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Introduction

Pier-Jan Hettema

* Chemical Engineer — TU Eindhoven — Netherlands

* 14 years operations — Dupont, Shin-Etsu

5+ year consultant in Reliability Engineering and Process Safety
10 years Process Safety Expert — ADM, dsm-firmenich

e EPSC Board member since 2021
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Innovators in nutrition, health and beauty

Perfumery Taste, Texture Health, Nutrition Animal Nutrition
& Beauty & Health & Care & Health
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Three dynamic markets, two iconic names, one foundational purpose

dsm-firmenich: we bring progress to life
We're a trusted partner to global
companies operating in high-growth and
resilient markets. We're inngvators in
nutrition, health, and beauty

~30,000 150+ years €12+ bn

passionate, talented, of combined scientific combined revenue
and diverse people\in discovery and
our global team Innovation heritage
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History of CHEF tool @ dsm-firmenich

* Ken First retires at DOW — RAST is donated to EPSC and CCPS
« 2017 RAST introduction into EPSC

« EPSC work group (Dow, BASF, Dupont, DSM, ...)

 Aware of CHEF -> same formulas but simplified -> better fit

* Focus on CHEF as supporting tool

* Internal training in technical background and use of CHEF
 Mandatory now for HAZOP and OBRA scenarios
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RAST Manual and CHEF Aid

Last updated February 15, 2023

EXC e I V4. 3 Vi s | C C PS 9 The Following Manuals are Available for RAST Users:

® RAST USER MANUAL V4.2

Table of Contents
®  RAST USER MANUAL (CHINESE)

RAST Owverview
® CHEF CALCULATION AID V4.3
CHEF Overview
Questions? Please contact us with questions, comments, or suggestions about RAST. I Case Studies

Terms and Conditions

Download and Install

4 RAST User Manual V4.2
[ CHEF Calculation Aid V4.3

RAST Manual and CHEF Aid

Frequently Asked Questions
(FAQs)

RAST Development History

4 Download and Install Freguently Asked Questions (FAQs) = CHEF Guide
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Models

Source models

® Airborne quantity: hole size, flow rate, etc.

Dispersions
® Qutdoor: 3D and 1,5F weather models
Indoor: Volume, air exchange rate

Explosions

Maximum Concentratior
Qutdoor Vapor Release Specified Distance

Initial
Difution

Effective Release
Elevation — l’ ——————— e
Release Elevation
®
Ground Elevation : —
Distance Comrection for e Cuncentrah on at
Initial Dilution, AX; Maximum Cclncentratlcnn at Specified Distance

Ground Elevation and Elevation

® VCE, headspace explosion: BST model (Baker-Strehlow-Tang)

® Physical explosion, condensed phase: simple TNT model
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Dsm-firmenich Threshold Limits

> Flash (or Jet) Fire

Exposure to flammable cloud of concentration > 0.5 * LEL

» Building or Headspace Explosion
Indoor/inside average concentration exceeds LEL, else flashfire/fire ball

> (Physical) Explosion
Direct Blast Impact for humans: > 2.5 psi (200 mbar) overpressure
Building Impact: > 0.5 psi (30 mbar) overpressure

Vapor cloud explosion: Larger LOPC’s in combination with (medium or
high) congestion of the area.

> Toxic Vapor Release (Indoor, Outdoor)
- On-site exposure to > ERPG-3 concentration (> 2 * ERPG-3 @ an
occupied building).
- On-site exposure to a toxic vapor cloud > 5 * ERPG-3 concentration
(direct ops personnel)
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Affected number of people

People affected = Occupancy x vulnerability factor

Concentration versus Lethality per Probit Correlations, Guidelines
for Chemical Process Quantitative Risk Analysis, CCPS (2000)

explosion pressure @ human

200 mbar =0 % |-

500 mbar = 100% | it

explosion pressure @ building

30 mbar =0 % e

300 mbar = 100% s
toxic concentration MoWstengh ||| __---tocesres
ERPG-3 = 0% B i
5 times ERPG-3 = 100% B R I

8
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CHEF Training

< CHEF effect distance calculation tool - CHEF effect distance calculation tool :
e O & @
DASHBOARD PATH PEOPLE SHARE

CHEF Introduction
Introduction

Introduction
Editorial | S min

CHEF Introdution Video
98% (164 &)

completed

Self-study CHEF manual 2% (3 2)

not started e

learner views
Submit Questions
ment | 10min

Knowledge Test s Welcome to the CHEF web-based training.
Assignment [ 15 min
Objective of this training is to enable you to use the CHEF tool for
CHEF cases and submit - calculating effect distances for fire, explosion, and toxic
. A scenarios. Estimated workload for this introduction is 2 hours,
depending on your basic knowledge.

results

Assignment | 30 min

In this introduction module you will learn the basics of using the
CHEF tool. It starts with an introduction video and self-study of
part of the CHEF manual.

Group session in TEAMS

Teams activity | 60h

CHEF Toxicity The CHEF tool and manual can be found via the PS

If you have questions about the content, you can submit your questions for an answer/discussion during the
y group session at the end of this module. This can be done in the "Submit questions” tab in the left menu. This
quantity) module is all about starting to use CHEF, please keep in-depth questions about fire, explosion, and toxic
scenarios for the upcoming modules.

CHEF source models (airborne

CHEF dispersion modelling
After finishing all activities in this module (except the group session), you will receive an invitation to join a

group session for discussion of your questions and the results of the CHEF cases.

CHEF explosions

Note: to download the CHEF tool, go to the PS portal OBRA section and open the tool in the Excel desktop app
(not in SharePoint) and then save it to your computer. In this way you will keep all the macros. If you see the
upper left ‘clear inputs’ button then you did it right.
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Demo

Clearinputs

VAPOR DISPERSION INFUT INFORMAT ION
FReguired npuis are Shaded “Yelow™
STEP 1 - Ssbect Location, Typ= of Reléass. Concent raon and Distance of iInbereat
ol s LOCABON oo, 1y ool O fcioar iFBme] outdoor
Type of Releass Vapor
Use Avaraging Time Comection for Al ammatss Releass |

IF e disp frei
s aproima syt
Input Lints may e changed - Inpur Values in "hue " will he convated 30 appapraie eguatan unis
Ingelis  Egusfionped Equsion Ui
Concentrason of Intarest [ v ] vas | [ 100 | pom
Congentration of Inferest R Hazard Anaysk is jpically /2 LFL, LA, ER-2 ER-30rLCx
CLEdoor Downind Distance o Intsrst, X | | | =
Distemse oflrieres! 5 §isalyin e properiyim 2, bo anunveshizle nos s, or do n maugied buiding
Mofe 7Bl C oncentration of Inferest must be enfered for estimation of Insf2niznecys for puff) releas e

JET MIXING

SIMPLE VAPOR DISPERSION
fior 3 misec Wind Spesd Class D Atmosphe ric:Satiliy. and Rssidental Surface foug

Vapor Density & amosaners pressws fequeton 818), 2o = 012 PMe/ T
=12 101.3) { 862 )/ (29315 =|_‘£|;¢-m‘ i e
Diseferme Velooily fequaton 8-5), vo = 1.27 Q4 20 TS

= 1.7 184 )/[{3574) (OP2]= nvses

Concent raBon 3t X (Equetion 102), 0 = 118 Cou ! [Po b W) 4 fezi{5kaim
=118 (1 K106 ] (3 )/ [{3574]1(0]] = FEM

s Miiing Trane iion Distance fequation 10-3), %= 31250 wi 10}/ [P0l P )
=3125(0)(0(1)/3){ 3574 M8 12 =|:L| M 29 mreee wind

Ol Table binken
Lower Fammable Limit LFL [ 11 | woi % F
- neein BITTURIng
Eorsis Dumemn = pm concentration of inferes f
ERPG2 Concertmion | 2000 | ppm
Lmacw Sk fo .
bngdVabe | ...  Exslimingd
\iapar Moleculor Weight, Mw | 252 Sata facie i g2
Mormal Boilng Pairt, Te | G647 | | s c

STEP 3 - EnterP messs information
Process inputs: Eustionbrput  Exusion Uris

Amome Rae, Q b 184 18.4 Kaisan

Release Tempemire, T 20 20 c

Total Relere QUatity Q* || ane Bwk F Linm b 13200 13200 Kag

Liiquid or Tae- Phase Releaseenc by | Fashing Loy misac

ifial Fracion Vegeor, & (Flashing Lign cnlyl Framian

\apor PresareatReisass Temn | | | | emaamsone
{Bubsoaked Liquid Ol

STEP 4 - Enter £ guipment 2 nd F1ant Lavou infoomation
Equipment and Planf Layout npufs:

DiameterofHole or Discharge Piping, do m

The hale sizefyr vapor reea =2 esimare or diame s ofve sl grgam disch age piping
Relese Elpvation, b (330 assmad 3f Gond) | | | m
Felerse Direcion (AsseTod HuzaraF Sal

Enciosad Process Area Volime, Vi [ | cum
Enciosed Pocess Area Vemtiation Rae ArChanges’tr  eomed 175imbl

“apor f rom Liguid EvaporaSon. Equipment R upéure. or Low Vaporyelocty (equalion 10 F Q> j@%a)u OFXp-bF--» Inssanransous Model (from sguating Bulf and Plume corelal
18.4 kpisee < 000618 (3 mbag 132004 (123 mp-1.29 or 61,14 kg So—>

¥o = 139115 [Q [F)/ (0 MW Cat 30 0SS -5a) 3 Consous
o Moo= 1534 [F O [ MeCo ) FO5 remnmrecus
=138115]]184)(1)/{(3) 82 (1000000) pose=[__ &7 |m
Absrnas waathar \niial Dilian Cavection
seEss[(1a4) ()15 w0 Tes= |m

CORRECTION FOR RELEASE ELEVATION

Effeciive Relazss Elevation jequabon 10-24p H=H <15 bohi [an g 180 (1 pe /a1
5in 5= for amumed Horizontal rel ease |
H= i Tor Vapor release
H=0=15{0/3){0)[0=15{ D) {1- 354.'1.16]]::' m
imisdin 0 sevatinn shove ground = 3m Ses wi

Par =1 16 Kagin

o amdwd codfin

Chack Limit for Toral Release Divided by Enclosad Walume fsguation 10
G = 245 2 407 R0 ) [ Wb Vi )] = 5 80T (2200 )V ( BE.2Y 6)) = pom
~Sisady Zate"C tration aithin Encioesed Process Ama jequation 10-25)
o
Crocor = S5 610 (Q /RIW) /(IWR Ve - S50200 /Mw ) =

S5 W00 1841552001110 -50@0 | 'Bd-].'&'ﬂ'l=|:| ppm
Lindedinihe Tois' Relame divged bythe Endoed boume

18.44gkes < 0026975 (1.5 msan 132004 (121 mp-0.40 o 51,52 kg ban >

Mlamimum Ciorperdion &t
Spadied D
Show C ormela fion

Conerirdion o

Dedance Coneion |{ ,_--"'--
b e T, A Mimum Doperr Ao -
s g o e

per Coweltian Detailswih Canceniatan i ppme
Fiume o Cominuous: C= S.5EHIB (Q/Mw)fux" 1.70 ]
Buffor nsamanaous: Oa J4EHWE (oriMw ) rjx" 1.88 |
jper Cowebgion Demils o 1.5misec F Sabifyywih Congeniafon in pomy
2 4E+H08 [Q/Mw)ffuX* 188 )
8. SE-+H08 (O IMw )X 247 )

Fiume or Cominuous. Cm
Fuffar nEamansous” C =

Test for Plume versus Puff Model afDispersion Condiions: fequefion 10-20)

Allematewaather Pull w5 us Plume Wodel

[Estimated Exposurs Durstion - Confinuous Dispersion |Equations 1021, 10-23)
1= Qt/Q for Comtinuous o[ -2 HFE"C-JJ'WHE ox SWind Speed) min fr hEaman

1= 13200 Kg / 184 Kgisec = E e

Albemars wemher Eximarsd Exposyre Duration

t= 13200 Ky / 184 Kgisec = E e

W zsimum Downwing Distance fo Concentrafon of Infarest (equalions 1049, 10413
Contnuous fequation 37 X=al Q(F)1/iu chn]]h-}[u

= 139100 [( 15.4) (1) /{(3) 852 (11000) }]"0.58- &7 = m
InErtaneus (2ouston 41X = 3¢ 1108 E I MWE. ] - %
= 19300 13200(1) /{ 86.2( 11000 1) ]"0.5-67 = m

Alamare wearhar Mazmum Downwing Distance f0 Cancantratian of messr
Connuous (equation 10-0d X=al Q( Fi/iu Ma Cn]'lh-}tu
= QESO0[( 184 )0 1)/ £ 3) 8520 11000) } POE-0 = m
Instanans0 s e guation 10-d X = atr[q*.':m-c'.nw-xu
= 1400 [13200( 1)/ {852 ( 11000 ) P05 -0 = I:lm
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Wasmum Ground Level Concent aion from Elevated Continuecus Ralsase
per eutrally Buoyant Plume BModsl | sgqualion 10-2T)
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Ammonium nitrate

Thermal Decomposition of Ammonium Nitrate

Table 1. Properties of AN

Property

Property value

Molecular formula
Molecular weight
Heat of combustion
Heat of formation

——) Heat of explosion

Heat of fusion

Density

Color

Melting point

Specific volume

Solubility in water at 20°C
Oxygen content

Available oxygen

Estimated flame temperature
Detonation velocity
Coefficient of thermal expansion at 20°C

NH;NO,

80

1.447.71/¢
45941 /g
1.447.71/¢
76.71/¢
1.725g/cm’
Colorless
169.6°C

0.580 cmr’ /g
66g/100¢

607

20%

1500°C

1,250 4,650m/s
9.82 x 10~%,/°C

Effect distance

w

w

w

w

200 mbar - appr 800 meter s=
300 mbar - appr 460 meter
500 mbar - appr 340 meter

FMPLE TNT MOOR,
Cuodecsed Frowe Zagheave
Chwniis Bphitas Bawgy G, 0 V0w

K v ® O o /4000 = L0000 17 Jo

Rt Cvmiresnae ¥ o - O 0
Sceed Deemce « W * 1/ Kgae, " < B
M‘l-'”lﬂwﬁrl‘lnl LI

Frwm Goh. Scwec Surwen X+ X1 K e, "™
aojaeurarws N

o v

w2h ) 2%a00e ) ulu-[hl..

- —

R
YT YT

Regueed bputs ae Shaded "Yekw"

!m;linhdur. i Condenzed Phase E xplosive |

pot Uty oy be changed - pet Vakes o1 Bhe” wil be converded 10 appropnate equation ondy

30 mbar - appr 2600 meter e o x

- e

Physical Explosion lnputs:
Mmml, Pg-Pg
Equpment Volome, Ve
Borst Temperuw, To
Feacson Loud Level ( Supeheed) Fu
Flags Fract durmg Depressumzanoe, F

bl baatbes Sxiawobos  Exianlh
[ 200 | =

[ xn | ]

Specific heat from 0 to 31°C 1.72J /mol Vapor Molecder Waghe, My
Vapor pressure at 205°C 7.4 mmHg Ugad Densty, D, x tuw Tammmecw g’

Reference: https://www.researchgate.net/publication/263578419_Review_on_Thermal_Decomposition_of _Ammonium_Nitrate
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Area assessment

Beirut blast damage
Damage assessment carried out 7 Aug
American

uUniversity.

ofE.eirut

o

Raouche Rocks@

.
o
’ )

M Severely damaged
M Badly damaged
.| Slight damage

Source: ASA/JPL-Caltech/E

Beiroet '
s

SONGE

gERC

¢

! 2,60 km
J7Bourj
Flammoud Jdéideh
/ dgan = o x
TN - ATATN
ét
o
<
g
9 Dekwaneh
5 45
& =
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