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About Gexcon

Introduction to Gexcon

• Gexcon is a world-leading company in the field of safety and risk management and 
advanced dispersion, explosion and fire modelling.

• Norwegian Company fully owned by Longship, a PE company

• Extensive research projects, carrying out safety assessments, performing incident 
investigations and performing physical testing. 46 years of experience in explosion, 
dispersion and fire

• 400 man-years of experience, through R&D-projects, software development, FLACS 
based consulting, including accident investigation and laboratory testing

• Steering Groups/JIPs, JOIFF, FABIG, UKELG, NEPIC, NAFEMS

• MoUs e.g. UK Fire Service College
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CONSULTING FIRE & EXPLOSION 
TESTING

SOFTWARE ACADEMY INCIDENT 
INVESTIGATION• Process hazard analysis

• Safety and risk management

• Consequence modelling

• Regulatory compliance

• Reliability and availability

• Structural response

• Expert training

• Gas Explosion

Properties Testing

• Dust Explosion

Properties Testing

• Jet-Fire Testing

• PFP Testing

• Blast Testing

• R&D Testing

• ATEX/ DSEAR/ 

Equipment Testing

• FLACS-CFD

• EFFECTS

• RISKCURVES

• Shell-FRED

• Shell-Shepherd

• Shell-PIPA

• FLACS-CFD Training

• FLACS-EFFECTS & FLACS-

RISKCURVES Training

• Shell FRED & Shell 

Shepherd Training

• Process Safety

Management Course

• Explosion Hazards Course

• Coordinating the 

investigation

• Conducting root cause 

analysis

• Providing recommendations

• Implementing strategies to 

prevent further incidents 

occurring

• Acting as expert witnesses 

in on-going investigations

About Gexcon
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Modelling techniques

• Its not straightforward to predict both local effects and 
far field blast effects

• Modelling approaches may entail various levels of 
sophistication:

TNT-equivalency methods

TNO multi-energy

Experiments

Integral models based on empirical correlations

Computational Fluid Dynamics 

• Reliable methods should account for effects of 
obstructions on turbulent flame propagation

• Only numerical methods such as CFD resolve local 
pressure effects
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Solid scientific background
and validation

Transparent modelling of
over 70 different scenarios

Easy to use, yet full control
for expert use

Extensive results in maps, 
tables, graphs and reports

EFFECTS
Advanced, Easy-to-Use Consequence Analysis Tool
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Shell FRED can be used for:
• Preparation and update of safety cases
• Justification for new design and 

operation
• Facility layout and equipment 

optimization
• Pre-incident and emergency response 

planning studies
• Domino effects/ escalation 

management studies
• Accident investigation
• Quantitative Risk Analysis (QRA) – with 

result directly integrated into Shell’s 
QRA tool, Shepherd

Shell FRED
Fire, Release, Explosion and Dispersion Consequence Analysis Tool
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Calculates individual-, societal-
and consequence risks

Open and complete: uses both built-
in and external consequence results

Extensive reporting, including
societal risk maps

Easy to use, yet full control
for expert use

RISKCURVES
Comprehensive Quantitative Risk Analysis Tool
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What is CFD?
Introduction to Computational Fluid Dynamics

• Computational fluid dynamics (CFD) is a branch of fluid 
mechanics that solves fluid flow problems by using 
numerical methods and algorithms:

Commercial use began in the 1980’s

Currently used in many industries with fluid flow and heat 
transfer applications 

• The solution to a given problem depends on the 
particular initial and boundary conditions – Geometry 
matters!
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Why Use CFD?

• For consequence modelling scenario and geometry are massively 
important:

• Dispersion modelling: 

• Buildings, vegetation or topography will change the way gases flow, 
disperse, mix.

• Explosion modelling

• Geometry of plant  & equipment change the level of Congestion & 
confinement which are fundamental to explosion development.

• Simpler alternatives to CFD generally ignore geometry
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Effects of Geometry

• Gas jet with no obstructions vs Gas jet with obstructions
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Effect of congestion



Gexcon.com

FLACS-CFD

Available modules
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FLACS-CFD
Easy to setup and run scenarios



Gexcon.com

FLACS-Dispersion
LNG dispersion in a city
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FLACS-Explosion
Gas Explosion in a Facility
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FLACS-Hydrogen
Hydrogen dispersion in a filling station
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FLACS-Fire
Jet Fire in a Facility
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Case Studies
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Toxic Release of Ammonia
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Introduction

Ammonia often used as a refrigerant:

• Ammonia-based system can cost 10-20% less to build 
then other systems

• Ammonia is 3-10% more efficient than other systems 

• Environmentally safe (Global Warming Potential of 0)

• Less expensive than other refrigerants

Releases may be due to:

• on-site accidents

• transport of hazardous chemicals as in tanker truck or 
railroad spills
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Challenges

• Transport and dispersion in urban environments is extremely 
complicated. 

• Buildings alter the flow fields
• causing updrafts and downdrafts,

• channelling between buildings, 

• areas of calm winds adjacent to strong winds

• horizontally and vertically rotating-eddies between buildings

• The distance over which releases can be harmful varies from tens of 
meters to many kilometres
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Case Study – Simple vs CFD
Ammonia release in urban environment

• 10,000 gallon tanker truck accident

• Large breach – contents released in 60 s
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Case Study – Simple vs CFD
Ammonia release in urban environment

• Results depend on 

• wind speed
(and atmospheric stability)

• Source characteristics
(pool only in this case)

• Max distance to 5,000 ppm: 

• 320 m for 2/F conditions

• 90 m for 5/D conditions
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Case Study – Simple vs CFD
Ammonia release in urban environment

2 m/s Wind (8 directions) 5 m/s Wind (8 directions)

Analytical model prediction is not conservative in 
this case
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ATM Gas Attack



Knowledge makes the world a safer place 26Gexcon.com

The criminal thinks of a new, potentially deadly approach
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Modelling the Explosion
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Conclusions

• Detailed consequence modelling 
performed to understand the behaviour
of protection device during an explosion

• Modelling shows the device is likely to 
survive a gas attack

• Experimental physical tests were also 
considered to qualify and demonstrate 
the resilience of the in in the real world to 
support the initial modelling evaluation.
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Modelling gas build-up in 
high rise buildings
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Energy Centres & Multi-occupancy buildings
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The challenge:

• IGEM/G/5 Edition 2 ‘Gas in multi-occupancy buildings’

• How to assess that a deviation is considered to be ‘acceptable’….

By means of Detailed Consequence Analysis, which will help assessing the impact of ventilation, dispersion and gas
detection on the risks.

And allow improvements to the barriers

Section 8.1.1 Non-domestic plant and equipment should not be installed in a domestic location where the nature of 
the installation imposes a risk to the domestic dwellings and their occupants
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Ventilation
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Dispersion, gas detection and explosion
Modelling different release conditions
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Conclusions

• Buildup of flammable gas in a typical high-rise building energy centre can have severe consequences

• CFD modelling shows very difficult to mitigate against the consequences (via for example explosion relief)

• Thus barriers preventing scenario are critical

• Maintenance and inspection is of critical importance in preventing the degradation of the facility over time. It is
essential that the facility operator has rigorous inspection and maintenance procedures, and that these are
followed.
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Hydrogen Refuelling
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Introduction

• CFD is a valuable tool to 
evaluate the risk connected 
with the use of hydrogen as 
an energy carrier. 
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Scenario

Process units and scenarios

Pressur
e

[barg]

Max leak 
diameter 

[mm]

Release 
rate

[kg s-1]
Container with compressor unit 207 19.00 3.55
High pressure storage tanks 1 034 7.16 2.00
Tube trailer 207 12.60 1.59
Dispenser 700 7.16 1.50

Process units and scenarios Releases 
[1/yr-]

Jet fires
[1/yr]

Explosion
[1/yr]

Container with compressor unit 2.3E-03 5.1E-05 2.6E-05
High pressure storage tanks 1.1E-03 2.5E-05 1.3E-05
Tube trailer 2.2E-03 5.2E-05 2.6E-05
Dispenser 7.1E-04 3.8E-05 1.9E-05

Summary of event frequencies for the risk analysis

Summary of isolatable inventory properties
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Risk
Heat radiation contours with frequency exceeding 10-6 yr-1. Frequency contours, from 10-06 to 10-04 yr-1, for 5 kW m-2 radiation 

load.

Explosion overpressure contours (up to 300 mbar) for frequency 
exceeding 10-6 yr-1.

Fire radiation location based lethality frequencies, from 
10-06 to 10-04 yr-1.
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FLACS-CFD Product Manager

“Gexcon Makes The World A Safer Place

Chris Coffey


