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Meeting point — Pyromaan
Ontmoetingspunt — Pyromaan

Covid 19 Checklist
Covid 19 Checklijst

Move to Lessons Area, Registration
Naar de leslokaal, Registratie

Introduction, Setting expectations of the day
Introductie, Verwachtingen van de dag

Goal of the pracital training
Doe van de praktijk training
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Check:
Stel uw klant/cliént de volgende vragen:

"
\

-
Had je een of meerdere van deze klachten in de afgelopen 24 uur?
Hoesten Neusverkoudheid Koorts vanaf Benauwdheidsklachten
18 graden
-
S z
Heb je op dit moment een L
huisgenoot met koorts en/of n
L benauwdheidsklachten?
Heb je het nieuwe coronavirus
gehad enis dit de afgelopen
7 dagen vastgesteld (in een lab)
' : g
Heb je een huisgenoot /gezinslid
met het nieuwe coronavirus en 14 dagen
heb jein de afgelopen 14 dagen
contact met hem/haar gehad E

terwijl hij/zij nog klachten had?

Ben jein quarantaine omdat je

direct contact hebt gehad met
iemand waarbij het nieuwe

coronavirus is vastgesteld?

Indien een van de vragen met ja beantwoord wordt,
g E maak dan geen afspraak of annuleer de afspraak

coronavirus

e rivmual/covidig

e checlt is getoseerd op het docurment Veilig werken bif contactberoepen

De:
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Introduction Safety Policy Royal Dutch Navy
Introductie Veiligheids Beleid Koninklijke Marine

Atomic Structure Hydrogen
Atoom structuur Waterstof

Physical properties Hydrogen
Fysieke eigenschappen Waterstof

Hydrogen Hazards
Waterstof Gevaren

Prevention - ATEX legislation
Prevention — ATEX wetgeving
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Hazardous Area classification
Gevaren zone indeling

Hazard Identification method (Know the hazards,
understand the risks)
Gevaren identificatie methode

Explosion Safety Documentation
Explosie Veiligheid Document

Company Emergency Plan/ First Responders plan
Bedrijfsnoodplan/ BHV-plan
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e Hazard Event
e Gevaren gebeurtenis

e Physical Effects
e Fysieke Effecten
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Introduction
Safety Aspects of Hydrogen as an Energy Carrier
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Beleidsverklaring V&M 2019 | & ) _
$. KoninkiGke Marine

Van Reactief naar Proactief

Commandantar 2assem Speratic nesl
Risicamanznament (ORAN als vag! urardesl rme b
hun raakefacfen ng an emen vareclgans
mearagalen v deza reicos 7o kisin magal jk L
Tz AN,

# Leidersehap en culiuur

Leidinggowandan van alle nivazus apmm.n
achiet cear hal belang van meldinga, ange Al
nwicetan. In Rel balang van co maleingsbersidheid
beateden zij daarbi positieve sendacht 2an het
malclen ar de maldie,

Commardantur glellan cennfom VRIS parn 12900)
e wailighzidsvaor chtingzpbn ap, waaric mir mazl
cpgeromsar elk helf jazrcon LIVE  slanddowndag.
Commancartar nemen welighsid als standaar
hespreckpunl mice in hel luncloneringagesprel,

¥ Inzlchi In compliance

L “Larar van toszicnt! wondt strociumal ingeroygald.
Lit amvst het apatelen van conifaleolonnen. het
houdan van Sa'etywalks dour cormmandanten
alsmada hel nuwden van controlerondss met
spceilake Glecklists Mileu Vargunningen [C0ys),
Kt ringsn van vastgoed, pracesirstallat @s en
arbsidsmiddslan woren 00 crds yobracht.

ar oronessen waark | CMH stotien of bestardrslen
wordar gebiuikl, wordl sen vardiepends RIAF
cpgesleld. Higrveor wordt gebnilk gemazkt var du
dpplicatie Sicienmanagern Zawel veryasr als opslag
van gevaarlijke staffen valdor i war de geldende
regelnavirg,

Kennls & ondersleuning

Cormmanuanan sergen avaor cian zijzell,
lzidirgoevenden en medowotoa s waorcen get-aind in
kan s favsard gheden g nel gebisd van WaARM. In
alle inkighe, kador en riveauop sidingen vt

Iy e en Villiey ean agpiciat
vanzrdesl van het o
Compareatios Borodigd om op goeda wijze t2

e ren v el gubied van VEM, Finvastgastel en
wasgrkard in de AL,

e Optimum reduction of risks to loss
of life, injury and property damage.

e Ensure a SAFE working environment.

e Honor mutual agreement on
establishing a safety culture.

e Learn from mistakes.

e Be Pro active.

i 1 socizle Ve

e Be Compliant with law, legislation
and best practices.

Weilighein ar Milien = hol iz cen zzak van ons allensal!

Do H
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Fossil => Sustainable fuels
OES ambition Department of Defense:

Reduction of fossil fuel consumption with:
*20% in 2030

*50% in 2050

The Age of Energy Gases

Global Energy Transition Waves
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A ' World -
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g o Hydrogen 10
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» ‘ Solids ' Gases .’ '
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£ Economic b Sustainable s
= 60 P i
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€ On?:l highly efficient
o Petmisum a energy infrastructure
5] oil — 4
o N
e o —Oiland Na!urai
Gas Liquids
- 2
= ] | y : 3 o
1850 1900 1950 2000 2050 2100 2150
HYDROGEN ECONOMY
‘ INDUSTRIAL REVOLUTION ‘ POST WW [IMODERN ECONOMY ‘ 2 ST CENTURY GLOBAL ECONOMY SUSTAINABLE GROWTH ‘
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Atomic Structure Hydrogen
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Hydrogen Molecule (H,)

Electron
Probability
Cloud

Nuclei

Figure 1-1 Atomic Structure of a Hydrogen Molecule

Hydr ogen is the chemical element with the symbol H and atomic number 1. With a
standard atomic weight of 1.008, hydrogen is the lightest element in the periodic table.
Hydrogen is the most abundant chemical substance in the Universe, constituting
roughly 75% of all baryonic mass.[7][note 1] Non-remnant stars are mainly composed
of hydrogen in the plasma state.

https://en.wikipedia.org/wiki/Hydrogen
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Main isotopes of hydrogen _
........................................ The most common isotope of hydrogen,

Is0- | Abun- | Halflife | Decay | Pro- termed protium (name rarely used, symbol
tope | dance | (tz) | mode | duct 1H), has one proton and no neutrons.

19| g9gas stable Other forms of isotopes are:
.......... - eDeuterium

H|  0.02% stable «Tritium

*H| frace 1232y | B~ *He

view -talk - edit | references

ortho para Ref: https://nl.wikipedia.org/wiki/Diwaterstof

Figuur 1 Ortho en Para waterstof
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Hydrogen and Periodic Table

1

1] H 2

2 Li | Be
3 Ma | Mg
4 K | Ca
5 Rk | S
B Cs  Ba
7l Fr | Ra

Waterstof / Hydrogenium

18

Pericdiek systeem 13 14 15 16 17|He

3 4 58 6 T 8
Sci Ti| V| Gr|Mn| Fe
Y | Zr |[Nb|/Mo| Tc| Ru
| |Hf| Ta| W | Re|Os
8P Rf|Db|5g| Bh| Hs

B C|N|O| F|[Ne
9 10 M1 12080 Si| P | S |Cl| Ar
Co| Ni |[CulZniGa Ge| As |Se|Br| Kr
Rh| Pd Ag/ CdilnnSan Sk Te| | |Xe
Ir | Pt |Au/Hg TH PR Bi Po At|Rn
Mt | Os |Rg CniNRSERE Ly Ts |Og

Lanthaniden La Ce| PriNd|Pm Sm Eu Gd| Tk Dy Ho Er|Tm Yb|Lu
Actiniden AcThPa U MNp PuAmCm Bk Cf Es Fm Md No Lr
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Hydrogen Phase envelop

105 hydrogen
H metal liguid
G metal
106 —m-emmmmmmmmn e
2, 10* Hs gas
L
& 102
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solid  Jtriple point S
10~ T
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Temperature [K]
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Phenomena, hazards, andrisks

Hydrogen release, Thermal and pressure  Development and  gafety assessment Standards,

mixing and and missile effects from validation of and risk analysis | guidelines, and
distribution fires and explosions  mitigation techniques egal requirements

Production

Transportand
diztribution,
refueling stations

Hydrogen storage
(LH2,CGH2)

Tunnels, parking
and garages

Utilisation, portable
and stationary
applications

46664
66666
66664
66664
66664
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Physical properties

Ref: H2Tools.org ER training
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Hydrogen Properties and Behavior

A gas at ambient conditions

Hydrogen is a cryogen: exists as a liquid at
-423°F (-253°C).

Compressing the gas does not liquefy it

No liquid phase in a compressed gaseous hydrogen storage
tanks

LH2 storage at relatively low pressure (50 psi)

Double walled, vacuum insulated tanks with burst disks,
vents, and PRDs

Volumetric ratio of liquid to gas is 1:848 Molecular Hydrogen
Compare water to steam (1:1700)

Energy content of 1kg of H, is approximately equal to 3.5 Itr
of gasoline (in BTUS)
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Hydrogen Properties: A Comparison

Hydrogen Natural Gas Gasoline
Color No No Yes
Toxicity None Some High
Odor Odorless Mercaptan Yes
Buoyancy 14X 2X 3.75X
Relative to Air Lighter Lighter Heavier
Energy 2.8X ~1.2X
by Weight > Gasoline > Gasoline 43 MJkg
Energy 4X 1.5X
by Volume < Gasoline 2 Cecdlliie 120 MJ/Gallon

Source: California Fuel Cell Partnership
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Comparison of Fuel Odorants and Toxicity

Compressed Natural Gas (CNG)

Propane No

Royal Netherlands Navy May 21, 2020
Hydrogen Safety



Flammability Range

% gas-to-air volume ratio

80

75.0%

-=-=0ptimal combustion conditions

15.0%
>-0% 10.1%
Hydrogen Natural Gas Propane
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Auto-ignition Temperature

1500° F —
1,085°F 1,003°F
5859r C 539 ¢grC 914°F
490 gr C
1000° F —
450°F
254 gr C
500° F —
00 F —
Hydrogen | Natural Gas | Propane IGasoline Vapor
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Relative Vapor Density

Relative to Air

Hydrogen’s low vapor density
results in the gas being very
buoyant compared to other fuels

and vapors.
1.52
"""""""""""""""""" o5
0.07
I
Hydrogen I Natural Gas Propane
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Comparison Flammability limits

Fuel Lower | Lower | Stoich. | Upper | Upper | Minim. | Auto- | Lamin.
Hamm. | deton. | fuel deton. | flamm. | ign. ign. burn.
limit limit conc. limit limit energy | temp. | veloc.
vol. % | vol. % | vol. % | vol. % | vol. % | mJ 2 G cms !

Hydrogen (Hsg) 4.0 lga 29.5 K9.0 i (e LF H8h 225

IMethanol (CHsOH) | 6.0 - 2.2 - 36.5 0.174 385 48

IMethane (CHy) B 6.3 0.5 13:5 L0 0.274 H3T7 37

Propane (C3Hg) 1.7 Hal 4.0 0.2 10.9 0.240 450 47

Fasoline (CzHyg) 1.0 L[ 1.9 9 5.0 0.240 215 30
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Flammability limit

Minimum Ignition energy, Z millljoules

Hydrogen In oir, percent by volume
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Hydrogen Hazards

Royal Netherlands Navy
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Ref: ISO 15196

The primary hazards and issues:
Flammability:

»Thermal effects;

»Pressure effects;

»Easy ignitability of some mixtures;

Small size of the molecule:
»Low viscosity;

»High diffusion rate;

»High buoyancy;

28 Royal Netherlands Navy
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The primary hazards and issues (continued):

Interactions with materials
(embrittlement of certain metals);

Asphyxiation hazard if oxygen is replaced;

Hazards associated with the storage

procedure:

»elevated storage pressure for gas;

»low temperature for cryogenic liquid;

»others for other methods, like metal hydrides.

29 Royal Netherlands Navy
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Designing Safe Systems — Gaseous Hydrogen

Characteristic

* Low Viscosity

* Very small molecule
(can be absorbed into
materials)

Potential Hazard Control

 High leak rate  Leak detection systems

 Embrittles certain
materials; can result in
structural failure

* Ventilation
* Material selection

Royal Netherlands Navy
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Designing Safe Systems — Gaseous Hydrogen

Characteristic Potential Hazard m

» Asphyxiant  Potential for accumulation « Ventilation

In confined spaces (any « Leak-detection systems
gas that displaces oxygen
in sufficient concentrations

will not support life)

« Wide flammability range « Can ignite or explode over < Ventilation

(4% = 75%) a wide range of « Leak-detection systems
concentrations; leaks of all

sizes are a concern

Royal Netherlands Navy
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Designing Safe Systems - Gaseous Hydrogen

Characteristic Potential Hazard

e Burns with a pale blue  Potential for undetected * Flame detectors
flame that is nearly flame
invisible in daylight and
does not produce smoke

* Low heat emission

Royal Netherlands Navy
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Designing Safe Systems - Liquid Hydrogen

Characteristic Potential Hazard

* Rapid phase change from < Over-pressurization » System design

liquid to gas « Pressure-relief devices

* Ventilation

Royal Netherlands Navy
Hydrogen Safety




Risk Assesment
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Prevention of ignition sources

Each material design needs to be assessed in its
own design as per EU directive 94/9/EC &
2014/34/EU (ATEX 114)

Each system use needs on its work place needs to
be assessed in its own use as per EU directive
1999/92/EC (ATEX 153)

Documented in an Explosion safety document:
-AtEx zoning

-Ignition analysis

-Risk Assesment results

-Action registers

35 Royal Netherlands Navy
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Project risk control

REBD-1 RBD-2 RBD-3 RBD-4
Design Seréering HAZID Bunkernng Safey Stuay HAZOF
Design and Risk Ravision Final
Safety M aaseerman Suppc:lmr‘rg .Lh'“..lqu
Statement Studies Assessment

YES
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Safety Management System

1. Danger 2. Risc
|dentification Assessment

Risc

What is the root cause?
What can go wrong? Management

4. Improvements

What can | do to preventit happening
ifit goes wrong? Is it sufficient? How

What improvement/ mitigationsare
P / 8 effective are the controls elements?

required?

Risc = Probability x Exposure x effect

Royal Netherlands Navy
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Hiérarchal Danger reduction (ALARP)

Replace

Isolate/Seperate

Technical Solution

Organisation

Least effective '

Royal Netherlands Navy
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Prevention of ignition sources

Document into Explosion Safety Document
Use of NPR 7910-1 guideline in 7 step approach:

1.Is a flammable liquid or gas present?

2.Are limited quantities established or is there a basis
for zoning useful?

3.Which kind of danger sources are

4.Is ventilation present

5.Apply AtEx zoning

6.Estimate leak quantities

7.Determine zoning distances

Royal Netherlands Navy
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AtEXx zoning
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Meteodata (Ref Den Helder de Kooy)
Average year temp. DHR 10 gr C

Airpressure 1014.9 Hpa
Humidity: 78% (12 uur 's middags)

Calculations done:

Blow down time,

Max length gasplume with 4% LEL,

Jet Flame,

Heatflux,

Explosion effects

Case 6 (Hydrogen Storage 200 bar, 50 Itr)
Case 1 mm lekkage (pin hole)

Case 3 mm lekkage (line break)

Royal Netherlands Navy
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Engineering volume, mass & TNT equivalent for 200 Bar, 50 Itr gas
storage

Engineering Toolkit Engineering Toolkit B

Temperature, Pressure and Density  Tank Mass  Mass Flow Rate  TMT Mass Equ Temperature, Pressure and Density  Tank Mass  Mass Flow Rate TNT Mass Equivalence

Temperature Celsius W |1ﬂ' |
Fammable Vapor Release Mass: | Kilogram ol |ﬂ'-?15| |

Pressure Bar e |2.|].|]. |
Explosive Energy Yield (%, 0-100; |10 |

Volume Liter w |5.||} |
Net Heat of Combustion: Kika ~| (120000 |

| Calculate Mass I
Equivalent TNT Mass: Gram v [1.9067E+000 |

Mass Kilogram ~ || D.756647473352704

Royal Netherlands Navy
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200 Bar 50 Itr 1mm leak Blow downtime 200 Bar 50 Itr 1 mm leak Gasplume

0.099
0.008 -
0.088
Case 6a leak 1mm 20 MPa
2 White contour is at 0.04 0.077 L
2 0.006 z
0.066 g
g &
F 5
z =
2 0.004 E 0.055 §
4 > &
= 0.044 T
= o
o
0:0024 0033 §
0.022
0.000
0 100 200 300 400 0.011
Time [s]
0.000

200 Bar 50 Itr 1 mm leak Temperature Jet Flame

2080
1880
1680
1480

1280

(31) ®anzessdwa)

1080

880

680

480

280
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Perpendicular Distance (z) [m]

Height (y) [m]

1x =0.86

1y =1.00

-2 0 2

Horizontal Distance (x) [m]

4

-2 0 2
Perpendicular Distance (z) [m]

N -

1 3 10 35
Heat Flux [kW/m~™2]

Legend:

1 KW/m2 personnel

3 KW/m?2 first aiders
10 KW/m2 effect buildings
35 KW/m?2 lethal
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200 Bar 50 ltr 3 mm leak Blow downttime

0.08 4

0.07 1

0.06 4

0.05 4

0.04 1

Mass Flow Rate [kg/s]

0.03 1

0.02

0.01 4

0.00 1

T T T T T
1] 10 20 30 40
Time [s]

T
50

y (m)

200 Bar 50 Itr 3 mm lek Gasplume

Case 6b leak 3mm 20 MPa

White contour is at 0.04

0.0 2.5 5.0 1.5 10.0 12.5
% (m)

200 Bar 50 Itr 3 mm leak Temperature Jet flame

2.0
1.5
Y
>
0.5
0.0
1 2 3 4 5

x {m)

2080

1880

1680

1480

1280

1080

880

680

480
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Safety plot Heatflux for jetflame 200 bar 50 Itr tank, 3 mm leak

Perpendicular Distance (z) [m]

Height (y) [m]
A
n o

o
o
[

1{x =258

7.5 1
50%
255
aoé
—zsé
—50%

~7.51

-10.0 1.

1y =1.01

-10 -5 0 5
Perpendicular Distance (z)} [m]

' 1 3 10 35
Heat Flux [kW/m~™2]

Legend:
1 KW/m2 personnel

-5

0 5 10 15
Horizontal Distance (x) [m]

3 KW/m2 first aiders
10 KW/m2 effect buildings
35 KW/m2 lethal
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Overview Gasplume/ Jetflame effect results
200 Bar, 50 Itr storage

jetflame | lethal First Aider personel

[m] [m]

Pin 470 1 4.2 1.8 1.8 1.9 2.2 2.8
hole

Line 52 3 13 6 6 6.5 7 9.5
break

Reference
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BST method

Distance applied via Baker-Strehlow-Tang

. . . 0.01 : B Rt ~
method via interpolation from datatabel en ©  PeskiveOverpremrivaDistumcs e 3
graphics: T T e
(Ref: ProcessSafetyProgress_v18_p235t0240 1999 “A New Set of RIER,) 1?
Blast Curves from Vapor Cloud Explosion" FIGURE 1. Positive Overpressure vs. Distance for Various
Flame Speeds

: Miet beschermde kleding,
6. 5HHE hoorbescherming, £ Gas
I egiprmeng

NiHRAHD mn i ]

7 HH )

110168 pr H2 & 300 bee 0158 10 I OL6E 10149
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AtEXx ignition analysis
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nition analysis EN1127-1 1/3

Potential ignition source

Hot Surfaces

Flames and hot gasses

Mechanical cause sparks

Electrical Installations

Electrical circulation currents, kathodic

corrosion protection

Static electricity

R -
Q
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Ignition analysis EN1127-1 2/3

Potential ignition source

Lightning strikes

Electric Magnetic fields 9 kHz - 300 GHz

Elektromagnetic radiation within the reach of
frequency from 300 GHz - 3 x 106 GHz or
waves 1000 pm - 0,1 pm (optical spectrum
Ionic radiation

Ultrasound

Adiabatic compression

Exo thermal reactions

Royal Netherlands Navy
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Use of equipment
within AtEx zone

Royal Netherlands Navy
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h 2

Flirr thermal imaging camera
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Safety lamp
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Learned lessons from incidents
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Older incidents:
*Propane fire and explosions, Dallas
*Explosion at a chemical plant producing rocket fuel, Nevada °
*Fire and explosion (domino effect) at a cracking unit on a -
refinery site (3rd September 2000, Gonfreville 'Orcher, ' ., @ %
France). —
*Explosion and fire at a chemical plant (8th June 9,
Auzouer-en-Touraine, France)

*Massive explosion at a polyethylene pr=  _..on plant (23rd
October 1989, Pasedena, Texas, U

*Pressurized hydrogen tank rup* a tank containing 100m3

of hydrogen at 45 bar press:  _drst without any apparent
reason (1991, Hanau, F=  .uart, Germany)
Recent:

*Hydrogen tank explosion Kills 2 in Gangneung 23 mei 201
*Hydrogen Gas Explosion and Fire at Air Products and
Chemicals, Inc. in Santa Clara 3 Juni 2019 no injuries
*Recent explosions shutdown hydrogen vehicle refueling in - i
NorCal and Norway 11 Juni 2019 No injuries - T -ﬂ_-:-_-.--,;ﬁiiﬂ!." e

https://odin.jrc.ec.europa.eu/giada/ | .

Royal Netherla
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Application of the Hazid methodology
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What is a Risc?

RiscC

Probability x Exposure x Effect

Royal Netherlands Navy
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Objective of the Hazid

The objectives of the HAZID procedure are to identify
main hazards, to review the effectiveness of
selected safety measures and, where required, to

expand the safety measures in order to achieve a
tolerable residual risk.

In compliance with the Seveso II Directive, besides
facility safety concepts for new installations, also
safety concepts for existing operational facilities
have to be reviewed.

Royal Netherlands Navy
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Brainstorm sessions/
Check list guidewords

Royal Netherlands Navy
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Heatmap risico's voor maatregelen
Min Def 0.1
Ref Nederdrone project Datum 26/07/2019

Reduce risk before
mitigation towards
after mitigation

EFFECT

Heatmap risico's na maatregelen

Klant Min Def
Ref Nederdrone project

:0's geindentificeerd |I|

Totaal nummer van risico's geindentificeerd III
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Documentation

Hazid register

RI&E

Action plan/Action register
Hazid report

Explosion Safety document

Royal Netherlands Navy
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' Liquid Hydrogen
Storage

' Cryo Hydrogen
pumping

' Liquid Hydrogen
transfer

' Hydrogen Liquid
to Gas Vaporizer

' Gas Hydrogen
Storage

Gas compression

' Gas Hydrogen
transfer

' Gas Hydrogen
usage in fuelcell

I Hydrogen
Liquid/Gas

- - - N

Loss of
containment

Royal Netherlands Navy

Hydrogen Safety

Spill onto soil

Spill on water

Fire

Flash fire/
Explosion

Atmospheric
Dispersion

u

2

]
=

Atmospheric
Dispersion

Explosion

BLEVE Fireball




Location: Waterstofdrone op de Guardian

Prepare MAH Sheets for

Hazard

Waterstofgas
Waterstof onder
druk

Threats
[separate with ;)

Overpressure;
Dropped Object;
Human Error

Top Event

Loss of Containment

Consequences
[separate with ;)

Unignited Release;
Fire;
Injury/Fatality

Controls
[separate with ;)

Pressure relief valves;
Continuous monitoring
of well test operations;
Restrictions on lifting
operations;

Permit to work and Well
Test Procedures

»>1 / year in location|Multiple
fatalities

Frequency

Never heard
of damage

industry

Localised
effect

MWever heard

slight
of impact
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More course material:

www.h2tools.org

https://www1l.eere.energy.gov/hydrogenandfuel

cells/

https://www.hydrogen.energy.gov/training/code
_official_training/

https://knowhy.eu/

https://hysafe.orc

Royal Netherlands Navy
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