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Training Agenda

ADAM
(Accident Damage Analysis

PART 1

PART 2

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

Case study 1: toxic substance
Case study 2/3: flammable substance
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Trainee profile

«  Competent authorities responsible for the evaluation of Safety
Reports
«  Some knowledge on Industrial Safety and Accident prevention

Use of ADAM

* Requires specialised knowledge about the object being assessed
(e.g., chemical process safety)
* Requires understanding of the fundamentals of risk assessment




European
Commission
e

PART 1: Introduction to Consequence
Analysis
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What may be wrong? Risk Analysis

HAZARD IDENTIFICATION
e ey 1
! 1 . .
I : How frequent is it?
! How dangerous is it? ! _m—
I - ACCIDENT |
FREQUENCY
1 CONSEQUENCE I AN?&I]_J‘Y;S
1 ANALYSIS 1
! |
e e e e e e e e e e e e e e = = J
RISK CALCULATION &
REPRESENTATION
RISK EMERGENCY
MANAGEMENT & LUP PLANNING

DECISION-MAKING
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Scope

* Chemical process plants

* Refineries and oil depots

e Storage units

 Power plants

« Offshore oil and gas facilities

« Transport of hazardous
substances (road, rail,
pipelines)
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ACCIDENT

CONSEQUENCE

Consequence Analysis 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

Rigorous and Systematic

Highly technical process
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ACCIDENT

CONSEQUENCE

Consequence Analysis ANALYSIS

—

CONTAINMENT
(LE. UNINTENDED

RELEASE) @ Toxic Dispersion
TOP EVENT Fire
Explosion

Toxic Concentration
Thermal Radiation
Overpressure

EFFECTS

. . OO Humans
Accident Scenario DAMAGE Environment

Assets
Domino
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Toxics Releases —

« Simple Asphyxiants
« Chemical Irritants

« Chemical Asphyxiants
« Cyanide Poisoning

T '
‘. ' -.-. -—}:&.\I -.,‘
ON GROUNDl

Pool formation
and evaporation

| WIND
MORE DENSE ATHMOSPHERE

THAN AIR

SOLUBLE INSOLUBLE
FLUID FLUID
i

Liquid/liquid Pool formation
dispersion

LESS DENSE
THAN AIR

Dispersion for Dispersion for
Turbulence (Buoyant) gravity

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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TORONTO BLEVE (2008)
Sunrise Propane acc.

Joint
Research
Centre



European
Commission
L

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

Type VBR Geometry Description
Easy to walk through, there are
<10% —_—y only 1-2 layers of obstacles
Low e o
e o |
Cumbersome to walk through.
Medi lfggveeg Often necessary to take indirect
earum o an 0%0%, paths, 2-3- layers of obstacles
40%; o o ||
Not possible to walk through, as
Hiah > 40% 04909 ® there is insufficient space to pass
g .... 0.0 between obstacles. 3 or more
closely spaced obstacles

Table 15: Level of Congestion vs the volume blockage ratio (VBR)
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Applications

« Design of new establishments/installations
* Risk analysis for safety reports related applications

« Estimate of impact distances for LUP and emergency planning
applications

Example of developments

1| Industrial establishments, parking areas

2 | Residental areas

Sensitivity level

3 | Vulnerable population (elderly, children)

Highly vulnerable facilites (stadium,
hospital)

Research
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Existing Tools for CA (based in integral models)

== = samadly
EFFECTS

TNO ADAM
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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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ADAM in short

INPUT DATA !

Subst 300 a3 1160 1890 2620 3350 4080
Operi 1275 - .
Failur .,

765 -

1 510 -

5540

ACCIDENT
CONSEQUENCE
ANALYSIS

As

-300 430 1160 1890 2620 3350 4080

-300 430 1160 1890 2620 3350 4080
Datapase on
Substances
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Ambient pressure

1.01325 bar >
Measuring height for wind
10. m >
Site latitude
31 | 56 °[3847 "IN ~

Site longitude
|34 | 44 -]09.97 -|£ ;]

Add period

Delete period

Meteo 1 | Meteo 2 |

Meteo period name
Meteo period description
Ambient temperature
Humidity

Ground temperature

Wind speed

Meteo 1

Meteo 1 (class D - wind speed 4.4)

293. K>

70. %

293, K> LI

44 m/s Environment

Assumptions

Dispersion input
Instantaneous release
Continous release

Droplets distribution

Terrainl Source term Rainout |Evaporation| Time segmentl Times | Fire | Explosionl Outputl

Geometric spread I 14

IRecombined j
IPurpIe book j
| Calculated |
ILognormaI EI

aRR

bRR

Restore data I
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File Edit PROBIT Experimental data input

ol |X| ©&|®| <

Name g
Critical density | 577. Kg/m3 Fenomenology

: Explosion
Solution Critical temperature | 41696 K> ) . r
Fire r

CAS number I 7782-50-5 Critical pressure I 79.91 bar > Toxic dispersion -

m|

Mixture

=

Molecular weight 7091 Heat of comb. KJ/K: 5 e ——
o | | ; e R -
Boiling peint I 23916 K> Burning rate I kg/m2s Lower Flammable Limit I | [utify
/| subst Chiori
Melingpoint | 17216 K>  Oxygen-fuel (stoic) | Upper Flammable Limit | v | R
) l_/' Probit coefficients
ST I 0087 Hydrocarbon r Reactivity level 10M 2004 | TNO1999 | Franks Harper Bilo 1996 [[EINERCA van Heemst 1990 | Purdy et 2l 1988 | Zwart Woute ¢ [ » |
|
[oens sioma| ent | pvap | cp | cpv | wiscv| wiscL| conpL| conpy| I e i (5
1750 ‘ Description | TNO Green Book Table 5.3 (1992); TNO Effects Version 4.0 (2000) :
17314 Measuringunit  [mg/m3; min  ~ 1st Probit Coefficient (a) 143 = fl
New Probit
1712 2nd Probit coefficient (b) | 1 Delete Probit
T 16931 3rd Probit Coefficient (n) | 23 Graph
E 1674 - f
> Damage thresholds
T 163+ tcso [T custom|
S s
= Name [PAc Selected [
5 1617
= Description | AEGL-1, AEGL-2, AEGL-3
1598 -
Measuring unit ppm ¥ PAC-3 I—N
1579 -
PaC-2 | 2
1560 pact [ 05
170
Temperature (K) ‘
| Cancel [ oK I
f———a — — )]

mﬁl-.i_ __L—__.—ﬁjéé

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 ]
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Module 1
Source Terms

e e
Pool evaporation

l . Measures
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CONSEQUENCES

 Compressed Gas
e Non-boiling Liquid
 Pressurised Gas

- Vessel
e Pipe
e Pipeline

» Catastrophic release
e Continuous release
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FILE EDIT SUBSTANCES PROBIT WEAT

&lE'E’ E’ M Iy Rupture/hole fr

4 RS cat

RS ” cat Top venting

I Top identifier
I Rupture type
S

S Hole diameter

Accic ' Discharge coeff

=-(] WRKSP June 2017 Ispra
E (] LPG storage
| L. sphere
EQ Chlerine Water Factory

B cince!

&0 Ammenia Group

Tank roof Gasoline
M Gasoline Big Tank
&1 Catastrophic

----- CAT Hydrogen
----- [ CAT ethylene
..[l§ CAT Propane
-.[l§ CAT Chlorine
..[l§ CAT Ammonia
B-_1 Continous

[l R1CNG sphere
[ Rl Ethylene

----- M Rl Hydrogen

..... M R2 Methane

..... R3&R4 Benzene
..... M R3&R4 Ammonia
[l R3 Acrylonitrile
-.fl§ RS chlerine

-l RS propane

..... M R6 chlorine

Flow regime

b

Release time

\

Top identifier

Rupture type

cat

Catastrophic rupture

TWO-PHASE




CONSEQUENCES

I . Measures

Dispersion

e Toxic clouds
 Flammable clouds

« Pool fires
- Jet Fires
- Fireball



—_—

Consequence assessment (dispersion) [ Substance: Chlorine - Case: Cylinder - Meteo conditions: Meteo 01 ] . ; . -

Phenomenology |Horizonta| Jet LI - " ol e . . 2450 2840
Target height lb— m css
Release values |Peak values ;I -
Concentration type IMedium LI =
Concentration average time 'T sec >
~ Thresholds computation
Type of representation IContours j
Compute type |Effect j
Use probit coefficients v

Exposure time I 600. sec > 515

Use substance thresholds B

-686
Effect unit m v
[ | |-
1535.87 —_— 0 490 980 1470 1960 2450 2040
71144 ppm
329,55 —_— 0 4%0 980 1470 1960 2450 2940
1000000
152.65
70.71
100000
Compute
~ Results —

Isovalue Maxdist. Area(m2)

Release data 1535.87 8694 137252 1000
Evaporation data 711.44 1325 285337
Consequence data 329.55 2018 580191

100
152,65 3093 1178507
70.71 4803 2436602
10
C/line at target height v
GEO export I max C/line at variable height [~ 1
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Flash Zone Entrainment zone

VapourJet
and droplets

Rain-out

Vessel

evaporation

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

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

Joint
Research
Centre
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ADAM-SLAB e e

6210

7140

Designed to model time- .
dependent releases. mﬁk
Incorporates rainout effects -

and combines the contribution =
to the cloud formation from jet ..”

B

6210

7140

1000 (s}

vapour release and
evaporation.
Corrected and inherent error

for instantaneous releases by
performing the right
calculation on the average
concentration

Joint
Research
Centre
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Pool and Roof Fires

CODE MODEL DESCRIPTION REF

1 MODIFIED TNO Originates from the TNO procedure but with Engelhard, 2005
diverse correlations describingthe flame Pritchard, 1992

2 SHOKRI and BEYLER .Based on Heskestad's correlation for the flame Shokri, 1989

length. There is no flame tilt and drag. It does

not account of atmosphere transmissivity.

3 MUDAN Based on Thomas' correlation for the flame Mudan, 1988
length and AGA correlation for flame tilt.

Table 6: Poof fires. Empirical methods implemented in ADAM.

_ H cos(f;) cos(ﬁj)
JJ 4,

- dA;
md* :
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Jet Fires

P,=Py+d fp+7(d)[Sjcose + §3sing]

« Chamberlain (vertical fires)

» Johnson (horizontal fires)

» Cook correction (two phase
releases)

:'(d)[fi'coérp + 53 sing]
orifice

X

Figure 10: Frustum:main vectors

[~ cos(B;) cos(B;)
Fr:ew - [L Td?2 : dA:

. ‘
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Research
Centre




Module 2

Physical Effects J
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Toxic dispersions
Fires

Flash Fire

* 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.
Fireball
D max C‘. M
by =G, M
n-BUTANE PROPANE n-PENTANE HYDR.CARB.
(other)
C1 5.72 5.88 V7 5.8
C2 0.303 1/3 0.314 1/3
Cz 0.45 1.09 1.07 0.45
Cs 1/3 0.167 0.181 i i
Ref. Lihou and Willamson and Hasegawa and Roberts(1982)

Maund (1982) Mann (1981) Sato (1977)
Table 9: Coefficients used in eq. 183 and 184 and related references.




Module 2
Physical Effects

Toxic dispersions
Fires

European
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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

My = | ] [ c(r.t,) dv

CODE | MODEL DESCRIPTION REF

11 Equiva]ent TNT It assumes that all VCE are detonations and | Lees, 2005

is based on a scaled curve where the

explosive flammable equates an equivalent

mass of TNT (i.e. tri-nitrotoluene).

2 TNO MultiEnergy Based on 10 scaled curves for different | Van den Berg 1985

strengths of explosion blast that depend on | Mercx,2005

the layout where VCE takes place.

3 Backer-Strehlow- Based on a continuum of numerically | Baker, 1996-Baker, 1996 -
determined scaled curves obtained for | Tang 1999 - Tang 2000

Tang (BTS)

different flame propagation speeds. | Pierorazio 2005
Default Method in ADAM

Table 10: VCE models used in ADAM
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Vulnerability
" PHYSICAL
EFFECTS
l - Quantitative
(Probit Approach)
DAMAGE 2 Qualitative endpoints

(e.g. Protective Action Criteria)

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

Joint
Research
Centre



Module 3
Vulnerability

Probit Functions

4
A

Quantitative - Probit Approach

- 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 Vuln Probit functions - Ammonia
s /i) :
o Ay
05 /y VAl
0 / A 11
y 4| MW ANNT
a5 [ 4 /1Y
02 1/ /
/i /
0.1 / Effect
0.0 mg/m*

1e+02 1e+03 1e+04 1e+05
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Vulnerability
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Qualitative endpoints

Toxics Fires

- - Radiation Observed effect
Protective Action . .
L. intensity
Criteria

(kw/m2 )

37.5 Damage to process equipment
PAC-1, -2, and ). Eachsucesaive 125 Minimum energyforigniing wood
associated with an increasingly severe iyt i HNSBIEEO FEact
effect —

1.6 No discomfort forlong

Explosions

Peak Observed effect
Overpressure
(bar)

0.35 Eardrum rupture
0.30 Structural failure
0.07 Seriousinjury
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Verification/Validation of ADAM

- Benchmarking with other
existing tools
1 Comparing the results with

experimental data

Table 1: Performance measures.

Performance Formula Description
measure
1 Bi - The Fractional Bias (FB) is a measure of mean bias
F;;‘):tmnal Bias = % and indicates sy:mgah):emts.whidl allows
05 (Co+Cp) ingwhetherthe model underesti

overestimates the measured values. FBis basedon
alinearscale and the systematic bias refers to the
arithmetic difference between Cp and Co.

Geometrical The Geometrical mean Bias (MG) is also a measure

mean Bias (MG)

Normalised
Mean Square
Error (MNSE)

Geometric
Variance (VG)

MG = exp(In(C,) - In(C,.))

2
NMSE = Co=G) -'C")
(] i
Ve

= exp[(n(Cp) - (G

of mean bias andindicates systematic emors, but
differently fromFBthatis basedon a linear scaleis
basedon a logarithmicscale. Its useis nomally
preferredin dispersion related applications because
of the wide range of magnitudesinvolved.

The normalized mean square error (NMSE) is a
measure of the overall scatter aboutthe truevalue
and accounts of unpredictable fluctuations. It
reflects both systematicand unsystematic (random)
errors

The Geometrical Vaniance (VG) is, analogously to
the NMSE, a measure of the overallscatter about
the truevalue.Itis based ona logarithmic scale
and its use is normally preferredin dispersion
related applications because of thewide range of
magnitudesinvolved.

Correlation (Com ?‘)(C = ?‘) The correlation coefficent (R) reflects the linear
Coefficient (R) e e AT relationshipb twovariables. It is insensitive
¢, ¢, to either an additive or a multiplicative factor. A
. gerfec:correlaﬁon coefficient is only a necessary,
ut not sufficient condition for accuracy.
Fraction of FAC2 = fraction of datathat  The fraction of predictions within a factor of two of
Predictions satisfies observations (FAC2) is the most robust measure,
Sk becauseitis not overly influenced by high andlow
h fi - C i
within a factor- 05< P <2 outlier.
of-two (FAC2) 2= C_o &

Predicted SMD {um)

1600

.
o
! ¢ B
- | i
L)
o]
e I
1 q!"i: s
AL AP San
T I
L)z e - ——
1 114
(| e ¥
‘ ﬁl,f AT
400 600 800 1000 1200 1400
Measured SMD (um)

@ ADAM water

O Witlox water

W ADAM cydchexane
0 Witlox cyclohexane
A ADAM gasoline

A Witlox gasoline

* ADAM n-Butane
© Witlox n_Butane
~#—ADAM propane

X Witlox propane

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

1000

o

4 100
2.00
—+—PHAST 654 ® PHAST6.54
1 10 l

—ADAM
~4—EFFECTS 5.5 —ADAM
1.50

- ~—ADAM ideal gases E 1 )
‘-u-'-. @ T T 1
y E 50 100 150 200 250
:
E 0.1
5 1.00 [
0.01 1
0.50
0.001
hole diameter (mm)
0.00 T T T 1
25 -
0 5 10 15 20 25
release time (s) * PHASTES4 /
2
=——ADAM
Input Parameter Value
Substance Ethylene z
F]
Storage temperature -25 °F *ﬁ'
Storage overpressure 250 psi § !
Vessel Volume 0.5m?
Hole Diameter 25 mm 05
Discharge coefficient Automatic (0.865 in EFFECTs)
) T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Joint overpressure (bar)
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Source Term

Pressurised Gas
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14
—ADAM (no inlet losses)
B PHAST (6.54) 50.00 2
12 - m ADAM
~ Kukkonen
- 40.00 4 EFFECTS A
m PHAST ]
»
» 8 _.30.00 . u
g E;
E propan = A
= 20.00 f‘
4
/ 10.00
]
2 [
[ ]
"Ey’d:;éen fluoride 0.00
0 ; ; ; , Ly 0.00 10.00 20.00 30.00 40.00 50.00
-40 -30 -20 -10 0 10 20 30 40 flow (TRAUMA) (kg/s)
Storage Temperature (C)
case Substance Vessel Pipe structure
Storage T (C) Storage P (bar) L(m) D(mm)
Pipe diameter D = 40mm, Pipe roughness € = 0.05 mm, = e o e e .
i i i - 2 Ammonia 15 7.27 3.32 100
no losses in pipe, pipe length at rupture L = 2m 4 AT 1 i a2 e
4 Sulphur Dioxide 15 2.76 2.50 100
5 Propane 15 7.26 1.72 70
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Source Term = Catastrophic release

European
Commission
350
B PHAST 6.54
A ——ADAM
o Hydrogen
*E 200
g 150 )
= Post expansion parameters
£ 1 = vs absolute storage pressure:
50 a) Flash Temperature,
0 b) Expansion velocity
0 10 20 30 40 50
a) Storage Pressure (bara)
2,000.00
A:800.00 m PHAST 6.54
= ADAM
= 1,600.00 Input Parameter
£ 1,400.00
= Substance Hydrogen
= 1,200.00
g 1,000.00 Storage temperature 288.15
S 800,00 Storage absolute pressure 1.5-50 bara
§ 600.00 Vessel Volume 1m?
S 20000
200.00
0.00 ! :
0 10 20 30 40 50

b) Storage Pressure (bara)
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Two-phase flashing: rainout

ADAM can use different correlations for the estimate of the Sauter
mean diameter (SMD) of the droplet size:

800 1 — ——
1t e ’yj.—"——’f’—n’
w0 HH HH = 7
I i 08 7
1400 o
- - §D_7 1/
- o 3 I/
= 20 111 1 I P W I N | e ADAM water £ !
£ I P A i N I GU.G # ammoniaexp. [CCPS}]
2 E 7 T N I I O O Witlex water o ff
gm || .0 T, 0D Y D 1B A0 cycicham § a5 f, e ammonia (ADAM)
- 7 D O T A o Cowan t [
g (I N A N A A A A A A ADAM gascline © 04 I - - -
g = - T 2 T A A A A Witlox gasoline w I — = ammonia (ADAM with Stoke's
§ A ;'.:*ﬂ'::.: A + ADAM n-Buane ® o3 ! L,
& o .__. ﬂ.' o wWiter n_tumne s q
I ™ o A A A A A ~$t=ADAM propane 02 4
a ) N O O O A I X Witlox propane i
G AT x e 01
A . g
200 <+ . g A4 o
0 500 1000 1500 2000
. ! SMD (um)
¢ - . i M“:‘on dSMmI;um) o e i =0 Ambient Temperature: 304K
Ambient Pressure: 90000 Pa
Release Elevation: 1.22 m

Joint
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Heat flux (kW/m?2) - Calculated

b
6‘ °
A o A
1 & -
» o 4" 4
. .
a4
: .OA
7-/-1 ,"
~ 'S
,l: AA
e
A
1 2 3 4 5 6 7

Heat flux (kW/m2) - TESTS

LNG by Johnson, 1992

Pool Fires
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50
45
A
40
o y
A
1]
E 35
3 A
]
4 ADAM L.’ 30 “ T
¢ Johnshon 1994 ‘,E ’s . A ADAM
ideal > I WAL .
E ia ““ A ideal
- -20% <20 A - 25%
% A
o 3 A &5 A -
20% = A Aaaaa 25%
E 15 —‘A—Aﬂ—‘—i—ﬁ s A
T A A"*‘“
A
10 - i‘ a—
AR A
A % A A
. 4ad
5 Tl
0 T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Heat flux (kW/m2) - TESTS

LPG by Welker and Cavin,
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Research
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Physical Effects
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25 1 : 10 -
.,A .
o 3 £

T 20 [7]
2 ° ® A =
o ) 37 Fr 7
E p 5 . o
{? 15 ’ - _a_ S ‘ A ADAM
= : e A ADAM E s o — g e Chamberlain 87
£ T 7 o omst F AV, 2 -
510 : . - ] ideal % .:A | ‘ . B
x A Sa0% w3 E L —
I~ Y a Wi ] _ole
® 4 . % T2 ALK
2 4‘ ) i

5 ‘ " A ~ i A A

At
1 . 0 T
“ 0 2 4 6 8 10
0 - - 1 ' , Heat flux (kW/m2) - TESTS
0 5 10 15 20 25
Heat flux (kW/m2) - TESTS
Horizontal Jet Vertical Jet

by Johnson, 1994 by Chamberlain, 1987
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Physical Effects o Cloud Dispersion
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Field campaign substance Release type Reference
Burro LNG Evaporating Pool Koopman, 15982a
1982b
Coyote LNG Evaporating Pool Goldviire, 1982
Desert Tortoise Ammonia Horiz. jet (2phases) Goldwire, 1985
Goldfish Hydrogen Fluoride Horiz. jet (2phases) Blewitt, 1587
Fladis Ammonia Horiz./Vert. jet (2phases) Nielsen, 1554
Thormey Island Freon12+N2 Instantaneous release McQuaid, 1985
10000
10
o
1000 | > ¢ BURRO
3 e COYOTE
9( m FLADS
.é "Maximum® VG
& ® FLADIS
= ——ideal
o
(@]
100 s
. ="
1
‘..0 01 1 10
overprediction MG underprediction
10 ,
10 100 1000 10000

o m



Physical Effects Explosion
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100

Methane
m—— Multienergy (10 blast)
| = TNT T = 288K
i = Baker P =10 bar
| ~— TNT PHAST
. (overpressure)

-=— Backer Phast

-8— MultiEnergy PHAST _
| 45Kg explosive mass,

. mixed in an air cloud
12¢ with 538 m3 volume

01

an;sgn (bar)
X

01

001~
Distance (m)



r ==
. - - -

S - - g
[ EUROPA - ADAM Project - x ! [ EUROPA - ADAM Project - X Tﬂ EUROPA - ADAM Source = X \m EUROPA - ADAM Source = X

-

© o] o[ 6 ]

C | [} s-jrciprmahb01d:82/en/Adam/Project/SourceTerms/0cda039b-ac76-4d79-9f09-350738664b80/c4c60fc7-e527-4c51-995¢-6808a Ty
i App ¥ Bookmarks [ SYSPER Login

TEST
LastUp
2015.0!

' Curry verde (Thailan... [ IT Applications [} ilCorSaRoNeRo.info ... n Space: Connected@... [ ") gMapToGPX

About this site | Legal notice | Cookies| Contacts| Search | English (en) hd

¥
* *
* *
* -

gk

EUROPEAN COMMISSION

European
Commission

mission > MINERVA Portal Logged in MINERVA Administrator - My Profile - Logout

Resources

Projects

Source term R1 ETHYLENE

FLX MOUT PH TEMP VouTt VFLASH

w
w

40

30

Kg/s

20

w

40 60 80 100 140

Latest update: 12/02/2015 | Top | About this site | Legal notice | Cookies | Contacts | Search

() Altri Preferiti

) — s Sy
ADAM Source X
————— —
D Sosce Conracted PMap TG0 (™) An Prefern
e -~ . P - o T v

1 thylene -
290 SNUration
20 Sauration
Vessel rupture v

VAPOUR

Meteo 1 (D - 4.4) v




EUROPEAN COMMISSION

B ogman
Corrmssion

Welcome Andrea LUZARDI Privale Arca - Logout

Generics Thresholds computation

Phenomenology wonzonthal Jet v Type of représentalion e, rours v

Compute -

800
600 -
400

Concantrano 200

PPM
.

200
-&400 | v
600

R | 800 : y
esu ts 0 500 l,l").‘nﬂ 1,500 2,000 2,500 3,000 1,='.:m 4,000 4,500 5,000

fm)

1,000,000
200,000
800,000
700,000
800,000 4
£00,000
400,000
300,000 4
200,000
100,000

e

1

PPM

T L) L L} L 1
o 500 1,000 1,500 2,000 2,500 3,000 3,200 4,000 4,500 5.C00

Top | Adout this srte | Legal node | Coowes | Contacts | Search



* X ok
- -
* *
* *

* gk

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)
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Future & on-going Developments

- Completion of the porting to the Minerva Web Platform
1 Elaboration of a module on Pipelines

1 Elaboration of a module on physical blast of vessels

J Software distribution to the interested stakeholders




