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A B S T R A C T

Accidents on offshore oil and gas platforms (OOGPs) usually cause serious fatalities and financial losses con-
sidering the demanding environment where such platforms are located and the complicated topsides structure
that the platforms have. Conducting evacuation planning on OOGPs is challenging. Computational tools are
considered as a good way to plan evacuation by emergency simulation. However, the complex structure of
OOGPs and various evacuation behaviors can weaken the advantages of computational simulation. Therefore,
this study develops a simulation model for OOGPs to evaluate different evacuation plans to improve evacuation
performance by integrating building information modeling (BIM) technology and agent-based model (ABM). The
developed model consists of four parts: evacuation model input, simulation environment modeling, agent de-
finition, and simulation and comparison. Necessary platform information is extracted from BIM and then used to
model the simulation environment by integrating matrix model and network model. In addition to essential
attributes, environment sensing and dynamic escape path planning functions are developed and assigned to
agents in order to improve simulation performance. Total evacuation time for all agents on an offshore platform
is used to evaluate the evacuation performance of each simulation. An example OOGP BIM topsides with dif-
ferent emergency scenarios is used to illustrate the developed evacuation evaluation model. The results show
that the developed model can accurately simulate evacuation and improve evacuation performance on OOGPs.
The developed model is also applicable to other industries such as the architecture, engineering, and con-
struction industry, where there is an increasing demand for evacuation planning and simulation.

1. Introduction

Accidents on offshore oil and gas platforms (OOGPs) usually cause
acute fatalities [1] and financial losses as OOGPs have demanding en-
vironment and oil and gas production is a difficult and potentially
dangerous operation. The demanding environment includes limited
accessibility and danger of encountering hurricanes, massive waves,
and storms. Drilling and processing oil and gas turn offshore platforms
into a high-pressure, inflammable, and dangerous environment with
frequent accidents, including a gas leak, fire, explosion, blow out,
structural failure, and adverse weather condition [2,3]. According to
the historical records, the deadliest offshore platform accident was the
Piper Alpha disaster in the North Sea [4], in which 167 people died. In
1982, the accident on Ocean Ranger Oil Rig in North Atlantic Sea
capsized and killed 84 people due to a powerful storm with 190 km/h
winds and 20m high waves [5]. Another example is one of the latest
accidents happened in 2010 at Deepwater Horizon Oil Spill, which

caused an explosion and severe oil leak and 11 people died in Gulf of
Mexico [6]. Therefore, effective emergency response planning is im-
portant and necessary to improve safety management on offshore
platforms.

Evacuation during these emergency circumstances is one of the
most significant aspects to be considered when evaluating the safety
management of OOGPs. Conducting evacuation planning is a challen-
ging task as OOGPs are built on sea using complex structures and
workers cannot simply escape from the OOGPs during an emergency
[7]. Compared to buildings, evacuation on offshore platforms faces
more limiting conditions as platforms locate on the sea and contain
congested working space. In addition, the facilities (functional mod-
ules) on offshore platform have higher possibility of catching fire,
which makes evacuation on offshore platforms more challenging.
Therefore, in order to well simulate such dynamic environment
changes, the possibility of catching fire (risk level) of each module is
also required. These risk levels for functional modules can be obtained
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by analyzing historical accident database of similar modules from other
offshore platforms. Offshore oil and gas platforms usually have Escape,
Evacuation, and Rescue (EER) plans and resources to protect personnel
in the event of a major accident [8–10]. EER addresses the entire pro-
cess based on which personnel is removed from a major accident event
to an ultimate place of safety. Escape means people move away from a
dangerous situation to a safe place; evacuation means people are
leaving hazard zones following the planned method; and rescue is the
process that people move from a temporary safe place to a place of
safety where medical assistance is available [11,12]. 2D escape routes
planning and escape drill exercises [10] are important parts of EER
programs. However, evacuation plans based on 2D escape routes only
provide simple accessible paths without considering potential changes
of evacuation environment. In addition, 2D evacuation plan may also
cause different understanding of the emergency response. Although the
escape drill exercise is a useful approach to evaluate the efficiency of
the escape paths and to provide workers with a detailed understanding
of emergency response on OOGPs, escape drill usually costs extra time
and workforce, and can cause safety issues as OOGPs have limited
working space and extreme environment around them.

Computational tools for emergency evacuation simulation and de-
sign have advantages over the traditional practices of 2D escape routes
and evacuation drill exercises. Unlimited emergency scenarios, eva-
cuation plans, and escape drills can be simulated and evaluated with
the help of computational simulation models. Agent-based model
(ABM) is one of the common computational models used to simulate the
actions and interactions of people under emergency in the simulation.
To generate the simulation environment efficiently, building informa-
tion modeling (BIM), considering the rich geometric and semantic in-
formation it provides, has been increasingly popular in the modeling of
simulation environment. Therefore, this study develops a model based
on BIM and ABM to conduct evacuation simulations in a 3D virtual
environment and to evaluate and improve safety management on
OOGPs. BIM is used to set up the 3D virtual environment as it contains
geometric and semantic information of OOGPs. ABM is used to simulate
evacuation behaviors including basic attributes and social behaviors of
all agents. The evacuation performance of each new scenario is eval-
uated by the total escape time.

The rest of this paper is organized as follows. Related works are
reviewed in Section 2. Section 3 introduces the developed model. De-
tailed development of the proposed model is also included in this sec-
tion. An example with evacuation simulation results is used to illustrate
and evaluate the proposed framework in Section 4. Section 5 concludes
the paper.

2. Literature review

2.1. Offshore emergency response

Well planned offshore emergency response is critical to OOGPs, and
much research effort has been made to achieve a satisfactory emer-
gency response. For example, Musharraf et al. [13] used a virtual en-
vironment to assess offshore emergency evacuation behaviors by using
Bayesian Network approach. In this study, behavior indicators were
measured to evaluate unobservable performance influencing factors
like moral, motivation, and attitude which play a major role in shaping
the evacuation performance. In addition, human error for critical steps
in the escape, evacuation, and rescue (EER) process on offshore in-
stallations has been identified and evaluated using the framework
proposed by Deacon et al. [14]. Norazahar et al. [15] also proposed a
framework to address and discuss the contribution of human and or-
ganization aspects to the evacuation operations of the Deepwater
Horizon Oil Spill [6], which is the latest offshore accident that has also
been studied by Skogdalen et al. [9]. Escape and evacuation sequence
from this accident was reviewed based on the testimonies from the
survivors. Skogdalen et al. concluded that emergency drill exercises,

including the worst-case scenarios to prepare for EER operations during
offshore accidents, are important. Current studies pay more attention to
learning lessons from offshore accidents and are suggested to improve
the EER system such as conducting evacuation drills considering the
worst scenarios. However, how to improve offshore evacuation per-
formance in a more preventive and predictive manner, for instance,
evacuation simulation using computational tools, is still lacking.

2.2. Evacuation simulation using agent-based model

Agent-based modeling (ABM) is a relatively new modeling paradigm
for simulation of real-world systems. In ABM, every individual agent
has certain attributes and behaviors controlled by decision rules and is
persistently interacting with other agents in an environment to pursue
specific goals [16–18]. Considering the advantages of low cost and risk
to simulate various emergency scenarios for unlimited times, ABM is
commonly used to simulate and evaluate evacuation plans. Previous
studies [19–23] have used ABM or integrated ABM with Fire Dynamics
Simulator (FDS) to study the human evacuation behaviors under fire
emergencies. In addition, to improve the simulation performance, social
behaviors in emergencies were investigated in [24–27]. Simulation
environment modeling is an important part of ABM-based evacuation
model development. Matrix-based model (also referred to as cell de-
composition model) and network model (also called roadmap model)
are commonly used in the reviewed ABM-based evacuation studies. In a
matrix-based model, the simulation environment is divided into grids or
nodes with defined attributes, which can easily store and collect en-
vironment information during simulation. However, the accuracy of
escape path generated using search algorithm such as A* is heavily
dependent on grid size, which has a direct impact on the computing
time. In the network model, the optimized evacuation path can reflect
real escape path better, but the environmental information is challen-
ging to be represented. The two models are demonstrated in Fig. 1.

2.3. Path planning using visibility graph

Visibility graph (VG) is a graph of intervisible vertices among
multiple polygons in the Euclidean plane, which is commonly discussed
in computational geometry [28] and used for robot motion planning. As
mentioned in Section 2.2, network models take advantages over the
matrix models when planning the escape path. Therefore, visibility
graph is applied in the development of the evacuation model in this
paper. Traditional global path planning algorithms using visibility
graph usually search for a path after a complete visibility graph is
constructed [29–33]. However, it is very time consuming to construct a
complete visibility graph, and path optimization efficiency is drastically
decreased when edge number of the obstacles increases [34]. Algo-
rithms have been proposed by previous studies to reduce the compu-
tational time. For example, Huang and Chung [35] and Zhang et al.
[36] improved the efficiency of path planning by ignoring redundant
obstacles that have no impact on the optimal path. Nguyet et al. [37]
and Ping et al. [38] reduced the number of the visibility edges by
simplifying obstacles to a rectangle or combining tiny obstacles. Other
studies such as Lv et al. [34] tried to construct visibility graph and
search the path simultaneously. All reviewed VG-based path optimiza-
tion methodologies only considered static path planning. The Euclidean
plane, including the obstacles and start position, is assumed to be un-
changed during path planning. However, the constructed visibility
graph is likely to change during emergencies such as fire accidents and
structural failures. The changes can be caused by fire, collapsed facil-
ities blocked, and herding behavior at a certain exit.

2.4. BIM application on emergency response

In the architecture, engineering, and construction (AEC) industry,
building information modeling (BIM) has been increasingly used for the

J.C.P. Cheng et al. Automation in Construction 89 (2018) 214–224

215



Download English Version:

https://daneshyari.com/en/article/6695767

Download Persian Version:

https://daneshyari.com/article/6695767

Daneshyari.com

https://daneshyari.com/en/article/6695767
https://daneshyari.com/article/6695767
https://daneshyari.com

