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Strategies and Intervention tactics -
HZ refuelling station and storage installations

Franck Verbecke, AREVA Energy Storage
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Hydrogen behaviour and properties
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Hydrogen properties

© low density: a safety attribute

Combustibles Density | Stagnation
Hydrogen 0.07 No
Methane 0.65 No
Propane 1.88 Yes
Gasoline (vapors) 4.4 Yes

Outdoor, no stagnation

d%)r, risk of accumulation
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© low activation energy - at high

concentration

Flammability Limits

-

Ignition Energy
=

(mj)
M= o

=]
oPe
o ==

0.02

Fuel (% Volume)

0 20 40 60 80 100

Ignition Energy of H,, CH,
and gasoline with Air

100

20 Automotive Sparl

120
1 .mr- Human Spark

) :' Brush Discharge

i Common Static

k Plug

Y N cH,

@ Air Praducte & Chomicals, Ine., 2001

10.02 ] L
—|  Gasoline

Fioure 1: Flammability Limits vs. [gaition Enervgy of Hy CHy and Gasoline in Air




Combustion characteristics in confined geometry

© A large flammability range

Combustibles % vlz)II:il;l air % vL(J)::it air
Hydrogen 4.0 75.0
Methane 5.3 17.0
Propane 1.7 10.9
Gasoline (vapors) 1.0 6.0
© [Deflagration of homogeneous mixture:

7,3 % H2 El 16,5 % H2 (=]

10,5 % H2 El 28.7 % H2 =]

%o\ Insignificant pressure effects for combustion of lean H,-air

mixtures (<10 % H, in air)
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|gnition of hydrogen jets

Flame propagation

+«—10%

~~~~~ Tank o

Flammable
Non flammable area cloud

Ignition of a hydrogen jet may produce pressure
effects in surroundings

%{ Q\) More experiments required to adjust classical blast

model to better estimate overpressure effects
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Storage and piping systems
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baseous hydrogen storage in racks or cvllnders
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© Well established technology with no
specific concerns

© |n Europe, most of transportable
cylinders have only a valve as safety
barrier

© [n USA, for instance there is TRD on
transportable combustible cylinders

© More and more controversial
prescription due to leaks

®
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Example of outdoor storage installation

on MYRTE platform

© Nafety manual valves as close as possible
to the storage tank

© Tank equipped by a pressure relief device
(PRD) connected to a vent

© |ncase of power outrage or emer EI'IE¥I
stop, each storage tank is isolate IJyt B
electro- valves located close to each
reservoir

© Check valves may also be used in piping
and storage systems

© Flow excess valves may also be used to
stop massive leaks
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Hydrogen trailers
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Typical storage system
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. Volume of
Tank type and . Storage Volume in Mass of
. Tank capacity hydrogen
composition pressure (bar) | water (L) ) hydrogen (kg)
contained
B20 200 20 3.3 0.3
B50 200 50 8.4 0.75
Type | (Steel)
Rack V9 B50 200 450 75.2 6.76
Rack V18 B50 200 900 150.4 13.5
Trailer (2 m3) Trailer 200 2 000 350 29
Type | (Steel)  [Tank (7 m°) 35 7 000 236 19.7
Type | (Steel) [Tank (14 m°) 35 14 000 473 39.4
Type | (Steel) [Tank (28 m3) 35 28 000 946 78.8
Composite type lll | Bottles 74 L 595 74 20 1.8
Rack H4 B142 525 568 207.5 18.7
Bottle 80 700 80 35.8 3.2
Type IV
Rack H4 B142 700 568 254.1 22.8
B142 700 142 63.5 5.7




Hazard identification for stationary storages and piping
systems

m Equipment of hazards | Potential hazard
Hydrogen Tanks Burst

, UVCE
Hydrogen Pipes _
Jet Fire

®

HyResponse



Example of Fault/Event tree analysis for piping system

Unlimited leak

®
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Example of scenario sequence for a storage and
distribution platform

Safe wn
[ Storage default H eeeeeeeeeeeeeee
vehicle in the refuelling
station
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Example of possible scenario for a storage and distribution
platform
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Blowdown time as a function of tank type, pressure and leak

SIZE
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Storage Blowdown time
Type of tank | pressure
(bar) 0.1lmm |[0.25mm | 1mm |23 mm |4 mm |53 mm | 9.1 mm
B20 (20 1) 200 128 min | 21 min - - 5s - -
B50 (50 1) 200 320 min | 52 min - - 12s - -
Rack V9 B50 200 48 h | 461 min - - 2 min - -
Rack V18 B50 200 96 h 921 min - - 4 min - -
Trailer (2 m3) 200 213 h 34.08 h - - 8 min - -
Tank (7 m?) 35 - - - - - - 6 min
Tank (14 m?) 35 - - - - - - 13 min
Tank (28 m?) 35 - - - - - - 25 min
Bottles 74 L 595 10 h 2h 6 min - 23s - -
Buffer 1 m3 450 144 h 23 h - - - 3 min 1min
Buffer 2 m3 450 288 h 46 h - - - 6 min 2 min
Rack H4 B142 525 86 h 14 h 52 min | 10 min - - -
Bottle 80 700 13 h 127 min | 8 min | 1.5 min - - -
Rack H4 B142 700 93 h 15h 56 min [ 11 min - - -




Distances of thermal and overpressure eftects due to a pipe
rupture/leak in t
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18 0pen environment

Pressure Direct ignition (JET FIRE) Delayed ignition (UVCE)
Piping leak
| . of the Thermal effects (m) Flame length (m) Overpressure effects (m)
ype of tanks| diameter,
tank 3 5 8 20 50 | 140 | 200
mm 2 2 2 L r
(bar) | kw/m? | kw/m? [ kW/m mbar | mbar | mbar | mbar
Tank (7 m3) 0.1 35 0.06 0.06 0.06 |0.06 0.01 - - - -
“ank (14 m3), 1 35 0.8 0.8 0.7 | 0.7 0.1 - - - -
"ank (28 m?), 35 3.9 | 39 0.7 - - - -
ank (56 m), 10 35 14 12 10 8 1.3 40 20 8.5 6.1
Trailer,
lack V9 B50,. 0.1 200 0.2 0.2 0.2 0.2 0.03 0.5 - - -
tack V18 B50
0.2 200 0.5 0.4 0.4 0.4 0.06 1 0.5 - -
4 200 11 9 8 7 1.2 20 10 6 5
Full rupture
Trailer of flexible of 200 7.2 7.2 7.2 13.1 8.2
trailer
Buffer 1 m>. 0.1 450 0.2 0.2 0.2 08 | 04
Buffer 2 m’ 4 450 16 14 12 11 1.8 30 15 9 7
0.1 525 0.4 0.3 0.3 0.4 0.06 0.5 - -
0.21 525 0.7 0.6 0.6 0.8 0.13 1 - -
lack H4 B142 2.3 525 9 7.9 7 7 1.2 18 9 6 5
4 525 17 15 13 12 2 32 16 9 8
52 525 22 19 17 15 2.5 42 21 12 10
0.1 700 0.2 0.2 0.2 0.5 0.08 0.5 - -
0.2 700 0.8 0.4 0.4 0.8 0.13 1 - -
lack H4 B142
2.3 700 10 9 8 8 1.3 22 11 6 5
4 700 19 17 15 14 2.3 38 19 11




Distances of the overpressure effects due to tank burst
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Significant .
. Indirect
Storage lethal effects Irreversible

Type of . Overpressure . Lethal effects effects :

Tank capacity | pressure — Domino effects
storage burst (bar) 140 mbar (m) broken glass

(bar) effects 50 mbar (m)
20 mbar (m)
200 mbar (m)

Type | B20 (20 1) 200 380 5 6 16 32
Type | B50 (501),

Rack V9 B50, 200 380 7 9 22 44

Rack V18 B50
Typel | Tank (7 m?) 35 53 18 22 55 110
Typel | Tank (14 m’) 35 53 22 28 69 139
Typel | Tank (28 m’) 35 53 28 35 87 175
Type | Tank (56 ms) 35 53 35 44 110 220
Type | Trailer (2 m3) 200 430 22 29 67 134
Type | Buffer (cigar

vp (Cgar) | 54 675 23 29 72 145
Im
Type | Buffer 2 m’ 450 675 26 36 85 170
Type IV | Rack H4 B142 525 578 13 31 62
Type IV Bottle 80 700 770 12 28 56
Type IV | Rack H4 B142 700 770 13 16 40 79
Type | Buffer (cigar
P (€i8ar) | 1500 2000 34 40 105 211
1m3

Type | Buffer 2 m3 1000 2000 42 50 133 266




Hydrogen refuelling station
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Overall process

, V5(B)E1 54 e
HP storage

F1

Dispenser
Forklift truck

Semi-
trailer

Compressor
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l Safety valve or fuse pq Hand valve (non- ' Flow control valve (p) Pressure and/or

exhaustive list)
. Hose

temperature  drop

Automatic isolation [:>| Mon-return valve
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Typical layout of an outdoor area
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Compressor

© A compressor comprises:
©  adiaphragm or hydraulic compressor for the hydrogen,
©  acompressor cooling system,

©  miscellaneous equipment (valves, relief valves, etc.).

Compressor in a container

)
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Compressor in protected by a shed



HP Storage (or "buffer”)

© [ompliant with the Pressurised
Equipment Directive (DESP)

© Volume : bettwen 1,000 and 3,000 L in

water

© HP storage is:
© 430 bar for forklift truck
© 1000 bar for car

Storage is protected by a relief valve

Relief valve is evacuated through the
same vent stack as that the
COmpressor

e ©°
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Connecting piping work

Connects HP storage to the dispenser

Length can vary between several tens and several hundreds of meters

Outdoor rooting preferable to avoid the risk of a leak indoors

Parts crossing access roads are contained in a channel or supported on a gantry or buried

Exposed parts are protected (possibly physical protection on vertical sections, passing
through walls or on a roof)

Pipework enters the building at the last possible moment for connection to the dispenser

The characteristics of the pipework are:
© Material: compatible with the use of hydrogen (example: 316L stainless steel).
© [utside diameter: less than [ depending on the length of the pipework.

o 0 0O

e O
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The dispenser

© The dispenser may be installed in one of three
different places:

©  inastorage cell

© inadedicated room,
© putside

© A naked flame detector (UV/IR sensor appr‘uljriate to
the radiation characteristics of a hydrogen flame)
could be positioned above the dispenser

© Hydrogen detection is installed in the dispenser at the
top of the mast (Za% of the LEL

©  During the fiIIin? E_:tEFE$, if the flame or HZ detector \ Hydrogen mast
triggers, then all isolation close and vent valve opens. d

© [ther than during the fiIIinF phase, the isolation valves terface . - |
are closed and the vent valve is open. BN ], e o

® A
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Hazard identification

Products Equipment of hazards Potential hazard
Flammable vehicles, batteries, containers, , _
_ , Fire, toxic smoke
materials tyres, engine, etc.
Hydrogen Tanks Burst
_ UVCE
Hydrogen Pressure relief valve ,
Jet Fire
: UVCE
Hydrogen Pipes and other components ,
Jet Fire
Electricity Cable/cabinets Electrocution
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Example of scenarii at a refuelling station




Example of scenarii at a refuelling station

Potential damage on property
Potential impact on environment
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Hydrogen jet fires from piping system
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Direct ignition (JET FIRE)

Delayed ignition (UVCE)

Flame
Thermal effects (m) Overpressure effects (m)
length (m)
Piping leak
. P Pressure of the tank (bar)
diameter, mm
3 5 8 . ; 20 | 50 | 140 P
kW/m2[kW/m2|kW/m2 mbar | mbar | mbar

1 200 3.1 2.9 2.7 1.3 | 0.22 - - - -
2.3 200 5.6 5.4 5.2 3 0.5 17 8.5 3.8 2.7
4 200 11 10.5 10 55| 09 30 15 6.5 4.8
1 350 3.2 3 2.8 16 | 0.3 | 95 | 4.8 2 1.5
2.3 350 7 6.5 6 3.8 | 0.6 22 11 4.7 3.4
1 700 3.5 3.3 3 19| 0.3 12 6 26 1.9
2.3 700 10 9 8 47 | 0.8 29 | 1251 6.1 45
1 1000 4.3 4.1 3.9 21104 138 69 | 29 23
2.3 1000 10 9 8 5 10.85 32 16 6.7 4.9




Hydrogen accumulation followed by an explosion in a
containerized compressaor

Explosion of container 10 feet 12
LxIxH (m):3x2.4x2.4 17 14 17 40 80
Explosion container 20 feet 24
LxIxH(m): 6x2.4x2.4 34 17 21 51 102
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Thank you for your attention

http://www.hyresponse.eu/

HyResponse: Coordination and Support Action funded by Fuel Cells and Hydrogen
Joint Undertaking and supported by the European Commission under the 7th
Framework Program. Project reference: 325348.
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