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study aimed to assess the consequences of a diesel tank leak in one of Iran’s
specialized hospitals.

Materials and Methods: This study utilized an applied research approach with
scenario modeling using PHAST software (version 8.4). A discharge rate of 1000
L/min was employed for the fixed-duration release scenario. The necessary
information for the software, including tank and meteorological data, was
collected. The mortality rate and danger radius were calculated and analyzed
for two tank volumes of 23600 and 12000 m?3 in conditions of Sabzevar region
in winter and 1.5 F of the software.

Results: According to the tank type and substance released into the

*Corresponding author: Reza environment, the software displayed a pool fire. The most hazardous scenario
Hekmatshoar, Sabzevar was determined to be leakage from the 23600 m3 tank in weather conditions
University of Medical Sciences, of Sabzevar (26°C, wind speed 15 m/s in winter). The maximum and minimum
Sabzevar, Iran radiation heat from the fire were calculated at 44.7 and 94.2 meters,

respectively. The mortality rates for exposure levels of 37.5 kw/m?, 12.5 kw/m?,
and 4 kw/m? were found to be 98.7%, 6.5%, and approximately zero,
respectively.

Conclusion: Fire safety in hospitals is a critical issue that requires a thorough
examination of the factors that can lead to ignition and explosion. To mitigate
these risks, it is recommended to strategically place diesel tanks, develop
safety models for roadways, construct dams and dikes near tanks, regularly
inspect equipment for corrosion and deterioration, and install sensors to
detect leaks. These measures are essential for ensuring the safety of patients,
staff, and hospital facilities.
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Extended Abstract

Background and Objective

Hospitals and healthcare service centers are
valuable assets that, unfortunately, experience a
significant number of fire incidents each year
[1], which lead to extensive damage and impose
high economic burdens [2]. Fire and explosion
are among the most dangerous and critical
events that cause considerable financial and
human losses in hospitals [3][4,5][5][6].

For many years, hospitals have relied on
industrial ~ diesel generators, which are
considered powerful  generators. Diesel
generators are one of the types of electrical
motors used in hospitals and play a critical role
in providing stable power and supporting the
healthcare industry’s facilities. Since medical
equipment is sensitive to voltage fluctuations
and drops, diesel generators must supply high-
quality, stable, and fluctuation-free power.
Improper maintenance and storage of fuel
products can lead to leaks and releases, thereby
seriously endangering the health of staff,
patients, and the public in the vicinity of the
hospital and resulting in catastrophic incidents
[7,8]. Hospitals are the main pillar of the
healthcare system; hence, preventing and
addressing potential hazards in them is of great
importance [9][1,4,5,10].

Additionally, no study has yet been conducted
on the use of Process Hazard Analysis Software
Tools (PHAST) to assess the consequences of
diesel tank fires in hospitals. PHAST, the most
comprehensive software available for modeling
chemical process incidents and analyzing their
outcomes, is used for quantitative risk
assessment and financial risk analysis [11]. This
software can predict the complex outcomes of
incident scenarios resulting from the release of
chemicals from storage tanks. The outputs of the
software modeling include the radius of the fire
and explosion, the extent of damage caused by
the incident, the pressure from the explosion
wave, the number of people at risk, and the safe
zone around the chemical release site
(8,11,12,14].

This research aims to fill the gap regarding the
lack of use of PHAST software capabilities in risk
analysis for hospital diesel storage tanks and to
analyze the consequences of a diesel tank leak
located in the premises of one of the country's
specialized hospitals.

Materials and Methods

In the present study, the consequences of a
diesel tank fire in one of the country’s
specialized hospitals were analyzed using
PHAST software version 4.8. It is important to
note that the hospital under study is located
near urban residential and social areas. The total
area studied is approximately one hectare, and
more than 500 people work in the area under

study. This research, based on its objective, is
applied in nature, and the execution method is
scenario modeling.

Meteorological data were extracted from the
synoptic weather station at Sabzevar Airport.
The parameters studied for field measurements
and software implementation included tank data
and meteorological data. For modeling the
scenario of a fixed-duration release, a discharge
time of 1000 cubic meters of diesel per minute
was considered. The necessary information for
inputting into the software, including tank data
and the meteorological data of the region, was
collected. The steps of the problem-solving
algorithm in PHAST software were carried out as
follows:

In the first step of the algorithm, the map of the
hospital under study was loaded from Google
Earth, and the map was scaled accordingly. In the
second step, the diesel components and their
percentages were defined in the software. The
third step involved defining and placing the
equipment on the map and completing its
information. The atmospheric tank was selected
as the equipment in question, placed on the
map, and related data such as temperature,
height, discharge duration, and so on were
entered. Then, the substance information within
the tank was defined for the equipment. Based
on the study’s objective, in the scenario
definition step, a fixed-duration release scenario
was selected.

Results

In the present study, the diesel tank was located
in the southeast corner of the hospital in an
enclosed space with metal walls, crowded and
disorganized, and placed next to other
equipment and tools. In the fixed-duration
release scenario, the time considered for
discharge was 1000 cubic meters. According to
the software results, the vapor cloud radius from
the leaking tank containing 12,000 cubic meters
of diesel is 27.4 meters, and for a full tank, the
vapor cloud radius is 38.4 meters. When a pool
of flammable liquid and its resulting vapor cloud
form, if a spark or an ignition source reaches the
vapors and leaked fluid in the early stages, an
initial or early pool fire occurs. The most
significant and primary consequences of a pool
fire are assessed based on the level of radiation
it generates [12, 15].

The software analysis results for the initial pool
fire and the weather conditions in Sabzevar, for
both 12000 m?* (metremokab) and 23600 m?
(metremokab) tanks, estimated radiation of 37.5
kW/m?2 up to aradius of 14 meters. This radiation
is sufficient to damage equipment and cause
fatal injuries to individuals. The safe radius for
firefighters to operate during the initial pool fire,
for both tank volumes, was determined to be
29.9 meters. Firefighters equipped with personal
protective equipment can only tolerate radiation
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up to 8 kW/m?, and exposure to higher levels
would result in burns.

According to the PHAST software results, the
highest total burn rate, flame diameter, and
flame length pertain to the secondary pool fire
in Sabzevar’s weather conditions, particularly
when the tank is full. The extent of the
secondary pool fire in F 1.5 weather conditions
and Sabzevar’s defined weather shows a
radiation intensity of 4 kW/m? for both the
23600 m?3 (metremokab) and 12000 m3
(metremokab) tanks. When the tank is full,
leaking, and discharging, the fire’s impact
encompasses the entire hospital area and even
extends beyond the hospital's boundaries.
Based on the modeling results, the mortality
rates at different radiation intensities of 37.5
kW/m2, 125 kW/m?2, and 4 kW/m?2 were
estimated to be 98.7%, 6.5%, and approximately
zero, respectively. Naturally, at closer distances
and higher radiation intensities, the mortality
rate increases.

Discussion

The present study aimed to analyze the
consequences of a diesel tank leak located
within the premises of a specialized hospital in
the country. PHAST software was used to model
the diesel leakage and discharge. In the event of
a hospital tank leak and discharge, a fluid pool
with a depth of 5 millimeters would form, and
the vapor cloud radius from a full tank would be
38.4 meters, which is larger than that from a half-
full tank. After the fluid pool and vapor cloud
form, if a spark reaches them along the path of
wind dispersion, a pool fire will occur, with
flame temperatures reaching 1726.85°C.

The fixed-duration release scenario (1000 cubic
meters per minute) for a full tank with a volume
of 23,600 cubic meters and a mass of 18,363
kilograms in Sabzevar’s weather conditions
(26°C with a wind speed of 15 meters per second
in winter) is the most hazardous scenario for the
hospital's diesel storage tank. The studies by Lee
et al. (2019) [16] and Bahmani et al. (2021) [12]
showed that the discharge and release of a
larger volume of flammable material, in the
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presence of ignition sources, result in more
dangerous incidents, which aligns with the
findings of the present study.

The main consequence of the pool fire is
thermal radiation. The maximum radiation
intensity (37.5 kW/m?) from the secondary pool
fire in a full tank reaches an affected distance of
44.7 meters. According to the graphs and reports
analyzed by the software, the fire would cover
most of the hospital premises, posing a risk to
personnel in the area, influenced by wind
direction and the tank's fuel volume.

Based on meteorological data throughout the
year, the wind generally blows from the east,
northeast, and southeast. Given the diesel
tank’s location in the hospital’s southeast
corner, in the event of a fire risk, the wind can
intensify the fire. As this study was conducted
in the winter, it showed that stable atmospheric
conditions in winter lead to higher vapor cloud
concentration and density near the ground,
increasing the likelihood of severe hazards.
The findings of Bahmani et al. (2021), in
analyzing the consequences of a vinyl chloride
tank fire and explosion, also mirrored the
results of this study [12].

Fire safety in hospitals is aserious challenge, and
one of the strengths of this study is the
examination of the fire risk posed by the
hospital’s diesel tank. To date, no study has
modeled and evaluated the fire consequences
of a hospital fuel tank.

Conclusion

The findings highlight the importance of proper
placement of fuel tanks in hospitals to reduce
the potential negative impacts of fire-related
incidents. Considering the levels of damage
caused by diesel leaks and releases in hospitals,
to prevent losses, emphasis should be placed on
implementing safety regulations, addressing
safety deficiencies, applying S5 standards to
storage tanks, and inspecting environmental
parameters such as temperature and humidity
conditions, which can significantly reduce the
destructive consequences of storage tank
incidents.
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