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ABSTRACT

Introduction: Transporting hazardous materials is inherently associated with multiple risks that can
threaten human health, the environment, property and infrastructure. The deployment and operation
of ammonia tanks in various industrial projects and organizations with diverse objectives present serious
safety, health and environmental challenges. Therefore, conducting risk assessment in the chemical sector
is essential. This study aimed to evaluate the effectiveness of a pressure sensor in reducing the risk of
ammonia cargo release during road transportation, based on Quantitative Risk Assessment (QRA) in a
petrochemical transport company.

Material and Methods: This study assessed the risk of ammonia release from a pressurized tanker and
investigated the risk-reducing effects of employing a pressure sensor for leak prediction. Consequence
modeling and QRA were conducted using SAFETI version 9.

Results: The results showed that the installation of a pressure sensor on the ammonia tanker reduced
the gas release duration from 40 to 25 minutes, which consequently decreased the volume of the leaked
gas and ultimately reduced the overall risk level of accidents. This risk reduction varied between 55% and
99% under different atmospheric conditions. By decreasing the release time from 40 to 25 minutes, the
lethal radius of ammonia was consistently reduced in all weather conditions. The analysis of individual risk
contours in the sudden rupture scenario revealed that atmospheric conditions, particularly during winter
nights, had the greatest impact on the expansion of lethal zones.

Conclusion: The use of pressure sensors and alert systems can effectively reduce individual risk level.
Continuous monitoring of tank conditions and prompt alerts in the event of leaks or pressure drops enable
faster response and help prevent escalation of accident consequences.
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1. INTRODUCTION

Transportation of hazardous materials is one
of the key stages in the supply chain of chemical,
petrochemical, energy and pharmaceutical
industries. Due to their specific physical or
chemical properties, these materials can cause
irreversible damage in the event of leakage,
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explosion or contact with humans and the
environment. Widespread access to roads,
coupled with a lack of rail and air infrastructure,
has led to the concentration of transportation in
this mode. However, road transportation has its
own risks, including leakage in residential areas,
accidents, fires, and toxic gas emissions. Modeling
tools such as SAFETT software are widely used in
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analyzing the consequences of potential accidents,
including chemical spills, explosions, or fires.
These tools perform quantitative risk analysis
(QRA) by taking into account environmental
conditions, material properties, and population
density, allowing for accurate decision-making to
reduce the consequences of accidents and improve
transportation safety.

2. MATERIAL AND METHODS

The methodology of this study consists of 7 steps,
which are explained in order.

1. Determining the purpose of the risk assessment:
This study was conducted in a petrochemical
transportation company in Iran. Ammonia was
selected due to its toxicity, risks and higher accident
rate in this group.

2. Description of the study center under review:
This study quantitatively assesses the risk of ammonia
spills from tankers on one of the busiest ammonia
transport routes in Iran, the Shiraz-Esfahan
petrochemical route. This route is considered as one
of the most sensitive points for chemical spills due
to its proximity to residential areas and high traffic.
Based on the accidents recorded in the database of the
company under study, the Buin Zahra area (between
Shiraz and Isfahan), where 30% of the accidents
and leaks of ammonia tankers had occurred, was
determined as a high-risk area in terms of the
recurrence of accidents.

3.Hazardidentification: Based on pastexperiences
and data recorded in accident databases, the most
important hazards associated with road ammonia
tankers include the occurrence of a complete rupture
of the tanker body and leakage of the tank contents
into the surrounding environment.

4. Scenario identification and analysis: In this
study, scenarios were developed using information
recorded in the company’s database regarding past
incidents (HSE reports). Ammonia leakage from

the tanker (as the most common potential incident)
and sudden rupture of the tanker (worst case) were
studied as the most undesirable potential incident
selected.

5. Consequence Modeling: In this study, the
effects of radiant heat and blast wave pressure from jet
fire, spherical fire and vapor cloud explosion (VCE)
were evaluated using SAFETI software version 9.

6. Determining the repeatability of scenarios:
In this research, the repeatability and probability of
occurrence of a leak scenario in ammonia tankers
was calculated based on the database available in the
company in question and past experiences over a
period of 10 years.

7. Calculation and assessment of individual risk:
In this stage, in order to prioritize the risk level of
scenarios, the risk index was calculated using the
quantitative risk assessment (QRA) method using
SAFETI software.

3. RESULTS AND DISCUSSION

The installation of a digital pressure sensor had
a significant impact on reducing the personal risk
from an ammonia leakage. Reducing the response
time (driver) from several minutes to less than
a minute resulted in a significant drop in the
concentration of toxic gas, reducing the number
of areas requiring evacuation and saving lives in
the surrounding areas. The results showed that
this led to a reduction in the gas release time from
40 to 25 minutes, which resulted in a reduction
in the volume of the leaked gas and ultimately
a reduction in the level of risk of accidents. As
mentioned in Table 1, this risk reduction varied
between 55 to 99 percent in different weather
conditions. So that it reached 99% in the summer
night, which indicates the importance of rapid
leakage control in reducing harmful effects. In
the winter, the risk reduction was reported 72%
during the day and 55% at night, which shows

Tablel: Individual risk levels at 40- and 25-minute release scenarios

For a distance of 340 meters from the tanker stop ‘

Ratio of ch
atio ot changes Release in 25 min

Release in 40 min

(percent)
- Atmospheric conditions Risk level (per year) Atmospheric conditions Risk level (per year)
- Summer Day Summer Day -
99 Summer Night 3.14x 10715 Summer Night 3.34x 1077
72 Winter Day 1.46 x 1076 Winter Day 5.21x107°
55 Winter Night 2.54%107* Winter Night 5.57x107*
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Table 2: Individual risk level in the sudden rupture of an ammonia tanker

1078 1077 107¢
415 393 339
383 362 308
430 389 340
500 468 400

Individual risk level for sudden tanker rupture

Weather conditions/Contour

10~ 10~* radius

258 120 Summer Day
234 95 Summer Night
258 114 Winter Day
320 203 Winter Night
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Fig. 1: Comparative chart of individual risk per

that weather conditions play an important role in
the dispersion and reduction of risk. These results
emphasize the importance of rapid monitoring
systems, such as digital pressure sensors, which
can significantly reduce response time and
minimize the consequences of leaks. The sudden
rupture of ammonia tankers is known as one of the
most critical mechanical failure scenarios in the
transportation of hazardous chemicals, which can
lead to the rapid and widespread release of toxic,
flammable and reactive substances. in order to
more accurately evaluate the consequences of this
event, the radii of individual risk contours for five
annual death probability levels from 10™*to 107
in four different weather conditions were analyzed
and compared using SAFETI software modeling.
According to the results mentioned in Table 2 and
Figure 1, the greatest expansion of risk contours
was observed in the winter night conditions. So
that the radius at the risk level of 10™* reached
203 and at the level of 107% reached 500 meters.
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4. CONCLUSIONS

The present study, using consequence modeling
and Quantitative Risk Assessment (QRA) with the
SAFETI software, demonstrated that ammonia
leakage during road transportation can have
severe impacts on human health and the safety of
surrounding communities, particularly under cold
and stable nocturnal atmospheric conditions.

Therefore, in designing safe transportation
systems for hazardous chemicals, it is essential
to adopt an integrated approach that combines
technical interventions (such as digital pressure
sensors), environmental  assessments and
emergency response planning. This is particularly
critical in densely populated areas and along routes
near residential communities, where establishing
safety zones based on combined scenarios of
prolonged leaks and stable atmospheric conditions
is indispensable. Moreover, the advancement of
smart technologies and the application of accurate
modelings can serve as effective measures to
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enhance the safety of road transportation of
hazardous chemicals in the country.

Future research could focus on the development
of advanced modeling and artificial intelligence
approaches to better predict toxic cloud behavior
and assess risks under varying atmospheric
conditions.  Investigating the  simultaneous
transportation of multiple hazardous chemicals and
evaluating their combined consequences, along with
economic assessments of implementing innovative
technologies such as digital pressure sensors and
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warning systems, can provide a more comprehensive
perspective on transportation safety.
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9. Vapor Cloud Explosion
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