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Abstract

Keywords

Background and aims: Parking areas, which serve as gathering places for
tank trucks, are potentially dangerous. This study aims to analyze the accident Cargo tanker
consequences of oil product carriers, checking and comparing the hazard
radius with recommended separation distances.

Accident

Methods: This descriptive-analytical study was conducted in five stages: Consequence Modeling
scenario selection, determination of accident source parameters, determination Separation distance
of atmospheric conditions, selection of reference values, and modeling the
analysis of scenarios and their consequences. The Process Hazard Analysis
Software Tool (PHAST) was utilized to analyze the consequences of accidents
involving liquid petroleum gas and gasoline tankers.

Parking lot

Results: Based on average values, the appropriate separation distances are

50+25.8 m and 361.4+184.8 m for leakage and catastrophic rupture of a

liquefied petroleum gas (LPG) tanker, respectively. For a petrol tanker, these

distances are 28.3+14.9 m and 571.2+137.6 m for leakage and catastrophic

rupture, respectively. The separation distance based on catastrophic rupture

is so large that it is impractical for the design and management of road tanker

parking areas. According to the leakage scenario, a safety distance of 28.3-50 m

is required. Received: 2022/05/4
Conclusion: Given the existing separation criteria, an accident involving a Accepted : 2023/03/1
tanker may spread to other parts of the parking lot, potentially leading to a

disaster. Therefore, it appears necessary to review and update guidelines and

standards related to parking lot design, separation distances, and emergency

planning.
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EXTENDED ABSTRACT

INTRODUCTION

Today, a significant number of trucks and trains
transport large quantities of hazardous materials, such
as petroleum products. Several studies have indeed
indicated an increase in the number of accidents
involving the handling of these hazardous materials.
In Iran, between 2008 and 2012, the majority of road
tanker accidents involved liquefied gas, gasoline, and
diesel tankers.

While the number of accidents occurring in
parking areas is less compared to those on the road,
their consequences can be more severe due to the
concentration of tankers. In these areas, unsafe acts
such as smoking significantly increase the risk of fire.

Parking areas can be particularly vulnerable to
significant damage related to road tankers. These
areas often have numerous trucks carrying hazardous
materials parked in close proximity. Therefore, an
accident leading to a fire or explosion could have
extensive consequences.

In this context, one of the mitigation strategies is
to consider the separation distance between trucks to
prevent the spread of an accident to other vehicles.
This is a primary goal for transportation policymakers.

Documents pertaining to the safety limits of
tankers carrying hazardous materials have primarily
focused on safety considerations required in parking
areas, rather than providing clearance distances.
However, some codes have suggested values for
separation distance in parking areas. For instance, for
the storage parking of a bulk fuel-carrying vehicle,
there should be a safe clearance around the hard
standing, extending 10 m outwards in all directions.
No facilities, vehicle parking areas, or buildings,
including control rooms, are permitted within this
safe clearance. Under normal circumstances, a one-
way traffic system incorporating an exit and access
gate is approved; if the distance to exit the park
exceeds 24 m, a personnel emergency exit should be
included in the design. The area provided by The Joint
Service Publication (JSP) 317 is 2 m between vehicles,
5 m between the next group of 9 vehicles, and 2 m
between vehicle and edge of hard standing. A 45-m
separation distance applies to living accommodations
and public highways.

In New Zealand’s dangerous goods regulations,
Liquefied petroleum gas (LPG) separation distances
for tanks with a capacity of 20,000 - 50,000 are 10 m
from public places and 17 m from protected work.
The separation distance in the United States, based on
the National Fire Protection Association (NFPA) 58
for an LPG tank with a capacity of 7,600 - 114,000 is
15 m. In the United Kingdom, based on the HS/G34
document, the minimum separation distance for LPG
tanks with a capacity of 9,000 --135,000 liters is 15 m.

Risk mitigation in parking areas requires measures
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like separation distance to reduce the consequences
of accidents. Given the hazards of road tankers, this
study analyzed the accident consequences of trucks
carrying petroleum products in parking areas to
determine hazard zones and compare them with
recommended separation distances to investigate
whether existing separation distances are appropriate
to reduce accident consequences.

METHODOLOGY

This study was an analytical endeavor aimed at
evaluating safety distances in tank truck parking areas
based on consequence modeling. The tool utilized for
modeling accident scenarios was the Process Hazard
Analysis Software Tool (PHAST), Version 7.2.

Accident Scenario

The accident scenario was chosen based on two
typical road tankers that transport LPG and petrol.
A scenario tree was utilized to explore different
accident routes. While accidents can be triggered
by a variety of factors, such as loss of containment,
collision, terrorist attack, equipment failure, or other
incidents, this study focused on the consequences of
the accident, irrespective of its root causes. Leakage
and catastrophic rupture of tankers were selected as
critical events. Dangerous phenomena and effects were
assigned in the scenario tree, and their consequences
were analyzed using Phast software.

Accident source parameters

Two types of tankers were selected for assessment:
LPG and oil product tankers. These are based on
the regulation of Motor Carrier (MC) 331, Class 8
commercial vehicle (with a Gross Vehicle Weight
Rating (GVWR) of greater than 33,001 pounds), and
Department of Transportation (DOT) 406/407. The
materials involved in the accident scenarios are LPG
and petrol.

Meteorological parameters

For meteorological parameters, it is advisable to
analyze site-specific data if available. In the absence
of meteorological data for the site, the following set
of meteorological conditions should be considered by
default:

o Pasquill class D for calculations that refer to
neutral meteorological conditions: little sun and high
wind or overcast/windy night

o Average wind speed: 1.5, 5, and 20 m/s

 Average air temperature: 20 °C

o Relative humidity: 707.

o Solar radiation flux: 0.5 kW/m?

Reference/target values
Reference values are based on fire zones for
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Fig. 2. Explosion affected zone in the case of leakage of an LPG tanker

installation design. A leakage diameter of 20 mm
was selected based on credible events in fire zones.
According to the fire zone criteria, the following
reference values were selected for the study:

Target Pressure: 0.2 bar, equivalent to 3 Psi. This
is the lower limit of severe structural damage, i.e., 507.
destruction of brickwork of houses. Heavy machines
in industrial buildings suffer minor damage; steel
frame buildings become distorted and pooled.

Target Radiation: 9.5 Kilowatt per square meter
(kw/m?). This is the maximum radiant heat intensity
at any location where urgent emergency action by
personnel is required. Exposed structures must be
protected if the exposure duration is more than 1 hour.

LFL (Lower Flammability Limit): This is the lower
concentration of gas (by volume and expressed in
percentage) in a gas-air mixture that will form an
ignitable mixture.

RESULTS

LPG and petrol, due to their flammability and
explosive properties, can cause fire and explosion
in accidents. These properties are more critical than
their toxicity. Therefore, the modeling focuses on
the consequences of fire radiation and explosion
overpressure. According to the scenario tree, 11
routes of the accident were identified. The dangerous
phenomena comprise un-ignited flammable gas, jet

y

fire, Vapor Cloud Explosion (VCE), fireball, and liquid
pool vaporization. Flash fire is another dangerous
phenomenon that exists in accidents but is not
considered in fire zone area preparation.

Figures 1 and 2 illustrate the intensity radius of
jet fire and explosion pressure waves, respectively. In
the event of a catastrophic rupture of a petrol tanker,
a distance of 586-776 m is under the influence of a
0.2-bar pressure wave. The wind speed does not have
remarkable effects on explosive wave propagation. In
a catastrophic rupture of an LPG tanker, the fireball-
affected 9.5 kw/m? zone is 296.1 m, and the pressure
wave of 0.2 bar extends to 279-728 m. In the case of a
20-mm orifice diameter leakage of the tanker, jet fire
and explosion occurred.

The jet fire-affected 9.5-kw/h zone extends
between 39.6-46.5 m. The pressure wave of 0.2 bar
reaches between 47.2-102.8 m, depending on the
wind speed of 2-20 m/s. These areas represent the
distances affected by the adverse consequences of fire
and explosion due to leakage in an LPG tanker.

Based on the intensity level of fire in the leakage
scenario, the separation distance ranges from 20.1-
46.5 m, while it is between 4.9-36.8 m according to
LFL limits in the leakage scenario. According to the 0.2
bar overpressure and leakage scenario, the separation
distance is between 39.3-102.8 m.

In the catastrophic rupture of tankers and
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Table 1. Summarized separation distances extracted from the study

Separation distance(m) according to:

Type of tanker, . - - .
scenario fire intensity 0.2 Bar Distance downwind to Average
level (m) overpressure (m) LFL (m) value (m)
LPG, Leakage 39.6-46.5 47.1-102.8 18.1-38.1 50+25.8
Petrol, Leakage 20.1-26.2 39.3-54.5 4.9-36.8 28.3+14.9
LPG, catastrophi
catastrophic 296.1 279.8-728.6 NA 380.8+174.7
rupture
Petrol, catastrophic
NA 586.7-776.3 389.5-547.1 571.2+137.6

rupture

fire intensity, the separation distance is 296.1 m;
considering LFL, the separation distance is between
134.7-591.2 m. According to the 0.2 bar overpressure
and catastrophic rupture scenario, the separation
distance is between 279.8-776.3 m.

Based on the average values of the scenarios, the
separation distance for an LPG leakage is 50+25.8 m;
this amount is 380.8+174.7 m for an LPG catastrophic
rupture, 28.3+14.9 m for petrol tanker leakage, and
571.2+137.6 m for petrol tanker catastrophic rupture.

DISCUSSION

The separation distance based on the catastrophic
rupture of a road tanker includes long distances that
have no applicability in designing and managing
parking areas. Based on a distance of 296.1-776.3 m,
a parking area cannot be designed practically. In this
case, an area the size of a town is needed. Catastrophic
rupture is one of the most severe incidents that is
the complete failure of the equipment leading to the
complete and instantaneous release of the carried
substance.

It seems that safety and security considerations
for dealing with catastrophic rupture events can be
considered in these cases, and separation clearance
is not practical. According to the leakage scenario, a
separation distance of around 4.9-102.8 m is needed.
Compared to the distances presented in the standards
(15-17 m) of Australia, the United States, and the
United Kingdom, this figure is considerable, and
during an accident, the fire spread to other parts, and
a lot of trucks may catch fire and explosion (9).

In JSP 317, a separation distance between vehicles
of 2 m and 15 m for the next group of 18 vehicles is
proposed. In this case, fire in the longitudinal body of

the vehicle can easily involve other vehicles and lead to
a massive accident. In practice, the distances intended
for truck parking areas are less than those extracted
in this study (7 ,8). An exception for distances from
living accommodations (45 m) in JSP 317 complies
with the study results, although there is still a threat
to the surrounding population beyond 45 m in the
catastrophic rupture scenario. Shrapnel caused by
tanker explosions, which may be thrown beyond the
45-m distances, pose another hazard for people.

CONCLUSION

The current study showed that with the existing
separation distance regulations, an accident could
have spread to other parts of a tanker parking lot.
Therefore, taking mitigation measures, such as
observing standards and safety or security criteria in
the tanker parking lot, is more useful than designing
based on separation distance. Preparing and increasing
emergency response capacity is another measure for
these cases. Limiting the number of parked tankers
as well as reducing parking or unloading and loading
times are other ways to reduce harmful consequences.

The result also shows that the separation distance
of road tankers in a parking lot will not be determined
based on the scenario of a tank catastrophic rupture.
Although the results of this study for the leakage
scenario can be used, in practice, they do not comply
with existing criteria and guidelines.
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1 NFPA: The National Fire Protection Association
2 Process Hazard Analysis Software Tool
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2 un-ignited flammable gas

3 jet fire

4 VCE: Vapor Cloud Explosion
5 fire ball

6 liquid pool vaporization

7 Pool fire

8 Flash fire
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1 LFL: Lower Flammability Limit
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