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Foreword
I can think of few things more important than energy. 
Energy is crucial to our economic prosperity and 
social wellbeing. It defines modern life. It lights, 
heats, and cools our homes and businesses; it 
gets us from A to B. It’s the bedrock of economic 
and social development, supporting jobs, food 
production, construction, and clean water. 

At its heart, energy is all about people. Billions of 
the world’s population are dependent on energy 
to go about their daily lives safely, comfortably,  
and productively.

For millions of people, it is also a part of daily life 
to work in a job that helps provide that energy. The 
global pandemic made their vital roles ever more 
apparent. Brave women and men going above and 
beyond in adverse conditions to keep the lights on, 
the gas flowing, and the forecourts full of fuel.

The role of the energy industry has never been 
more important to society than it is today, as 
economies recover from the global pandemic,  
and most importantly, as we collectively address 
climate change and transition to a lower carbon 
and net-zero world.  

At the same time, we must never let our vigilance 
slip in maintaining the highest of standards for  
the safety and the health of our workforce, and  
to prevent damage to the environment. 

That’s why I’m so pleased to see the impressive 
work of the team at Marsh Specialty with their 
27th edition of the biennial 100 Largest Losses in the 
Hydrocarbon Industry (100LL) report.

An invaluable and dependable source of 
information, the publication continues to play  
an important role in providing industry, academia, 
and government with the facts and value-adding 
knowledge they need to do their jobs well. It 
highlights the pivotal need to manage process 
safety well, and I encourage you to read this  
report and to learn from the experience of others. 
The value of such learning is only enhanced as we 
transition to new and low-carbon technologies,  
and as we adapt to a changing climate and the 
impact this has on our infrastructure and our 
operations, a topic well covered in this edition.

At the Energy Institute, our collaborative ethos is 
similarly deployed for the good of our industry, 
supporting the safe and responsible production 
of energy. Developed with experts from our 
partner organizations, our extensive good practice 
guidance works across the energy industry and 
ensures knowledge is transferred both within and 
across sectors for the benefit of all. The ability  
to analyze, review, ask questions, and learn from 
the incidents experienced by others is key. 

Our Toolbox Learning from Incident app is one 
example of how we do this. Our free-to-use 
web application combines the experience of our 
members to ensure our industry learns every lesson 
possible from the hard-won experience of others.  

That collective knowledge is also key within the 
Energy Institute’s process safety management 
framework, and associated guidance — a 
cornerstone of our good practice program.  
Process safety is key, the importance of which is 
highlighted through the pages of this report.

100LL provides a compendium of major incidents 
from the hydrocarbon extraction, transport, and 
processing industries that we should all seek to 
avoid repeating. It’s a critical tool from which to 
learn and, crucially manage future risks. 

Our industry has a tremendous legacy and future, 
as we work to transfer knowledge, skills, and good 
practices from conventional fuels to the low carbon 
technologies that will help deliver global net-zero 
emissions. By working together in collaboration, we 
can also ensure this energy future is safe, efficient, 
and reliable. 

Nick Wayth CEng FEI FIMechE
Chief Executive of the Energy Institute

Dr. Nick Wayth
Chief Executive of  
the Energy Institute1
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Introduction
Welcome to the 27th edition of Marsh Specialty’s 100 Largest Losses in 
the Hydrocarbon Industry (100LL) report. This edition of our biennial 
publication summarizes the 100 largest property damage losses from 
the hydrocarbon extraction, transport, and processing industry between 
1974 and 2021.
The report includes details of the costliest incidents in the 
energy industry, and is an opportunity to revisit lessons 
from the past. It allows us to look back at the industry’s 
history, identify key issues and trends from large losses, 
and understand whether the industry is making progress 
on improving operations and risk management practices. 

This edition reflects on the past two years (page 6); why 
the world continues to experience ammonium nitrate 
explosions (page 12); the importance of being prepared 
for unusual and extreme weather conditions (page 15);  
and how process safety benchmarking is being used to 
drive improvements in the energy industry (page 18).

The distribution of losses are displayed by date, location, 
and sector on pages 23-24, and the details of each 
individual loss are shown from page 26 onwards. Marsh 
Specialty risk engineering position papers provide 
opportunity for further learning. These are detailed  
from page 76.

The data contained in this report is drawn from Marsh 
Specialty’s loss database and values are reported in  
two ways:

1. Actual property damage loss, based on the value of  
the loss when it occurred.

2. Adjusted property damage loss, based on the value of 
loss as of December 31, 2021. This involves the use of 
cost indices to allow like-for-like comparison of losses 
that have occurred years apart.

Losses are ordered according to the adjusted property 
damage loss values. These loss amounts include property 
damage, debris removal, and clean-up costs. However, 
costs related to business interruption, extra expenses, 
workforce injuries or fatalities, and any liability claims are 
excluded. This publication also excludes losses that have 
occurred during a project’s construction, and any marine 
transportation losses, except those involving marine vessels 
moored at plant docks. 

4
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Since our last report in 2020, there are 
two new entries to the 100LL: a fire and 
explosion at an oil refinery in South Africa 
(July 2020), and a fire at a liquefied natural 
gas (LNG) facility in Norway (September 
2020). In addition, notable events from 
the last two years that do not qualify 
(based on their financial value or loss 
classification) include:

• The Port of Beirut ammonium  
nitrate explosion (August 2020).  
The majority of the significant 
property damage costs related to 
third-party liability, rather than 
damage to an energy asset.

• Major natural catastrophe events  
in the US, such as Winter Storm 
Uri (February 2021) and Hurricane 
Ida (August 2021). The significant 
cumulative costs associated with 
these events include a large element 
of business interruption, whereas  
the property damage costs were 
spread over a wide geographic area 
with no individual site experiencing  
a sufficient level of property damage 
to feature in the 100LL.

• The six-day blockage of the Suez Canal 
(March 2021). The incident was not 
specific to the energy industry, and 
the significant costs incurred related 
largely to business interruption and  
third-party liability. 

1| Particular thanks must 
go to a number of insurance 
and reinsurance companies, 
including Liberty Specialty 
Markets, for their excellent 
insights on specific losses.

As part of our ongoing commitment to data 
integrity, we have completed a detailed review  
of the historic entries in our previous editions, with 
support from numerous industry stakeholders to 
whom we are deeply grateful1. It should be noted 
that it can take many months, or years, to fully 
understand the property damage cost of a major 
incident. Therefore, the more recent entries in 
this publication should be considered as a best 
estimate, based on the information available  
at present. 

We hope this publication provides insight to energy 
industry professionals on the range of losses that 
can occur, the diversity of potential root causes, 
the fallibility of prevention measures, and the, scale 
of potential consequences. By reflecting on, and 
learning from the past, and continually reviewing 
and challenging our notions of best practice, we can 
build the resilience that the whole industry wants, 
and needs, to achieve.

Author
Jack Wishart, MA MEng CEng MIChemE MEI
Vice President – Risk Engineer (Dubai)

Contributors
Ahmed Chowdhury, MEng CEng MIChemE 
Vice President – Risk Engineer (London)

Kayode Ayeni, BSc MSc MBA 
Vice President – Risk Engineer (Houston)

By reflecting on, 
and learning from 
the past, we can 
build the resilience 
that the whole 
industry wants, and 
needs, to achieve.

“

“
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What we can 
learn from the 
last two years
The period 2020-21 will be long 
remembered for the significant impact 
of the COVID-19 pandemic, and the 
widespread disruption to almost every 
part of our daily lives. Fortunately, during 
this period there were a relatively small 
number of energy property damage 
losses that were large enough to qualify 
for this edition of the 100LL publication. 

3



7 100 largest losses in the hydrocarbon industry

Av
er

ag
e 

lo
ss

 v
al

ue
 (U

S$
 m

ill
io

n)

20
03

/0
4

20
02

/0
3

20
01

/0
2

20
00

/0
1

19
98

/9
9

19
97

/9
8

19
96

/9
7

19
95

/9
6

19
94

/9
5

19
93

/9
4

19
92

/9
3

19
91

/9
2

19
90

/9
1

20
19

/2
0

20
18

/1
9

20
17

/1
8

20
16

/1
7

20
15

/1
6

20
14

/1
5

20
13

/1
4

20
12

/1
3

20
11

/1
2

20
10

/1
1

20
09

/1
0

20
08

/0
9

20
07

/0
8

20
06

/0
7

20
05

/0
6

20
04

/0
5

20
20

/2
1

19
99

/0
0

500

1000

1500

2000

100LL two-year rolling average

01| The cost of the new additions to the 100LL shown on a two-year rolling basis3. 
The relatively low amount of US$250 million per year for 2020/21 is highlighted for ease of reference (orange line).

There are only two new additions to the largest 
100 ranking since our last report in 2020, with 
property damage costs of US$200 million and 
US$300 million respectively. This equates to the 
lowest average amount for any two-year period in 
the 100LL ranking since 1995/96 (see Figure 1). This 
is also a remarkable change compared to the last 
few editions of the 100LL publication with 2018/19 
contributing seven entries (totaling US$4.1 billion); 
2016/17 contributing four entries (totaling over 
US$2.6 billion); and, 2014/15 contributing three 
entries (totaling US$1.4 billion).

The COVID-19 pandemic had a seismic impact 
on both crude oil price and refinery utilization.  
At approximately US$42/bbl,2 the 2020 year average 
crude oil (Brent) price dropped to its lowest level 
since 2004, and at 79% the US refinery utilization 
dropped to its lowest level since 1985 (see Figure 
2). There was also significant disruption to the 
petrochemical industry, particularly with respect to 
supply chains. However, the impact on production 
throughputs varied widely, depending on the exact 
type of petrochemical product manufactured. 

2| Dollars per barrel

3| Marsh research
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02| US refinery utilization from 1985 – 20214. 
The remarkably low utilization in 2020 has been highlighted for ease of reference (orange line).

The collapse in global oil demand in mid-2020 
resulted in a low of US$9/bbl for Brent crude  
and an astonishing low of US$-37/bbl for West  
Texas intermediate crude, as a result of critical 
storage issues.

After the immediate shock from COVID-19 in 2020, 
the energy industry largely recovered through the 
course of the following year, with the 2021 average 
crude oil (Brent) price standing at US$71/bbl, and 
US refinery utilization at 86%.

COVID-19 had a huge impact – both direct and 
indirect – on the global energy industry. This invites 
the question of whether the sharp reduction in new 
large losses is a consequence of the pandemic.  
To help answer that, we have considered the 
possible short and longer term impacts separately.

4| Refinery utilization 
and capacity, US Energy 
Information Administration

https://www.eia.gov/dnav/pet/pet_pnp_unc_dcu_nus_m.htm
https://www.eia.gov/dnav/pet/pet_pnp_unc_dcu_nus_m.htm
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Short-term reasons for a 
reduction in large loss events
The swift flurry of major losses that some feared 
at the start of the pandemic did not materialize. 
This is partly due to sites successfully managing 
the disruption to established work practices 
through well-executed business continuity plans. 
This included changes to staffing levels and 
management of associated fatigue risk for shift 
workers. There are also a number of factors that 
may have helped to mitigate potential process 
safety risks:  

• A “back to basics” approach by sites. New 
initiatives and changes were put on hold and 
steady operation was largely prioritized over 
optimization initiatives. 

• Planned turnarounds and major project 
commissioning works were postponed as 
sites struggled to source key materials and 
contractors — or where complex operations 
could not be completed in a “COVID-19 
safe” manner due to restrictions to physical 
site access or maintaining safe distancing 
measures. The associated reduction in both 
maintenance work and transient operations 
will have, in the short term at least, helped 
avoid a potential root cause for process 
safety incidents.  

• Many assets, particularly in upstream and 
refining, operated well below their maximum 
safe operating limits.

Medium to longer-term 
considerations and impacts
Moving forward, there are a number of potential 
risks that will need to be carefully managed in 
order to prevent potential “delayed losses”. 
Operators should consider the following:

• Postponing turnarounds has meant that 
much planned inspection and maintenance 
work has been delayed. If the risks associated 
with deferring this critical work have not 
been properly managed, or if the backlog 
is not cleared in a timely fashion, then this 
could be a common cause of losses in the 
coming years.

• Assets being operated at minimum safe 
throughputs can have a negative impact  
on asset reliability, if not properly managed. 
Equipment may foul more easily, furnace 
tubes may coke more quickly, and  
rotating equipment, such as compressors 
and pumps, may be more prone to 
breakdown after periods of operating  
at minimum throughputs.

• Many sites suspended emergency response 
drills during the pandemic due to challenges 
of working to COVID-19 safety guidelines.  
This may mean that emergency response 
teams are not as familiar with site-specific 
response plans, which in turn could hamper 
any mitigation efforts, in the event of a fire  
or explosion. 

 

• A number of sites utilized remote work 
practices to complete scheduled hazard and 
operability studies (HAZOPs), project safety 
studies, or risk assessments as part of the 
management of change (MoC) process. If not 
properly managed, the quality of such safety 
analysis may be compromised.

• Some organizations may have experienced 
a significant turnover of staff, including 
redundancies, since the start of the 
pandemic. The loss of experienced  
staff, particularly in any safety critical 
positions, will pose a clear risk if not 
adequately managed.

• The financial impact of the pandemic  
on balance sheets may increase merger, 
acquisition, and divestment activity in  
the coming years. The disruption from  
a poorly managed ownership transition  
can precipitate process safety events in 
various ways.

From a process safety perspective, the pandemic 
may have indirectly helped in the short-term. 
However, the medium to long-term impact 
remains to be seen.
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Third time lucky for upstream?
At the time of writing, the most recent upstream 
sector loss based on Marsh Specialty’s 100LL analysis 
occurred in February 2016 (Jubilee Field, Ghana).

The five subsequent years now mark the longest 
period without an upstream addition to the 100LL 
ranking since the period of 1993 to 2001. This is 
particularly notable given the drop in crude oil price 
in 2020. The last two major drops in crude oil price, 
in late 2008 and 2014, were both swiftly followed by 
several large property damage losses in the upstream 
sector. This did not materialize in 2021 (see Figure 
3) and credit must be given to operators globally 
for successfully managing this most challenging of 
periods so far.

There have, of course, been some notable upstream 
losses and near misses over the last two years, in 
Malaysia, the North Sea, and the US. At the time of 
publication, none of those losses were valued at over 
the US$189 million property damage threshold to 
qualify for the 100LL. However, it should be noted 
that the eight-year absence of entries from 1993 to 
2001, was followed by 14 entries into the 100LL over 
the subsequent 15-year period. This reinforces the 
importance of maintaining strong risk management 
protocols and effective mitigation of complacency 
creeping into the collective industry psyche. Similarly, 
the rate of tier one process safety events over the 
past decade has remained somewhat constant5 
which underlines that there remains further room 
for improvement for safe working practices in the 
upstream sector.

10

The last five years mark the 
longest period without an 
upstream addition to the 
100LL ranking since the 
period of 1993 to 2001. 

“ “

5| IOGP Safety performance indicators, Process safety 
events, 2020 data
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A question of if, or when, 
cyberattacks will feature  
in the 100LL
Currently, none of the entries in the 100LL directly 
result from a cyberattack, and it will be interesting 
to see if this changes in the coming years. In May 
2021, we saw the effect of the ransomware attack 
on the Colonial Pipeline, which was one of the 
largest publicly disclosed cyberattacks against 
critical infrastructure in US history. Although there 
was no direct property damage from this incident, 
it did impact the company’s operations, and 
sounded alarm bells for governments, regulators, 
and communities. 

For the time-being, it appears that the objective  
of cyber perpetrators is to cause disruption,  
rather than destruction. That said, the Triton 
malware, which specifically aims to breach safety 
control systems, and the Stuxnet malware, which 
targets supervisory control and data acquisition 
(SCADA) systems, both serve as reminders that 
cyberattacks do have the potential to result in  
large-scale property damage and loss of life.

Conclusion
There has been a significant reduction in new 
entries to the 100LL over the last two years, 
compared to recent history, and the energy 
industry should certainly be commended.  
However, it is perhaps premature to conclude  
that there has been a fundamental improvement  
in operational, inspection or maintenance  
practices, or overall risk management maturity. 
This improved performance may be attributed, at 
least partly, to a decrease in site-based activity, 
or short-term operational measures in response 
to the COVID-19 pandemic. The longer-term risks 
associated with the pandemic remain to be seen,  
and cyber-related risks remain a growing area  
of concern.

03| Graph showing average crude oil price6 and upstream additions  
to the 100LL. 

It is notable that the crude oil price drop in 2020 was not accompanied by any new upstream entries  
to the 100LL.
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https://www.marsh.com/uk/services/cyber-risk/insights/darkside-ransomware-attack.html
https://www.macrotrends.net/2480/brent-crude-oil-prices-10-year-daily-chart


Ammonium nitrate –  
a lesson to re-learn? 
This edition of the 100LL coincides with the 20th anniversary 
of an ammonium nitrate explosion at a fertilizer plant near 
Toulouse, France — the 10th largest property damage loss in 
this report; as well as the 100th anniversary of an ammonium 
nitrate explosion in Oppau, Germany, which resulted in over 500 
fatalities. 

Tragically, since the publication of our 2020 edition, 
a major ammonium nitrate explosion occurred in 
the Port of Beirut, Lebanon, in August 2020. The 
incident resulted in massive, dispersed property 
damage and over 200 fatalities.

With each new loss, the general public, regulators, 
and other stakeholders increase their focus on the 
measures that organizations that manufacture, 
transport, and store ammonium nitrate are taking 
to prevent such incidents from reoccurring.
Although the loss events outlined in this report 
span more than a century, there are a number of 
common themes that emerge, and an indication  
of either a failure to learn the lessons or to ensure 
that any learnings stand the test of time.

Ammonium nitrate is used primarily in the 
manufacture of fertilizers, and is also a main 
component of some explosives. It is a white, 
crystalline solid which is stable under normal 
conditions but explosive if exposed to shock or 
subjected to high temperatures. Ammonium  
nitrate is hygroscopic — that is, if improperly 
stored, it readily absorbs moisture from the air  
to cake, or solidify into larger masses, which  
further increases the confinement and the  
severity of any explosion.

100 largest losses in the hydrocarbon industry

4
12
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Oppau, Germany
September 1921     
Two consecutive explosions occurred in a silo 
containing approximately 4,500 metric tons 
of ammonium nitrate compound fertilizer, 
causing more than 500 fatalities and damaging 
approximately 700 homes. A number of 
changes had occurred which modified the 
chemical’s behavior to make it more explosive. 
Further compounding the dangerous situation, 
at the time, it was routine practice to use 
dynamite to deal with caking. 

A lack of hazard awareness, and ineffective 
change management during the manufacturing 
process, alongside unsafe storage, and 
proximity to urban areas, were key contributory 
factors that led to the catastrophic loss. 

Toulouse, France
September 2001 
There was a major explosion measuring 3.4 
on the Richter scale involving 400 metric tons 
of off-specification ammonium nitrate in a 
temporary storage, which led to 30 fatalities, 
approximately 3,000 injuries, as well as 
substantial damage to neighboring properties. 
It is understood that a number of mixed grades 
of waste containing ammonium nitrate (for 
both fertilizer and explosives) were combined, 
without a full appreciation of the hazards these 
materials posed. 

This accident scenario was not included in 
the safety case report for this plant, and one 
of the key learnings from this event was the 
requirement to improve the risk governance 
process. There was a significant update of 
Seveso II, and later refinements in the Seveso 
III directive, to include the identification of 
off-specification and downgraded ammonium 
nitrate compounds as regulated substances. 

Beirut, Lebanon
August 2020   
This explosion, in a non-industrial setting, 
involved 2,750 metric tons of ammonium nitrate 
that was seized from a ship at port, and stored 
for six years in a nearby warehouse — near 
fireworks and other hazardous materials — 
while a dispute over ownership of the cargo 
was being resolved. The explosion caused over 
200 fatalities, injured 6,000 people, and made 
nearly 300,000 homeless. 

The ammonium nitrate was reported to have 
been stored in large sacks stacked on top of 
each other, with large rips in the bags, in a 
humid environment. A fire was reported to have 
broken out in the warehouse, initially igniting 
the fireworks, before reaching the ammonium 
nitrate stockpile. 

COMMON THEMES

Hazard perception and awareness
In each of the incidents listed work practices 
indicated an unsafe level of risk tolerance, or a 
lack of awareness of the hazards associated with 
ammonium nitrate.

Storage and handling
Given the inherent characteristics of the ammonium 
nitrate material, storage conditions are crucial to 
the safety and stability of the product. This includes 
the use of non-combustible materials, anti-caking 
additives, adequate ventilation, and provision  
of sprinklers. 

Proximity to urban areas
The impact of each of the incidents listed was 
intensified by the proximity of residential areas to 
the storage site. In a number of historical cases, 
land use planning had allowed urban development 
without an accurate understanding of the worst 
credible scenario at the storage facility. In the case 
of Beirut, the hazardous material was brought into 
a densely populated area and left for a number  
of years. 
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Following the Beirut incident, the Marsh 
Specialty risk engineering team published a 
paper detailing best practices and lessons 
learned for handling ammonium nitrate. 

Download: Ammonium nitrate explosions 
– Learning and applying lessons from 
the past.

Reflection 
History has repeatedly demonstrated that as an 
industry we have not been overly successful in 
learning the lessons from the past and preventing 
the recurrence of similar incidents. There are 
numerous other ammonium nitrate losses not 
discussed in detail in this report, including Texas 
City, US 1947; Xingping, China 1998; Barracas,  
Spain 2004; and West, Texas, US 2013. The 2020 
100LL publication discussed the challenges in 
learning from losses, and the importance of 
ensuring that the risk mitigation barriers remain 
robust. The key takeaways could apply in all of  
the cases outlined.

Distance — local enforcement of regulations 
following an incident consequently affecting local 
awareness only. Similarly, parties can be affected by 
closeness bias — that is, feeling unconsciously less 
affected by events a long way away. 

Culture — a fear of litigation and blame 
prevents open reporting of incidents, and 
learnings within organizations. In some cultures, 
difficulty challenging upwards can also prevent 
improvements being implemented. 

Tunnel vision — not realizing the wider relevance 
of lessons. “Silo thinking” can cause companies to 
imagine that an incident happening in a different 
type of facility from their own does not provide 
applicable learnings. 

Time — lessons were initially learned, but have 
since been forgotten, or the solutions implemented 
were insufficiently sustained. This can be attributed 
to the departure of experienced people, loss of 
corporate memory, the evolution of risk for an 
aging plant, or even simple complacency. 

In the immediate aftermath of the explosion in 
Beirut, similar stockpiles were discovered at ports 
across the world — including one of a similar size 
in Senegal, which was promptly remedied, thereby 
helping prevent another potentially significant loss. 
Although positive in the short-term, it does again 
raise the question of how we can effectively share 
best practices across the world, prior to incidents 
occurring — addressing this question is one of the 
primary aims of this publication. As always, openly 
sharing lessons from losses, and re-sharing them 
widely year on year, is crucial to ensuring that 
history does not repeat itself. 

Although the loss events outlined 
in this article span more than a 
century, there are a number of 
common themes that emerge. 

“ “

https://info.marsh.com/l/395202/2022-03-29/c5pctd/395202/1648548879dZFR756y/858174135_AMMONIUM_NITRATE_EXPLOSIONS_NEWSLETTER_v4.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctd/395202/1648548879dZFR756y/858174135_AMMONIUM_NITRATE_EXPLOSIONS_NEWSLETTER_v4.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctd/395202/1648548879dZFR756y/858174135_AMMONIUM_NITRATE_EXPLOSIONS_NEWSLETTER_v4.pdf
https://www.marsh.com/content/dam/marsh/Documents/PDF/UK-en/ammonium-nitrate-explosions-learning-and-applying-past-lessons.pdf
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5 One year later, 
a reflection on 
Winter Storm Uri 
Based on Marsh Specialty’s data, natural 
catastrophe events are responsible for 13  
of the 100 largest property damage incidents 
since 1974. Various process safety incidents 
in the energy industry have shown us the 
consequences of failing to prepare effectively 
for extreme weather events, a point which  
was reinforced during 2021.
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The severity and frequency of natural catastrophe 
incidents have both been trending upwards in 
many parts of the world. In 2021 alone, natural 
catastrophe events resulted in estimated insured 
losses exceeding US$100 billion7. Hurricanes result 
in some of the costliest natural catastrophe-related 
losses, and 2021 saw a total of 21 named storms 
form in the Atlantic. This is the third highest on 
record for a single season, trailing only 2020 (30 
named storms) and 2005 (28 named storms).

One notable named storm was Winter Storm 
Uri, in February 2021. The storm delivered an 
unprecedented and prolonged arctic wave of 
freezing temperatures, ice, and snow to upstream 
and downstream energy assets located in the 
central and eastern regions of the US. Although 
direct property damage cost from Storm Uri on an 
individual site basis was far lower than the 100LL 
threshold of US$189 million, the event resulted in 
significant cumulative business interruption costs. 

Combined damages from this winter storm 
are estimated by the US National Oceanic and 
Atmospheric Administration (NOAA) to total 
approximately US$21 billion. 

Natural catastrophe incidents have historically 
resulted in widespread damage, and Storm Uri was 
no exception. Texas, which is the leading energy 
production state in the US, experienced a near-
catastrophic failure of its electrical power grid 
system that services about 90% of the state. 

The state’s electrical power grid system operates 
independently of the national grid, therefore the 
state relies primarily on its own power generating 
resources to meet demand. The system struggled 
to match the rapid surge in demand during the 
winter storm. 

This was further exacerbated as the storm caused 
pipeline terminals, wells, and gas processing plants 
to shut down or operate at reduced rates, leading 
to a shortage in the natural gas supply used to 
generate approximately 50% of the state’s power.

Refining and petrochemical assets in Texas account 
for half of the state’s energy consumption, and 
most were forced to operate at reduced capacity 
or completely shut down at the time of the storm. 
Distribution networks including export terminals, 
rail, and pipeline infrastructures were also impacted 
in several US regions, including the Gulf Coast 
and Midwest regions. Natural gas supplies to 
industry were curtailed by more than 50%, and 
crude oil supply chains were curtailed by more 
than 20%. Efforts to recover from the winter storm 
took several weeks, as plant operators assessed 
and repaired damage to property and machinery, 
including piping systems, vessels, instrumentation 
systems, and equipment, before operations could 
be safely restarted. 

7| Swiss RE: Global insured 
catastrophe losses rise to 
USD 112 billion in 2021, the 
fourth highest on record, 
Swiss Re Institute estimates.

In 2021 alone, 
natural catastrophe 
events resulted in 
estimated insured 
losses exceeding 
US$100 billion. 

“

“

https://www.swissre.com/media/news-releases/nr-20211214-sigma-full-year-2021-preliminary-natcat-loss-estimates.html
https://www.swissre.com/media/news-releases/nr-20211214-sigma-full-year-2021-preliminary-natcat-loss-estimates.html
https://www.swissre.com/media/news-releases/nr-20211214-sigma-full-year-2021-preliminary-natcat-loss-estimates.html
https://www.swissre.com/media/news-releases/nr-20211214-sigma-full-year-2021-preliminary-natcat-loss-estimates.html
https://www.swissre.com/media/news-releases/nr-20211214-sigma-full-year-2021-preliminary-natcat-loss-estimates.html


100 largest losses in the hydrocarbon industry17

Previous process safety incidents, such as those at 
the Mckee refinery (2007) and La Porte chemical 
facility (2014), have shown us the consequences of 
failing to effectively prepare for the hazards from 
extreme cold weather events. 

Facilities and infrastructure are typically designed 
for the expected weather conditions where they 
are situated, which partly explains why the impact 
of “atypical” and extreme weather events is so 
pronounced. Take for example, freezing conditions 
in subtropical climates like the US Gulf Coast region, 
or heatwaves in colder climates. 

Key focus areas for operators of existing energy 
assets should include the following:

• Application of a holistic approach when 
completing process safety hazard, 
management of change, and pre-startup safety 
reviews, including an understanding of the 
vulnerabilities of any external utility suppliers.

• Develop and implement a winterization best 
practice plan including:

 – Specific checks for safety critical equipment.

 – Management of deadlegs8 (or elimination 
where possible).

 – Management of steam systems, including 
steam traps.

 – Repair or replacement of damaged or 
missing insulation.

• Preparation of a specific emergency pre-plan for 
a sustained, severe winter scenario including:

 – Having sufficient supplies or facilities onsite 
to allow shift workers to operate safely or 
shutdown plants safely.

 – Identify the availability and capabilities of 
resources, including people, systems, and 
equipment.

• Amendment of existing plans to include 
scenarios for both a sustained storm and 
shorter duration storm.

The construction of new energy assets in regions 
susceptible to the risks of extreme cold weather 
events should incorporate freeze protection 
considerations during the plant design phase. 

Sites may wish to consider designing for sustained 
lower ambient temperatures — as opposed to 
incidental average low temperatures — as the 
initial added capital investment could be offset by 
the long-term benefits of lower winterization costs, 
once operational. The impact of Storm Uri may 
indicate that sensitivity analysis in the design phase, 
with respect to expected ambient conditions, may 
need to consider a wider range than has historically 
been studied.

Storm Uri reinforced that while the frequency 
of winter storms of this magnitude is currently 
relatively low for sub-tropical regions, the impacts 
to business continuity and business interruption 
can be severe, and can be compounded by, or 
create a domino effect. Energy operators should 
therefore assess their potential risk exposures and 
dependencies from unprotected (non-winterized) 
electrical power generators, feedstock suppliers, 
and customer sources, and ensure that business 
continuity plans are adjusted accordingly.  

The resilience of assets to future climate change 
needs to be properly assessed to identify, and 
engineer-out, future vulnerabilities. It is of 
great importance that best practices relating to 
preparedness for extreme cold weather are shared 
widely through reports, conferences, and social 
media to improve operations, maintenance, and 
safety activities during extreme weather conditions 
before, and not after, the next Storm Uri.

8| Piping systems that do not have flow through them  
in normal operation.
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6 Are you “best in class” at 
process safety management?
What are the process safety goals at your company? 

You might cite in your answer a lagging process safety performance indicator 
(PSPI), such as “x process safety incidents and high potential near misses per 
year,” where x will usually be zero or, in some cases, a number that is lower 
than your company’s own historic performance. Essentially, the goal is either 
perfection or, at the very least, improvement.
Although useful, lagging PSPIs can be a fairly limited way of 
measuring performance. Perhaps you could also answer the 
question in terms of a number of leading PSPIs, such as alarm 
rates, or the number of overdue critical inspection tasks. The 
associated targets for such leading indicators are commonly 
taken from a relevant industry standard (for example, EEMUA 
191 – Alarm Systems for alarm rates) or may otherwise be a value 
that is better than historic performance, to drive a focus  
on continual improvement.

Assessing process safety management through leading and 
lagging PSPIs has undoubtedly played a key role in helping to 
prevent major process safety incidents over the years, and will 
continue to do so for many years to come. 

The question that many energy companies have been asking 
themselves recently is: “As data becomes more readily available, 
is there another lens through which we can assess our own 
performance?” As a result, an increasing number are turning to 
“risk quality benchmarking.” This is the process of comparing one 
company’s performance to that of its peers, which provides an 
alternative to simply considering performance in absolute terms. 
The aim being to complement traditional PSPI stewardship, rather 
than replace it.

So perhaps a better question to ask is: “Is your company ‘best in 
class’ at process safety management?” 

https://www.eemua.org/Products/Publications/Digital/EEMUA-Publication-191.aspx
https://www.eemua.org/Products/Publications/Digital/EEMUA-Publication-191.aspx
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The benchmarking process
The first step in benchmarking is to establish a 
site’s risk quality against a defined set of criteria. 
A site should consider a wide range of different 
incident barriers — both preventative and 
mitigating — in order to give a thorough overview, 
and should give each barrier a score, depending  
on how well developed it is.

Once a site’s performance is established, the next 
step is to decide on the most applicable peer group 
for comparison. Common considerations include:

• Comparison with global peers or within a local 
geographic region.

• Comparison with assets of any size or of a 
similar size only (for example, <100 KBD9 
refineries or >400 MMSCFD10 gas processing 
plants).

• For a company with its own portfolio of assets, a 
peer group consisting of the different company 
assets may prove to be the most useful.

The next step is to complete the data analysis 
 to establish how a site compares to its peers.  
If the benchmarking process is completed over 
subsequent years, then it is possible to identify 
how a site has improved (or regressed) over time. 
Benchmarking performance is often demonstrated 
visually using a box and whisker diagram, as  
shown in Figure 4.

The final step is to determine whether the relative 
performance observed is in line with the company’s 
aspirations, which will typically be a reflection of its 
process safety culture, and the realistic resources 
available to make improvements.

04| A box and whisker diagram illustrating how a site’s relative 
performance has improved from 2015 - 202011

Overall “risk quality”

3.50.50 3.02.52.01.51.0 4.0
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Lower middle quartile Site performance 2015Upper middle quartile Site performance 2020
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quartile
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value
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quartile

  9| Thousand barrels per day

10| Million standard cubic feet per day

11| All box and whisker diagrams in this article are 
examples based on Marsh Specialty research
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05| Snapshot of Company A performance on a scale of  
“poor – excellent”

Corporate loss control policy was scored as “very good”.

GoodStandardBasicPoor Excellent

Corporate loss control policy

Recruitment and training (operations)

Ergonomics and operability

Selected topics

Below 
standard

Better than 
standard

Very
good

How benchmarking can help improve process safety performance
No company has unlimited time or money to 
improve its risk quality, and a key benefit of 
benchmarking is that it can help focus efforts 
where they will have the greatest impact. 
Benchmarking also helps to illustrate what is 
possible, and where the industry as a whole,  
is heading.

The following real life examples, using 
anonymized data from Marsh Specialty’s 
risk engineering database, demonstrate the 
different ways in which benchmarking has been 
used by energy companies to help improve their 
risk quality. 

1. Identification of areas of relative 
weakness.

Company A is major energy company based in 
Asia and its stated aim is to be “best in class” 
in all risk features. In late 2019, it completed 
the first step of the benchmarking process 
and scored each of its features on a scale 
from 0 – 4 (or qualitatively, “poor - excellent”). 
Management at Company A was pleased that 
for the corporate loss control policy topic (which 
includes the level of incorporation of process 
safety management within corporate health, 
safety, and environment (HSE) policies), the 
company rated as “very good” (see Figure 5).

When the subsequent steps of the 
benchmarking process were completed, the 
management at Company A were surprised — 
and slightly disappointed — to see that their 
relative performance for the highlighted topic 
was only average (that is, the median) when 
compared to similar sized energy companies 
across the world (see Figure 6). The reason for 
this is because many companies have improved 
significantly in this area over the last decade, 
and many now have corporate loss control 
policies that go well beyond what might have 
been considered above average a number of 
years ago.

For Company A, benchmarking highlighted that 
half of their peers outscored them in the topic 
of corporate loss control policy, revealing an 
area of relative weakness. As a result, Company 
A is in the process of reviewing and updating 
its corporate loss control policy, and associated 
auditing processes, to achieve their stated 
target of being best in class.

06| Illustration of Company A performance (yellow circle) 
relative to peer group for selected topics

Corporate loss control policy

3.50.50 3.02.52.01.51.0 4.0

GoodStandardBasicPoor Excellent

Titletitle TitletitleTitletitle
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07| Snapshot of Company B benchmarking output 
Site 1 (blue circle) and Site 2 (orange circle) are both owned and operated by Company B. 

2. For companies that own multiple assets: 
identification of targeted opportunities  
for one asset to support improvement  
at another (peer assists).

Company B is a large energy company based  
in Europe, and in 2020 it completed a benchmarking 
exercise across its own set of assets. A primary 
objective of the benchmarking exercise was to 
develop a peer assist plan whereby the stronger 
assets would facilitate improvements at the  
weaker ones. 

Figure 7, shows that Site 1 was relatively strong 
in the topic of ergonomics and operability (which 
includes clear labeling of piping and equipment in 
the field, and the quality of procedures available to 
operations) but was relatively weak in maintenance 
overview (which includes the integration of 
equipment criticalities within the site maintenance 
strategy). Site 2 showed the inverse of this 
performance, and Company B therefore arranged 
for a two-week peer assist where Site 2 helped  
Site 1 improve in the topic of maintenance 
overview. The process was then repeated to 
improve ergonomics and operability at Site 2.

From its corporate PSPI stewardship, Company B 
already had an idea of which sites were weaker in 
process safety management. Benchmarking helped 
reveal the underlying, specific areas of weakness 
within each asset; this additional level of detail 
supported the development of a targeted peer 
assist plan. 

Conclusion
Getting process safety right year on year can be 
challenging but it is of paramount importance 
given the potential cost to human life, and the 
environment, when we get it wrong. Risk quality 
benchmarking, as described in this article, 
can complement the ongoing process safety 
stewardship, and initiatives at a company, by giving 
a fresh perspective and framing process safety 
performance in relative, rather than absolute, 
terms. As the above examples demonstrate, 
benchmarking can help with the following:

Identification of areas of relative  
weakness compared to peers.

Identification of opportunities for  
peer assists within a larger company. 

This article started by encouraging you to reflect  
on the process safety goals at your company, 
and whether your company is best in class at 
process safety management. If you are unsure 
of the answer, or if you know there is room for 
improvement, perhaps risk quality benchmarking 
might be a good next step to take.

3.50.50 3.02.52.01.51.0 4.0

GoodStandardBasicPoor Excellent

Ergonomics and operability

Maintenance overview
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08| 100LL by year and sector 09| Number of incidents  
by sector

10| Value of incidents by 
sector (US$ million)

11| Distribution of incidents  
by region (number)

12| Distribution of value  
by region (US$ million)
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Gas processing 
Seven property damage losses associated with gas 
processing feature among the 100 largest losses — 
the most recent was a fire that occurred in Norway 
in September 2020. 
The properties of LNG mean that the risk of internal corrosion is greatly reduced and 
significant global experience with the design, construction, and operation of LNG 
facilities has helped contribute to the relatively limited incidents of very large losses 
in this sector to date. The September 2020 fire reportedly occurred because, “the 
anti-icing heat exchanger in the air inlet was used outside of its intended area of 
application.”12 

This serves as a reminder that the potential does exist for high-consequence losses in 
this sector due to their complexity and value.

14| Gas processing losses 
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Year 12| Investigation of the fires at Tjeldbergodden and Hammerfest now concluded

KEY

Fire & explosion Explosion Fire Mechanical failure Natural catastrophe Blowout Collision

https://www.equinor.com/en/news/20210512-investigation-fires-tjeldbergodden-hammerfest-concluded.html
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Gas supplies throughout Victoria were virtually shut down 
following an explosion and fire at this gas processing plant. 
The cause of the accident was attributed to the  
rupture of a heat exchanger following a process upset that 
was set in motion by the unintended, sudden shutdown of 
hot oil pumps. The loss of hot oil supply resulted in some 
vessels being chilled by cold oil. When the hot oil was 
reintroduced to a heat exchanger the vessel ruptured due  
to a brittle fracture. 

An initial release of approximately 22,000lb of hydrocarbon 
vapor exploded, and an estimated 26,000lb burned as a jet 
fire. The fire burned for two and a half days. The incident 
highlighted how a combination of ineffective management 
procedures, staffing oversights, communication problems, 
inadequate hazard assessment, and training shortfalls 
combined to result in a major plant upset with tragic loss  
of life.

443
Original property loss 
value (US$ million)

987

Skikda, Algeria 
19/01/2004  

Twenty seven people were killed, seventy two injured, and 
seven reported missing following an explosion at this LNG 
plant. The explosion destroyed three out of six liquefaction 
trains, damaged a nearby power plant, and led to the 
shutdown of a 335,000 bbl/d refinery. There was also some 
damage to the neighbouring industrial facilities. A faulty 
boiler was initially blamed for the incident. 

Investigations indicated that a large release of hydrocarbon 
from a cold-box exchanger was ignited upon ingestion into 
the boiler. Train 6 of the LNG complex re-started in May 2004 
and Trains 5 and 10 in September 2004. Trains 20, 30, and 
40 were destroyed in the incident representing 50% of the 
capacity of the LNG complex.

470 841

GAS PROCESSING

Adjusted property loss 
value 2021 (US$ million)

Longford, Victoria, Australia  
25/09/1998  #07

#14
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Bintulu, Sarawak, Malaysia
25/12/1997

An explosion and fire occurred at a gas-to-liquids (GTL) plant, 
with the fire brought under control the next day. The plant 
was one of only two commercially successful GTL plants in 
the world at the time, with a capacity to produce 12,500 bbl/d 
of middle distillates and waxes from natural gas feedstocks. 
The explosion occurred in the air separation unit (ASU), 
which supplied oxygen for the production of synthesis  
gas feedstock. 

The investigation into the incident pointed to an initial 
combustion event in the ASU as the most probable cause. 
This combustion event is thought to have initiated explosive 
burning of the aluminium heat exchanger elements in the 
presence of liquid oxygen, such that the elements ruptured 
explosively. Twelve people were injured, none seriously, and 
the plant was shut down for several months for repairs.

285 642

Komo, Papua New Guinea 
26/02/2018  

A magnitude 7.5 earthquake struck with multiple aftershocks 
over the following weeks. The event caused significant 
building and infrastructure damage and over 100 people 
from the local communities were killed. The damage affected 
the local airport at Komo, a gas conditioning plant — which 
was safely shut down with some damage but no loss of 

containment — and the associated pipeline system, where 
there was no loss of containment but a need to remediate 
the pipeline “right of way” along most of its onshore length. 
(Note: The value quote here is believed to be the reserve 
across all elements of the loss including the gas plant and 
the associated pipeline).

335 382

GAS PROCESSING

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #21

#46
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Cactus, Reforma, Chiapas, Mexico
26/07/1996

A vapor cloud explosion centered in the cryogenic unit No.2 
and two subsequent explosions in the cryogenic unit No.1 
occurred at this gas processing complex. The cryogenic unit 
No.2 and LPG product pumps in the cryogenic unit No.1 were 
extensively damaged, the control rooms for both units were 
destroyed, and the remainder of the cryogenic unit No.1 
experienced minor damage. Plant personnel noticed that 
one of the two LPG product pumps in the cryogenic unit No.1 
had a seal leak, and decided to have the faulty seal replaced. 
In preparation for the maintenance work on the LPG product 
pump, the motor operated valve (MOV) in the suction line 
and the isolation valve in the discharge line of the pump 
were manually closed. A spectacle blind was then inserted 
into the pump flange on the suction side of the pump. After 
the seal was replaced, plant personnel removed the blind 
and were in the process of tightening the flange bolts when 
LPG product began to leak from this flange. 

A vapor cloud formed and drifted into the cryogenic unit 
No.2. It ignited and resulted in the initial explosion. Following 
the explosions, it was determined that the MOV in the 
suction line of the pump was in the open position, which 
allowed the LPG product to reach the pump flange. The fire 
brigades successfully extinguished the fire following the 
explosions after approximately three hours, and protected 
the adjacent LPG spheres. Although the explosions damaged 
the electric power in the plant and rendered the electric 
motor-driven fire water pumps non-operational, fire 
water was provided by two diesel engine driven fire water 
pumps. As a result of this incident, the 2.13 billion ft3/y 
gas processing capacity at the complex was shut down, 
disrupting a third of Mexico’s total gas processing capacity.

137 316

Hammerfest, Norway
28/09/2020

During a planned restart at the facility, a fire occurred in the 
filter housing on gas turbine generator 4. The investigation 
noted that the immediate cause of the fire was “auto-ignition 
in the filters in the turbine’s air inlets” which in turn was 
due to the fact that “The anti-icing heat exchanger in the air 

inlet was used outside of its intended area of application, 
thus causing the high temperature that triggered the fire”. 
There were no injuries and the facility is expected to restart 
operations in 2022.

300 300

GAS PROCESSING

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #61

#70
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Juaymah, Saudi Arabia
15/08/1987

A series of electrical power interruptions caused several 
shutdowns of one or both of the identical 165,000 bbl/d 
gas fractionation process trains. The parallel trains were 
separated from one another by approximately 100 feet.  
At the time of the loss, the propane feed was approximately 
100% of design capacity for Plant I and 25% of design 
capacity for Plant II. 

It is believed that there was a release of approximately  
1,900 bbl of propane in Plant I over a 30-minute period. 
Ignition of the large vapour cloud is believed to have been  
by a security vehicle, which had stalled and was being 
restarted. The probable source of the propane was a flange 
in a four inch diameter relief valve line.

65 189

GAS PROCESSING

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #100
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There have been no new additions to the 100 largest 
losses from this sector over the last two years. However, 
there have been some notable petrochemical losses, 
including two in South Korea: Daesan in March 2020  
and Yeosu in November 2020.
Although it doesn’t qualify for the 100LL, a 
major explosion at a petrochemical plant in 
Tarragona, Spain, in January 2020 resulted 
in three fatalities. One of these fatalities 
occurred several kilometers from the site, 
caused by a one-metric ton projectile. This 
demonstrates the potentially significant third-
party liability exposures for this sector.

A number of factors contribute to 
petrochemical plant loss history. They 
often contain a concentration of high-value 

equipment and machinery, typically operate 
at high temperatures and pressures, and 
require the careful control of potentially 
violent chemical reactions. On the other  
hand, materials processed at petrochemical 
plants have normally been pre-processed  
(for example, supplied by oil refineries), 
meaning that most contaminants in the 
feedstocks will have been removed prior 
to receipt, making them less susceptible to 
several corrosion mechanisms.

Petrochemical 
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Pasadena, Texas, US
23/10/1989

A large flow of ethylene and isobutane was released from 
one of the high density polyethylene (HDPE) units at a 
chemical complex. The vapor cloud drifted north toward 
the center of the HDPE process area before ignition. This 
is believed to have occurred approximately 60 seconds 
after the release. The explosion had the strength of a 
3.5 magnitude (Richter scale) earthquake. The explosion 
destroyed two HDPE units, which included a total of 
eight particle form, loop reactor trains. The explosion’s 
heat caused boiling liquid expanding vapor explosions 
of nearby pressurized storage tanks. Other process units 
at the chemical complex sustained only minor damage 
and resumed normal production within a few weeks. The 
initial release of ethylene and isobutane occurred through 
an eight-inch diameter ball valve, a settling leg of one 
of the loop reactors. The function of these pneumatic 
valves is to isolate the settling leg and other downstream 

equipment from the reactor for maintenance. The company 
maintenance procedures for opening a settling leg included 
closing the ball valve, inserting a lock-out device into this 
closed valve, closing the block valves to the air hoses for the 
valve operator, and disconnecting these air hoses. Company 
personnel confirmed that these maintenance procedures 
were performed two days before the loss, but maintenance 
work had not commenced due to changes in priorities. The 
work on the settling leg was started on Monday, October 23. 
After the explosion, investigations indicated that the lock-out 
device had been removed from the valve and the air hoses 
had been reconnected to the valve operator on the settling 
leg. The valve was found in the open position and the settling 
leg was open to atmosphere at the bottom of the leg, where 
a swedge/reducer spool leading to the product take-off valve 
should have been connected.

675 1843

Chenjiagang Chemical Industry Park, Jiangsu, China  
21/03/2019

A major explosion occurred at the chemical plant, which is 
located within an industrial park area and understood to 
produce fertilizers and pesticides. Considerable damage was 
caused to nearby factories and offices; the roof of another 
chemical factory, around 3km from the explosion, reportedly 
fell in and windows were reportedly blown out up to 6km 
away from the explosion. The blast registered a magnitude 

2.2 seismic shock and over 900 firefighters were required to 
control the resulting fires. According to the Chinese Ministry 
of Emergency Management, the direct cause of the incident 
was the long-term illegal storage of nitrated waste in the 
solid waste warehouse at the site. It is understood that 
nearly 80 people were killed and over 600 others injured, as a 
result of the incident.

800 913

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #02

#09
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Henderson, Nevada, US
04/05/1988

An explosion at a plant that manufactured ammonium 
perchlorate (AP) for rocket fuel flattened the local industrial 
park, left a crater 125 meters across, and cracked walls 15 
miles away. Two people were killed. The cause is thought to 
be a fire in a batch dryer. The initial explosion was equivalent 

to 108 ton of TNT, with a second explosion four minutes 
later equivalent to 235 ton of TNT. Approximately half the 
buildings in the nearby town of Henderson were destroyed. 
A natural gas pipeline running under the plant was ruptured 
in the event and burned for a week.

300 841

Toulouse, France
21/09/2001

A large explosion occurred in an ammonium nitrate storage 
warehouse of a fertilizer plant, just outside Toulouse, which 
contained approximately 300 tons of off-specification 
ammonium nitrate crystals. 

The explosion had the strength of a 3.4 magnitude 
earthquake, left most of the plant in ruins and damaged 
surrounding areas. Thirty people were killed in the blast  
and approximately 3,000 others were injured.

430 889

Pampa, Texas, US
14/11/1987

An explosion occurred in an air-line in a reactor, used for the 
liquid phase oxidation of butane, as it was being started.  
The explosion ruptured the external portion of the air-line to 
the reactor, allowing the reactor’s contents to vaporize and 
form a cloud. The vapor cloud drifted and ignited about 25  
to 30 seconds after the initial release. 

The vapor cloud explosion caused extensive property 
damage in the immediate area, and significant damage 
throughout the site. Windows were broken seven miles away. 
The immediate cause was believed to be insufficient purging 
of the reactor when it had previously been down.

215 627

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #10

#13

#23
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Port Neal, Iowa, US
13/12/1994

An explosion occurred in the plant’s ammonium nitrate 
process area. As a result, the seven-story main process 
building was destroyed and a 30-foot diameter crater was 
created. Metal fragments from the explosion punctured one 
of the plant’s two 15,000 ton refrigerated ammonia storage 
tanks. The punctured tank released an estimated 5,700 tons 
of ammonia, causing the evacuation of approximately 2,500 
people from the surrounding area. 

Metal fragments also punctured a nitric acid tank, resulting 
in the release of approximately 100 tons of this acid. 
The explosion tore metal siding from adjacent buildings, 
damaged three third-party electric generating stations, 
broke windows of buildings 16 miles away in Sioux City  
and was felt more than 30 miles away.

203 491

Belpre, Ohio, US
27/05/1994

An abnormal chemical reaction occurred during the batch 
production of a thermoplastic rubber product, resulting in an 
explosion. The reactor, process controls, accessories, control 
room, and building for this production unit were completely 
destroyed as a result. The fire spread to involve part of the 
tank farm, resulting in the destruction of five atmospheric 
storage tanks. 

Around midday, the first of four 1,000,000-US-gallon and  
one 500,000-US-gallon styrene storage tanks exploded. 
A fire-fighting attack using cooling water and foam hose 
streams was used to prevent the fire from involving other 
nearby storage tanks, two of which contained butadiene.  
The fire was extinguished after approximately nine hours.

182 440

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #32
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Port Neches, Texas, US
27/11/2019

An estimated 6,000 gallons (30,000 pounds) of liquid 
butadiene was released following a pipe rupture in the final 
fractionation section of the site 1,3-butadiene production 
unit. This release subsequently vaporized and ignited 
resulting in multiple fires and explosions at the facility. 
The initial explosion is understood to have resulted in three 
injuries. An investigation by the US Chemical Safety and 

Hazard Investigation Board (CSB) into the root cause and 
contributing factors of the incident is ongoing. However, it is 
understood that the pipe which ruptured had been a “dead 
leg” (that is, the piping was open to the process but with no 
flow through it) for at least 82 days prior to the incident. It 
was reported that a reduction of an oxygen scavenger prior 
to the incident may be a contributing factor to the loss.

380 434

PETROCHEMICAL

Pori, Finland
30/01/2017

A fire occurred at a titanium dioxide manufacturing facility, 
resulting in significant damage to the plant and the halting 
of production of the pigment. 

It is understood that a fire in the electrostatic precipitator 
quickly spread to the pipe network and manufacturing halls.325 390

Niigata, Japan
20/03/2007

An accident occurred at a methylcellulose manufacturing 
facility. An explosion occurred, followed by a fire, which  
was extinguished about seven hours later. Seventeen  
people working at the site were injured; three critically,  
five seriously, and nine with minor injuries. 

There was one minor injury off site. Ignition of the 
methylcellulose powder is thought to have been due to 
static electricity, resulting in a powder dust explosion. All 
methylcellulose operations were suspended for two months 
before sequentially restarting.

240 372

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #40

#45

#47
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Flixborough, UK
01/06/1974  

The chemical facility was severely damaged by a large 
vapor cloud explosion; 28 workers were killed, and a further 
36 suffered injuries. The number of fatalities would have 
been higher had it not been a weekend, as the main office 
block was unoccupied. Offsite consequences resulted in 53 
reported injuries. Properties in the surrounding area were 
damaged to varying degrees. Before the loss, a reactor had 
been removed and a bypass assembly installed to enable 

production to continue. On June 1, the 20-inch bypass system 
ruptured, possibly caused by a fire on a nearby eight-inch 
pipe. This resulted in the release of 30 metric tons of hot 
cyclohexane, which formed a flammable cloud that found 
a source of ignition. Some 18 fatalities occurred in the 
control room as a result of windows shattering and the roof 
collapsing. Ensuing fires burnt for more than three days.

58 359

Antwerp, Belgium
02/10/1975 

An explosion and fire caused extensive damage at a  
low-density polyethylene plant. The cause was a leak of 
ethylene at high pressure, due to fatigue failure of a vent 
connection on the suction of a compressor. 

Six people were killed, and 13 others were injured.60 341
Munchmuster, Germany
10/12/2005

A release of hexane created a vapor cloud that was ignited 
on an electric motor, causing an explosion. 

This resulted in damage to a process unit and 20 injuries. 200 340

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #48

#54
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Port Arthur, Texas, US
29/04/2006

A shelter-in-place was ordered when a fire broke out 
following an explosion in the propylene refrigeration section 
of an ethylene unit. 

The fire, which burned for three days, forced the  
facility’s shutdown for six months but caused no deaths  
or serious injuries.200 325

Cedar Bayou, Texas, US
20/10/1994

The Texas floods along the San Jacinto river shut down 
the site, involving 650,000 t/y ethylene; 200,000 t/y LLDPE; 
280,000 t/y LDPE plants; and general utilities. 

The loss of utilities affected downstream clients. Flood water 
breached dikes around the main substation and inundated 
control rooms and offices.130 315

Sterlington, Louisiana, US
01/05/1991

Workers were preparing to check a compressor in the 
nitroparaffin unit when they noticed a small fire and sounded 
the plant’s fire alarm. Approximately 30 seconds later, an 
explosion occurred that was followed by a series of smaller 
explosions. The initial explosion’s effects were reported as 
far as eight miles away. 

It completely damaged an area of the plant about the size of 
a city block. Subsequent fires were reported to have burned 
for more than seven hours. Although the incident did not 
damage the two ammonia units on-site, the entire plant was 
temporarily shut down for precautionary measures.

120 313

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #58
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Deer Park, Texas, US
22/06/1997

An explosion and large fire occurred at a petrochemical 
plant. The explosion was felt and heard over 10 miles away, 
and the ensuing fire burned for approximately ten hours. 
The explosion and fire resulted in extensive damage to the 
facility, and several workers received minor injuries. Nearby 
property was damaged, transport routes were closed for 
several hours, and residents were advised to remain indoors.

The incident originated at the cracked gas compressor 
system in the olefins unit and was caused by the structural 
failure of a 36-inch pneumatically assisted, non-return valve 
located on a high-pressure light hydrocarbon gas line.  
The escaping gas formed a vapor cloud and eventually  
found a source of ignition, resulting in the unconfined vapor 
cloud explosion.

135 304

Illiopolis, Illinois, US
23/04/2004

Five people were killed and two seriously injured following  
an explosion at a plastics plant producing speciality grade 
PVC. The explosion was felt eight kilometres away. 

The highway was shut and local residents evacuated.  
The explosion occurred in a reactor where vinyl chloride  
and vinyl acetate were being mixed. Up to 75% of the plant 
was destroyed in the explosion.

150 268

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #67

#76
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Pajaritos, Coatzacoalcos, Mexico
11/03/1991

A gas leak involving the pipe rack that runs to the  
terminal in the petrochemical complex led to an explosion. 
An initial explosion occurred near the complex chemical  
plant, causing additional damage to the pipe rack and 
resulting in a major gas leak. A powerful second explosion 
occurred that could be felt more than 15 miles from  
the complex. 

This explosion and the subsequent fire completely destroyed 
the chemical plant, caused significant damage to the pipe 
rack, and also moderate damage to other complex buildings 
and adjacent third-party facilities. The fire was extinguished 
after approximately three hours. Because of the incident,  
the chemical plant at this complex was completely shut down 
for seven months, to allow for the rebuild of the plant and 
pipe rack.

97 253

Seadrift, Texas, US
12/03/1991 

An explosion occurred in the plant’s ethylene oxide process 
unit. As a result, the ethylene oxide refining column 
was completely destroyed, the ethylene glycol unit was 
substantially damaged, and the co-generation unit was 
partially damaged. A pipe rack near the storage area for 
liquid ethylene oxide was damaged when a large piece of 
shrapnel from the explosion hit the rack, rupturing lines that 
contained methane and other hydrocarbon products. The 
fire that resulted from the released products was the only 
significant one to occur during the incident. As a result of the 
explosion, all utilities at the plant were lost for about a week. 

Additionally, a significant number of fixed-fire protection 
systems were damaged by the explosion or inadvertently 
actuated due to a loss of plant air. These systems were shut 
off and isolated, or placed back in service, as appropriate. 
A manual fire-fighting effort was used to extinguish the fire 
in the pipe rack once the lines in the rack were isolated. The 
polyethylene production was restarted in early April 1991, 
using imported ethylene. The olefins production unit was 
restarted in late April 1991.

90 235

PETROCHEMICAL

Original property loss 
value (US$ million)
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Litvinov, Czech Republic
13/08/2015 

A partial loss of cooling water to a separation column, 
downstream of a steam cracker, resulted in the need to open 
relief valves from the column to the flare system. Subsequent 
manual choking back of the relief line to flare resulted in 
the pressure relief valves opening. These valves vibrated 
excessively, resulting in the failure of the bolted flanges and 
release of the propylene-rich column overhead line into the 
atmosphere. The resultant explosion led to the failure of 
utility lines to the cracker requiring a crash shutdown.

The lack of process steam due to the interruption to the 
utility supply resulted in the failure of furnace tubes and the 
release of quench oil. There was subsequently a pool fire 
from the released quench oil under the cracker, resulting in 
damage to four of the ten cracker furnaces.

180 228

Zwijndrecht, Antwerp, Belgium
03/07/1987 

An explosion occurred in the final purification column of an 
ethylene oxide manufacturing plant, resulting in 14 people 
being injured. The explosion initiated several secondary fires 
on the original units and other units nearby, but all were 
under control within 30 minutes. 

The root cause was a rapid over-pressurization of the column 
as a result of decomposition of material within it, although 
the ignition source was not identified.78 228

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #89
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Priolo, Italy
19/05/1985  

A faulty temperature probe on a 600,000-metric-ton-per-year 
ethylene plant initiated an isolation of the hydrogenation 
reactor located within the cold section. While the operators 
were attempting to regain normal control, the pressure 
relief system operated. About the same time, fire was noted 
near grade level at the base of the deethanizer column. 
The source of fuel was believed to have been a flange at 
the deethanizer column reboiler or in the relief system 
pipe work. Leaking hydrocarbon, mostly propylene at 375 
psig, was possibly ignited by hot steam piping. The intense 
fire rapidly engulfed the adjoining ethylene and propylene 
distillation columns and spread 180 feet to the storage area. 
Eventually, one vertical pressurized propane storage tank 
exploded, its top section traveling 1,500 feet and missing a 
gas holder by 30 feet. 

Two other propylene tanks toppled; one onto a pipe rack and 
the other against an ethylene tank. All were protected by 
deluge waterspray systems that were said to be ineffective 
under the intense fire exposure. Five of the eight ethylene 
and propylene tanks collapsed or exploded. The fire also 
spread to the API separator and to three floating roof tanks. 
Pipe racks, motor control centers, and pumps were severely 
damaged or destroyed. Minutes after the fire brigade 
responded, the ethylene column released its 9,300-US-gallon 
inventory, destroying one of the plant’s two foam trucks. 
Assisted by outside fire-fighting agencies, the plant’s fire 
brigade brought the fire under control over 40 hours and 
extinguished it four days after the initial ignition.

74 225

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #92

Uerdingen, Germany
14/02/1989

A runaway reaction triggered an explosion and fire, which 
destroyed the plant and a neighboring building. 

The cause of the runaway reaction is understood to be the 
incorrect addition of components to the reactor.80 218

#93
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Warrington, Cheshire, UK
15/09/1984  

A fire occurred in this petrochemical site’s oxidation plant. 
130 firemen using 25 appliances controlled the blaze after 
four hours. 

The local railway line, ship canal, and roads were closed and 
200 people were evacuated.62 197

PETROCHEMICAL

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million)

Antwerp, Belgium
07/03/1989

A hairline crack in a welded seam of piping to the level 
indicator system on an aldehyde column resulted in a minor 
ethylene oxide leak on the gas processing plant. The crack 
was caused by low cycle fatigue, and led to ethylene oxide 
escaping near the level indicator and forming polyethylene 
glycols (PEG) in the mineral wool insulation. It is believed 
that both the leak and accumulation of PEG occurred over 
a period of time. During repairs to the level indicator, the 
metal sheathing of the insulation was removed and air 
contacted the insulation soaked with PEG. 

Auto-oxidation of the PEG resulted and the insulating 
material was ignited.The piping to the level indicator system 
was heated to such a degree that auto-decomposition of 
the ethylene oxide within the piping occurred. This auto-
decomposition propagated into the aldehyde column, which 
subsequently exploded. The force of the explosion destroyed 
the distillation section of the plant. The large resulting fire, 
and debris flying to other process sections, caused extensive 
damage throughout the plant.

79 217
#95

#99
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Refining 
There was one new refinery loss over the last two  
years that was of sufficient value to meet the criteria  
for this edition of the 100LL. The incident occurred in 
Cape Town, South Africa, in July 2020. Refinery losses 
now make up 37% of the 100LL. 
The COVID-19 pandemic had a dramatic 
impact on both crude oil price and refinery 
utilization. At US$42/bbl, the average crude 
oil (Brent) price in 2020 was at its lowest level 
since 2004. At 79%, the US refinery utilization 
dropped to its lowest level since 1985. These 
performance indicators recovered through 
2021, with the 2021 average crude oil (Brent) 
price at US$71/bbl, and US refinery utilization 
at 86%. While it is notable that the global 
refinery performance over the last two 
years has been strong (as evidenced by the 
relatively low number of new additions to 
the 100LL ranking), the medium to long-term 
impact of the pandemic remains to be seen.

The worldwide group of oil refineries is, 
with some notable exceptions, a group of 
aging assets. Older assets have often been 
subject to both expansion projects to increase 
capacity, and retrospective installation of 
high-value, high-conversion assets. Together 
these have resulted in higher concentration 
of value at sites. Refineries process crude  
oil and therefore, have a far more dynamic 
and broad feedstock range than the other 
asset classes. 

The combination of aging assets, increased 
concentration of value, and diverse 
feedstocks, are all likely to have contributed 
to the fact that this sector makes up the 
largest proportion of the 100LL.

16| Refining losses 
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Abu Dhabi, UAE

A release of hot light hydrocarbon during the completion 
of a maintenance activity resulted in a major fire. The fire 
occurred on a residual fluid catalytic cracking (RFCC) unit 
that had recently been commissioned as part of a major 
expansion, doubling the overall refinery capacity. 

The fire resulted in the closure of the expanded area of the 
refinery while extensive rebuilding activity was delivered.1000

11/01/2017  

Vohburg, Germany

A hydrocarbon release occurred from a reactor vessel on a 
naphtha hydrotreater unit. The vessel operated at around 
25 bar and 140 C. The release of hot naphtha and hydrogen 
created a vapor cloud that ignited, leading to an explosion 
and fire. It is understood that the explosion caused further 
releases from other parts of the plant, including a nearby 
diesel hydrotreater, which contributed to the fire. Eight 
on-site employees were injured, but there were no fatalities. 
Residents of a nearby town were evacuated as a precaution.

Several hundred firefighters were reportedly deployed to 
control the fire. Some refinery process units were extensively 
damaged as a result of the explosion and fire, as well as 
multiple office and maintenance buildings within the refinery 
site. Windows in a village at least 3km away were broken. 
The initial release of hydrocarbon was understood to have 
occurred as a result of a 1.5-meter crack that opened up in 
the reactor vessel close to welded vessel support however, 
the detailed incident investigation findings have not yet been 
widely published.

770 879
01/09/2018  
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Mina Al-Ahmadi, Kuwait

The explosion occurred when employees were attempting  
to isolate a leak on a condensate line between an off-site 
LNG plant and the refinery gas plant. Three crude units  
were damaged and two reformers were destroyed.  
The fire was extinguished approximately nine hours after  
the initial explosion. 

Five people were killed and 50 others were injured. The 
investigation into the loss indicated a lack of inspection and 
maintenance of the condensate line, which was not owned 
by the refinery. Lack of clear understanding of the ownership 
of the line is thought to have delayed the isolation of the line.

25/06/2000

Norco, Louisiana, US 

Operations were normal in a 90,000 bbl/d fluid catalytic 
cracking (FCC) unit, when internal corrosion caused the 
failure of the outside radius of an eight-inch diameter 
carbon steel elbow, located 50 feet above ground in the 
depropanizer column overhead piping system. An estimated 
20,000lb of C3 hydrocarbons escaped through the resulting 
hole, forming a large vapor cloud during the 30 seconds 
between failure and ignition. Both the depropanizer column 
(operating at 270 psi and 130 degrees Fahrenheit) and 
the depropanizer accumulator depressurized through the 
opening. Ignition of the vapor cloud was probably caused 
by the FCC charge heater. The initial blast destroyed the 
FCC control building and toppled the 26-foot diameter 
main fractionator from its 15-foot high concrete pedestal. 
The column separated from its 10-foot high skirt before 
falling. Analysis of bolt stretching of towers in the blast 
path indicated over pressures as high as 10 psi. The refinery 
immediately lost all utilities, including fire water and the 
four diesel fire pumps, greatly limiting the fire-fighting effort 

for several hours. Steam pressure dropped abruptly due to 
severed lines. Twenty major line or vessel failures occurred 
in the FCC and elsewhere throughout the 215,000 bbl/d 
refinery. Blast damage throughout the plant was extensive, 
but was most severe in the FCC unit. About 5,200 property 
claims were received for off-site damage at distances of up  
to six miles. The FCC unit was eventually demolished and 
a new unit was constructed. A preliminary report stated 
that the failed elbow was located downstream of an 
injection point, where ammoniated water was added to 
reduce depropanizer condensation or fouling. The elbow 
was a designated inspection point in the overhead piping 
system for taking ultrasonic thickness measurements 
during turnarounds. These inspections had constantly 
shown the expected corrosion rates of 0.05 mils per 
year. Measurements taken at the failed elbow and in the 
downstream piping after the explosion revealed unexpected, 
high localized corrosion rates.

412

808
05/05/1988

REFINING
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Original property loss 
value (US$ million)

Adjusted property loss 
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Sendai, Japan

A major explosion occurred at a 145,000 bpd refinery in 
the north-eastern city of Sendai, hours after the largest 
earthquake in the country’s history was followed by a 
tsunami. The fire at the refinery originated from an oil 
product shipping facility. 

At the time of the explosion, workers at the refinery were 
being evacuated, and there was no capacity to extinguish  
the fire. Fire in the storage and shipping facilities resulted 
in damage to a 35,500 bpd fluid catalytic cracker (FCC) at  
the refinery.

11/03/2011

590 789

Limbe, Cameroon

A fire and subsequent explosion near the distillation unit on 
the refinery resulted in a shutdown of the whole site.

Reportedly, four out of 13 units at the site were completely 
destroyed and three were partly damaged. The cause of the 
incident has not been widely shared.685

31/05/2019 
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Romeoville, Illinois, US

Just prior to the rupture of a 55-foot-tall, 8.5-foot-diameter 
monoethanolamine absorber column, a refinery operator 
noted a six-inch-long horizontal crack at a circumferential 
weld that was leaking propane. As the operator attempted 
to close the inlet valve, the crack spread to about 24 inches. 
The area was being evacuated and the plant fire brigade was 
arriving when the column failed. Propane at 200 psig and 
100ºF propelled most of the 20 ton vessel 3,500 feet, where it 
struck and toppled a 138,000 volt power transmission tower. 
The weld separation occurred along a lower girth weld joint 
made during repairs to the column 10 years earlier.

The vessel was constructed of one-inch-thick ASTM SA 516 
Gr 70 steel plates rolled and welded with full penetration 
submerged arc joints, but without post-weld heat treatment. 
The explosion resulted in severe fires in the unsaturated gas 
plant, as well as fires in the fluid catalytic cracker (FCC) and 
the alkylation units. After about 30 minutes, a boiling liquid 
expanding vapor explosion occurred in a large process vessel 
in the alkylation unit. A piece of the vessel travelled 500 feet, 
shearing off pipelines before striking a tank in the water 
treatment unit. 

Another fragment landed in a unifining unit over 600 feet 
away, causing a major fire. The first explosion, believed to be 
from a vapor cloud, broke windows up to six miles from the 
plant. The explosion also caused extensive structural damage 
to refinery service buildings and disrupted all electric power 
at the refinery, rendering a 2,500-US-gallons-per-minute  
(US gpm) electric fire pump inoperable. 

One explosion sheared off a hydrant barrel, resulting in 
reduced fire water pressure from the two 2,500-US-gpm 
diesel-engine-driven fire pumps, which were operating 
at the time. The refinery’s blast resistant control center, 
approximately 400 feet northeast of the absorber, sustained 
little structural damage. An estimated 30 paid and volunteer 
public fire departments, together with equipment from 
refineries and chemical plants within a 20-mile radius, 
responded promptly. Many of the pumpers took suction 
from the adjoining canal and from a quarry. The pumpers 
and a 12,000-US-gpm pump on a fireboat eventually provided 
water at pressures sufficient for fire fighting.

23/07/1984  

191 603

REFINING

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #24
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La Mede, France

A vapor cloud explosion occurred in the gas plant associated 
with the 29,700 bbl/d fluid catalytic cracker (FCC) unit on 
a 136,000 bbl/d refinery. The initial vapor cloud explosion 
and several subsequent lesser explosions could be heard 
in Marseilles, approximately 18 miles away. An estimated 
11,000 pounds of light hydrocarbons were involved in the 
initial explosion. A gas detection system in the FCC unit 
sounded an alarm indicating a major gas leak. While the 
unit operator was contacting the security service to warn 
of this situation, the initial explosion occurred. The initial 
gas release is believed to have resulted from a pipe rupture 
in the gas plant, which was used to recover butane and 
propane produced in the FCC unit. The explosions and 
subsequent fires devastated about two hectares of the 
refinery, which covers about 250 hectares. 

The gas plant, FCC unit, and associated control building 
were destroyed by the incident. Two new process units, 
which were under construction and scheduled to come into 
operation in 1993, were seriously damaged. Roofs were 
damaged in the nearby town of Chateauneuf les Martigues 
and windows were broken within a radius of 3,000 feet.  
Some windows were broken up to six miles away. The 
refinery fire brigade and over 250 firemen from three 
neighboring industrial sites and four nearby towns 
were used for more than six hours to bring the incident 
under control. Approximately 37,000 US gallons of foam 
concentrate were used during the fire-fighting effort.  
Some fires were intentionally left burning after the incident 
was under control to allow safe depressurizing of the 
process units, since the flare system was partially damaged 
by the explosions.

575
09/11/1992

225

Lemont, Illinois, US

The 160,000 bbl/d capacity refinery was shut down due to 
a pool fire as a result of a pipework release on the crude 
distillation unit. Three days later, the crude column suffered 
a structural failure due to an internal fire caused by air 
ingress from the previously ruptured pipework reacting with 
pyrophoric material and oil in the column. 

The crude distillation unit was shut down for 12 months. 
The cause of the initial pool fire was due to incorrect piping 
material specification in one elbow, which failed.

14/08/2001 

285 589

REFINING

Original property loss 
value (US$ million)
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value 2021 (US$ million) #27

#29



100 largest losses in the hydrocarbon industry49

Fort McKay, Alberta, Canada

An explosion occurred on an oil sands upgrader site north  
of Fort McMurray, Alberta. Five workers were injured in  
the blast, including one who received third-degree burns.  
A subsequent fire occurred at the top of one of the site’s 
four coke drums and burned for nearly four hours. As 
a result, two of the coke drums were disabled. Workers 
returned to work to normal shifts the following morning. 
Most damage was sustained above the cutting deck and 
derrick infrastructure of the coke drum. At the time of the 
incident the plant was operating on bypass conditions due  
to process upsets. 

An internal investigation team determined that the fire 
resulted from the opening of the top unheading valve 
on an active low-pressure coke drum. This allowed hot 
hydrocarbons to be released within the coker cutting 
deck building and was followed by ignition leading to the 
explosion and fire. Exceptionally cold weather following 
the incident hampered efforts to gain access to the coker 
unit’s cutting deck, due to the deluge protection in this area. 
Additional damage as a result of the fire fighting in freezing 
conditions also occurred.

514
06/01/2011

385

Big Spring, Texas, US

An explosion at this 70,000 bbl/d oil refinery caused damage 
to the fluid catalytic cracker (FCC) utilities, storage tanks, 
and asphalt unit. An employee was hospitalized for burns, 
while another person was injured when her car was struck 
by debris from the explosion on the nearby highway. There 
were four injuries in total. Only 40 people were on-site 
because the explosion occurred on a public holiday (there 
would typically have been about four times as many people 
on duty). 

The fire was brought under control the same day by the 
site fire brigade, supported by local fire departments. The 
release is believed to have occurred during a start-up on the 
propylene splitter unit, as a result of the catastrophic failure 
of a pump. Some processing resumed about two months 
later and the FCC was re-commissioned eight months after 
the incident.

18/02/2008

380 551

REFINING

Original property loss 
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St. Croix, Virgin Islands

Hurricane Hugo struck the refinery, causing extensive 
damage to 14 of the 500,000-600,000 bbl storage tanks in 
the tank-farm area, the administration building, and the 
company housing. The damage to process units, which  
were idled in preparation for the hurricane, was limited to 
the asbestos insulation on process columns and piping. 

A maximum wind speed of 192 mph was reported for 
the hurricane before the wind speed measuring device 
at the St. Croix airport was damaged. As a result of the 
damaged asbestos insulation, approximately 1,500 company 
employees and contractors worked every day for 15 weeks to 
remove the asbestos debris from the refinery at a substantial 
extra expense.

456
18/09/1989

167

Wisconsin, US

An explosion and subsequent fire at the refinery resulted in 
injuries to 36 people, and the evacuation of a large portion 
of the nearby town of Superior, Wisconsin. The incident 
occurred when the site fluid catalytic cracking unit (FCCU), 
was taken offline for planned maintenance. It is believed 
that the FCCU spent catalyst slide valve had eroded and  
was unable to maintain the catalyst level required to  
prevent air from mixing with hydrocarbons during the 
transient operation. 

As a result, air flowed backwards from the regenerator into 
the reactor, and then into other downstream equipment 
— triggering a large explosion. The explosion blew debris 
across the plant and one piece punctured a nearby large 
above-ground storage tank — resulting in the release of 
around 15,000 barrels of hot asphalt that subsequently 
ignited and caused a large fire.

26/04/2018

400 457
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Original property loss 
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Falcon State, Venezuela

A powerful explosion occurred in an area of pressured 
propane and butane storage at the refinery. At least 48 
people were killed and more than 80 injured. 

The explosion hit an area of storage tanks, damaging nine 
tanks. It was reported that there had been a significant 
number of leaks at the refinery in the previous year.436

25/08/2012

330

Korfez, Gulf of Izmit, Turkey

An earthquake measuring 7.4 on the Richter scale caused 
the collapse of a 312-feet-high concrete chimney on one of 
the crude units, setting off fires at the 226,000 bbl/d refinery. 
Fires also broke out on on-site storage tanks. The process 
teams successfully isolated and tackled the crude unit fire. 
Fires on the tank farm were allowed to burn themselves out 
after storage tanks were pumped out as much as possible. 
Due to broken water mains, fire-fighting efforts were limited 

to attempts by aircraft to drop chemicals on the fires.  
The US and many other countries sent foam supplies, 
personnel, and equipment to fight the fires. Damage to 
the refinery included a total loss of six storage tanks, while 
another four storage tanks were deformed, and 50% damage 
to other floating roof tanks. Damage to process units 
included the fire on the crude distillation unit, and damage  
to a reformer and several connecting pipelines.

17/08/1999

200 439

REFINING

Fort McMurray, Alberta, Canada

A fire broke out at the oil sands refinery in upgrader 2, 
an area of the plant that converts bitumen into crude oil 
products. Around 250 people were evacuated from the plant 
and no injuries were reported. The fire burned for nine 
hours before being extinguished. 

Witnesses reported two explosions minutes apart that 
sent a fireball six stories high into the air. The plant also 
suffered ice damage from water used to fight the fire, as 
temperatures in the area fell below -35 C. A ruptured recycle 
line was the most likely cause of the fire.

436
04/01/2005

256
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value (US$ million)
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Sodegaura, Japan

An explosion and subsequent fire resulted in significant 
property damage at the 146,500 bbl/d refinery. The 
explosion occurred following a heat exchanger failure in 
the hydrodesulfurization unit for light oil. The channel cover 
and lock ring of a breech lock closure type heat exchanger 
were hurled into an adjacent factory, which was located 
approximately 650 feet from the plant. The channel cover 
and lock ring were each five feet in diameter, and weighed 
4,000lb and 2,000lb, respectively. 

The hydrodesulfurization unit was being restarted following 
catalyst exchange work, when plant personnel noticed 
hydrocarbon being released from the heat exchanger. 
Plant personnel were working to complete the additional 
tightening work required on the heat exchanger bolts, due 
to thermal expansion, when the explosion occurred. The 
subsequent fire was brought under control in two hours,  
45 minutes, by fire fighters using 15 fire trucks.

412
16/10/1992  

161

Pascagoula, Mississippi, US

The entire refinery was shut down for three months after 
being struck by Hurricane Georges. The hurricane left the 
entire plant submerged under more than four feet of salt 
water from the Gulf of Mexico. Although the hurricane was 
only a Category 2 storm, its slow movement subjected the 
refinery to 17 hours of high wind and rain. The storm surge 
overtopped the dikes built to protect the refinery.

Approximately 2,100 motors, 1,900 pumps, 8,000 instrument 
components, 280 turbines, and 200 miscellaneous machinery 
items required replacement or extensive rebuilding. Newer 
control buildings and electrical substations sustained little or 
no damage, as they had been built with their ground floors 
elevated approximately five feet above ground.

01/09/1998 

190 424
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Philadelphia, US

A major loss of containment of process fluid, primarily 
propane, and hydrofluoric acid (HF) on the refinery HF 
alkylation unit resulted in a large fire and subsequent 
explosions. A 38,000 lb fragment from one of the larger 
explosions was projected a distance of approximately 2,100 
feet before landing outside of the refinery battery limit. It 
took over 24 hours to extinguish the large fire and there 
were five injuries from the incident. 

It is thought that the rupture of a thinned pipe elbow 
installed around 1973 caused the process fluid release. The 
pipe elbow reportedly met the metallurgy requirements at 
the time of installation; however, the component did not 
meet the intent of the updated American Society for Testing 
and Materials recommendations made some 20 years 
later. The refinery closed shortly after the incident and the 
operator filed for bankruptcy. 

342
21/06/2019

300

Sannazzaro de Burgondi, Italy

The recycle gas compressor associated with the prototypical 
processing unit (designed to convert heavy oil residues into 
refined products) at the site tripped and this resulted in a 
loss of hydrogen quench flow to the ebullated bed reactor. 
An exothermic runaway reaction ensued. 

However, the reactor was reportedly not then swiftly 
depressurized, as per the operating guidance. A 12” coupling 
then failed due to the associated pressure increase, which 
resulted in a loss of primary containment and a subsequent 
major fire.

01/12/2016

325 401
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Wickland, Aruba

An oil spill occurred due to a failure of a block valve to seat 
properly during maintenance on a pump strainer in the 
visbreaker unit. The oil auto-ignited and the ensuing fire 
spread and destroyed the visbreaker and damaged adjacent 
equipment. Subsequent explosions and heat restricted

fire-fighting access; insufficient fire-brigade personnel, 
and damage to the firewater distribution system, further 
hindered extinguishing the fire. The fire was spread by the 
firewater application, and finally extinguished with help  
from the local fire department.

329
09/04/2001

159

Texas City, Texas, US

A total of 15 people were killed and 105 injured following 
an explosion at the 460,000 bbl/d refinery. The explosion 
occurred in the isomerization unit, which was being restarted 
following its annual major maintenance turnaround. Loss 
of control of the restart of the isomerization unit resulted 
in one of the unit’s splitter columns becoming full of light 
hydrocarbon. Eventually, hot liquid was released from the 

column through relief valves to a 30-meter-high blowdown 
stack on the unit. The release generated a large vapor cloud 
in the unit’s vicinity. Some temporary buildings supporting 
planned turnaround activity on another unit were located 
near to the blowdown stack; many of the fatalities were 
attending a meeting in these buildings when the vapor  
cloud found a source of ignition and exploded.

23/03/2005

200 340

REFINING

Texas, US

The 365,000 bbl/d refinery sustained severe damage as 
Hurricane Ike passed through the Houston area, with related 
flooding due to storm surge as far away as Louisiana. 

Hurricane Ike had an unusually large storm surge, which 
inundated the refinery.319

12/09/2008
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La Plata District, Ensenada, Argentina

A fire broke out in the 188,000 bpd refinery, caused by flash-
floods during heavy rain. The rain overwhelmed the storm 
drainage system on the refinery, resulting in hydrocarbons 
being washed out of the drains and around the site. An 
explosion was reported in the crude distillation unit (CDU). 
There were two fires in the CDU, one in the coking plant, and 
two in the topping distillation plant. 

The government agency said the incident was caused by 
hydrocarbons exploding in one of the coke manufacturing 
furnaces, which had been shut but were still hot enough to 
ignite the hydrocarbon. It took eight hours to extinguish the 
fire and 10 hours before the incident was under control.  
The oil company said there were no fatalities or injuries.

294
02/04/2013

225

Pascagoula, Mississippi, US

A fire broke out in a crude unit number 2 of a 325,000  
bbl/d refinery and burned for over six hours. No injuries 
were reported. 

Company officials said a major portion of the refinery was 
able to continue operating. The refinery’s number 1 crude 
unit remained operational.

16/08/2007

200 310

REFINING

Fort McMurray, Alberta, Canada

The incident occurred at an oil sands facility, with minor 
explosions occurring in the froth treatment plant. Damage 
appeared mainly limited to electrical cables in the solvent 
recovery area. The fire’s cause appears to have been a 
hydrocarbon leak in piping. 

The plant’s emergency response team was assisted by the 
local fire brigade, with the fire extinguished in two hours. 
Only one minor injury was reported. The incident occurred 
eight days after the new facility began operating.

262
06/01/2003
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Texas City, Texas, US

A failure led to the release of light hydrocarbons that 
dispersed and found an ignition source. An intense fire 
followed in the tank farm. After less than five minutes, a 
5,000 bbl storage sphere failed, resulting in a large fireball 
and rocketing pieces of the sphere throughout the plant. 
Within 20 minutes, five 1,000 bbl horizontal vessels, four 
1,000 bbl vertical vessels, and one additional 5,000 bbl 

sphere failed, either as a result of missile damage or a 
boiling liquid expanding vapor explosion. Pieces of the tanks 
traveled in all directions, falling into various operating units 
and tank farms, starting more fires. Fragments also hit the 
firewater storage tank and electric fire pumps, leaving only 
the two diesel fire pumps operational.

256
30/05/1978

55

Port of Mohammedia, Morocco

Following torrential rain, rising floodwater brought waste  
oil floating on the surface into contact with hot equipment 
on the refinery causing explosions and a fire. A second blaze 
broke out and several storage tanks reportedly caught fire 
and exploded. Damage to the refinery was extensive and two 
people were killed, with a further three reported missing. 
Later reports said the fire had affected two or  
three production units. 

The processing units affected were the crude unit, the 20,000 
bbl/d vacuum distillation unit, the 24,000 bbl/d catalytic 
reformer unit, and the 24,000 bbl/d distillate hydrotreater. 
At the time, it was stated that units unaffected by the fire 
would restart within 15 days, although other units would be 
inoperative for a further eight to twelve months.

25/11/2002

130 259
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Carson, California, US

A piping leak resulted in a fire in this refinery coker unit. Smoke rose to over 3,000 feet, and the coker was shut down 
for about two months.248

23/04/2001

120

Richmond, California, US

The explosion was caused by the failure of a valve bonnet 
in a high-pressure section of a 60,000 bbl/d hydrocracker. 
A vapor cloud formed from the release, ignited, and was 
followed by a large fire fed by escaping hydrocarbons at high 
pressure. The explosion resulted in the collapse of a large 
section of pipe rack and destruction of a large fin-fan cooler 
mounted above the rack. 

Many pumps were destroyed and a separator was badly 
damaged. Around 300 fire fighters and 33 fire trucks  
worked for two-and-a-half hours to control the fire.  
Foam concentrate consumed totaled 3,200 US gal.  
The hydrocracker was out of service for 12 months.

25/03/1999

113 248

REFINING

Richmond, California, US

A two-inch diameter line carrying hydrogen gas at 3,000 
psi failed at a weld, resulting in a high-pressure hydrogen 
fire. The fire resulted in flame impingement on the calcium 
silicate insulation of the skirt for a 100-feet-high reactor 
in a hydrocracker unit. The reactor’s steel skirt, which was 
between 10 and 12 feet in diameter and had a wall thickness 
of 7 inches, subsequently failed. 

The falling reactor damaged air coolers and other process 
equipment, greatly increasing the size of the loss. At the 
time of the loss, the hydrocracker unit was being shut down 
for maintenance and the reactor was in a hydrogen purge 
cycle. The initial hydrogen leak is believed to have resulted 
from the failure of an elbow to reducer weld in the two inch 
diameter hydrogen preheat exchanger by-pass line.

246
10/04/1989

90
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value (US$ million)
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Ryazan, Russia

The event occurred on a crude unit at the 360,000 bbl/d 
refinery. A furnace was under maintenance when a worker 
performed a hot cut and material was released. 

Inadequate flushing and blinding, and a work scope that did 
not meet normal industry practices, appear the likely causes.

07/08/1994

100 242

REFINING

Fort McMurray, Alberta, Canada

Erosion failure in a 10-inch diameter slurry recycle oil line, in 
an 82,000 bbl/d fluid bed coking unit, released liquids close 
to their auto-ignition temperature. A vapor cloud covering a 
large area ignited almost immediately, resulting in a ground 
fire covering a large area that led to the failure of six or 
seven additional lines. The fire eventually extended over a 
150-feet diameter area, with damage in the unit structure up 
to a height of more than 100 feet. Metallurgical examination 
revealed that a 1.8-inch-long piece of carbon steel pipe 
had inadvertently been inserted into the slurry recycle line, 

made of 5% chrome, during an earlier metals inspection. 
The reactor fractionator, light gas-oil stripper, 15,000hp air 
blower, pumps, and pipe racks were severely damaged or 
destroyed. About 2,700 barrels of hydrocarbon liquids were 
released from process equipment during the fire. Much of 
this was by gravity flow from ruptured lines although pumps, 
which could not be shut down, contributed much of the flow. 
A 900 psig steam line that supplied the turbine drivers of the 
compressors, ruptured, hampering firefighting efforts.

236
15/08/1984  
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Priolo Gargallo, Sicily, Italy

An explosion and fire in a 562MW-capacity integrated 
gasification combined cycle electricity generating plant at  
a refinery caused a fire in the gasification unit. 

No one was injured by the explosion and fire, but the loss 
resulted in the refinery’s temporary closure.218

13/10/2008

150

Amuay, Venezuela

A straight run of eight inch diameter line carrying hot 
oil from the high pressure separator to the low pressure 
stripper in a refinery hydrodesulphurizer fractured 
circumferentially in the parent metal in the heat zone about 
1.5 inches from a weld. Hot oil at 700 psi and 650 degrees 
fahrenheit sprayed across the roadway into the hydrogen 
units where ignition occurred. An intense fire around the 
pipe rack in the hydrogen plant caused a 16 inch diameter 
gas line to rupture, adding a second blow torch to the fire.

More pipes ruptured with explosive force in adjacent areas. 
The fire resulted in a crash shutdown of the entire 600,000 
bbl/d refinery. After six-and-a-half hours, the fire was 
extinguished. Damage was extensive. The three hydrogen 
plants and the four HDS units were heavily damaged or 
destroyed. Before the loss, the line which failed was judged 
as having excessive vibration. It is believed that the hot oil 
line failed due to fatigue, considered in turn, to be largely 
due to hydrogen embrittlement.

13/12/1984

75 236
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Cape Town, South Africa

Two people were killed and at least six others injured as a 
result of an explosion at the oil refinery which is expected to 
restart operations in 2022. 

The incident reportedly occurred during start-up of a fired 
heater on the platforming unit however, the exact cause of 
the explosion has not yet been widely shared.200

02/07/2020

200

Wilmington, Los Angeles, California, US

An explosion originating in the hydrogen processing 
unit occurred in the 75,000 bbl/d refinery. The explosion 
and subsequent fires caused extensive damage to the 
hydrocracker, hydrodesulphurisation, and hydrogen 
processing units. The fires were fueled by hydrocarbons 
released from the damaged process column and equipment. 
The explosion damaged nearby buildings and shattered 
windows several miles away. It was recorded as a “sonic 
boom” at the California Institute of Technology in Pasadena, 
approximately 20 miles from the refinery. The explosion 
resulted from the rupture of the outside radius of a six-
inch diameter carbon-steel 90° elbow, and the release of 
a hydrocarbon-hydrogen mixture to the atmosphere. The 
vapor cloud ignited within seconds of the rupture. There 
were no out of range or warning indications, until after the 
failure of the pipe elbow. 

An inspection afterwards found the line at nearly full design 
thickness a short distance away the failure. On these facts, 
it was concluded that the line failure was the result of the 
thinning of the carbon steel elbow due to long term erosion/
corrosion. The fire-fighting effort was coordinated by the 
refinery emergency response team, with the Los Angeles 
City and Los Angeles County fire departments using the joint 
incident command system. The refinery emergency response 
team placed booms in the Dominguez Channel storm drain, 
to stop oily water run-off generated by the firefighting 
effort from reaching the Los Angeles Harbour. The fire was 
finally extinguished after three days. The refinery’s gasoline 
production was reduced to 35,000 bbl/d (approximately 70% 
of rated capacity), until repairs to the damaged process units 
were completed.

08/10/1992

78 200
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Terminals and 
distribution 
Over the 47-year period under review, only seven 
losses associated with terminal and distribution 
operations feature among the 100LL; the most recent 
occurring in 2005. 
The physical layout of most terminal and 
distribution assets, coupled with the value 
of the plant and its equipment, means that 
few sites have enough concentration of 
value to result in the very largest physical 
damage accidents. 

Of particular note is the Colonial Pipeline 
ransomware attack in May 2021, which is 
the one of the largest publicly disclosed 
cyberattacks against critical infrastructure 
in US history. Although there was no 
significant direct property damage from 

this incident, it did have widespread impact 
and raised energy security concerns. For 
the time-being at least, it appears that the 
objective of cyber perpetrators is focused 
on disruption (for example, through 
ransomware) rather than destruction of  
a physical plant. That said, certain malwares 
(such as Triton and Stuxnet) do have the 
potential to result in significant property 
damage and loss of life. None of the entries 
in the 100LL to date are a direct result of  
a cyberattack.  
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Andes, Ecuador

Twenty-five miles of Trans-Andean pipeline disappeared in 
the event, which also damaged natural gas and gasoline 
pipelines. All 285 producing wells were shut down, and oil 
exports were suspended and swap arrangement made 

with Venezuelan suppliers. The first earthquake registered 
6.0 on the Richter scale, the second 6.8, and there were 10 
earthquakes in total. Repairs took several months.120 349

TERMINALS AND DISTRIBUTION  

05/03/1987

Bantry Bay, Ireland

An 11-year-old 121,000-deadweight-tons tanker had 
unloaded its first parcel of Arabian heavy crude at a deep-
water port. No transfer operations between the ship and the 
jetty were in process when a small fire was noticed on deck. 
About 10 minutes later, fire spread along the ship, and was 
observed at sea at both sides of the ship. After 30 minutes, a 
huge explosion occurred. It is theorized that the disaster was 
initiated by the buckling of the ship’s structure at, or around, 
deck level. This was immediately followed by explosions in 
the ballast tanks and the breaking of the ship’s back. 

These events were produced by the conjunction of two 
separate factors: 1) a seriously weakened hull due to 
inadequate maintenance, and 2) excessive stress due to 
incorrect ballasting at the time of the disaster. A fragment of 
the ship weighing 1,000lb was found at the base of a large 
crude oil tank, 1,800 feet from the ship. In addition to the 
total loss of the ship, 50 people lost their lives, and 1,130 feet 
of the concrete and steel jetty were damaged or destroyed.

70 302
08/01/1979
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Raudhatain, Kuwait

Four people were killed in an explosion and fire at the oil 
gathering center, gas booster station, and power substation. 
The explosion occurred after a leak from a buried oil pipeline 
in the gathering station spread to a power substation, 
sparking the blaze. 

The flash explosion and resulting blaze hit the gathering 
center and adjacent gas booster station. Nineteen people 
were injured in the incident, suffering mainly first- and 
second-degree burns. The fire was extinguished two days 
after the event.

150 298
31/01/2002

Marcus Hook, Pennsylvania, US

The US flag tanker “Edgar M. Queeny” rammed the Greek 
tanker “Corinthos,” while the latter was discharging 400,000 
bbl of crude oil at a refinery jetty at Marcus Hook on the 
Delaware River. A huge initial explosion, and subsequent 
explosions and fires, occurred on the Greek ship as a result.

Twenty-five crew members were killed on board the vessel, 
in addition to a crewman from the flag tanker. The Corinthos 
sank shortly afterwards and was later removed for scrapping.50 284

31/01/1975  

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #71

#73

TERMINALS AND DISTRIBUTION  
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Hemel Hempstead, Hertfordshire, UK

A gasoline storage tank at this fuel terminal was being filled 
from a pipeline. The safety systems and barriers in place to 
prevent the tank from overfilling failed and gasoline spilled 
from the vents on the tank roof. A low-lying cloud of heavy, 
flammable vapour formed before subsequently igniting. 

The resulting explosion caused further knock-on explosions 
and fires across the terminal and took several days to  
be fully extinguished. Over 40 people were injured 
and the significant damage to surrounding properties  
and businesses resulted in approximately 2,000 people  
being displaced.

164 278
11/12/2005

Abqaiq, Saudi Arabia

A 30-inch diameter crude oil pipeline failed and destroyed 
three spheroids, pumping units, and other equipment.

Ignition was caused by motor vehicles.55 273
11/05/1977

Fairbanks, Alaska, US

A pipeline pump started whilst the strainer coverplate was 
being removed, and the oil released ignited. 

The fire was mostly confined to the pump house.40 198
08/07/1977

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #74

#98

#75

TERMINALS AND DISTRIBUTION  
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Upstream
The upstream sector accounts for 23% of the 100LL. 
However, it’s important to remember that this report 
only covers property damage, and does not include the 
additional costs of well control, or third-party liability. 
The total third-party liability claims for the Macondo 
loss in the Gulf of Mexico in 2010, are understood to be 
more than 40 times the value of the associated property 
damage loss.
The most recent upstream loss to be included 
in the 100LL occurred in February 2016 
(Jubilee Field, Ghana) and the five subsequent 
years mark the longest period without an 
upstream addition to the 100LL ranking since 
the period 1993 to 2001. However, there have 

been some notable upstream losses over the 
last two years, including the sinking of a jack-
up drilling rig in Malaysia. At time of writing, 
none of these losses are understood to be 
above the property damage value threshold 
to qualify for the 100LL. 

18| Upstream losses 
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Piper Alpha, North Sea, UK

A release and ignition of gas condensate from a section of 
piping in the gas compression module of the platform set 
off a chain of fires and explosions, resulting in the facility’s 
almost total destruction. The condensate was released from 
the site of a pressure-relief valve that had been removed for 
maintenance, when this section of piping was inadvertently 
pressurized. The severity of the accident was due largely 
to the contribution of oil and gas from ruptured pipelines 
connected to the platform, and the disabling of nearly all 
emergency systems as a result of the initial explosion. 

The compression module had been retrofitted to the 
platform adjacent to the control room, and the control room 
was rendered useless by the initial explosion. In addition, 
the firewater pumps had been placed in manual operation 
mode due to divers being in the water before the accident. 
There were 226 people on the platform at the time of the 
accident; only 61 survived. Contributing to the loss of life was 
the location of the quarters directly over the site of the initial 
release and resulting explosion and fire.

850 2384

UPSTREAM

06/07/1988

Baker, Gulf of Mexico, US

Contract personnel were installing a pig trap on an 18-inch-
diameter export gas pipeline on the platform. As a cold cut 
was made into the pipeline, hydrocarbons sprayed from the 
cut and ignited. 

The explosion and fire burned the main structure and caused 
subsequent explosions when six other pipelines ruptured 
due to the intense heat. The accident resulted in the 
platform’s destruction and seven fatalities. The platform 
took two years to replace.

400 1092
19/03/1989

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #01

#04
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Ekofisk, North Sea, Norway

A well-intervention vessel lost power and collided with  
an unmanned platform forming part of this 230,000 bbl/d 
complex. The vessel and platform were badly damaged. 
There was also damage to the platform structure, linking 
access bridge, and well equipment. Some 23,000 bbl/d of  
oil production was reportedly affected. 

The force of the collision caused the bow of the vessel to 
compress by about two meters, with the platform pushed 
partly out of position, loosening several support legs from 
the main load-bearing structure. One of the water injection 
risers on the platform was bent extensively and several 
wellheads were moved, with a catalogue of further damage 
from the collision also identified.

750 1071
04/06/2009

Roncador Field, Campos Basin, Brazil

The world’s largest offshore production facility was rocked by 
a series of explosions caused by a gas release. The explosions 
knocked out a support pillar of the semisubmersible 
platform, allowing seawater to enter the vessel. 

Workers pumped in nitrogen and compressed air and tried 
to pump out almost 3,000 tons of seawater to keep the rig 
afloat, but were unsuccessful. On March 20, the rig sank to 
the sea floor. Eleven workers were killed.

500 1033
15/03/2001

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #05

#06
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Enchova, Campos Basin, Brazil

During the conversion of one of the platform wells from 
oil to gas production, a high pressure gas pocket was 
encountered that forced the drill pipe out of the well. The 
blow-out preventer failed to shut in the well and sparks — 
caused by the drill pipe that was ejected from the well hitting 
one of the platform legs — ignited the escaping gas. 

The fire lasted for 31 days. Most of the topside structure  
was destroyed and the facility was later declared a total  
loss. Redesign of the production module was completed 
in 45 days in an effort to shorten loss of production as  
much as possible. Full production was restored 18 months 
after the loss.

330 925
24/04/1988

Bay of Campeche, Mexico

A complex of six platforms located in 30 meters of water 
in the Gulf of Mexico was subject to a major fire. The fire 
originated on the lower decks of the production platform 
and resulted in major damage to that platform, radiation  
and fire damage to an adjacent compression platform, the 
loss of bridge links and pipelines, and radiation damage to 
other bridge links. 

The root-cause investigation required by the government 
identified corrosion of a small bore pipeline as behind the 
initial failure.640 808

04/01/2015

UPSTREAM

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #08

#15
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Jubilee Field, Ghana

The main turret bearing on a floating production storage and 
offloading vessel seized and subsequently failed, resulting 
in the vessel being unable to weathervane. Production was 
resumed with a revised operating regime employing tugs to 
maintain a constant heading. 

Subsequently, the vessel was converted to employ a 
permanent spread moored configuration, fixing the  
heading of the vessel and installing an associated 
deep-water offloading buoy.

650 803
11/02/2016

Macondo, Gulf of Mexico, US

A deep water semi-submersible drilling rig in Mississippi 
Canyon block 252, approximately 50 miles off the coast of 
Louisiana, suffered a major explosion and fire following a 
well integrity failure. There were 11 fatalities and a further 
17 serious injuries from the crew of 126. The rig sank 
within 36 hours of the initial explosion in a water depth of 
approximately 5,000 ft. The exploration well had reached 
a depth of 18,360ft (total depth), and was undergoing 
cementing works, prior to the well control event, with a  
view to temporarily abandoning the well. 

The drill pipe had buckled within the blowout preventer 
(BOP) which thereby prevented the blind shear ram from 
cutting the drill pipe and sealing the well. Hydrocarbons 
continued to flow through the damaged BOP for 87 days 
before a successful static kill was performed. The incident 
resulted in an unprecedented sub-sea and surface spill 
control response. The well was declared finally killed  
five months after the original event by successful 
interception with a relief well by which point a reported 
 five million barrels of hydrocarbon had been released  
into the environment.

560 782
20/04/2010  

UPSTREAM

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #17

#19



100 largest losses in the hydrocarbon industry70

Mumbai High North Field, India

The fire completely destroyed an oil platform and killed 22 
people. It is believed that a multi-purpose support vessel, 
which was evacuating a worker to a medical center, hit 
the platform’s riser, causing an explosion. The vessel also 
caught fire and sank but two nearby platforms were saved 
when connecting bridges collapsed. The 150 people on 
board managed to transfer to a nearby water injection 

platform, and another 348 people were evacuated from the 
oil platform. However, the rescue operation was hampered 
by bad weather. A cantilever jack-up rig, linked by a bridge to 
the process platform, was also involved in the fire. Though 73 
people were evacuated from the rig, during the evacuation 
an employee died. In addition, six divers in a saturation 
chamber on the vessel were rescued 36 hours later.

370 630
27/07/2005  

Gryphon, North Sea, UK

Heavy storm conditions in the North Sea caused four of 
this floating production storage and offloading’s (FPSO) 10 
anchor chains to break, resulting in the vessel moving off its 
position. It is estimated that the FPSO was subject to 53 knot 
winds and nine-meter waves. Normally a complex piping 
system runs from the wells on the seabed up to the FPSO, 
but this infrastructure was damaged in the incident.

Following the vessel moving off its position all the wells 
were immediately shut in. Subsequent surveys showed 
that no oil had been lost. Seventy-four non-essential crew 
were evacuated to near-by platforms, and 43 essential 
crew remained on-board. Two members of crew received 
minor injuries. The facility was projected to be producing an 
average of 18,400 bbl/d of oil before the loss.

450 601
04/02/2011

UPSTREAM

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #22

#25
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Treasure Saga, North Sea, Norway

A semi-submersible rig had a gas kick at 15,527 feet during 
an attempt to clear the drill pipe of cement previously 
pumped in to control the well, and the well then suffered  
a blow-out. 

The well was stabilized after 11 months by pumping heavy 
mud down a relief well. The well was later sealed.220 601

20/01/1989  

Bourbon Field, Gulf of Mexico, US

Sustained casing head pressure leaked from the production 
casing into the outer casing strings, resulting in the failure of 
one of the casing strings. 

This caused an underground blowout that resulted in 
extensive damage to the platform and a gas plume around 
the platform. The well was killed to stabilize conditions on 
the seabed.

200 582
04/11/1987  

UPSTREAM

Fateh L3, Dubai, UAE

The Fateh Field L-3 development well had reached 4,180ft 
when a “kick” occurred. The kick control effort was 
terminated and the rig abandoned when gas broke around 
the 20-inch shoe and bubbled up under the platform. 

Eight days after the blowout, the gas ignited, and after two 
weeks the rig and platform disappeared beneath the waters.79 448

01/07/1975   

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #26

#28

#35
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Thunder Horse, Gulf of Mexico, US

Hurricane Dennis passed through the area where the 
platform was located, causing it to partially sink. A seawater 
valve in a ballast tank had been wrongly installed, resulting 
in excess water in the tanks. The platform had already been 
evacuated and there was no leakage of oil, fuel, or other 
hazardous substances. 

The loss resulted in the project commencing production 
three years behind schedule. The company retrieved and 
rebuilt all the sea-bed production equipment after a series of 
tests revealed metallurgical failure in components of the field 
sub-sea systems.

250 426
10/07/2005

Montara, Timor Sea, Australia

Oil, condensate, and hydrogen sulphide leaked from a 
wellhead on a platform being serviced by a jack-up rig in the 
Timor Sea; 69 workers on the rig were evacuated. Oil and 
gas started to spill after a plug blocking one of the project’s 
1,200-meter-deep wells came free. The next day, a 12km-long 
and 30-meter-wide spill was reported. Attempts were made 
to plug the well over the next two months. It was estimated 
the well leaked 400 bbl/d of oil and gas. 

On November 1, it was reported that drillers had successfully 
intercepted the well and were beginning to put heavy mud 
into the shaft. However, a fire broke out on the drilling 
platform as it attempted to plug a deeper leak. The fire was 
extinguished two days later. A total of 4,140 tons of oil was 
estimated to have been lost. This incident affected both the 
platform and the drilling rig.

250 357
21/08/2009

UPSTREAM

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #41

#49
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Temsah, Egypt

A fire broke out during drilling operations at an offshore  
gas production platform following a well-control incident.  
The fire on the production platform was initially under 
control but then spread to a nearby jack-up drilling rig, 
owned by a major drilling contractor, which suffered major 
damage and collapsed. All 79 people on board the drilling  
rig were safely evacuated. 

The production platform, with 150 persons onboard, had 
been evacuated before the fire spread. The drilling rig sank 
and was not salvageable. The platform was damaged beyond 
repair and its destruction was ordered by the state.

190 340
10/08/2004   Blowout

Caribbean Sea, Venezuela

A natural gas drilling rig sank in the Caribbean Sea, but all 95 
workers were evacuated safely and there was no reported 
leakage. The sinking was caused by a sudden surge of water 
entering one of the submarine rafts that the platform legs 
floated on. 

Automatic sub-sea safety valves sealed the wells and no 
leakage of oil occurred.235 328

13/05/2010

UPSTREAM

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #55

#57
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Camarupim Field, Brazi

An explosion on a floating production storage and offloading 
(FPSO) vessel off the coast of Brazil resulted in nine fatalities 
and multiple injuries. The accident happened as the vessel 
was anchored in the Atlantic Ocean 120km from the coast 
of Espirito Santos, Brazil. The FPSO is a converted very large 
crude oil tanker, designed to produce up to 10 million cubic 
meters of natural gas. 

It is understood that a condensate leak during a fluid 
transfer operation released a cloud of flammable vapor into 
the engine room, resulting in an explosion in the machinery 
space. Most fatalities were believed to be part of the 
emergency response team. The FPSO took on water, but the 
explosion did not result in a breach of the hull of the vessel

250 316
03/11/2015 Explosion

Auk Field, North Sea, UK

Platform was struck by the vessel “Stad Sea.”55 310
01/08/1975

UPSTREAM

Atlantic Ocean, near Angola

A jack-up sank after the sea bed collapsed under one of the 
three legs. The rig sank while being positioned for drilling 
operations in approximately 40 meters of water. 

One hundred and three workers were on-board the rig 
when it suddenly tilted, causing the rig to take on water 
and capsize. One crew member was missing and six others 
received minor injuries.

235 309
01/07/2013

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #60

#64

#66
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North Sea, Norway

Offshore gas alarms were triggered on the floating 
production unit and, upon investigation, it was established 
that a leak was emanating from one of the production risers.

Upon further investigation, five other risers were found to  
be similarly affected. Remedial work was subsequently 
carried out.185 301

05/11/2006  

Lama, Lake Maracaibo, Venezuela

An apparent failure of a propane intercooler liquid level 
control during unsupervised maintenance led to an 
explosion and fire. 

The control room on the main platform was destroyed and 
adjacent platforms were affected by the blast wave. Eleven 
fatalities resulted from the incident.100 249

25/03/1993  

UPSTREAM

Sea of Japan, Offshore Japan

A semi-submersible barge ran aground near Uslan, Japan, 
during a typhoon.75 225

26/08/1986  

Original property loss 
value (US$ million)

Adjusted property loss 
value 2021 (US$ million) #69

#81

#91
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Further learning: 
Marsh Specialty 
risk engineering 
position papers
Marsh Specialty’s position papers offer 
guidance on a range of topics that have 
been linked to major incidents in the energy 
industry, and are an opportunity to further 
learn from losses. The position papers have 
been written by experienced Marsh Specialty 
risk engineers and incorporate learnings and 
best practices from historic losses across the 
energy industry. 

9
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Remotely operated emergency 
isolation valves (ROEIVs)
ROEIVs are safety-critical equipment. Their primary 
purpose is to provide effective and timely isolation 
of plant items containing hazardous substances in 
the event of the primary containment system failing 
(including leaks from pipework and associated 
fittings, and pump seals).

Many smaller incidents have escalated into major 
losses because personnel were unable to reach and 
close manual block valves safely or quickly enough, 
leading to unconstrained supply of fuel to the fire. 
An example from the 100LL, where a gap in this 
topic contributed to the magnitude of the loss, is 
Longford, Australia, 1998 – US$987 million (#7).

Pre-start-up safety review
A pre-start-up safety review (PSSR) is carried 
out to confirm that all appropriate elements of 
process safety management have been addressed 
satisfactorily, and that the facility is safe to startup. 

This position paper covers the value of the PSSR 
process — when to conduct one, who should be 
involved, the steps in a PSSR, monitoring, and 
checklists. An example from the 100LL where a gap 
in this topic contributed to the loss is Pampa, US, 
1987 – US$627 million (#23).

Process safety performance  
indicators (PSPI)
The development of an effective PSPI system can 
provide a clear view on how well process safety is being 
managed at a site and across the wider organization. 
Common PSPI systems can allow comparisons to 
be made, and can lead to more focused knowledge 
sharing (both proactive and reactive). 

An example from the 100LL where a gap in this topic 
contributed to a loss in Texas City, US, 2005 – US$340 
million (#53). One of the recommendations in the 
Baker Panel investigation report recommendations 
refers to establishing leading and lagging performance 
indicators for process safety.

Fire pre-plans
The potential for major fires in any installation that 
handles large quantities of hydrocarbon products is 
self-evident. There have been numerous damaging 
fires over the years, including tank fires, which involve 
massive product losses, and process unit fires that 
cause major plant damage and process interruption. 

The scope of this position paper includes the 
description and purpose, the ownership and 
development, and the format and content of fire 
pre-plans. It is applicable to any facility handling 
hydrocarbons and toxic materials.

https://info.marsh.com/l/395202/2022-03-29/c5pcvz/395202/1648549653DGfLmi1S/Engineering_Position_Paper_Pre_Start_Up_Safety_Review_03_2016.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcv9/395202/1648549096fdgOPHmW/858174135_Risk_Engineering_Position_Paper__ROEIVS_v4.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcvz/395202/1648549653DGfLmi1S/Engineering_Position_Paper_Pre_Start_Up_Safety_Review_03_2016.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctz/395202/1648549022fb6kZnSb/858174135_Risk_Engineering_Position_Paper_PROCESS_SAFETY_PERFORMANCE_v.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctw/395202/16485489591PzjGbuf/858174135_Risk_Engineering_Position_Paper__FIREBPRE_PLANS_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctz/395202/1648549022fb6kZnSb/858174135_Risk_Engineering_Position_Paper_PROCESS_SAFETY_PERFORMANCE_v.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pctw/395202/16485489591PzjGbuf/858174135_Risk_Engineering_Position_Paper__FIREBPRE_PLANS_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcv9/395202/1648549096fdgOPHmW/858174135_Risk_Engineering_Position_Paper__ROEIVS_v4.pdf
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Atmospheric storage tanks
There have been numerous incidents in the oil, gas, 
and petrochemical sectors involving atmospheric 
storage tanks. Data compiled by a reputable 
operator in the US indicates that the overfilling of 
atmospheric storage tanks occurs once in every 
3,300 filling operations. 

The Buncefield incident in the UK in December 
2005 (#74) resulted in an independent investigation 
commissioned by the Health and Safety 
Commission in the UK. As a result of this, more 
guidance has been provided to designers and 
operators of facilities. The guidance has been 
included within this Marsh Specialty position paper.

Managing the defeat of safety 
instrumented systems (SIS)  
trips and alarms
Safety-instrumented systems (SIS) are used 
extensively in the hydrocarbon processing industry 
to protect against hazardous events. 

A system for managing the defeat of SIS trips and 
alarms should be robust enough to cater for all 
eventualities; details on how to best manage this 
process are covered in this position paper. An 
example from the 100LL where a gap in this topic 
contributed to a loss is Illiopolis, US, 2004 – US$268 
million (#76). The US Chemical Safety and Hazard 
Investigation Board (CSB) final report concluded 
that defeat control contributed to the loss.

Management of change
During the lifetime of an operating process  
plant, many changes will occur. These could be 
changes to the physical hardware of the plant,  
the control systems, the business processes, or 
the plant operators.

Each one of these changes has the potential to 
increase the risks involved in operating the plant, 
for example, through:

• Inadequate identification or evaluation of the 
risks of making the change.

• Inadequate physical design or execution of  
the change.

• Inadequate communication and documentation 
of the change.

It is well-documented that poor control of plant 
changes have contributed significantly to large loss 
events in the energy industry. The need to avoid 
such incidents and maintain good process safety 
management is the reason why all sites operating 
process plant need a robust Management of 
Change (MoC) process as described in this position 
paper. The best known example from the 100LL 
where a gap in this topic contributed to the loss is 
Flixborough, UK, 1974 – US$359 million (#48).

https://info.marsh.com/l/395202/2022-03-29/c5pcth/395202/1648548926c9UneLeD/858174135_Risk_Engineering_Position_Paper_Atmospheric_Storage_Tanks_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcvd/395202/1648549148NypS4tjN/858174135_Risk_Engineering_Position_Paper__SYSTEMALARMS_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcww/395202/16485499879Enq3FYA/Risk_Engineering_Position_Paper_05_Management_of_Change_02_2015.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcvd/395202/1648549148NypS4tjN/858174135_Risk_Engineering_Position_Paper__SYSTEMALARMS_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcww/395202/16485499879Enq3FYA/Risk_Engineering_Position_Paper_05_Management_of_Change_02_2015.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcth/395202/1648548926c9UneLeD/858174135_Risk_Engineering_Position_Paper_Atmospheric_Storage_Tanks_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcth/395202/1648548926c9UneLeD/858174135_Risk_Engineering_Position_Paper_Atmospheric_Storage_Tanks_v3.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcww/395202/16485499879Enq3FYA/Risk_Engineering_Position_Paper_05_Management_of_Change_02_2015.pdf
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Shift handover
A lack of effective information transfer has led  
to serious process safety incidents in the  
energy industry.

This position paper provides guidance on how to 
establish accurate and reliable communication 
of information from one set of shift workers to 
another. An example from the 100LL where a gap 
in this topic contributed to a loss is Piper Alpha, UK, 
1988 – US$2.384 billion (#1).

Process hazard analysis (PHA)
Marsh Specialty’s position paper on PHA looks at 
the steps that can be taken to minimize the risk 
of a serious incident. Many of the PHA techniques 
discussed in this paper are considered to be well 
established within the industry, and standardized 
templates have been developed for organizations. 
An example from the 100LL where a gap in this 
topic contributed to a loss is Texas City, US, 2005 – 
US$340 million (#53).

Management of temporary repairs
Installation of temporary repairs in the energy and 
power industry has been an integral activity that 
has enabled businesses to manage ongoing plant 
operation for decades.

Whether to address a fault, or maintain equipment 
approaching end of life, the safe installation of robust 
temporary repairs is essential to asset integrity for the 
remainder of the turnaround cycle (life cycle), or until 
a permanent repair can be completed. 

This position paper reviews common repair 
techniques and focuses on the management, 
inspection, audit, and life-cycle analysis of a variety 
of temporary repair types.

https://info.marsh.com/l/395202/2022-03-29/c5pcvw/395202/1648549589M5AFFZQL/Engineering_Position_Paper___Shift_Handover.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcw3/395202/16485496924fIY9bSC/engineering_position_paper_process_hazard_analysis.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcwh/395202/16485499207OOrHHlv/Position_Paper_Management_of_temporary_repairs_FINAL__1_.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcvw/395202/1648549589M5AFFZQL/Engineering_Position_Paper___Shift_Handover.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcw3/395202/16485496924fIY9bSC/engineering_position_paper_process_hazard_analysis.pdf
https://info.marsh.com/l/395202/2022-03-29/c5pcwh/395202/16485499207OOrHHlv/Position_Paper_Management_of_temporary_repairs_FINAL__1_.pdf
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