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ABSTRACT

Introduction: Domino effects are a chain of low-probability and high-consequence accidents in which a
primary event (fire or explosion) in one unit causes secondary events in adjacent units. Bayesian networks
have been used to model the propagation patterns of domino effects and to estimate the probability
of these effects at different levels. The unique modeling and flexible structure provided by Bayesian
networks allow the analysis of domino effects through a probabilistic framework, taking synergistic effects
into account.

Material and Methods: Firstly, collecting the basic information related to the location of the storage tanks
and determining the scenario of the accidents were done. Furthermore, the values of the heat radiation
as escalation vectors in case of a fire in one tank were determined using ALOHA software. The received
heat flux values were compared with the heat radiation threshold of 15 ':n—”z’ and the escalation probability
of the primary unit and the propagation of the initial scenario to nearby storage tanks were determined
using Bayesian networks.

Results: The analysis of the heat flux values showed that among the 8 studied storage tanks, two storage
tanks had the highest potential for spreading domino effects due to their location in a tank farm. Also,
the implementation of Bayesian networks in GeNle revealed that, compared to other storage tanks, the
probability of domino effects propagating to other nodes is higher when a primary fire accident occurs in
the two mentioned tanks, while considered as primary units.

Conclusion: Domino effect modeling and appropriate preventative measures can decrease the escalation
probability in the process industries. Consideration of the synergistic effects of events at different levels
by taking the escalation vectors into account leads to proper risk management and the determination of
emergency response measures in storage tank farms.
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1. INTRODUCTION

When a large fire occurs in a process industry
or a tank farm, surrounding equipment may be
damaged due to the heat flux received. In some
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cases, the failure of damaged equipment can lead to
loss of containment and other accidents. Domino
effects (also known as cascading effects) are a chain
of low-probability, high-consequence accidents in
which an initial accident (such as a fire) in a primary
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unit (like a fuel storage tank) spread to nearby units
through the effect of escalation vectors and create
more severe consequences than the initial accident.

Process and chemical industries have large
amounts of hazardous materials used for production
and storage, where the statistical analysis of related
historical events shows despite the low probability
of occurrence, the consequences of domino events
are more serious than other industrial events.

One of the important areas of domino effect
assessment is risk assessment and domino effect
modeling. This approach focuses on the domino
effects between the primary accident and the
secondary accident and even the domino effects
of higher orders. The modeling of domino effect
propagation patterns and the evaluation of the
probabilities of these effects using the Bayesian
networks (BN) have been considered by safety
researchers. Therefore, the purpose of this study is to
use Bayesian networks in modeling domino effects
among 8 gasoline storage tanks. In this study, each
tank is considered as a node and the probability of
a fire domino effect between adjacent nodes (tanks)
is considered as an arc. The fire spread probabilities
from one tank to another depends on the intensity
of the received heat flux (escalation vector).

2. MATERIAL AND METHODS

Among the techniques used to model domino
effects, the Bayesian networks can more accurately
identify the most likely sequence of events with
respect to escalation probabilities. Advances in
Bayesian networks approaches and the development
of different software for Bayesian network modeling
and analysis have provided a more accurate risk
assessment of domino effects. Bayesian network
modeling and the use of similar models facilitate

the identification of spatial-temporal dependencies
of domino effects and also enable the identification
of the most probable sequence of events with
greater accuracy.

The current study was carried out in six distinct
stages, include: 1) determining the storage tanks
with the greatest potential to cause damage, 2)
collecting primary information related to the
location of the storage tanks, 3) determining the
accident scenario, 4) determining the intensity of
the escalation vectors according to the accident
scenario, 5) comparing the escalation vectors
with the threshold value, and 6) estimating the
probability of escalation of the initial scenario
to the nearby storage tanks by considering the
escalation vector values.

Based on the scenario considered for the
accident, the type and intensity of the escalation
vector resulting from the pool fire in the target tank
and its effects on other storage tanks were calculated.
In this study, ALOHA software was used to model
the outcome of the scenario of each of the storage
tanks and calculate the intensity of the heat flux
(escalation vector). The heat radiation threshold for
atmospheric tanks under the influence of fire was
considered to be 15 ':n—mz’

The Bayesian networks was used to model
domino effects. Storage tanks were considered as
Bayesian network nodes and the escalation vectors
as the arcs between adjacent nodes.

3. RESULTS AND DISCUSSION

Considering that the scenario examined in
the present study is a pool fire, heat radiation
exceeding the threshold values can affect the
adjacent tanks and cause damage to them. Based
on the findings of the study, given fire at T3 (Figure
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Fig. 1: Modeling of fire domino considering a primary tank fire at T3
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Fig. 2: Modeling of fire domino considering a primary tank fire at T4

1), tanks 4 and 6 are identified as secondary units
and tanks 7, 1, 5, and 2 as tertiary units and tank
8 as a quaternary unit in the modeling of domino
effects. Also, given the fire at T4 (Figure 2), tanks
5, 3, and 7 were identified as secondary units, tanks
8, 6, and 2 were identified as tertiary units and
tank number 1 as a quaternary unit. Khakzad et al.
(2013) developed a BN-based method for modeling
domino effects in process plants, which considered
process units as Bayesian network nodes and the
possibility of accident propagation among adjacent
nodes as Bayesian network arcs. In their approach,
conditional probabilities assigned to the nodes
were determined using dose-response relationships
(probit models) to estimate the probability of
damage to process units exposed to heat flux (in
case of fire) and blast wave (in case of explosion).
According to the primary fire or explosion event in
a storage tank, among the two exposed tanks, the
tank with the highest probability of escalation is
selected as the secondary unit that enters the chain
of events. Considering the possible synergistic
effects between primary and secondary storage
tanks, the sequence and probability of involvement

[ DOI: !502/1 hew.v14i3.18317 |

of tertiary units in the chain of events can be
identified similarly.

4. CONCLUSIONS

Based on the findings of the study, domino effect
modeling and appropriate preventative measures
can decrease the escalation probability of domino
effects in the process industries. Consideration of
the synergistic effects of events at different orders by
considering the escalation vectors according to the
distances between the process units or equipment
and the inventory of chemicals in the tanks leads
to proper risk management and the determination
of emergency response measures in the tank
farms. Based on the results and previous studies,
this approach is simple but effective for providing
insight into the accident propagation and domino
effects and determining the fire spread probabilities
in storage tanks.
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