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Overview

• Some history to put everything into context

• Research into Vapour Cloud Explosions

• Major accident hazards, risks and process safety

• Reference to incidents

• Gratuitous use of videos from experiments
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Some History

• The British Gas Corporation was formed from the 

nationalisation of more than 1,000 independent gas 

companies

• Producing Towns Gas from coal

• There was a pressing need to modernise the 

industry
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The Transition to Natural Gas

• The world’s first ocean cargo of LNG was 

delivered from Louisiana to Canvey Island, 

Thames Estuary, UK in 1959

• This was followed by the first commercial LNG 

operations from Algeria to the methane 

terminal at Canvey Island in 1964

• This began the transition from Towns Gas to 

Natural Gas

• Accelerated by the discovery of oil and gas in the 

North Sea in the 1970s
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Integrated Gas Network

• British Gas became an integrated gas company

• Gas storage:

• LNG, salt caverns, offshore fields

• High pressure gas transmission network

• Gas distribution network supplying industrial, commercial 

and domestic end users

• Significant research into the hazards associated with 

operations from the 1970s
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Major Accident Hazards

• Flixborough 1974

• Explosion & fires destroyed the site

• 28 fatalities

• Increased public concern towards major 

hazard sites
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Major Hazard Awareness after Flixborough

• In the 1970s the Thurrock and Canvey Island area on the North Thames estuary hosted a 

considerable number of petrochemical facilities

• Additionally, there were proposals for further expansion
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Public Concern and Response

• The residents expressed their views

• In response, the government commissioned a public 

inquiry into the major hazards

• The UK HSE published two reports*

• Recommended improvements

• Included quantitative risk assessment
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Canvey : An investigation of potential hazards from operations in the 

Canvey Island/Thurrock area. Publ. HMSO 1978.

Canvey : A second report. A review of potential hazards from operations 

in the Canvey Island/Thurrock area three years after the publication of 

the Canvey Report. Publ. HMSO 1981.

*
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British Gas LNG Import Terminal

• However, it did not end at that point

• One conclusion from the public inquiry was 

that the biggest risks were associated with the 

British Gas LNG import terminal

• 1981/82 – a 2nd public inquiry

• Now solely into the British Gas LNG terminal

• Major features can still be seen on recent 

Google Maps picture

• Site boundary

• Nearby residential properties

• Caravan park
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British Gas LNG Import Terminal

• UK HSE produced a report that included a 

Quantified Risk Assessment (QRA) of the 

terminal

• Significant disinformation from protesting 

groups

• ‘LNG tanker contains the same explosive energy 

as a nuclear bomb’
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British Gas LNG Import Terminal

• British Gas responded with its own 

assessment of the risks

• I had joined British Gas R&D in 1978 to work on 

risk assessment in the gas industry

• We developed a QRA of the site – identified 

conservatisms in the HSE assessment

• Drew on the research carried out by British Gas 

R&D

• A key risk driver was the hazard from LNG vapour 

clouds, both fire and the possibility of a vapour 

cloud explosion (like Flixborough)

• Inquiry concluded that the risks were tolerable 

and, with some risk reduction measures, the 

terminal stayed open

11



DNV © 16 DECEMBER 2025

Unanswered Questions and Experimental Research
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But could a Flixborough 

event happen with LNG?

I moved to be team leader 

for experimental research of 

explosions in 1984

Most of the work carried out 

at DNV Spadeadam

• Operational since 1977
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Vapour Cloud Explosions

• Severe explosions following ignition of large vapour clouds (~50 

reported by 1980)

• In the early 1970’s the mechanism for generating these severe 

explosions was not understood
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Port Hudson, Missouri, 1970

Flixborough, UK 1974

Pernis, Netherlands, 1968

Lake Charles, Louisiana, 1967 



DNV © 16 DECEMBER 2025

This explosions research presented 
here is detailed in a recent 
publication*

The paper provides a summary of 
over four decades of experimental 
research 
• Mostly at DNV Spadeadam

* Gold publication – free to download
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Effect of Process Congestion

• A characteristic of many incidents (though not all) was that 

the cloud engulfed congested process areas

• No understanding, no models, so experiments are needed

• Large scale

• Idealised geometries

• 1st experiments at Spadeadam led by Shell Thorton R&D 

(1983, before I joined the team)

• 30-degree sector, 30m radius, 10m height

• Some ignited by high energy vented explosion

• Flame acceleration observed

• Significantly enhanced by vented

explosion
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Proposed Extension of Shell Research

• British Gas R&D had the intention to extend 

the studies carried out by Shell

• It was considered that using a 30 degree 

sector affected the outcome of the experiment

• Proposed to build a 90 degree quadrant at 

the same scale

• But first we needed to show that this would 

represent a full cloud adequately

• Carried out experiments at smaller scale with 

various configurations, including a full cloud

• This is the risk with explosions research –

you just don’t know what will happen!!

16
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• Around the same time, we had experiments in a long pipework 

region (up to 45m)

• Then we added some confinement to the first 9m of the test rig in a 

natural gas experiment

• Plans had to change!!  Built a stronger 45m long rig at Spadeadam 

to replicate the natural gas result and study other fuels
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• Replicated the natural gas 

experiment

• Then carried out experiments 

with cyclohexane and propane

• Deflagration to detonation 

transition (DDT) for both fuels
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Deflagration to Detonation Transition

20 bar shock wave compresses mixture to autoignition temperature

Combustion maintains shock wave – self sustaining and not dependent on pipework congestion
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Vapour Cloud Explosions

20

We now have a better understanding of what 

causes severe vapour cloud explosions

Focussed on explosions in onshore sites
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Piper Alpha Disaster 1988

21

Explosion resulting in escalation & sustained fires

Platform destroyed within 3 hours

167 fatalities



DNV © 16 DECEMBER 2025

Piper Alpha Facility

• Field discovered in January 1973

• Oil production commenced in December 

1976

• Modified to allow gas production in 1978

• No blast wall on central gas compression 

module

• Close to control and communications 

facilities
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Piper Alpha Disaster

• The explosion occurred at about 10pm on 

6th July 1988

• Two permits to work taken out on a 

condensate pump, one involving electrical 

isolation

• Pump brought into operation without 

awareness of 2nd permit for removing a 

pressure safety valve for testing

• Release of ~70kg condensate vapour

23
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Piper Alpha Disaster

• Explosion caused oil fires and loss of 

emergency response control

• Smoke and fire prevented access for 

helicopters

• Lifeboats were outside the 

accommodation and inaccessible

• Smoke was able to enter the 

accommodation module

• About 20 minutes after the explosion, the 

first of two gas pipelines ruptured

24



DNV © 16 DECEMBER 2025

Process Safety

• A key element in the management of offshore 

safety is to design for fire and explosion loads

• Christian Michelsen Institute (now Gexcon) were 

conducting offshore geometry experiments 

before Piper Alpha

• Development of FLACS CFD 

• Needed to understand the potential severity of 

explosion in offshore facilities

• DNV Spadeadam began offshore research

25
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Joint Industry Research

26

Proposal

Recommended a 2nd

phase to carry out full 

scale fire and explosion 

experiments

Phase 1

Collation of knowledge 
related to explosions 
and fires to provide 
interim guidance

Finding

Severity of events is 
scale dependent and 
models not validated at 
full scale

Modelling

Modelling of full scale 
experiments to be 
carried out in advance 
of tests

Following the Piper Alpha disaster the Steel Construction Institute initiated a Joint Industry Project: 

• Blast & Fire Engineering for Topside Structures (BFETS)
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Full Scale Explosion Research

• Full scale rig constructed

• Over 100 experiments carried out

• Played a considerable role in 

validating explosion modelling 

now routinely used in design

• Not just for offshore facilities

27
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Effect of Water Spray

• In 1986, a water spray curtain was located in 

the 45m rig

• Flame speed before the curtain >500ms-1

• Flame speed after the curtain 

~40ms-1, negligible pressure

• Direct relevance to offshore facilities already 

fitted with water deluge systems

28
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General Area Deluge

• Need to understand how water deluge 
mitigates explosions

• Experiments carried out in an explosion 
chamber – vent area and obstacles can be 
altered

• Need to understand pressures generated 
without water deluge first

29
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Effect of Water Deluge

• Demonstrated that 

activation of water deluge 

on gas detection could 

mitigate explosion

• Used by several offshore 

operators

30

No Sprays

Pendant spray

0.00

1.00

2.00

3.00

100.0 200.0 300.0 400.0 500.0 600.0 700.0

Time (ms)

O
v
e

rp
re

s
s

u
re

 (
b

a
r)



DNV © 16 DECEMBER 2025

Process Safety Management 
and Risk Based Decisions

31
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Process Safety and Barriers
• The measures that allow us to manage process safety are often called ‘barriers’

• Monitoring the health of these barriers is a critical activity

32
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Design to Operations

• At the design stage, risks can be quantified with 

well defined performance and system reliability

• But a high proportion of incidents occur because 

operation deviates from the original design intent

• Deviations often have no consequences, we rely 

on monitoring barrier condition

• The original design intent needs to be 

communicated and continually refreshed

• The performance requirement and the reason why 

needs to be stated

• Needs to be incorporated into operational 

procedures and maintenance

33
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Risk in Operations

• Risk management needs to be based on the reality of the 

current operations, not what we think it should be

• Example for caissons that hang beneath offshore platforms

• Provide various functions; disposal, fire & seawater intake and 

carriers for risers etc.

• Generally partly submerged in water

• Guides are essential to prevent fatigue failure due to motion of 

the sea

34

Caisson

Guide
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Caisson Failure

• Failure of firewater caisson

• Hit the sea bed 1.5m from the gas export 

pipeline

• 120bar gas pressure

• Impact on the pipeline would have caused it to 

rupture

• Gas cloud would have engulfed the platform and 

flare

35

Caisson

20” Gas 

Export 
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The Problem

• Another caisson nearby weighing ~15 Tonnes

• Condition of caisson unknown

• Directly above gas export pipeline 

• Pipeline fitted with subsea isolation valve (Check Valve)

• Condition not known, never been tested since production 

started ~20 years earlier

• 58km to next valve

• What actions should we take?

• How do we decide what to do?

36

2nd Caisson

Gas Export 

Pipeline

Failed Caisson
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Risk Quantification

• Risks can be quantified on what we know 

with reasonable upper and lower bounds

• Simple and clear process, easily 

communicated to senior levels

• Conclusion was that the risk to personnel on 

board was potentially at an intolerable level 

(above a 1 in 1000 year chance of fatal 

injury)

• Given the severity and the exceptional 

circumstances, a precautionary approach is 

needed

• Production stopped and pipeline depressurised

37

This case study is given in Guidance on Risk-Related Decision Making, 

Issue 3.1, Offshore Energies UK, 2025
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Recovery Actions

• Temporary restraint designed and installed to allow 

production to re-start

• Inspection of caisson carried out

• Plan for removal of caisson developed

• Total of 78 days lost production before caisson removed

38
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Risk Communication

39
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Quantified Risk and Risk Perception

• Risk quantification can be helpful for companies understand the most effective risk reduction 

measures to deploy

• It can also be helpful in the relationship with regulators

• But it is virtually useless in communications with the public

• Risk perception and risk appreciation are not logical

• Example - conversion of a power station from coal to gas

• Detailed QRA carried out to show the risk to local residents was significantly below once in a million years

• Report openly published by the operator

• Next day a resident was on TV and said ‘It might be once in a million years, but it could happen 

tomorrow’

• This is undeniably true
40
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Research Continues

41
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Buncefield – December 2005

42

Gasoline storage tank overfill

Major vapour cloud explosion

Fires on many storage tanks that burned for days

Widespread pressure damage offsite
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Jaipur – October 2009
1000 Tonnes of gasoline spilled

Major vapour cloud explosion

Cloud area 3 times that of Buncefield

43
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Vapour Cloud Explosions & Detonation

• Research showed that the evidence 

could only be explained if the vapour 

cloud underwent a deflagration to 

detonation transition (DDT)

• Reassessment of previous incidents by 

Shell indicated DDT had likely occurred 

in many major VCEs 

44

Chamberlain, G., Oran, E., Pekalski, A., Detonations in industrial vapour cloud explosions.

Journal of Loss Prevention in the Process Industries, Volume 62, November 2019.
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Damage to Cars – Short Duration Shock Loadings

45

Inside the Cloud

Buncefield

~1bar

~3.4bar

~5.2bar

Outside the Cloud
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But are We Learning or Re-learning?

Industry knowledge – publication that spillage could 

give a vapour cloud (and explode)

• Trevor Kletz, The Chemical Engineer, June 1986 “Such 

incidents are rare but it seems they can occur if enough 

liquid is spilt.  Obviously the formation of the vapour 

cloud is helped if the liquid is discharged at high level 

and spills down the side of the tank….”

46
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Energy Transition – Hydrogen

47
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Hydrogen and DDT

• Hydrogen undergoes DDT 

more easily than most fuels

• Recent experiments 

investigated the potential 

for DDT in various 

geometries and mostly with 

high pressure hydrogen 

releases

48
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Summary

49

Á Experimental studies 

demonstrated how major 

explosions occur

Á Congestion and confinement 

are both important

Á Explosion analysis now 

routinely carried out

Explosion

Research

Á Risk assessment has its role in 

process safety management

Á Aids decision making

Á But we need to be aware of the 

reality of an operational 

environment

Risk and Process 

Safety

ÁWe learned the most about 

explosions when we took risks 

Á But we were only risking the 

test equipment

ÁWe were always in a safe 

location 

The Conundrum
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www.dnv.com

Thank You
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