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Abstract

Keywords

Since emergencies are often unpredictable, organizations need to be prepared
to overcome the threats. In addition to emergency teams, coordination and Crisis Management
preparedness also is very important in responding to emergencies. This
study aimed to use social network analysis to improve the performance of an
emergency management system in the petrochemical industry. The studied
emergency was, hydrogen leak from the cylinder joints in the olefin unit. Social
Network Analysis (SNA) was used to evaluate the emergency team’s response.
To collect the required information, emergency scenarios, questionnaires and
interviews with experts and specialists was done. Gephi software version 0.9.1
was used to analyze the social network data of this study. The findings of this
study indicates a high disruption between members and low network density.
The network density index was 0.108, which shows the low coherence of the
network and a significant gap between the members. Meaning that only 10.8% Received: 2020/09/06
of all the possible connections within the emergency management members
were established. Low density leads to inconsistency, lack of cooperation and
poor performance in emergency management. On average, the study showed
that, the manager of operations had the most influence on the network. The
social network analysis approach, helps managers and decision makers to
identify the strengths and weaknesses of an emergency response team, and
focus on the interactions and relationships between the teams, as well as their
coordination. Also, to achieve optimal coordination in the emergency response,
it is necessary to consider specific plans and instructions, and the identification
of the tasks.
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EXTENDED ABSTRACT

Introduction

Crises and emergencies are generally unexpected,
unplanned and serious situations, in which the
organization requires an immediate action and
intervention to prevent the worsening of the situation
(1). So it is necessary to have an efficient emergency
management system designed to appropriately
respond to emergencies (2, 3). Despite all the efforts to
reduce the negative effects of emergencies and crises,
these situations are having an effect on an individual,
group, community and even the whole society (4,
5). In the absence of a fast and immediate response
to an emergency, there is a potential expansion and
intensification of this effects. The petrochemical
industry, is one of the high risk industries in which,
accidents, especially fire and explosions in the
petrochemical companies, are still causing great
losses (1). Since crises and emergencies are often
unpredictable, in order to be able to overcome
the threats, organizations and individuals need
to be prepared to face any emergency situation
(6). In this regard, a standardized emergency
management system, will reduce the costs, mitigates
the environmental and human impacts, reduces the
recovery time, and preserves the corporate’s integrity.
Well established emergency management plans, help
to organize and manage the resources to reduce or
prevent all the negative aspects of an emergency (5,7).
These emergency plans are usually predefined to
ensure the implementation of rapid, systematic and
effective emergency measures (7). This system includes
individuals, groups, equipment, coordinations and
the relationship between individuals and groups.
Emergency management is performed by more
than one person and there are different teams
and individuals managing these situations, each
with specific duties and responsibilities during the
emergency (8). Emergency personnel and teams
alone, are not enough for an effective response to
emergencies, and the preparedness and coordination
of these individuals and teams as a network, and
the sustainability of this network in emergencies
is very important (9). Coordination has always
been a challenge in emergency management. Social
network analysis is one of the most common tools for
examining preparedness and coordination amongst
individuals and teams within a network. Studies
have shown that SNA tools, that are used to examine
relationships during emergencies and crises, helps to
better understand the performance, and the strengths
and weaknesses of the teams (10). This method can
provide useful information, for decision makers about
the performance of individuals, as well as how team
members communicate to each other in the network
(11). SNA indicators can be used to identify groups and
individuals, with the least and the most importance in

the network, identify the strengths and weaknesses
of the emergency response teams, and making the
necessary changes to improve the response. This study
is aimed to use social network analysis, to improve the
performance of an emergency management system in
the petrochemical industry.

Methodology

The studied emergency was, the hydrogen leakage
from the cylinder joints in the olefin unit. Social
Network Analysis (SAN) approach, was used to
evaluate intra- and intergroup responses in emergency
management teams, identifying the key roles,
identifying the leadership roles in different groups,
identifying groups and individuals with a greater
degree of centrality and the required changes to achieve
the highest performance rate. Social Network Analysis,
typically consist of an actor who receives or sends some
sort of information or resources, and the network
allows for the exchange of this information or resources.
Social Network Analysis is a developed form of graph
theory and provides a mathematical description of the
relationship between two sets: the set of nodes and the
set of edges, which form a network when combined.
The nodes are persons, groups, or organizations, and
the ties are the relationship between these entities
that consist of a wide range of collaborations and
interpersonal communications (12). In Social Network
Analysis, these relationships are represented via graphs.
Studying emergency scenarios, questionnaires, and
interviews with experts and specialists were used to
collect the required information for social networks
analysis, about the individuals and groups involved in
the emergency management. Gephi software version
0.9.1 was used to analyze the social network data of this
study. The emergency management team of the studied
petrochemical company, consisted of 7 groups and 79
individuals. These teams were: the management, fire
department, operation, security, HSE, medical, and
one person as a commander. The studied emergency
was hydrogen leakage from the cylinder joints in the
olefin unit. Hydrogen is the lightest element in the
periodic table with a high probability of catching fire
or causing an explosion (13). 22 tanks of hydrogen was
in the hydrogen storage section, which were designed
to supply the hydrogen tanks. Hydrogen storage is
one of the most sensitive and dangerous sections in
the complex, due to storing a significant volume of
hydrogen under high pressures. Immediately after the
emergency occurred, emergency management team's
reacted, to reduce any injuries or losses. Teams and
individuals that are participating in the emergency
management team, will take actions based on the
tasks that were specified in the scenario. Emergency
communication cycle at the beginning of the study are
presented in Figure 1.
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Figure 1. Communication Graph at the beginning of the studied emergency situation

Result

The findings of this study indicates a high
disruption between team members and a low network
density. The network density index was 0.108, which
represents a significant gap between the members
and the low coherence of the network. Meaning that
only 10.8% of all the possible connections between the
members of the emergency management group were
established. Based on the studies, individuals who
were embedded in relatively dense networks, had a
better communication and interaction, compared to
the individuals in a less-dense network. So, the low
density leads to inconsistency between individuals and
teams, and ultimately leads to the lack of cooperation
and the poor performance in the emergency
management and crisis teams. Each member of the
emergency management team, was considered as a
node in the network, and their interactions and their
relationships were examined as edges. The groups
involved in emergencies and their tasks are shown in
Table 1.

Examining the degree of centrality in the network,
shows that the operation’s commander has the
highest degree of centrality in the network. Senior
management had the second highest degree of
centrality in the network, followed by management of
the fire department. The network characteristics are
showed in Table 2.

According to the table 2, the highest density
was related to the commander of the operation and
the management, which indicates the maximum

y

communication and interactions in these two
groups. The operation group also had the most
density. The highest degree of centrality, was
obtained by the commander of the operations
and the management, which indicates that these
two groups, have the greatest impact on the entire
network. The lowest average degree of centrality,
was obtained by the security group, which indicates
the lowest impact level, this group had on the
entire network. The Commander of the operations
and the management also had the highest, average
betweenness centrality, as well as the highest average
of closeness centrality. The lowest amounts of these
two indicators, was obtained by the security group.

Discussion

In addition to focusing on individuals, social
network analytics approach, helps the managers
and decision makers to identify the strengths and
weaknesses of an emergency response team, and
focus on the interactions and relationships between
teams and their coordination level (13). Based on
the weakness in the density of the network, we
conclude that, if the involvement of the individuals
and the teams improved within the network, their
ability to coordinate will also increase. Coordination
and interactions are especially important in teams
that have a direct operational role in the emergency
management (8). Using coordination assessment
based on network connectedness, an organization
can be reviewed in order to identify the current state
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Table 1. Groups involved in emergencies and their tasks

Groups Tasks

Announcing the state of an emergency, informing and monitoring the performance, announcing the
Management  required instructions to all departments, assessing the need of evacuate units, assessing the need to attract

external assistance, etc.

Necessary coordination to announce and departure groups to the accident site for cooperation and
Commander

Fire Stations

coordination.

Identify the location and departure to extinguish, Ensure emergency exit routes are open, provide PPE to
other teams, and consider the supportive measures for the other teams.

Isolation of the area, monitoring the condition of the injured, providing needed equipment, assistance to

Operati
perations injured before the arrival of the ambulance, and resolving any possible problems at the scene of the accident.
Safety command, recognize and report situations of risk, installation of safety signs, control of firefighting
operations, organizing evacuation and enclosing danger, monitoring the performance of H, S, E, organizing
HSE the dispatch of rescue teams, coordinating with the medical, Monitoring the existence of the appropriate
and sufficient firefighting equipment, decontamination, constant monitoring of the environment in terms
of dangerous situations.
Securit Security, control the locations leading up to the accident site, traffic control, coordination with the police,
uri
¥ assistance in evacuation, establishing law and order in the area, leading rescue groups, installing safety tapes.
Medical Patient care at the scene of the accident as well as hospitalizing the patients in the hospital.
Table 2. Features of the examined network
G Number Number Average  Average degree  Average betweenness  Average closeness
rou
P of nodes of edges density of centrality centrality centrality
Management 5 11 1 16.4 125.7 0.47
Commander 1 1 35 761 0.6
Fire Stations 17 67 0.493 9.88 30.01 0.4
Operations 21 51 0.243 6.38 66.51 0.381
HSE 12 41 0.621 8.75 39.2 0.397
Security 10 13 0.289 4.7 26.63 0.273
Medical 13 37 0.47 7.1 32.07 0.385

of connectedness and can therefore be judged for its
potential to coordinate in an emergency and crisis.
Also, to achieve the optimal coordination level in an
emergency response, it is necessary to consider specific
plans and instructions, precise identification of the
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