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ABSTRACT

Introduction: Industrial units, such as oil refineries, face significant hazards due to the release of toxic and
flammable gases. Hydrogen sulfide (H,S), due to its high toxicity and environmental impact, is among the
most dangerous pollutants. This study aimed to model and assess the consequences of H,S release in the
Sulfur Recovery Unit (SRU) of Abadan Refinery using PHAST software to support safety planning and risk
reduction strategies.

Material and Methods: Consequence modeling was conducted using PHAST version 8.4. Process data,
including temperature, pressure, flow rate, and feed composition, along with meteorological conditions
(average temperature, relative humidity, and wind speed based on Pasquill stability classification), were
used to define probable scenarios. Scenarios included partial pipeline rupture, variable leak flow, short
pipe release, and catastrophic reactor tank rupture. Key damage criteria, including thermal radiation
threshold, explosion overpressure, and toxic dose, were used to determine hazard zones.

Results: Thermal radiation up to 71.027 kW/m? can cause instant death within a 70-meter radius, while
overpressure exceeding 0.206 bar can destroy equipment and structures up to 35 meters in summer
conditions. The H>S cloud can spread up to 120 meters downwind, causing immediate fatalities among
exposed personnel. These findings identify high-risk zones in and around the SRU, emphasizing the need
to relocate shelters, install gas monitoring systems, and provide protective equipment. Results are limited
to the defined scenarios and PHAST assumptions.

Conclusion: Due to the lack of risk assessment studies in early phases and during operation, identifying
safe points and high-risk zones, along with prioritizing risk reduction, is essential to ensure workplace
and public safety. Comprehensive risk assessment, including probability analysis (using software such as
SAFETI) and application of advanced models (CFD and Al-based methods), is recommended for future
research.
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1. INTRODUCTION

In modern industrial settings, safety and
quality of life are of paramount importance,
particularly in high-risk sectors such as oil and gas.
These industries face significant hazards due to the
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potential leakage of toxic, flammable, and explosive
substances, which can lead to fires, explosions, and
poisoning. Systematic incident analysis is therefore
essential for developing effective safety programs
and minimizing both human and financial losses.
Risk  management  techniques—particularly
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those employing software tools such as PHAST—
play a critical role in identifying and mitigating
such risks by evaluating both the likelihood of
incident occurrence and the severity of potential
consequences. This integrated approach is widely
adopted in refineries and petrochemical facilities
to enhance safety performance.

To prevent catastrophic events, it is vital to
assess and analyze the consequences of hazardous
scenarios. In safety engineering, consequence and
damage analysis provide valuable insight into the
scale and impact of incidents, enabling decision-
makers to implement appropriate control measures.
PHAST software, recognized for its robust
consequence modeling capabilities, is extensively
used to evaluate high-risk zones and simulate the
effects of hazardous releases. In this study, PHAST
is applied to assess the release of hydrogen sulfide
in the sulfur recovery unit (SRU) of the Abadan
Refinery. The research focuses on modeling the
potential outcomes of hydrogen sulfide release
and defining safety boundaries based on different
scenarios, including toxic dispersion, fire, and
explosion events.

Several related studies have modeled hazardous
gas release scenarios—such as hydrogen sulfide
(H:,S) and ammonia—using PHAST software.
These investigations analyzed various release
conditions, estimated impacts on surrounding
areas, and determined safety distances and
damage potential for both human health and
the environment. Collectively, their findings
highlight the critical importance of consequence
assessment and simulation-based tools like PHAST
in supporting risk-informed decision-making and
improving safety in process industries.

2. MATERIAL AND METHODS
2.1. Quantitative risk assessment method
Quantitative risk assessment is carried out
in seven stages. The first stage involves defining
the objectives, such as identifying process
hazards, determining safety zones, and evaluating
environmental impacts. In the second stage, the
process unit is described using resources such as
P&ID diagrams, process flow diagrams (PFD),
and safety data sheets. The third stage focuses on
identifying potential hazards through methods
such as HAZOP, FMEA, and PHA. In the fourth
stage, various scenarios—including leaks, ruptures,
and pipeline failures—are simulated by analyzing
parameters such as material density, pressure, and
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release duration.

In the fifth stage, consequence modeling is
performed to predict the effects of incidents
across different locations and timeframes. The
sixth stage estimates scenario frequencies based
on the likelihood of occurrence and potential
impact, using the formula: Risk = Consequence x
Frequency. Finally, in the seventh stage, PHAST
software is employed to calculate the consequences
of the defined scenarios, enabling the identification
of high-risk zones and boundaries within the
Abadan refinery’s sulfur recovery unit.

2.2. Introduction to the SRU

The Sulfur Recovery Unit (SRU) plays a critical
role in oil and gas refineries by removing sulfur
from natural gas and other process streams, thereby
mitigating environmental pollution. The SRU
is subject to hazards such as toxic gas emissions
(e.g., H,S) and potential fires and explosions,
necessitating robust safety design and preventive
measures. At the Abadan Refinery, the SRU is
designed to process 100 tons of sulfur per day;
however, current production is approximately 30
tons due to upstream unit conditions and feedstock
limitations. A general overview of the sulfur
recovery process is presented in Fig. 1.

The predominant sulfur recovery method is the
Claus process, which converts H,S into elemental
sulfur through two main stages. In the thermal
stage, H,S undergoes high-temperature reactions
to produce sulfur and sulfur dioxide. In the catalytic
stage, these reactions are further promoted with the
aid of catalysts, enhancing overall sulfur recovery
efficiency.

3. ANALYSIS AND  CONSEQUENCE
MODELING OF THE SRU UNIT

In the consequence assessment, scenarios
characterized by higher probability and severe
potential impacts were selected for analysis.
Drawing on previous studies of sulfur recovery
units and consultations with engineers at the
Abadan Refinery, gas leaks from the incoming
pipeline (feeding from the amine unit) and from
the R-901 reactor within the SRU, highlighted in
red in Fig. 1, were identified as critical sources. The
potential scenarios associated with these areas are
summarized in Table 1.

These scenarios were simulated using PHAST
version 8.4, incorporating the unit’s layout maps,
process data, section conditions, feed composition,
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Fig. 1: The location of the feed stream from the amine unit and R-109 reactor in the SRU
Table 1: Determined scenarios for SRU
°Z Scemtrio Scenario Leak size (in) Pressure Average temperature Height Weather
5 location (bar) (C) (m)
1 Feed Pipeline Long pipeline Breach 20% 0.6 25 8 Winter
2 Feed Pipeline Long pipeline Breach 20% 0.6 65 8 Summer
Ti ing sh i
3 R-901 reactor fme varying short pipe Sudden 0.4 25 3 Winter
release Rupture
4 R90lreactor | imevaryingshortpipe Sudden 0.4 65 3 Summer
release Rupture
i Sudden .
5 R-901 reactor Catastrophic rupture 0.4 25 3 Winter
Rupture
X Sudden
6 R-901 reactor Catastrophic rupture 0.4 65 3 Summer
Rupture
7 R-901 reactor Time varying leak 5 0.4 25 3 Winter
8 R-901 reactor Time varying leak 5 0.4 65 3 Summer

and regional meteorological data, in accordance
with Pasquale’s atmospheric stability classification.

4. RESULTS AND DISCUSSION
4.1. Damages assessment

The output results from PHAST for the defined
scenarios were analyzed according to established
criteria for assessing damage from fire radiation,
explosion overpressure, and toxic material release,
as illustrated in the generated diagrams.

4.2. Consequences of the determined scenarios
4.2.1. Feed pipeline with breach 20% scenario

Given that the pipeline contains flammable and
toxic substances, the major consequences of this
scenario include material release, toxic exposure,
flash fires, explosion overpressure, and unexpected

[ DOW!

ignition events. Figure 2 depicts the concentration
of released toxic materials—including hydrogen
sulfide, carbon monoxide, carbon disulfide, and
sulfur dioxide—at varying distances downwind
from the release point. The chart indicates that
the maximum toxic dose occurs at approximately
9 meters from the release source, resulting in the
highest mortality rate, which extends up to 49
meters. Each line in the figure, distinguished by
color, represents a specific toxic compound.

4.2.2. R-901 reactor with the Time-Varying Short
Pipe Release scenario

In this scenario, the R-901 reactor experiences
a release through a short pipe with a time-varying
discharge rate. Similar to Fig. 2, Fig. 3 presents
the concentration of released toxic materials as a
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Fig. 2: Toxic dose vs. distance in wind direction for breach 20% scenario
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Fig. 3: Toxic dose vs. distance in wind direction for Time-Varying Short Pipe Release scenario

function of distance from the release point under
the time-varying short pipe release scenario at the
R-901 reactor. In this figure, hydrogen sulfide is
indicated in blue, with the highest concentration
observed at 12.7 meters, corresponding to the peak
mortality rate, which extends up to 29 meters.

4.2.3. R-901 reactor with the Catastrophic Rupture
scenario

In this scenario, the reactor tank undergoes
catastrophic  rupture, releasing all internal
materials into the environment. Fig. 4 illustrates
the concentration of released toxic materials as a

Journal of Health and Safety at Work 2025; 15(4)

function of distance from the release point along the
wind direction. Hydrogen sulfide concentrations
are depicted in blue for summer and orange for
winter, highlighting the peak concentrations and
corresponding maximum mortality rates. Both
the concentration and associated mortality rates
decrease with increasing distance, extending up to
19.8 meters.

4-2-4. R-901 reactor with the Time-Varying Leak
scenario

Fig. 5 presents the toxicity dose of the released
material at different distances. According to this chart,
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Fig. 4: Toxic dose vs. distance in wind direction for Catastrophic Rupture scenario

Toxic Dose vs Distance

Time varying leak

== Summer HYDROGEN SULFIDE (Outdeor)
= Summer CARBON MONOXIDE (Qutdoor)

les11

55

o
m
<
]

= Summer CARBON DISULFIDE (Outdeor)
= Summer SULFUR DIOXIDE (Outdoor)
= winter HYDROGEM SULFIDE {(Outdoor)
== winter CARBON MONOXIDE (Outdoor)
== winter CARBON DISULFIDE (Qutdoar)
== winter SULFUR DIOXIDE (Outdeor)

Toxic Dose (conc in ppm, time in mins)

1000 7
_ e
01
7
4 5 & 7 ] 9 10 1 12 13 14 15 1 17 18 19 )

Distance downwind [m]

Fig. 5: Toxic dose vs. distance from the release point in wind direction for Time-Varying Leak scenario

hydrogen sulfide gas—depicted in blue for summer
and orange for winter—reaches its maximum dose
and associated mortality rate at 7 meters, extending
up to 19.2 meters from the leak point.

5. CONCLUSIONS

This study employed PHAST software and
process data to evaluate potential scenarios and
identify high-risk areas in the desulfurization unit,
with a focus on the release of toxic gases such as

[ DOW!

hydrogen sulfide. The results indicate that a sudden
discharge from the reactor inlet line constitutes the
most hazardous scenario, with fire radiation and
explosion effects extending into personnel areas.
Hydrogen sulfide clouds were found to propagate
up to 120 meters downwind, presenting significant
risks to workers. Another critical scenario involves
a 20% leak from the pipeline, where the resulting
toxic cloud reaches up to 13 meters, still posing
considerable danger to personnel.

Journal of Health and Safety at Work 2025; 15(4)
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6. INDUSTRIAL RECOMMENDATIONS

Based on the results of the consequence
assessment for the release of toxic hydrogen sulfide
gas in the sulfur recovery unit, the following
recommendations are proposed to enhance safety
and mitigate potential hazards:

« High-risk zone: Mark a 120-meter radius
around the reactor as a high-risk area.

« Relocate shelters: Move personnel shelters to
safer locations beyond 120 meters and, if possible,
at higher elevations.

« Gas masks: Provide sufficient masks for all
staff, install mask boxes along main paths, and train
personnel on proper usage.

o Wind direction flags: Install flags at key
locations to indicate wind direction and help
personnel avoid downwind exposure.

o Ammonia capsules: Make ammonia capsules
available for emergency neutralization of H,S,
forming a less hazardous compound.

« Emergency drills: Conduct regular drills for
H,S leak and release scenarios.

Journal of Health and Safety at Work 2025; 15(4)

« Detection devices: Equip personnel with H,S
detectors for rapid leak identification and risk
mitigation.

Implementation of these measures can
significantly improve employee safety and minimize
the potential impact of hazardous incidents.

7.STUDY LIMITATIONS

Several limitations should be considered in
this study. First, only a limited number of critical
scenarios were analyzed, and rare or alternative
operational events may not have been captured.
Second, meteorological conditions were considered
only for summer and winter, while daily or seasonal
varijations in wind speed and atmospheric stability
could influence results. Third, some process
data were based on available information and
engineering estimates, introducing uncertainties.
Finally, PHAST assumptions, such as uniform
atmospheric conditions and stationary release
points, may lead to differences between simulated
and real-world outcomes.
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