 1 1 50.0 50.0 1 25.0 20.0 20.0 17.0 17.0 Gas condensate stabilization unit (I) 
4 4 3 3 3 2 1 1 50.0 50.0 33.0 33.0 20.0 20.0 17.0 17.0 Dew point adjustment unit (J) 

3 3 2 2 2 1 50.0 50.0 33.0 33.0 25.0 20.0 0 .22 17.0 14.0 14.0 Gas station (K) 

2 2 1 1 1 50.0 33.0 33.0 25.0 25.0 20.0 17.0 14.0 14.0 13.0 13.0 Condensate storage unit (L) 

2 2 1 1 1 50.0 33.0 33.0 25.0 25.0 20.0 17.0 14.0 14.0 13.0 13.0 
Gas system unit with high and low 

pressure towards the flare (M) 

1 1 1 1 1 50.0 33.0 33.0 17.0 25.0 20.0 17.0 14.0 14.0 13.0 13.0 Condensate pumps unit (N) 

1 1 1 50.0 50.0 33.0 25.0 25.0 20.0 20.0 17.0 14.0 13.0 13.0 11.0 11.0 Burn pit unit (waste incinerator) (o) 

1 1 1 50.0 50.0 33.0 25.0 25.0 20.0 20.0 17.0 14.0 13.0 13.0 11.0 11.0 Sour water unit (P) 
00.00 Inconsistency rate 

 
Table 5. General criteria 

(C) (B) (A) Criteria 

5.0 14.0 1 Consistent (A) 

5 1 7 Inconsistent (B) 

1 2.0 2 Access level (C) 

00.00 Inconsistency rate 

 
gas dehumidification, gas delivery, burn pit  

and flare, condensate and dew point pumps, 

condensate storage recyclers, gas condensate 

stabilization, reversible gas compressors, gas 

sweetening, receiving and separation gas and gas 

condensate, Demercaptanization, sour water, and 

gas system with high and low pressure towards 

the flare. 

Additionally, fuzzy layers of the effective 

factors are presented in Table 7. 

The numbers in table 7 signify the following 

data: 

Number 1: Membership degree 1 belongs to 

the fire station that obtained the highest level of 

safety rating. The safety rating decreases when the 

distances increase (minimum membership rating 

is equal to 0.3) . 

Number 2: Membership grade 0.0058 belongs 

to the gas station that obtained the highest level of 

risk score and lowest membership grade (0.666), 

which reduces the risk level. 

Number 3: Membership grade 0.0075 is 

related to the sour-water unit that obtained the 

highest level of risk and lowest membership grade 

(0.666), which reduces the risk level. 

Number 4: Membership grade 0.0065 is  

related to the sulfur-recycling unit that obtained 

the highest level of risk and lowest membership 

grade (0.666), which reduces the risk level. 

Number 5: Membership grade 0.0077 is 

related to the burn pit and flare gas units that 

obtained the highest level of risk and lowest 

membership grade (0.666), which reduces the risk 

level. 

Number 6: Membership grade 0.0087 is 

related to the gas condensate stabilization unit that 

obtained the highest level of risk and lowest 

membership grade (0.667), which reduces the risk 

level. 

Number 7: Membership grade 0.0075 is 

related to the dew point adjustment unit that 

obtained the highest level of risk and lowest 

membership grade (0.666), which reduces the risk 

level. 

Number 8: Membership grade 0.007 is related 

to the sulfur granulation unit that obtained the 

highest level of risk and lowest membership grade 

(0.666), which reduces the risk level. 

Number 9: Membership grade 0.0058 is 

related to the receiving and separating gas and gas 

condensate unit that obtained the highest level of 

risk and lowest membership grade (0.666), which 

reduces the level of risk. 

Number 10: Membership grade 0.0119 is 

related to the condensate storage unit that 

obtained the highest level of risk and lowest 

membership grade (0.666), which reduces the risk 

level. 

Number 11: Membership grade 0.0061 is 

related to the gas system unit with high and low 

pressure towards the flare that obtained the 

highest level of risk and lowest membership grade 

(0.666), which reduces the level of risk. 

Number 12: Membership grade 0.0073 is 

related to the gas sweetening unit that obtained  
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Table 6. Ultimate criteria and sub-criteria weights affecting safe point zoning 

Weight Sub-criteria Weight Criteria 

175.0 Sulfur recycling unit 

740.0 Consistent 

175.0 Gas sweetening unit 

126.0 Gas transmission unit (C) 

126.0 Gas collection and separation unit and gas condensate 

091.0 Reversible gas compressor unit 

065.0 Sulfur granulation unit 

046.0 Demercaptanization unit 

046.0 Gas dehumidification unit 

031.0 Gas condensate stabilization unit 

031.0 Dew point adjustment unit 

022.0 Gas station 

015.0 Condensate storage unit 

015.0 Gas system unit with high and low pressure towards the flare 

014.0 Condensate pumps unit 

011.0 Burn pit unit (waste incinerator) 

011.0 Sour water unit 

65.0 Fire Stations 

094.0 Inconsistent 122.0 Clinic 

23.0 Green space 

25.0 Door 
167.0 Access level 

75.0 Route 

 

    

Figure 2. Location of units in the refinery 

 
Table 7. Fuzzy layers of the factors affecting safe point zoning 

Fuzzification Criterion Fuzzification Criterion 

large Condensate storage unit 
10

 Large Sulfur recycling
4
 

large 
Gas system unit with high and low 

pressure towards the flare 
11

 
Large Gas sweetening

12
 

large Condensate pump unit 
10

 Large Gas delivery unit
8
 

large Burn pit unit (incinerator)
 5 

Large 
Receiving and separation of gas and gas 

condensate unit
9
 

large Sour water unit  
3
 Large Reversible gas compressor unit

13
 

small Fire station 
1
 Large Sulfur granulation unit 

8
 

small Clinic 
1
 Large Demercaptanization unit 14 

small Green space 
1
 Large Gas dehumidification unit 

15
 

small Exit door 
1
 Large Gas condensate stabilization unit 

6 

small Exit route  
1
 

Large Dew point adjustment unit 
7
 

large Gas station 
2
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the highest level of risk and lowest membership 

grade (0.667), which reduces the level of risk. 

Number 13: Membership grade 0.0085 is 

related to the reversible gas compressor unit that 

obtained the highest risk and lowest membership 

grade (0.667), which reduces the risk level. 

Number 14: Membership grade 0.008 is 

related to the demercaptanization unit that 

obtained the highest level of risk and lowest 

membership grade (0.666), which reduces the 

level of risk. 

Number 15: Membership grade 0.0078 is 

related to the gas dehumidification unit that 

obtained the highest level of risk and lowest 

membership grade (0.667), which reduces the 

level of risk. 

Figure 4 shows the value of different units of 

the first refinery of the South Pars Gas Complex 

using AND, OR, Product, and Sum logic.  

According to the fuzzy distance diagram, value 

1 signifies different units of the refinery that 

obtained the highest level of risk. On the other 

hand, the lowest value (9) reduces the level of risk. 

Therefore, green areas are less risky and can be 

regarded as safe assembly zones. 

Figure 4 illustrates the value of different refinery 

units with gamma logics of 0.1-0.9. Moreover, 

the fuzzy distance diagram indicates that 1 is 

related to different units of the refinery that 

obtained the highest level of risk. On the other 

hand, the lowest score (9) signifies a reduced 

level of risk. As shown in this figure, very high 

sensitivity in zoning can be found in gamma 0.1, 

which is close to the fuzzy algebraic product 

operator results. On the other hand, very low 

sensitivity is observed in gamma 0.9, which is 

close to the fuzzy algebraic sum operator. The 

points with inconsistencies and high priority to 

determine the safe places for assembly are 

revealed in gamma 0.9. Therefore, gamma 0.6 in 

this study shows the most appropriate safe 

assembly points during an emergency (regarding 

inconsistent factors) in the vicinity of the fire 

station, clinic, and water treatment plant. 

Discussion and Conclusion 

This study evaluated the reaction to 

emergencies, such as material release, as well as 

fire and explosion of toxic, flammable, and 

explosive chemicals in a refinery. In addition, the 

probable repeatability of the catastrophic 

scenarios was determined using the opinion of 

experts, previous studies, and databases of process 

equipment failure rate regarding the current 

situation in Iran. It is worth mentioning that the 

emergency response planning was implemented 

on fuzzy logic. This study utilized 5 fuzzy 

operators in the GIS environment, including fuzzy 

AND operator, fuzzy OR operator, fuzzy 

algebraic product operator, fuzzy algebraic sum 

operator, and fuzzy gamma operator, as well as 

their functions (gamma range:0.1-0.9) on 10 maps 

to analyze the results. 
 

 

    

A B C D 
 

 
Figure 3. Fuzzy map of the first refinery of the South Pars Gas complex . A) AND logic, b) OR logic, c) Product logic, 

and d) Sum logic 
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The results of OR and AND operators showed 

that inconsistent criteria were regarded in high 

priority; therefore, the identified zones did not 

have the required accuracy.  According to a study 

conducted by Lee on the fuzzy algebraic product 

operators in mapping landslide-prone areas, it was 

shown that the accuracy of fuzzy AND operator, 

fuzzy OR operator was lower than that of other 

operators (23), which is consistent with the results 

of the present study. Accordingly, these two 

 

 
Gamma1.0 

 
Gamma 2.0 

 
Gamma 3.0 

 
Gamma 4.0 

 
Gamma 5.0 

 
Gamma 6.0 

 
Gamma 7.0 

 
Gamma 8.0 

 
Gamma 9.0 

 
Figure 4. Fuzzy map with gamma logic 0.1 to 0.9 
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operators identified many safe assembly areas, 

which show the low sensitivity of this method in 

determining the locations. This is because the 

fuzzy AND operator is the community operator of 

the sets that extracts the maximum degree of the 

membership. In other words, it extracts the 

maximum value (weight) of each pixel out of all 

information layers and considers it in the final map 

(24, 25). The output of the fuzzy algebraic sum 

operator shows the potential assembly areas 

including the non-industrial site (clinic, entrance 

door, office building). On the other hand, 

according to the obtained results, the inappropriate 

assembly areas were other industrial sectors, such 

as fire station; however, a part of the industrial site 

was safe with a medium to appropriate priority. 

This may be due to the fact that in this 

operator, the complement multiplication is the 

complement; therefore, in the output map, unlike 

the fuzzy algebraic product operator, the value of 

the pixels tends to 1. As a result, more pixels are 

considered within a very good class (16, 26-28). 

The results of this study showed more 

sensitivity of fuzzy algebraic product operator in 

terms of zoning, compared to the fuzzy algebraic 

sum operator. However, the fuzzy algebraic 

operator (Product) multiplies the information 

layers and minimizes the output map numbers 

(tend to 0); therefore, it considers fewer numbers 

of pixels in a very good class.  For this reason, 

this operator has high accuracy and sensitivity in 

zoning (3, 10) . Accordingly, the results of this 

operator in the present study cannot represent all 

the safe places in this area. 

This study identified the safe assembly areas 

using gamma 0.1-0.9. Therefore, the very high 

and low sensitivities are observed in gammas of 

0.1 and 0.9 that are close to the results of the 

fuzzy algebraic product operator and fuzzy 

algebraic sum operators, respectively. All maps 

obtained from the fuzzy gamma emphasize on a 

few specific points. However, as we move 

towards 1, the sensitivity to identify assembly 

areas decreases and shows wider areas to 

coordinate. Moreover, there is a decrease in the 

percentage of its overlap with zoning criteria, and 

in gamma 0.9, the inconsistent areas obtained a 

high level of priority for assembly.  

In this study, the accuracy of the zoning 

decreases with a gamma increase in the fuzzy 

logic model. As can be seen in the maps, the 

zoning accuracy and the percentage of overlap 

with the control areas are greatly reduced 

considering gamma 0.6 and above. Therefore, the 

results extracted from gamma 0.6 show 3 safe 

places within the area under study, including the 

region in the vicinity of the fire station, clinic, and 

wastewater treatment plant where employees 

should gather in the event of emergencies. 

Regarding the identification of the safe 

assembly areas for employees in high-risk 

industries, such as the gas industry, the most 

important issue is to select the appropriate criteria 

for zoning. Moreover, it is of utmost significance 

to accurately determine the importance of 

variables. In this study, inconsistent variables 

were more remarkable in zoning in such 

industries, compared to consistent criteria. 

According to the results, the fuzzy logic model 

has a high accuracy in zoning, which provides 

better results by eliminating uncertainties. 
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