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Abstract Offshore platforms are never 100% secure from fire hazard despite of
using advanced technology. Hydrocarbon fire and explosion accidents are among
commonly reported incidents in the oil and gas process-related activities. In April,
2015, PEMEX-operated oil platform caught fire—45 injured and four died.
Accidents such as Piper Alpha have recorded greatest loss of human live on offshore
platform in history. A total of 167 persons perished victim of the tragedy confluence
of design flows, human error, and bad luck. Saving lives and property in such
disaster is extremely a challenging job for engineers. Hydrocarbon fire and explosion
produce extreme pressure and temperature, which cause fatalities and structural
damages at large scale within a fraction of time. The experimental studies are
restricted due to limited facilities available for fire and explosion testing for offshore
structure. In previous studies, individual structure member was tested, which cannot
represent the behaviour of the entire structure. Therefore, structural safety is always
being a main issue to prevent property damage or least-obtained safe evacuation
before structural collapse. To understanding the behaviour of structural modelling
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techniques allow to study the possible behaviour of the platform. These techniques
entirely depend on personal experience and modelling practice adopted in oil and gas
sector. Therefore, simulation should be verified by a full-scale experimental study on
combined structural members. The standard experimental studies should be con-
ducted and data should be easily available after testing for validation for future
simulation and to overcome lack of date issues.

Keywords Disaster � Explosion � Fire � Human � Hydrocarbon � Offshore �
Safety � Structure

1 Introduction

Malaysian economy imparts 30% in oil and gas operations. These operations are
extremely hazardous due to the presence of highly flammable hydrocarbon fuel [1–
4]. Hydrocarbon fuels in funnels are the worst-case scenarios for any offshore
facilities which caused massive engineering disasters such as Piper Alpha and Deep
Water Horizon. The major hazard among all process-related hazards happened
throughout the offshore operation is hydrocarbon fire followed by an explosion or
vice versa [5]. The temperature of the fire can exceed more than 1000 °C less than
10 min [6]. Similarly, pressures of explosion released in microseconds, which is
extremely challenging to secure structure in time [5]. Lessons learnt from past
accidents are not sufficient to predict the safety of structure under such hazardous
conditions due to limited experimental data [7, 8]. The Piper Alpha is one of
significant disasters in human and oil and gas industry—as happened during Piper
Alpha in which 20,000 ton rig vanished just in 1 h 30 min after the chain of events
leaving only flare tower and causing 167 precious lives. Indeed, the safety per-
spectives will be entirely changed because of this accident. Then another devas-
tating incident occurred which shook the entire oil and gas industry that was
Deepwater Horizon 2010. It caused a massive oil spill in the Gulf of Mexico, which
affected entire marine life almost 5 million barrel oil was spilled in Gulf of Mexico
[9, 10]. These types of incidence are not only a loss of property, but also precious
lives and company reputation. In case of deepwater horizon only cleaning operation
was more than 20 billion USD [11, 12]. Hazard assessment studies such as qual-
itative or quantitative risk assessment (QRA) [13, 14], fault tree analysis [8], and
event tree analysis [15] can predict potential hazard related to process, but it cannot
predict the behaviour of structure under extreme fire and explosion condition. Due
to limited data from the past event and experiment, it is difficult to predict structural
behaviour.

Some platforms are found to be well organised or safety measures are strong that
they can evacuate platform safely during accident without any loss of life. For
example on 16 February 2007 from Rough 47/3-B platform, during accident all
crew were safely evacuated. But unfortunately these examples are extremely rare in
oil and gas sector. An example is Ocean Ranger, on 15 February 1982 none of the
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crew survived when emergency evacuation took place in harsh weather condition.
Rescue operation was not performed during such harsh condition. Proper planning
and risk assessment safe evacuation strategy while structure in intact could be an
ideal condition [16]. Therefore, ensuring safe operation and human safety HSE
audit is becoming compulsory for every oil and gas process unit yearly to control
these deadly accidents.

These accidents are still not controlled. Recently in April 2015 another offshore
platform caught fire in Gulf of Mexico which took 4 workers lives [18, 19]. The
purpose of this review was to highlight the need for future studies by reviewing
previous studies on the issues causing major fatalities and structural damage due to
hydrocarbon fire and explosion, and understand the behaviour of structure under
extreme conditions.

2 Offshore Accidents and Damages

Major blast and fire incidents in the offshore industry are caused by human error
[20]. The biggest incident which shocked offshore industry was occurred on July
1988 in North Sea. Piper Alpha was extremely productive platform and a largest
living facility for more than 200 workers in North Sea. It can produce up to 360,000
barrels oil per day [21, 22]. After first blast and a series of incidents, within 40 min
the platform was completely vanished, leaving only the flare tower. The main
reason was a minor human error in routine maintenance, which caused a loss of 167
lives out of 228 workers on board. It is known as ‘World Deadliest Offshore
Industry Disaster’. The accident highlighted various safety issues such as mainte-
nance documentations, poor planning and communication, and failure of safety
provisions.

Despite of lesson learnt from past accidents on April 2010 the biggest accident in
US history has occurred in Gulf of Mexico on BP’s oil rig Deepwater Horizon. The
accident occurred on the next day of maintaining its 7 years of safety record. Rig
completely sunk within 36 h of continuous burning in Gulf of Mexico. This inci-
dent caused 27 billion USD property and 11 precious lives. The blowout resulted
massive oil spill in Gulf of Mexico over several months, which entirely disturbed
ecosystem of sea [7]. BP has to pay a billion dollars of federal fines to compensate
losses. Almost identical sequences Montara well to blow out in Australia just
8 months earlier than Deepwater Horizon [15].

Accidents can be due to sudden blowout of the platform may be due to ship
collision, human error, helicopter crash, or natural disaster such as rough weather. It
may cause sudden release of hydrocarbon gasses/fuel. These uncontrolled incidents
are always threat for billion dollar property, precious human lives, and company
reputations for investors [21]. These accidents also cause large-scale environmental
damages. Similarly, Montara incident in Australia caused continuous oil spill to
74 days, expected 30,000 barrels oil [23]. Deepwater Horizon on the other hand
caused almost 5 million barrels oil spill in Gulf of Mexico [6] which affect marine
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life. Therefore, it is important to identify expected risks for hydrocarbon blast and
explosion to minimise live losses, environmental pollution, and property damages.
There are various techniques are used to assess hazard related to fire and explosion.
The details will be discussed in the next section.

3 Process-Related Hazards

Hydrocarbon fuel is processed through main separator after being extracted from the
reservoir. The crude oil is mixed with oil and gases separated through a sequence of
subprocess [7]. The process diagram for oil and gas is described in Fig. 1. It is
essential to understand the potential sources of fire and explosion on offshore plat-
form. These sources require special attention to mitigate hazard. A study was con-
ducted by Khan et al. in 2002 to identify process-related hazard [14].

A study was conducted by Khan and Husain in 2002 on risk-based safety
assessment to measure the potential hazard related to processing facilities. The
hazard was reduced to an acceptable level for offshore facilities using risk-based
safety management. The risk for process activities was measured using feedback
from detailed qualitative analysis. Different methods and process for predicting
potential risk were presented such as event tree analysis (ETA) and fault tree
analysis (FTA) [24, 25].

Fig. 1 Hydrocarbon fuel reparation unit and process diagram [14]
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The study revealed the severity of each processing unit possessing highest
hazard such as separators, compressors, drier, and flash drum. On the other hand,
high-pressure oil and gas pipelines were under moderate hazard as shown in Fig. 2.
The values of FAR exceed the ALARP acceptance range. These processing units
required detailed analysis and safety precaution in order to reduce values to an
acceptable range [14]. Compressor 1 has been always in high risk of fire and
explosion due to the highest frequency of leakage—critical operation [26]. But it
does not mean to avoid other processing units. The risk assessment tools can be
used such as quantitative risk assessment (QRA) to assess risk and mitigate as low
as reasonable practice without increasing cost of mitigation.

4 Hydrocarbon Fire

The temperature of hydrocarbon can be raised unexpectedly high compared to
normal or cellulosic fire [27]. How long structure can sustain during the hydro-
carbon fire and explosion for safe evacuation. Steel is most commonly used in
offshore structure. Steel lose its mechanical property when exposed to 400 °C. The
strength significantly reduces as temperature exceeds 600 °C [28]. The temperature
of hydrocarbon fire can exceed more than 1000 °C less than 10 min. This extreme
temperature is hazardous to human and causes major damage to structure.

This temperature can immediately cause fatality as temperature increases. The
drastic change in temperature causes worst effects on structure as well. The strength

Fig. 2 Hazard Identification Index [14]

Hydrocarbon Fire and Explosion’s Safety Aspects … 805



of steel structure can significantly reduce between the ranges of 400–600 °C but
when the structure is loaded it immediately lose stability. The steel under elevated
temperature causes joints to weak under fire. Impact loading would cause serious
effects depending upon the type of loading, but the effect is not significant [29].
They involve an extreme explosion and heat flux, which have hazardous conse-
quences for safety, health, and the surrounding environment [24]. The effect on the
human body can get third-degree burns when exposed to 72 °C. The temperature of
hydrocarbon fire can cause 100% fatalities in a few minutes. Simulation steel uses
finite element (FEM) to overcome limitations of the study [30]. Hydrocarbon
explosions and fires are extremely hazardous for offshore installations.

5 Hydrocarbon Explosion

The explosion effects are devastating in any oil and gas processing unit.
Hydrocarbon fuel explosion can cause extreme pressure instantaneously depending
upon the type of leak source. Usually at 10 psi overpressure can cause fatality and
structural damage. The human body can survive relatively high blast overpressure
without experiencing barotrauma. A 5 psi blast overpressure will rupture eardrums
in about 1% of subjects, and a 45 psi overpressure will cause eardrum rupture in
about 99% of all subjects. The threshold for lung damage occurs at about 15 psi
blast overpressure. A 35–45 psi overpressure may cause 1% fatalities, and 55–65
psi overpressure may cause 99% fatalities [31]. During Piper Alpha, series of
explosion and fire caused 20,000 ton steel rig to collapse in an hour and 30 min [21,
22]. Major fatality occurred when living quarters felt down into the North Sea due
to instability of structure. Of the total 167 worker killed, 83 workers were in living
quarter waiting for rescue operation [6]. Careful considerations should be taken in
designing of the structure, equipment layout or arrangement of the facilities to
minimise the effects of mishaps or structure instability [32]. Hydrocarbon fuel can
cause evolvable massive explosion over pressure and heat flux, which have harmful
consequences for structural safety, health, and the surrounding environment [24].

Despite of deep understanding, accidents are still uncontrolled. Individual
experimental studies on the structural member cannot represent the behaviour of the
entire platform by such studies. The effects could be more severe when member
combined loaded member. Testing full-scale offshore platform is not only costly,
but also nearly impossible [6]. The only process by which behaviour of entire
structure can be observed is through simulation. Only protection arrangement
(Active and Passive Fire Protection) is not sufficient to secure structure integrity.
The area of risk fire intensity and loading condition played significant role in
structural integrity.
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6 Conclusion

Following are the conclusions drawn based on the current review:

1. Accidents such as Piper Alpha and Deepwater Horizon are the examples of the
worst-case scenario of oil and gas industry. Despite of learning lessons from
these accidents, they are not completely prevented. On offshore processing unit
Separator 1 possess highest risk of explosion and fire than any other processing
unit and required extra attention.

2. During the event of hydrocarbon fire time is extremely crucial to save lives and
property damages. As the temperature increased more than 1000 °C less than
10 min within that human body can get third-degree burn at the temperature of
37 °C or when exposed to thermal radiation of 1000 (kW/m2)4/3s. Similarly,
100% fatality observed if body received pressure more than 20 psi. Improved
analysis of risk assessment, proper planning, and structure protection hindrance
such as blast/fire wall can prevent lives and structural damages, and delay heat
radiation/pressure to spread out to other units.

3. The individual experimental study cannot represent the behaviour of the entire
offshore platform during fire and explosion. Therefore, it is essential to observe
behaviour through simulation and validate results from which experimental
study on full-scale frame.
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