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ABSTRACT

Introduction: In process industries, some of the primary events may result in secondary events in an industrial
unit called the domino effect. Since refinery storage tanks are always at risk of fire and explosion, quantitative risk
assessment is important in determining the severity and outcome of an accident, taking into account the effects
of dominoes on the main industry, neighbors, and society and can play an important role in risk management.

Therefore, the purpose of this study was to quantitatively evaluate the risk of condensate storage tanks taking
into account the domino effect.

Material and Methods: The technigue used in this study was Quantitative Risk Assessment (QRA), the analysis
of the consequences of which was performed using PHAST (7.22) after setting goals, studying the process,
identifying hazards and scenarios. Then, to determine the extent of the domino effects of the escalation vectors
were matched against the threshold, and after screening, the overall vulnerability of the repositories for mapping
individual risk levels was calculated.

Results: In the leakage scenario, after considering the domino effects, the risk contour 10-4 to about 250 meters
and the risk contour 10-5 to about 400 meters increased. Also in the catastrophic rupture scenario, the radius
of risk contour of the 10-5 increased to100 m after considering the domino effects up to around damage tank.

Conclusion: As can be deduced from the results, using this method can give a clear picture of the consequences
of chain events and the probability of damage to nearby employees, equipment and neighbors, which is very
important in risk, emergency and crisis management.
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1. INTRODUCTION probability of occurrence. Two parameters play a

In the process industries, especially the oil and
gas industry, there are always potential risks that
can lead to severe and irreversible damage. One
of the most important products of gas refineries is
gas condensates that are stored and then exported
in high volumes. Storage tanks are one of the most
important refinery equipment that are always at
risk of fire and explosion. Among such hazards,
conflagration is the most common and explosion
is the most important risk to oil storage tanks and
petroleum products incurring heavy casualties.

Quantitative Risk Assessment (QRA) is a
method that can provide an appropriate estimate of
safe intervals, given the set of conditions and the
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major role in the quantitative risk assessment of
events. The first parameter is the consequence and
the second parameter is the frequency of the event.

Determining the extent of the damage and
the radius affected by these events play a key role
in reducing the frequency of the occurrence of
these incident. In the process industries, some of
the major incident, called the internal and external
domino effects, may lead to secondary incidents
inside and outside the fringes of an industrial unit.
Expanding the scenario of a primary event that
causes one or more of the other secondary events
and modulates the consequences of the accident
is commonly referred to as the domino accident.
Domino accidents occur only when the damage
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Fig. 1. Flow diagram of the procedure used for the quantitative risk assessment with considering domino effects

caused to the unit and adjacent devices is solely due
to a primary event and the introduction of damage
escalation vectors onto adjacent devices, not that
the equipment around the site of the incident is
damaged separately. A model is needed to provide
an accurate picture of the range affected by domino
effects and risk levels, considering the three factors
of the primary event, the impact of the primary
event and its wave extension to other parts, and
the possibility of one or more secondary events
(7). Therefore, in the present study, in addition
to the presentation of a comprehensive approach,
quantitative risk assessment of gas condensate
storage tank was carried out considering the
dominoes effects.

2. MATERIAL AND METHODS

This study is based on the QRA method
considering the overall probability of domino
effects on condensate storages, which is performed
step by step in Figure 1.

The technique used in this study was QRA,
the analysis of the consequences of which was
performed using PHAST (7.22) after setting
goals, studying the process, identifying hazards
and scenarios. Then, to determine the extent of
the domino effects of the escalation vectors were
matched against the threshold, and after screening,
the overall vulnerability of the repositories for
mapping individual risk levels was calculated.

3. RESULTS AND DISCUSSION
The results of the studied scenarios and the

impact of affected areas on adjacent tanks were
determined using PHAST (v.22) software. The
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results of the evaluation showed the highest
radiation intensity and blast wave in the leakage
scenario of tanks 2 and 4 due to the low distance
of about 85.5 m. tanks 5 to 11 did not receive
much radiation and blast overpressure due to the
longer distance. The highest intensity of radiation
was related to Jetfire, which also had the lowest
probability of occurrence. According to the results,
the safest distance was 612m in the leakage scenario
and 3430m in the catastrophic rupture scenario.

In the next step to calculate the probability
of damage to the tanks, screening was carried
out based on the threshold defined and only the
effective escalation vectors on the tanks were
considered for subsequent calculations. Then,
using the equations, the probability probit for each
of the adjacent tanks was calculated, and the overall
probability of extension (PE) for each tank and
finally, the domino effect frequency rate for each
tank were determined.

As shown in Table 1, in the leakage scenario,
tanks 6 to 11 were removed from subsequent
calculations due to the negligible amount of
radiation and blast overpressure and tanks 1
and 5 were removed due to not reaching the
damage threshold. The highest PE in the leakage
scenario in tanks 2 and 4 with a probability of
0.17 and a frequency rate of 7.2x10-6 and in the
catastrophic rupture scenario in tanks are 9 to 11
with a probability of 0.125 and a frequency rate of
1.25x10-6.

After calculating scenario frequency rates with
and without the domino effects and entering the
information about the scenario and population into
the PHAST software, SAFETI (V7.22) individual
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Table 1. Calculation of Probability Probit, PE, Domino effects frequency Rate

Leakage scenario

Target

e Probability probit

PE f
Jet fire Late pool fire

4E-
04

Tk2 0.28 0.01 0.17
Tk4 0.28 0.01 0.17

Catastrophic rupture scenario

Probability
fae probit PE fo fae
Late pool fire
0.01 0.004 4.08E-08
7.2E-06 0.01 0.004 4.08E-08
7.2E-06 0.01 0.004 4.08E-08
0.06 0.024 2.43E-07
0.06 0.024 1E-05  2.43E-07
0.06 0.024 2.43E-07
0.06 0.024 2.43E-07
0.31 0.125 1.25E-06
0.31 0.125 1.25E-06
0.31 0.125 1.25E-06

ith Domino

Fig. 3. Individual risk contours of TK3 tank catastrophic rupture with/without of domino effects

risk levels as shown in Figure 2 for leakage scenarios
and Figure 3 for the catastrophic rupture scenario
were plotted.

As shown in Figure 2, in the leakage scenario,
after considering the domino effects, the risk
contour 10-4 increased to about 250 meters and
the risk contour 10-5 increased to about 400
meters. Also in the catastrophic rupture scenario,
according to Figure 3, the radius of risk contour of
the 10-5 increased to 100 m after considering the
domino effects around tank 3. A comparison of
the risk contours in the images clearly showed the
increased risk when calculating the domino effect.

4. CONCLUSIONS

In this study, a quantitative risk assessment (QRA)
model along with calculating the total probability of
domino effects was used to calculate the individual
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risk levels taking into account the domino effects. As
can be deduced from the results, using this approach
can give us a clear picture of the consequences of
domino events and the potential for damage to
nearby employees, equipment, and neighbors which
is critical to risk, emergency and crisis management.
Considering safe intervals and routes for dispatching
fire teams, locations of support teams, and safe muster
points are among items that can be identified by a risk
assessment of different scenarios.

QRA with regard to domino effects is a key
tool in understanding the probability scenarios
of domino effects on industrial sites; therefore, in
the countries process industries, special attention
should be given to the assessment of the risks
of domino events so that comprehensive crisis
management plans can be implemented for all
possible scenarios.
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