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Abstract

Keywords

Background and aims: CNG stations are among the most important and
dangerous land uses. The CNG station under study is located in the northwest Domino Effects
of district six. One of the goals of this study is to analyze explosive domino
accidents at CNG fuel stations. Modeling the consequences at fuel stations can
help minimize the likelihood of a crisis and losses. CNG Station

Explosion

Methods: This study is a case study. Methane gas was selected as the fuel Quantity assessment
material. The modeling of the explosion consequences at the CNG station was GIS

carried out using the PHAST model. The scenario of Catastrophic Rupture

was determined, and atmospheric parameters were considered along with

the positions of adjacent land uses such as residential and commercial areas.

Safety 8.2 software was used to assess individual and collective risk. Domino

events analysis in physical and demographic aspects was performed in three

stages: consequence modeling, risk analysis by QRA model, and overlapping of

explosion wave using GIS software.

Results: The results showed that the explosion wave expanded to 500 meters,

with the most severe damage to individuals and equipment occurring within

140 meters. Beyond 100 meters from the blast wave, there is no severe threat Received: 2023/02/5
to life, and the safe radius is 500 meters from the blast wave. Risk assessment Accepted : 2023/05/31
showed that the collective risk was unacceptable, indicating that measures

should be taken to reduce risk. GIS software proved very effective in estimating

the number of people and uses within the explosion range.

Conclusion: The results of this study showed that the occurrence of accidents
caused by the explosion of the CNG fuel station can affect the uses of the station
area and the risk met in this area is more than the acceptable range.
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EXTENDED ABSTRACT

INTRODUCTION

The most catastrophic consequences occur
due to domino accidents, which include different
levels. These accidents can cover wider dimensions.
Industrial factories, the environment, people, and
urban areas are most damaged [1]. Urban land uses
are one of the critical elements in the city structure.
The high importance of facilities and equipment in the
country and the potential risks of gas leaks, explosions,
and fires in compressed natural gas stations in cities
can create threats and risks for residents [2].

The analysis of explosion domino accidents in
natural gas fuel stations, which are included inside
the cities and their proximity to land uses, is essential.
Explosions account for 57 percent of the cause of the
domino effect [1-3]. A Domino random event is an
accident that expands to adjacent equipment and
causes one or more secondary events [4].

The PHAST Model is one of the comprehensive
models for analyzing the process. It can be used
to identify many of the factors that make up and
minimize them if necessary. Risk evaluation and
management is the most essential and cost-effective
tool for preventing accidents, which includes two
quantitative and qualitative indicators that are used in
various techniques [5].

QRA is a formal and regular approach to
estimating the possibility and consequences of
dangerous events and expressing results as a risk for
people, environment, or business. Also, by identifying
essential assumptions and potential elements of
danger, it evaluates the strength and validity of the
quantitative results [6].

The compressed natural gas station is one of the
single-purpose stations in the area. The area is about
2 square meters. Its consistent land uses include a
fire station and a residential area located in the east
and northern part of the fuel station, which requires
attention to this position regarding safety and urban
management.

METHODOLOGY

The present study is a case study. PHAST 8.2
software was used for modeling. To analyze the
explosion domino accidents at the fuel station,

consequence modeling was initially used. Methane gas
was selected as the primary material in the explosion.
The modeling was based on selecting the Catastrophic
Rupture scenario and the TNO Multi-Energy model,
and determining atmospheric parameters, tank
specifications, location of the area, and neighboring
applications. Safety 2.8 Software was used to calculate
individual and social risks.

Considering the location of the study area and the
existence of multiple land uses, including residential
and industrial, this area was divided into four sections.
Table 1 shows information about risk estimation. In the
next step, by determining the radius of the explosion
of natural gas fuel stations and estimating the extent of
the explosion using Geographic Information System
(GIS), version 10.2, the explosion radius and land use
of the study area were covered.

Finally, an analysis was conducted on the
vulnerability of people and construction caused by the
explosion at natural gas fuel stations. The following
steps were carried out to analyze the risk of explosion
at a compressed natural gas station with respect to its
neighboring land uses:

1.  Modeling the consequence of the explosion

2. Calculating individual and social risk

3. Determining the overlap of the blast wave
and its effects on neighboring land uses using (GIS)

RESULTS

The modeling results at the fuel station indicate
that the height of the cloud concentration at 150,000
ppm is 5 m, and the cloud height at a concentration of
50,000 ppm is 14 m. In contrast, the height of the gas
cloud at the fuel station in the concentration of 50,000
ppm is 20 m. The cloud height, at the concentration
of 150,000 ppm, is 8 m. Figure 2 illustrates the fire
radiation at the study station. According to the
standard values, it can be seen that up to 50 meters are
55km/m2. Turning to the explosion wave, individuals
close to the explosion source were at the highest
explosion wave pressure. With the consequence
modeling and Figure 3, the blast wave pressure is 19
bar. The modeling results show that up to 10 meters of
blasting pressure are consistent. The modeling results
show that the fuel station’s cloud explosion wave has

Table 1. Information on individual and collective risk estimation

Source of spark (passing vehicles) Climate percentage of people in Population Land uses Area
the interior
Density and vehicle per  Speed 3/F 0/7 140 Residential areal 1
hour
30 13m/s 0/7 230 Residential area2 2
0/9 200 industrial and 3
commercial areas
1 10 CNG station 4
range
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Fig. 1. Modeling the cross-section of the cloud steam at the natural gas station

Map of Expansion of Fire Radiation
at different intervals

at the compressed natural gas station

Legend
Public services || Landuses | |
Wasteland | || Greenspace [ |
inaustriakworkshon [l open space, Recreational |
Green space, Park [ Fire Staton [ |

Residential [ | Fusl Station
Mix-use Residential [777]  Facilities, equipments I

Parking, Transportation [ commereiat [

The Radiation Range of Fire

0
Ein
oo
e
[z

0 45 90 180
Meters

535;!00 535I500 535I500 535]100

T T
3955700 39556800

T
3965600

3955500

T
23965200

Fig. 2. of the rate of fire radiation at different intervals at fuel station

expanded up to 470 meters so that the blast wave
pressure is 0.02 bar.

Figure 3 shows that within 59 meters of the blast
wave are 0.76 bar. The results of the explosion wave
radius show that the fire station is overshadowed in
the first seconds. The residential town, located in
the northwestern part of the compressed natural gas
station, will also be affected by the explosion wave.

The results of individual risk modeling showed
that individual risk for individuals close to the spark
source was 0.002459. In this study, estimating the
risk of the main event was first calculated to calculate
the primary event frequency of the fuzzy error tree.
The results of the fuzzy error tree showed that the

y

frequency of the main tank explosion event was
0.0548319. Figure 6 shows individual risk containers
in the area of study.

Figure 5 shows that collective risk rate is
unacceptable and its value is 0.00246051.

DISCUSSION

The likelihood of vulnerability decreases with
distance from the spark source. According to the fire’s
expansion up to 300 meters, Figure 2 shows a 100%
likelihood of fatality at 50 meters, a 70% risk of death
at 70 meters, and a fire radiation amount of 40kW/m?2.
Within 90 meters, the radiation rate is 30 kW/m2, and
based on standard values [7], the fatality rate at this

Iran Occupational Health. 2023 (01 Oct);20: 20.
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Fig. 4. individual risk contour

distance is 50%. At 100 meters, the radiation rate is 26
kW/m?2, and the probability of death is 20%.

Referring to Figure 2, within 50 meters of the event,
the fire station and fuel station are overshadowed,
leading to fatalities. Ten staff members of the fuel
station and twenty firefighters were affected by the
fires effects. Within 70 meters, the majority of the
highway falls within the study range. At 90 meters, in
addition to the aforementioned land uses, it expands
and covers part of residential areas. The household
dimension in this area is three. It can be estimated that
at least twelve residents in a four-story building are
affected. As a result, an estimated seventy-two people
are at risk of burns. At 110 meters, the fire’s radiation
extends and ultimately covers part of the highway
and residential areas, with an estimated one hundred
twenty-two people potentially affected.

According to Figure 3, the explosion wave pressure
is less than 0.75 bar within sixty meters. Given that the
population around the compressed natural gas station
is dense, it can be estimated that the probability of
damaging the population of constant land uses of the
natural gas station is much less, and most damage is
related to cars on highways. Within sixty to seventy
meters, the explosion wave pressure is 0.45 bar,
which threatens area residents. At eighty-five meters,
individuals within a blast pressure of 0.25 bar have

Iran Occupational Health. 2023 (01 Oct);20: 20.

relative damage; and within one hundred thirty-six
meters, injury risk is less.

The modeling results show that the cloud
explosion wave at the fuel station has expanded up
to four hundred seventy meters so that the explosion
wave pressure is 0.02 bar according to standard values
[7]. This pressure can cause vulnerability and break
windows around the fuel station.

Figure 3 shows that at a distance of fifty-nine
meters, the blast wave is 0.76 bar. At this distance, all
buildings including the fire station and CNG station
are affected. The residential area located northwest of
the fuel station will also be affected by a blast explosion
at 0.02 bars which can cause vulnerability and break
windows in buildings. There are important service
land uses in southern part of station which should be
taken into account by urban managers and planners
due to domino effects during crisis.

According to vulnerability table, at sixty-six
meters blast wave is 0.5 bar causing all doors and
windows in buildings including CNG station, fire
station and sizable portion of highway to be damaged.
Within seventy-eight meters blast wave is 0.3 bar
causing most doors and windows to be damaged at
this distance; and at one hundred twenty meters blast
pressure equals 0.12 bar causing little damage to doors
and windows due to standard values [7].
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In order to compare estimated risk numbers with
standard values criterion provided by HSE British
Association was used [8]. The results showed that
estimated risk rate was more than 10~ which falls
in unacceptable area according to Figure 6. The risk
rate at eighty-five meters reaches 8.452 then decreases
sharply indicating need for proper measures at shorter
intervals.

CONCLUSION
Tanks of compressed natural gas stations, at a pressure

of250 bar and temperatures of 15 °C, can be considered
a hazard in urban areas, especially when these stations
are located near other land uses such as residential
and commercial areas. The severity of urban areas in
the face of multiple accidents increases. The location
of these compressed natural gas stations among other
urban land uses necessitates attention to the risks and
consequences of these stations’ explosions for planners
and city managers. According to the results, the safety
radius of the fuel station is 140 meters, and the safe
radius for buildings is 500 meters.
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