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Training Agenda

PART 1
• Brief reminder on Consequence Analysis
• Overview on the Accident Damage Analysis Module (ADAM)
• Verification and Validation of ADAM

PART 2
• Case study 1: toxic substance
• Case study 2/3: flammable substance



Trainee profile

• Competent authorities responsible for the evaluation of Safety 
Reports 

• Some knowledge on Industrial Safety and Accident prevention

• Requires specialised knowledge about the object being assessed 
(e.g., chemical process safety)

• Requires understanding of the fundamentals of risk assessment

Use of ADAM



PART 1: Introduction to Consequence 
Analysis
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Scope

• Chemical process plants
• Refineries and oil depots
• Storage units
• Power plants
• Offshore oil and gas facilities
• Transport of hazardous 

substances (road, rail, 
pipelines)



Consequence Analysis

• Studies the Effects of an industrial accident due to the 
development on an unintended loss of containment

• Allows to determine the Damage to: people, environment, assets
• Identify Distances associated with different damage levels
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Rigorous and Systematic

Highly technical process 



Consequence Analysis
ACCIDENT

CONSEQUENCE
ANALYSIS

PHYSICAL 
EFFECTS 

DAMAGEAccident Scenario

LOSS OF 
CONTAINMENT 

(I.E. UNINTENDED 
RELEASE)

TOP EVENT
Toxic Dispersion
Fire
Explosion

Toxic Concentration
Thermal Radiation 
Overpressure

Humans
Environment
Assets 
Domino



Toxics Releases

• Simple Asphyxiants
• Chemical Irritants
• Chemical Asphyxiants
• Cyanide Poisoning

1. Marx J, Hockberger R, Walls R: Rosen’s Emergency Medicine: Concepts and Clinical Practice. Mosby: St. Louis, Mo. 2010.
2. Tintinalli J, Kelen G, Stapczynski J: Tintinalli’s Emergency Medicine: A Comprehensive Study Guide. McGraw-Hill: New York. 2010.
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Vapour Cloud Explosions

• Release of a large amount of flammable vapor (i.e. highly volatile 
pool or rupture of a pressure vessel)

• Presence of Confinement and ignition

IGNITION

EXPLOSION

DISPERSION 



Applications

• Design of new establishments/installations 
• Risk analysis for safety reports related applications
• Estimate of impact distances for LUP and emergency planning 

applications 



Existing Tools for CA (based in integral models)

ADAM



Purpose of ADAM

• This software is specifically intended to assist the EU Competent 
Authorities, who are responsible for the implementation of the 
Seveso Directive in their countries, in quickly assessing the 
potential consequences of an industrial accident. 

• ADAM will be incorporated as a calculus module within the next 
version of the GIS Area Risk Assessment tool and Land Use 
Planning
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Discharge parameters
2D Iso-Effects curves
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Physical Properties of the substances included in the ADAM database, were taken from: 2010 VDI Heat 
Atlas, Editors VDI e. V. @Springer-Verlag Berlin Heidelberg 2010, With permission of Springer  ]



Module 1: Source Terms

State
• Compressed Gas
• Non-boiling Liquid
• Pressurised Gas

From
• Vessel
• Pipe
• Pipeline

Type
• Catastrophic release
• Continuous release 





Module 2: Physical Effects

Dispersion
• Toxic clouds
• Flammable clouds

Fire

• Pool fires
• Jet Fires
• Fireball

Expl.
• VCE





 in-house modified version of the SLAB model (Zeman, 1982 – Ermak, 
1990). 

 Integral method (i.e.  Solution of spatially-averaged conservation 
equations yields the spatially-averaged cloud properties



ADAM-SLAB

• Designed to model time-
dependent releases. 

• Incorporates rainout effects 
and combines the contribution 
to the cloud formation from jet 
vapour release and 
evaporation.

• Corrected and inherent error 
for instantaneous releases by 
performing the right 
calculation on the average 
concentration



Pool and Roof Fires



Jet Fires

• Chamberlain  (vertical fires)
• Johnson (horizontal fires) 
• Cook correction (two phase 

releases)



Flash Fire

Fireball

• In order to identify the flame contour, size and position 
of the flammable cloud has to be determined 
(dispersion modelling). 

• ADAM calculates the iso-contours of the cloud at the 
time in which ignition is supposed to take place, by 
determining the level of cloud concentration equal to 
LFL. 



Vapour Cloud Explosion

ADAM estimates the amount of explosive 
mass using dispersion models together 
with the values of the flammability limits 
of the substance under study



 Quantitative                       
(Probit Approach)

 Qualitative endpoints               
(e.g. Protective Action Criteria)

Vulnerability

PHYSICAL 
EFFECTS 

DAMAGE

e.g. from a radiation level of 12.5 kW/m2 
to the lethality level



 Probability to produce the reference damage 
vs. the level of physical effect

 It depends on the reference damage type
(injury, death, infrastructure damage)

 For toxics is strongly dependent on the 
substance

Quantitative - Probit Approach



Qualitative endpoints

Toxics Fires

Explosions



Verification/Validation of ADAM

 Benchmarking with other 
existing tools

 Comparing the results with 
experimental data

Performance measures as suggested by Chang 
and Hanna (Chang, 2004), which are normally 
applied for the validation of airborne dispersion 
modelling evaluation



Source Term Compressed Gas



Source Term Pressurised Gas

Pipe diameter D = 40mm, Pipe roughness ε = 0.05 mm, 
no losses in pipe, pipe length at rupture L = 2m



Source Term Catastrophic release

Post expansion parameters 
vs absolute storage pressure: 
a) Flash Temperature, 
b) Expansion velocity

Hydrogen



Two-phase flashing: rainout 
ADAM can use different correlations for the estimate of the Sauter

mean diameter (SMD) of the droplet size:

Ambient Temperature: 304K
Ambient Pressure: 90000 Pa
Release Elevation: 1.22 m

Source Term Rainout



Physical Effects Pool Fires

LPG by Welker and Cavin, 1982 LNG by Johnson, 1992 



Physical Effects Jet Fires

Vertical Jet 
by Chamberlain, 1987

Horizontal Jet 
by Johnson, 1994 



Physical Effects Cloud Dispersion



Methane

T = 288K
P = 10 bar 
(overpressure)

45Kg explosive mass, 
mixed in an air cloud 
with 538 m3 volume

Physical Effects Explosion



Porting of the ADAM software into Minerva 
(ADAM prototype implemented)

 Creation of the web portal infrastructure to 
host ADAM and its database

 Creation of libraries containing all calculus 
moduli

EC DG ECHO
ADAM Web





ADAM Documents 

1. Accident Damage Analysis 
Module (ADAM): Technical 
Guidance EUR document, 
2017 (in Press)

2. Evaluation of the Accident 
Damage Analysis Module 
(ADAM) tool, EUR 
document, 2017 (in Press)



Future & on-going Developments

 Completion of the porting to the Minerva Web Platform
 Elaboration of a module on Pipelines
 Elaboration of a module on physical blast of vessels
 Software distribution to the interested stakeholders 


