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Abstract 
 

Background and Objective: The safety of distribution networks at gas pressure reduction stations has 

become increasingly important as a critical aspect in gas industry. This study aimed to determine the safe 

distances around City Gas Stations (CGS) and Town Border Stations (TBS) in Tabriz. 

Methods: Station data were collected over the course of one year. Additional information was 

obtained through interviews and correspondence with officials from the local Gas Company. To 

model the consequences and determine the safety zones (fire zone, restricted area, and impacted 

area), the Total GS EP SAF 253 standard and PHAST software (version 8.22) were utilized.  
 

Findings: Based on the findings, the safe distances are 81 m for the fire zone, 529 m for the 

restricted zone, and 649 m for the impacted zone. At TBS stations, these distances were deter-

mined to be 24, 282, and 338 m, respectively. The results indicate that adhering to these distances, 

particularly during the design phase and implementation of the defined zones in accordance with 

the Total GS 253 standard, plays a significant role in mitigating the consequences of potential 

accidents. However, the results also show that the safety zones were not properly observed at 

most stations.  

Conclusion: The TBS station was identified as requiring special safety attention owing to its 

high-traffic location. Overlapping hazard effects were observed in the CGS stations due to the 

close proximity of the pressure reduction units. Furthermore, the boundaries of the restricted zone 

were not adequately considered during the design of most stations.  
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Introduction
 
Industrial development and technological advances, 
while improving living standards, have simultaneously 
exposed humans to hazardous risks resulting from acci-
dents related to the daily use of thousands of chemical 
compounds (1-3). This has led to an increase in the re-
lease of toxic substances and explosions of chemicals, 
adversely affecting the health of workers and surround-
ing communities. Therefore, it is critically important to 
understand the behavior of hazardous chemicals and es-
timate the consequences of potential fires and explo-
sions (4, 5). Consequence modeling methods have been 
employed to determine hazard zones associated with 
fires and explosions. Software tools have been devel-
oped for modeling explosions and fires and evaluating 
their consequences. However, some software packages 
lack flexibility due to their computational intensity, long 
execution times, and inability to perform multifunc-
tional tasks (5-8).  
The PHAST software has been utilized in many studies 
to model chemical process accidents and assess their 
consequences (5-8). The software enables evaluation of 
fire and explosion ranges, extent of damage caused by 
accidents, pressure generated by blast waves, number of 
individuals at risk, and safety zones surrounding the 
sites (9-11). Bahmani et al., for example, reported fire 
and explosion as the most significant and common con-
sequences of chemical release. They maintained that 
any potential leakage of vinyl chloride from storage 
tanks could lead to catastrophic outcomes, indicating an 
extremely high and unacceptable risk level. Conse-
quently, based on the damage caused by blast waves, it 
was recommended that preventive measures be 
planned and implemented in such industries (12). In an-
other study aimed at determining the safety zone of a 
pipeline using PHAST, it was found that a mere three-
millimeter increase or decrease in pipe thickness could 
alter the safety zone by approximately 60 m or more 
(13). Jahedshahraki et al. simulated the consequences of 
fire incidents in gas pipelines using PHAST. They con-
cluded that, in the event of a fire, various safety zones 
would exist due to differences in the leak diameter and 
dispersion mode. To determine the fire hazard safety 
zone, they recommended applying the GS EP 253 stand-
ard (14). Özay et al. investigated the consequences of 
methane gas explosions at a biogas station in Turkey for 
estimating the threat zones caused by both explosion 
and toxicity. They modeled various gas leakage and ex-
plosion scenarios using ALOHA and PHAST (15). Torfi et 
al. assessed the risks and modeled potential accidents at 
a natural gas pressure reduction station in the Boroumi 
area of Ahvaz, southwest of Iran. They concluded that 
identifying safe boundaries and high-risk zones is essen-
tial for ensuring the safety of personnel and the public. 
They emphasized that consequence analysis should be 

integrated into the initial design and operational phases 
of such stations (16).  
Based on the literature review, it can be concluded that 
despite the importance of consequence assessment and 
safety zone determination for City Gas Stations (CGS) 
and Town Border Stations (TBS), very few studies have 
been conducted in Iran or internationally. Therefore, the 
objective of this study was to determine the safety zones 
of CGS and TBS stations in Tabriz using the PHAST soft-
ware and the Total GS EP SAF 253 standard. By identify-
ing the impact thresholds and influence ranges of poten-
tial incidents, this study aims to play a key role in reduc-
ing the consequences of such events. Furthermore, by 
identifying accident-inducing scenarios and their mech-
anisms, this study aims to support risk identification and 
hazard control in the process industries.  
 

Methods 
 
The Total GS EP SAF 253 standard and PHAST software 
(version 8.22) were utilized to model consequences 
and determine safety zones, respectively. The Total GS 
EP SAF 253 standard is based on industry design and 
operational parameters, outlining required safety 
measures in line with established practices in the oil 
and gas industry. Table 1 summarizes standard scenar-
ios outlined in Total GS EP SAF 253, including criteria 
for defining safety zone distances. 
All relevant data from CGS stations (No. 1 station and 
Bagh-e-Marouf station) and TBS stations (Golgasht sta-
tion and Bagh-e-Marouf Cabinet-type station) were 
collected for consequence assessment and safety dis-
tance determination. The data consisted of locations, 
process diagrams (Plot Plan, P&IDs, and PFDs), layout 
and siting maps, operational procedures, and chemical 
properties of materials. The layouts of CGS and TBS sta-
tions were imported into the PHAST software, with de-
tailed properties of natural gas (Table 2) based on data 
from the local Gas Company used as the basis for mod-
eling mixture behavior. 
To incorporate climate parameters, both cold and 
warm seasonal conditions were defined in the model. 
Two weather scenarios, labeled 3F and 5D, were estab-
lished to represent seasonal conditions and their po-
tential effects on modeling outputs. The 3F condition 
represents the cold season with a wind speed of 3 m/s, 
Pasquill stability class F, ambient temperature of -3°C, 
relative humidity of 80%, and solar radiation of 0.1 
kW/m². The 5D condition represents the warm season 
with a wind speed of 5 m/s, Pasquill stability class D, 
ambient temperature of 32°C, relative humidity of 
30%, and solar radiation of 0.9 kW/m². 
The CGS and TBS stations were operated at two pres-
sure levels: 1000 and 250 psi for CGS, and 250 and 60 
psi for TBS. As a result, two separate pressure vessel 
units were defined for the CGS and TBS sections. The 
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equipment was then placed on a map, and data were 
set following the Total GS EP SAF 253 standard. To de-
termine the safety zones (fire zone, restricted area, and 
impacted area), the criteria outlined in the Total GS253 
standard were applied. The fire zone defines the adja-
cent radius with the expected highest levels of destruc-
tion and thermal damages. A thermal radiation thresh-
old of 9.5 kW/m² was used to establish the jet fire 
safety distance, with an overpressure effects threshold 
value of 200 millibars within the fire zone. In the re-
stricted area, the leak diameter was determined based 
on the pipeline diameter. The jet fire criteria for this 
zone were set at 4.7 kW/m² for early and late pool fires, 
as well as jet fires. The Lower Flammable Limit (LFL) 
was used as a flash fire index, with a threshold of 140 
millibars applied for overpressure effects. Similar sce-
narios with more conservative criteria were used to 
define the impacted  
area. The thermal radiation threshold was set at 3.2 
kW/m² for jet fires, early and late pool fires, while a 50-

millibar threshold was applied for overpressure ef-
fects, in accordance with the relevant standard. This 
safety zone extends beyond the site's perimeter fenc-
ing to include areas where members of the general 
public may be present or pass through. 
Specifications and Satellite Maps  
Natural gas enters the facilities at CGS stations with a 
pressure exceeding 1000 psi. After undergoing various 
processes, the gas stream leaves the CGS stations with 
a pressure of 250 psi and is directed toward the TBS 
stations. Mercaptan is stored in tanks with volumes of 
2400 and 1600 liters at CGS stations No. 1 and Bagh-e-
Marouf, respectively. The pressure of the mercaptan 
tanks is 30 psi. Gas enters the TBS stations with a pres-
sure of 250 psi and leaves with a pressure of 60 psi to 
be introduced into the local distribution network. Fig. 
1 shows the locations of the CGS and TBS stations. 
 

 

Table 1. Standard scenarios of Total GS253. 

Scenario Criteria  
fire zone 

Criteria  
restricted area 

Criteria  
impacted area 

Un-ignited flammable gas/spray cloud dispersion from 
gas/2-phase or liquid release 

LFL LFL NR 

Un-ignited toxic gas/spray cloud dispersion from gas/2-
phase or liquid release 

NR Toxic gas LC1% Toxic gas IDLH 

Jet fire from gas, 2-phase or liquid release 9.5 
kW/m²  

4.7 kW/m²  3.2 kW/m²  

Pool fire in retention basin 9.5 
kW/m²  

4.7 kW/m²  3.2 kW/m²  

Liquid pool vaporization (LPG only) LFL NR NR 

Vapor cloud explosion (VCE) in unit 200 mbar 140 mbar 50 mbar 

BLEVE NR 1000 (kW/m²) 
⁴/³. s 

600 (kW/m²) 
⁴/³. s 

Roof tank explosion NR 140 mbar 50 mbar 

Boil over  NR 1000 (kW/m²) 
⁴/³. s 

600 (kW/m²) 
⁴/³. s 

Flare flame out  NR LFL  
Toxic gas LC1% 

Toxic gas IDLH 

 

 

Table 2. Detailed properties of natural gas. 

No. Gas Composition Amount of gas mixture 

1 Mole percent of gas composition Methane 91.00174 

2 Ethane 2.83366 

3 Propane 0.69481 
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4 Butane 0.24202 

5 Pentane and higher 0.09264 

6 Nitrogen 4.29536 

7 Carbon dioxide 0.83161 

8 Oxygen 0.00815 

9  ( mg/scm) Sulfur  Hydrogen sulfide 0.347 

10 Sulfur mercaptan 5.324 

11 Total sulfur 8.573 

12  ( kcal/scm) Gross calorific value  8907.32 

13  ( kcal/scm) Net calorific value  8026.14 

14 Relative density 0.6069 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Locations of CGS and TBS stations. 
 
 
 
Results  
 

Safety distances for City Gas Stations (CGS) 

The safety distance calculations were conducted sepa-

rately for CGS TBS stations due to the dissimilar inlet 

and outlet pressures. For each safety zone, the maxi-

mum value obtained from the defined scenarios was 

selected as the required safety distance. The safety dis-

tances of the fire zone, the restricted area, and the im-

pacted areas at CGS station No. 1 are listed in Table 3. 

According to Table 3, the maximum distance of 81 m 

was associated with the explosion scenario under 

weather condition 5D designated as the safety distance 
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for the fire zone. For the restricted area, a distance of 

529 m was found in relation to an explosion under 

weather condition 3F. Similarly, for the impacted area, 

a distance of 649 m was selected in relation to an ex-

plosion under 3F conditions. In accordance with the 

Total GS 253 standard, the effects of flash fires were 

disregarded in the impacted area. Because all calcula-

tions were performed using the PHAST software with 

input parameters derived from the Total GS 253 stand-

ard, the output charts and safety distances obtained for 

the other CGS station (Bagh-e-Marouf) were consistent 

with those of CGS station No. 1. 

Safety distances for Town Border Stations (TBS)  

Safety distance calculations were conducted for two 

separate sections of the TBS stations, corresponding to 

inlet and outlet pressures of 250 psi and 60 psi. The 

safety distances for the fire zone, the restricted area, 

and the impacted areas of the TBS stations are listed in 

Table 4. 

According to Table 4, a distance of 24 m, associated 

with an explosion under 3F weather conditions, was 

found to be the safety distance for the fire zone at 250 

psi. In addition, a distance of 5.7 m under D5 weather 

conditions was found to be the safety distance for the 

fire zone at 60 psi. For the restricted area, a distance of 

282 m, related to an explosion under 3F weather con-

ditions, was determined as the safety distance at 250 

psi. Additionally, a distance of 338 m, corresponding to 

an explosion under 3F conditions in the horizontal leak 

with obstacle impact scenario, was defined as the 

safety distance for the impacted area at 250 psi. Since 

the calculations of the PHAST software were based on 

the Total GS EP SAF 253 standard, the output diagrams 

and safety distances for both the TBS stations were 

identical. 

Safety zones for mercaptan compounds at CGS 

The results of the fire zone, the restricted area, and the 

impacted area for mercaptan compounds at CGS sta-

tions are presented in Tables 5 - 7. According to Table 

5, the maximum fire‑zone distance obtained for CGS 

Station No. 1 corresponded to the late pool fire sce-

nario (thermal radiation criterion of 9.5 kW/m²) and 

was 46 m under 3F weather conditions. Similarly, at 

the CGS Bagh-e-Marouf station, the highest value was 

observed in the late pool fire scenario, with the same 

thermal radiation criterion (9.5 kW/m²) and a dis-

tance of 41 m under 3F weather conditions. These val-

ues defined the extent of the fire zone in each case. 

According to Table 6 and Fig. 2, the maximum value ob-

tained from the defined scenarios for the restricted 

area at CGS station No. 1 corresponded to the toxicity 

scenario with LC of 1% criterion and occurred at a dis-

tance of 345 m under 3F weather conditions. At the 

CGS Bagh-e-Marouf station, the highest value was ob-

served in the jet fire scenario, characterized by a ther-

mal radiation criterion of 4.7 kW/m² and a distance of 

217 m under 5D weather conditions. These values defined 

the extent of the restricted area in each case.

Table 3. The safety distances of fire zone, restricted area, and impacted area at CGS station No. 1. 

Distances Obtained for the Fire Zone (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

250 psi (Release rate: 

0.9188 kg/s) 

1000 psi (Release 

rate: 3.788 kg/s) 

250 psi (Release rate: 

0.9188 kg/s) 

1000 psi (Release 

rate: 3.788 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 
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- - 28 28 21 11 75 75 Flash fire 

(LFL) 

12.5 12.5 26 28 4 4.3 10 10 Jet fire (9.5 

kw/m2) 

12.5 12.5 35 35 24 23 79 81 Explosion 

(200 mbar) 

Distances Obtained for the Restricted Area (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

250 psi (Release rate: 

23.4676 kg/s) 

1000 psi (Release 

rate: 96.5827 kg/s) 

250 psi (Release rate: 

23.4676 kg/s) 

1000 psi (Release 

rate: 96.5827 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 

103 114 250 281 241 233 448 438 Flash fire 

(LFL) 

78 81 155 160 41 43 90 91 Jet fire (4.7 

kw/m2) 

119 128 294 320 282 269 529 511 Explosion 

(140 mbar) 

Distances Obtained for the Impacted Area (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

250 psi (Release rate: 

23.4676 kg/s) 

1000 psi (Release 

rate: 96.5827 kg/s) 

250 psi (Release rate: 

23.4676 kg/s) 

1000 psi (Release 

rate: 96.5827 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 

86  92  173  184  50  54  108  115  Jet fire (3.2 

kw/m2) 

145  152  352  375  338  318  649  624  Explosion (50 

mbar) 

Table 4. The safety distances of fire zone, restricted area, and impacted area for the TBS stations. 

Distances Obtained for the Fire Zone (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

60 psi (Release 
rate: 0.2487 kg/s) 

250 psi (Release rate: 
0.9188 kg/s) 

60 psi (Release rate: 
0.2487 kg/s) 

250 psi (Release 
rate: 0.9188 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 
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- - - - - - 21  11  Flash fire 
(LFL) 

5.5  5.7  12.5  12.5  1.3  1.5  4.3  4.5  Jet fire (9.5 
kw/m2) 

- - 12.5  12.5  - - 24  23  Explosion 
(200 mbar) 

Distances Obtained for the Restricted Area (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

60 psi (Release 
rate: 6.414 kg/s) 

250 psi (Release rate: 
23.4676 kg/s) 

60 psi (Release rate: 
6.414 kg/s) 

250 psi (Release 
rate: 23.4676 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 

43  47  103  114  54  133  241  233  Flash fire 
(LFL) 

44  48  78 m 81 20  21  41  43  Jet fire (4.7 
kw/m2) 

61  70  119 m 128  80  148  282  269  Explosion 
(140 mbar) 

Distances Obtained for the Impacted Area (meter) 

Horizontal Leak Horizontal Leak with Obstacle Impact 

60 psi (Release 
rate: 6.414 kg/s) 

250 psi (Release rate: 
23.4676 kg/s) 

60 psi (Release rate: 
6.414 kg/s) 

250 psi (Release 
rate: 23.4676 kg/s) 

 

3F 5D 3F 5D 3F 5D 3F 5D Weather 

44 48 86  92  23 26 50  54  Jet fire (3.2 
kw/m2) 

90 97 145  153  106 172 338  318  Explosion (50 
mbar) 

 

Table 5. Results of fire zone at CGS station No. 1 and Bagh-e-Marouf station. 
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Table 6. Results of restricted area at CGS station No. 1 and Bagh-e-Marouf station. 
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Fig. 2. Results of toxic probability of death vs. distance at CGS stations.  

According to Table 7, the largest impacted area at CGS 
station No. 1 corresponded to the toxicity scenario 
with the IDLH criterion, with a distance of 873 m un-
der 5D weather conditions. Similarly, at the CGS Bagh-
e-Marouf station, the same toxicity scenario with the 

IDLH criterion resulted in an impacted area extending 
751 m under 5D weather conditions. These distances 
define the extent of the Impacted Area for each case. 
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Table 7. Results of impacted area at CGS station No. 1 and Bagh-e-Marouf station. 
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Discussion 

This study employed Total GS EP SAF 253 document 
and PHAST software for the consequence analysis 
and calculations. According to this standard, three 
safety zones including fire zone, restricted area, and 
impacted area, along with their corresponding dis-
tances, were defined for the stations. Based on the 
findings, the safety zones and their distances were es-
tablished in accordance with the Total GS EP SAF 253 
standard. The characteristics and functions of each 
zone were examined with respect to the equipment 
layout and mitigation of potential consequence sever-
ity. According to Jahedshahraki et al., in the event of 
process accidents, three types of safety zones can be 
defined: fire, restricted, and impacted areas. They uti-
lized the Total GS EP SAF 253 standard for determin-
ing the safety zones and reported that accurate defi-
nition of the zones can help in better planning and de-
signing emergency response scenarios and support 
the optimal placement of units or new facilities to en-
hance operational safety (14). Results of Chen et al. 
showed that the leakage mode (horizontal or verti-
cal), the leak to hole diameter ratio, and environmen-
tal conditions such as wind speed can significantly af-
fect the dispersion distance and the severity impacts 
of ammonia leakage. Based on their findings, the data 
can serve as an effective basis for safety and environ-
mental agencies to predict, manage, and control acci-
dents involving liquid ammonia leakage, highlighting 
the practical importance from both industrial safety 
and environmental protection perspectives (17). In a 

study by Rashidi et al., the consequences of accidents 
involving an atmospheric storage tank in a petro-
chemical complex were simulated and analyzed using 
PHAST (version 8.22). The study revealed that 
weather conditions play a crucial role in the extent of 
the consequences of pool fires. Such fires can impact 
adjacent tanks and increase the likelihood of domino 
effects. Consequently, the design of a comprehensive 
emergency response plan, which includes the evalua-
tion of mutual and sequential consequences of dam-
age to neighboring tanks, was recommended (18).  

According to the results, due to the higher risk of 
equipment and building within the fire zone, emer-
gency control equipment such as emergency shut-
down valves (ESDVs), control rooms, and guard-
rooms should be installed within the fire zone and re-
stricted area. Key principle recommendations for the 
fire zone may include minimizing the size of fire 
zones; installing fire and gas (F&G) detection sys-
tems, fire suppression systems, and emergency shut-
down valves; maintaining a maximum allowable dis-
tance of 45 m with a flow rate of 120 m³/h for fire-
fighting monitors; ensuring access for firefighting op-
erations under any scenario and weather condition; 
and positioning control equipment (such as ESDVs) at 
least 15 m outside the fire zone.  

The restricted area is the most critical zone during the 
design phase, as adherence to its boundaries can sig-
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nificantly reduce the severity of potential conse-
quences. Observing the prescribed distances within 
this zone allows the implementation of special safety 
measures to protect human life, which is the most val-
uable asset of any country. Key safety actions in this 
zone include the proper placement of critical equip-
ment, buildings, safety systems, and relief valves, en-
suring they are located outside the fire zone.  

The impacted area is generally outside the direct con-
trol of the company or site; however, agreements 
should be made with local authorities to minimize the 
presence of residents within this zone. Such measures 
may include restricting the construction of buildings 
especially permanent residential areas or limiting 
public transportation traffic through this area. 

The reliability of the PHAST simulation results was 
further supported by a comparison with published 
consequence modeling studies. Mirzakhani et al., for 
example, investigated fire and explosion risk conse-
quences in a CGS station using PHAST and reported 
that the hazard radius associated with jet fire and ex-
plosion scenarios extended up to approximately 751 
m from the station boundary, depending on seasonal 
meteorological conditions. This reported impact dis-
tance is comparable to the impacted area distances 
obtained in the present study (e.g., 649 and 873 m), 
indicating a similar order of magnitude. Furthermore, 
Panahi et al. conducted a consequence modeling of 
methane gas release in a gas refinery and demon-
strated that hazard distances associated with fire and 
explosion scenarios varied significantly between 
summer and winter conditions, with larger affected 
distances occurring during warmer seasons. These 
findings are consistent with those of the present 
study, in which atmospheric stability and meteoro-
logical conditions played a critical role in defining the 
extent of the fire zone, the restricted area, and the im-
pacted area. Overall, the comparison confirms that 
the safety distances predicted in this study are in line 
with previously published PHAST-based analyses and 
can be considered realistic within the accepted indus-
trial safety assessment practices (19, 20) . 

Conclusions 

Based on the findings of this study, the Golgasht TBS sta-
tion was identified as the most critical gas pressure re-
duction station in terms of compliance with the defined 
safety zones. It is located within a densely populated and 
high-traffic urban area, significantly increasing the po-

tential consequences of accidental events. The results in-
dicate that the fire zone may affect adjacent buildings, 
whereas the restricted area extends beyond the station 
boundaries into pedestrian and built-up areas, contrary 
to the standard design requirements. Moreover, the im-
pacted area was found to include extensive construction 
and heavy vehicular and pedestrian traffic, which con-
flicted with its intended safety function. These findings 
highlight the urgent need to implement corrective 
measures to reduce the likelihood of accidents and miti-
gate the potential consequences at this station. 

One of the main limitations of this study was the absence 
of a specific standard for defining safety zones in con-
fined environments that are fully compatible with con-
sequence modeling using the PHAST software. In addi-
tion, inherent limitations of the PHAST software, partic-
ularly its inability to model simultaneous explosions in-
volving multiple equipment units, should be acknowl-
edged. 
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