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1. INTRODUCTION
AIR LIQUIDE has proposed during the execution of the EIHP 2 project to realize a
liquid Hydrogen tank based on BMW specifications in order to validate the EIHP draft
for regulation mostly developed during the frame of the EIHP 1 project.
This report describes the publishable work which has been done during the execution of
the project and represent part of the deliverable of WP4.4. The hardware part (ie the
liquid Hydrogen tank which was built) was delivered during the project execution to
BMW Partner Energie Technology for further tests campaign.
Confidential data will not be published, as other partners of the EIHP project have
similar commercial activities and interest than Air Liquide.

2.  REPORTING ISSUES

2.1 EXECUTIVE PUBLISHABLE SUMMARY
See coordinator report.

2.2 MANAGEMENT AND COORDINATION ASPECTS
See coordinator report.

2.3 DEVIATION FROM PLANNING
The EIHP type tank has been delivered 6 months late from the original planning as
specific components had to be developed. This delay has not endangered the other
project work packages.

3. TANK SPECIFICATIONS

3.1 INTRODUCTION

The tank was design and built according to the BMW “E68” package. It was delivered
to BMW during the project.

This tank has been designed with the highest level of safety. When performances and
safety were not compatible during the design phase, Safety has been given the first
priority.

This chapter summarizes the different specification of the tank system.
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3.2 REFUELLING

The refuelling connection or receptacle shall be designed according to the
results/regulations/standards achieved through EIHP Work Package WP3 - Refuelling
Interface.

Independent of the chosen refuelling connection the following requirements shall be
fulfilled:

e The LH; tank system shall be evacuatable , to remove all contamination of gases
or water before the LH, tank system is filled for the first time.

e The time for conditioning and first filling with liquid hydrogen shall not exceed
1 hour

e Subsequent refuelling incl. connection to and disconnection from the filling
station shall last no longer than 5 minutes .

e The loss of fuel during refuelling shall be minimized .
e Refuelling shall be possible at a declination of the vehicle of 5° in all directions
e Refuelling shall stop automatically when the maximum filling level is achieved .

3.3 STORAGE

The filling capacity (maximum quantity of hydrogen that may be contained in the LH,
tank system) of the LH; tank system shall be at least 9 kg LH,.

The working pressure shall be minimized according to the requirements of fuel supply
There shall be no loss of hydrogen at any time during operation of the hydrogen

If there is a boil off system installed the boil off rate at any fuel level shall be lower than
2% per day of the maximum quantity of hydrogen that may be contained in the LH;
tank system .

Furthermore the time elapsed until the pressure rises from working pressure to the set
pressure of the boil off system or boil off management system (hold time) shall be at
least 3 days .

Thus the following requirements result:

filling capacity >9 kg LH,
working pressure 3 bar abs
maximum working pressure 7 bar abs
boil off rate <2 % per day
hold time >3 days

Table 1 : Performances
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3.4 FUEL SUPPLY

The LH, tank system shall supply gaseous hydrogen to the combustion engine
according to the following conditions:

Pressure : >1,0 barg
Temperature : -40 / +80 °C
Mass flow rate 0to 20 kg per hour
Dynamics: minimal to maximum flow

within 1 second

Table 2 : Fuel supply

4. TANK DESIGN

4.1 SAFETY

The tank has been designed according to the highest level of safety.

A generic safety study (FMEA) has been done on the tank. This safety study contains
confidential information and is not published. A specific safety study has been prepared
and is attached to this report. (see chapter 9)

4.2 TANK DESIGN

Each component of the tank has undergone specific tests to be type-validated according
to the EIHP draft. All tests have not been performed, especially destructive tests.

Some key components of the LH2 tank system were specifically developed for this
application :

- Cryogenic Solenoid valves
- Heat Exchanger
- Level gage

Other components were available off the shell from different suppliers with their own
approvals. Those approvals were not exactly EIHP type but were close to it :

- Safety valves and burst disks (PED 97/23 EC and ATEX 94/9/EC)
- Pressure transmitters (EN50014 and following)

- Pressure vessels (PED 97/23/EC)
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4.3 COMPONENT TRADE OFF
Optimisation of the components have been a constant concern during the project
execution. All components have been optimised in order to reach the EIHP
requirements.
For each components, a trade off study was made.
The different components of the system examined in this document are the following :
e Material for inner and outer vessels, tubes, components.
e Inner and outer vessel shape
e Supporting
e Valve box concept
4.3.1 MATERIAL
In this part, we have tried to select the materials that are compatible with the use of
hydrogen (their essential requirement). Their ability in cryogenic use (low temperature,
conductivity) have also been considered and a selection has been made with internal
rules.
4.3.1.1 INNER/OUTER TANK

Stainless Austenitic Steel

With good mechanical characteristics even at low temperature, an high elongation at
break and a good compatibility with humidity and most of the cryogenic products,
stainless austenitic steel is the most commonly used material for cryogenic applications.

With consideration to hydrogen embrittlement and the recommendations of the AD-
Merkblatt W10 for pressure vessels at low temperature, the following grades have been
selected :

1.4541 (AISI 321)
1.4571 (AISI 316 Ti)
1.4404 (AISI 316L)

1.4429 (AISI 316LN)

Aluminium alloys

Aluminium alloys have a good behavior at low temperatures. Unlike steels, they don’t
have a transition temperature between brittle and ductile fracture at low temperature.
Their medium mechanical characteristics (Rm about 300 MPa and RP02 about 250
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MPa) but low density (2700 kg/m3) make them often a good alternative to steels when
mass is a major concern. Aluminium alloys are used by Air Liquide for spacecraft
tanks.

For the forming of stiffened plates an extruder die can be used.

The 5000 family is a good choice considering its ‘cryogenic’ capabilities, a very good
suitability for welding and an excellent resistance to corrosion :

EN AW 5086
EN AW 5083 (best characteristics after welding)

Other alternative : Titanium

Titanium has very high mechanical characteristics but its use as pressure vessel is
sometimes difficult due to its very low elongation at break. The French regulation
requires for example A% > 13% for pressure vessels. The price of this material may be
another disadvantage.

4.3.1.2 COMPONENTS

For hydrogen, and the use with low temperature, most of the components will be made
out of stainless steel, copper alloy (brass), bronze + teflon, KelF, Viton (tightness).

4.3.1.3 TUBES

In the choice for tubes material, stainless steel is the most commonly used material.
Another possible choice, is Invar.

Invar

With good mechanical characteristics, an absence of low temperature embrittlement,
and particularly a guaranteed coefficient of thermal expansion of 2.10°%/°C, Invar is an
excellent alternative to steels for tubes in low space fittings.

The technology of welding is well known by Air Liquid for Invar/Invar and
Invar/Stainless steel assemblies.

4.3.2 SEALS

All seals have to be compatible with low temperature, even if they are located in a high
temperature area of the tank.

Viton® is the most commonly used polymer for sealing purposes in the industry. Its
sealing properties are excellent down to —30°C.

The problem we face with the design of a seal on a cryogenic tank is the possibility of
having cold temperatures on it in case a small leak appears. This leak will cool down the
seal material down to eventually liquid hydrogen temperature, below the minimum
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operating temperature of —30°C. the seal material will then become fragile and a major
leak can occur.

Fluoro silicone sealing are also available on the market. However, their minimum
operating temperature is —60°C, which is far above the liquid hydrogen temperature.

Teflon® PTFE is the only sealing material which keeps good mechanical properties at
low temperatures and therefore is the sealing material used for the LH2 tank.

4.3.3 INSULATION

The thermal characteristics needed for cryogenic vessels are the main constraints for the
design. the 3 main categories for insulation are :

Foams with closed cells, with a conductivity of about 3.10° W/m/K, that is used on
spacecraft tanks and is adapted for high flow rates and short time insulation. This
solution, considering the asked for bleed off, is not really adapted.

Multi Layer Insulation, that requires a double wall vacuum super insulated vessel, but
reaches conductivity lower than 10* W/m/K. This solution is very attractive but the
required external space is much bigger than the internal vessel itself (at least 20mm
between inner and outer vessel).

Porous compounds under vacuums, that is less powerful than MLI. It also requires an
external envelope that must be designed with 1 bar external pressure which significantly
adds to the weight of the storage tank. Such insulation is not really adapted to vibration
because it tends to be packed in these conditions what leads to a deterioration of the
thermal characteristics.

These considerations lead us to direct our study on a double wall vacuum vessel.

4.3.4 CONCLUSIONS

The trade off study has enable Air Liquide to select the most appropriate technical
solutions for the design and construction of the LH2 tank, having in mind both safety,
technical and regulatory requirements. The conclusions of the trade off study are
summarized here below :

- Material : Use of stainless steel 316L (or 316Ti) is recommended. Aluminium
will not involve a major weight reduction.

- No use of composite materials (except for supports and sealing) were
envisaged. (lack of experience)

- No use of engineered metallic alloys such as INVAR were envisaged. (lack of
experience)

- Heat exchanger : A tubular design was originally chosen (versus plate design)
for better pressure resistance, but this design was shown to be very sensitive to
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freeze, therefore a plate heat exchanger was selected with increased resistance
to leaks and special inner apparatus to reduce water freezing.

- The tank surrounding is a hazardous area with possible H2 leak (Zone I
according to IEC 60079-10). §14.8.2 stipulates that valve are either
compatible with this area (explosion proof Eex -d, intrinsically safe Eex —ia,
or increased safety Eex —e-m). Explosion proof concepts are not easily
compatible with the space requirements of a vehicle. Valve with no protection
require additional hardware (H2 detectors) and the reliability of the entire
system will be limited to the reliability of the H2 detector.

- No good cryogenic valve was available on the market, therefore a specific
valve has been developed (Eex —e-m)

- Insulation : Tank is double walled, vacuum insulated.

- On the fuel supply line, and the gas return line, an isolating device has to be
placed between the tank and the fuelling coupling. This isolation device can
be a check valve (§14.4.1.2). This point has to be discussed as check valve are
usually not considered as isolation devices.

- TEFLON" sealing were selected for cold and hot sealing

5. MAIN COMMENTS ON EIHP DRAFT

5.1 GENERAL

Most of the comments of Air Liquide on the EIHP draft for regulation were addressed
before or during the WP4 working meetings.

A general comment was issued on the draft for regulation : As far as possible,
references to applicable documents should be made when dealing an issue not specific
to the LH2 tanks for vehicle application. For instance on pressure vessel definition,
reference should be made to the latest revision of the corresponding European
regulation. This would decrease the risk of misunderstanding and misinterpretation of
the standards, and would enable to update the regulation as efficiently as possible while
reducing by far the size of the specific regulation.
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5.2 SHOCK RESISTANCE

14.3.4. The hydrogen container(s) including the safety devices affixed at it must be mounted
and fixed so that the following accelerations can be absorbed (without damage of the
safety related parts) when the hydrogen containers are full. No uncontrolled release of
hydrogen is allowed.

Vehicle of categories M1 and N1:
(a) in the direction of travel
(b) 8 g horizontally perpendicular to the direction of travel

Vehicles of categories M2 and N2:
(a) 10 g in the direction of travel
(b) 5 g horizontally perpendicular to the direction of travel

Vehicles of categories M3 and N3:
(a) 6.6 g in the direction of travel
(b) 5 g horizontally perpendicular to the direction of travel

There is an important difference between these requirements and the requirement of
TPED 99/36/EC where the shock requirements are 2 g in all directions for road
transportation and 4 g for rail transportation, in all directions.

The 20 g requirement is not consistent with the autonomy and boil off requirements
which are usually 3 days or more.

This requirement specifies that after a 20g shock, there should be no release of
hydrogen, but it does not specify what is the maximum shock allowable in normal use.

Figure 1 summarizes the “shock resistance paradox” where a H, powered train could
transport a hydrogen car with a trailer filled with hydrogen. The train tank should resist
4 g, the LH2 trailer towed by the car should resist to 2 g and the LH2 tank vehicle
should resist to 20g...

“Normal acceleration resistance” specification should be added in the norm (to have
non vehicle specific design) Tank would have to sustain without damage these
accelerations.
ADR/DQOT:4¢g
EIHP : 20g ADR/DOT: 2¢g

.,

| |
)  (ee

Figure 1 : Shock resistance paradox
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5.3 INSULATION

LH2 tanks are double wall - vacuum insulated. Multi Layer Insulation, a succession of
heat reflective material and low thermal conductivity material is installed to make as
many shields against radiation as there are layers.

For example, multi layer insulation can be Aluminum as reflective and Paper of fiber
glass as insulation, 30-70 layers, 15-25 layers / cm or Mylar™ / paper, 40 layers/cm

Extract of EIHP Draf v14 :

6.3.3. The insulation of the components shall prevent liquefaction of the air in contact with the
outer surfaces, unless a system is provided for collecting and vaporizing the liquefied
air. Then the materials of the components nearbv shall be compatible with an
atmosphere enriched with oxygen according to EN |REER?001.

In case vacuum is lost, LOX can concentrate in the insulation because LH2 temp is
lower than O2 liquefaction temperature if a shock occurs then the system can catch on
fire

As per EN 1797-2001 : insulation material must withstand fire O2 compatibility test :
one sample of insulation is installed in a shelter with 50% wt LN2, 50% wt LOX => no
deflagration when a 15mm®*15mm sample is submitted to an energy of 100J

As per ISO 13985-3: test is much less strict (refers to corresponding ISO statement)

At least two accidents with fatalities in the gas industry on tank insulated as per ISO
standards.

As per EIHP (EN1797-2001), tank must be insulated with :
e Reflective material : Aluminum thickness > 15um
e fiber glass (non combustible) as spacer

The following problems are faced while isolating small cryogenic tanks with this type
of multi-layer insulation :

e Aluminum has a high thermal conductivity => layers at different temperature
levels should not get in contact one from the other and should not touch cold
parts, as tubes when they cross the insulation as shown in Figure 5.

e Fiber glass is hydrophilic and has no mechanical resistance. Therefore the
installation of such a material is extremely delicate, and the pumping of the tank
insulation is very long as humidity needs to be evacuated.
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For instance, the aluminum type insulation of the EIHP tank has been 12 days, with
two workers, whereas the insulation of the same tank with other type of multi layer
insulation (not approved as per EN1797-2001) takes no more than 5 days, two workers

Air Liquide has therefore developed a unique multi layer insulation (patent pending) in
order to meet both the requirements of the EIHP and the necessity of easy installation.
The approval report as per EN1797 of this insulation is reported Figure 2.

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.
This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay, 75321 PARIS. It is strictly confidential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».



N° Chrono

2 AIR LIQUIDE | | s atraire  : G1138-NT-6 (0) Page : 15/37
N° Client : ENK6-CT2000-00442
AR LIGUIDE Date: 3001645 y
EN N | ESSAES DE CHOG MECANIIUE
CENTRE DE TECHNOLOGIE ET Dans un camburan liquide unim . JCOA1E

DEXPERTISES Sedon Morma NF EN 1757

LE BLAMC MESHIL Méthode dessal ASTM [ 3512 hide - M2+02

- DEMANDELIR AL { DTAT M. SINMORN

2 MATERIALI ESSAYE
Rifdrencs Commarciale:

Fonchion Iscdatian

Composilion présumes .

Eisl, forme, aspect Fauiles mubicouches

Fabricant: Pays: Francs
Fournom ser:

Loos deianifion ant did regor ge O FE i -

o COMDATIONS DE TESTS
Erergie en joulss: 100 Dimarsion des épouveties: 20w 20 sussepoasas
Tamga cha chnite thioriques ;

M Crotes Tomps de I*®ammabnn |Calcration [Péfamalion | Delerat-on
chuth {ma Fy lwmma“rj s T ifra duiderts | maldniel | ou rebond Remanues
= Co LRI L

g
]
[

| | i o | o | G | ol i | e o o | A i |

BJ:=:l:g;:.—:a:‘;launwig..”u_.g[_

[Moyenne des temps jmay: | !IE Momhbie de chutes elfechibeg

neartiida Sur ke tEenne da chika

q- COMMENTAIRES |

Wi lams S0% M2 50% OF an pokds
5 REELULTA
Motdnau: Compatible
S ES5AIS SUPPLEMENTAIRES,
Bomba: Indics dhamygéns
| L& maporaable dAcivile Coygéne . JP Schaaff Ciptirateur:
LA e A A Lioudds o cade B i oaon ceriinnisioe e pet conchurs A Lousae o Tums g i oAl WO Cuak S S!S
o Xl -
Tl EaaT dEre A ooncernr ool Nieaaion e sl el dar
B ancloed

Figure 2 : Approval of insulation according to EN1797 (self approval)
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5.4 ISOLATION DEVICES

l.—'ﬂs\w L.

144.1.2. The @UBINTE line shall be secured by either a manually or an automatically operated
shut off valve which shall always be closed except during the refuelling process. If the
receptacle is not mounted directly on the container, a second isolating device is needed.
This device may be a manual valve, an automatic valve or a non-return valve. One of
these two isolating devices shall be mounted directly on or within the container and the
other one shall be integrated in the receptacle.

On the fuel supply line, and the gas return line, an isolating device has been placed
between the tank and the fuelling coupling (which has an isolating device itself). This
second isolation device can be a check valve (§14.4.1.2). Check valves are usually not
considered as isolation devices.

5.5 FILTERS

Filters are not described in the EIHP draft for regulation. Air Liquide does not
recommend the use of filters on Liquid hydrogen lines as solid oxygen particle can
concentrate in the filter and explode if a energy source is provided (fluid velocity,
shocks, etc...). This recommendation should be mentioned in the regulation.
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6. TANK MANUFACTURING

The following picture shows the EIHP tank during the fabrication process, in Air
Liquide workshops.

Figure 3 : tank under fabrication (1)
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Figure 5 : Detail of insulation
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7. TESTS

7.1 INTRODUCTION

The tank has been fully tested with Liquid nitrogen and liquid hydrogen. Separated
reports (non publishable) have been issued concerning the LH2 and LN2 tests
performed.

Specific behaviours have been witnessed on the tank. Some of them are safety relevant
and can be described in this report.

7.2 OVERFILL TEST

When the tank is fully filled with no gaseous phase remaining, we consider it as being
“overfilled”.

In this case, we witness two consequences :

1- the boil of flow at constant pressure is really unsteady as cryogenic liquid is
circulating by gravity in the tubing down to a valve (hot point), and flashes
immediately, which creates a peak in the boil off flow (see Figure 6 : EIHP tank test
results- Stabilization, boil off in blue, ambient temperature in green, boil off
temperature in pink, atmospheric pressure).

2- The pressure rise of the tank is much faster when there if no gaseous phase, as the
compressibility of liquid is much lower than the compressibility of gas.

Points 1- and 2 can have serious consequences which could lead to the opening of the
safety devices. Therefore, a second level measurement is mandatory in order to secure
the tank from overfilling.

54. Maximum filling level

54.1. A system shall be provided for preventing the container from being overfilled. This
system may work in conjunction with the refuelling station.

54.2. The device shall bear a permanent marking, indicating the container-type for which it has
been designed and if applicable the mounting position and orientation. Under all
circumstances and regardless of the fuel condition and the maximum operating pressure
of the inner tank, the filling volume of the liquid shall not exceed 95 per cent of the water
volume of the inner tank.

This maximum level criteria means that when the hydrogen is saturated at the set point
pressure of the primary safety valve, the remaining gaseous phase must be at least 5%.
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As liquid saturated hydrogen expands with the pressure (density at 1.013 bar abs is
70g/1, versus 56 g/l at 7 bar abs), if we fill the tank with saturated liquid hydrogen, we
need to stop the filling at the following levels given in Table 3 : Refuelling pressure vs.
set pressure of first safety valve in order to get the 5 % (3% in the example below).

In case the refuelling pressure is not the saturated pressure another table must apply.

Refuelling pressure (Mpa)

0.1 0.2
0.10  [97.0%
0.15 194.7% 197.0%

020 [92.7% [95.0% [97.0%
0.30 [89.2% [91.3% [93.2% |97.0%
0.50 83.1% |85.1% [86.8% [90.2% [97.0%
0.70 [77.3% [79.1% |80.6% |83.7% [89.7% |97.0%
090 |71.1% |72.7% |74.0% |76.6% |81.8% [87.9% [97.0%
0.11 163.4% |64.7% 165.7% [67.9% [71.9% [76.6% [83.5%

Table 3 : Refuelling pressure vs. set pressure of first safety valve

Set Pressure of the
first safety Device
(Mpa)
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Figure 6 : EIHP tank test results- Stabilization
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7.3 BOIL OFF AND AUTONOMY TESTS WITH LH2

Those tests are described in a separate confidential report.

8. APPROVAL

The tank has been submitted to the TUV, with the following results :
e System has been approved (see Figure 7)

e Comments were made on the design with regards to the EIHP requirements. (see
tables below, in French)

Figure 7 : EIHP tank name plate with TUV approval stamp

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.
This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay, 75321 PARIS. It is strictly confidential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».



N~
™
~
N
(q\]
(0]
(@]
]
o
(9N]
<
<
o
=~ 9
S 8
2R
T
T
2 Q
(<]
Q¥
- Z
O uw
o
m.mm
—
c £ 2
O < O
o o o
zZz Z Z

AIR LIQUIDE ‘

-

TECHNIQUES AVANCEES

XMBUZEL SJUEDLIGR)
¥ x goE-1-y s ooy {oadora03 oL Ld) esreadde segnoiued sun p 1alqo,| S0iE) JUSAIOPR ¥NEUSIEL 53|
luEzs| 3= x FE-1-WL oy L-28LE N3 Bsanew 3
auzbivo 3jguedwss 153 Juepos,
Jnassieds| wedpessis|| x| x dap nomped Uolenjess no |-ggZL N3 uojas
3jquey 2 saoi 53| nod Jaysey
IydesBoimil Us No SoUss
UZ 533153] W05 TETL NI wou s
S3pIA SNOS SENpUEd s2031d 537
x £ onng L-Z5T1 N3 u2=s
TH S9AE 10EIUDT US KNEUFIEW
S|INHED JET UOIEIUISNT X GTT-1YL iy siessa no sinojes Jed vogeosynsnl
InaED x E g B F A 4.5 41 sin3az speddns
SIUY SUBWHT X T T-L-WL aEwy Sin3IFEE spoddns
suChElZ|Fo0E
2:BE B IN0[eD x x ETEl-WL MRy D02
SHEASS [ND(ED 3P SumEIRdwE)
WO X x TTTELWL “|3d JBeg - FPIA NE 3NUS)
e x VT ucissasding ap Jeq g'J sulow ne
INBUBD SIOAISSTI INUDY
floadasaa) 0130
x £ e e oy ne uonseiEnby snuos vogesyoud
(&) 2q)u 2| snes 2omap oyoads, Juos suesoduwos s3f snoy asodosd gjd 3 Jns D gu
SR0ENDUEW 53| SB0 BIS) 3U U x TEh oy sBenbuew Jusuodwaos syosds, anbeys inod
S|gedde uopy x Zeng xxxy JoiegnBsa pnodyopm Kew, 5| =« 2unssasd ubissp pue vegosjond 4 © wesnsumop
Swapgosd 3p seg x LEed oy dM KEW G | =< sunss=ad ubissp - weagsdn
saunesn] 53| ins 34034 x G Lp5 oy Juzwanoodp suas abenbiew
TH x 71705 oy OF XxKY 32 "ZH SBAE JOEUOT US XNeusjew
yedwed 2p awsqosd ap seg
SUESOdWDD 53] 7+ sbenbrew juesodwos anbeyz anod
ans sjanbna p sed Bigaw au ug
SISINS [NI[ET 30 20U £ x FEELE i WAHY §9 S2|QISSILIPE SUCKHEIF|FI0E
.04 pusg JICNYET. x x DLELE ooy .58+ | OF- : SUDW NE S3|qISSIWPE S3WaNXS suoppuoo ap 3bejd
In@sspanuc np anbvosoeR,
s=apessuzb] nooo
E00Z/EILT
Nad NOINMTY SHIYLNIWNOGD I 4] I} W ucnoadsul | 3|gguUCD
axy|apgow FIUBIBJRI asusfixal sod

[sIES53,p oUEq JNS 23y HIUOL IOMSSII) IO/ET/) G UDISSEIY SNOS JUSWSdinkg aAg0aT © 4
{IUE|nos SNIYBA INS SO JI0ASSEU) Mooy SSude 19 SwwWousp [ L0DT B0 AT} L1TAS) 44T welaud

I SjanUsIEEY

¥-L00WEZGH L 2df np g d ewsyas | aseg

Juwad e 351w 3p 13 ouEwsopsd 3p 5195530 SOURY S3P INS XY
US 33|U0W 303 ¢ S3unsap (adfoioud 5p wens) sxy Jueies sun Jned WswEKeluSWws B suesies & ssouafineg wne Juawsaeledwo

‘sanficjelwoy ans peunod a)3,nb 3(131 (JUSAE) £ S[BULOU) SGOW SJUSLEA B SUED SIQUISSUS ¥ne sajqeoqdde ssousbixe s3] a5

Ting

Z00T0L'SE NP OO Asd SINDUYEWT ZHT SHIOAHISIH STTEHWISNI - NOILDIJSHLD / ITOHLNOD 30 LSITHIAHD

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

dential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».

ly conffi

l

This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay, 75321 PARIS. It is strict



N~
™
~
(s2]
(q\]
(0]
(@]
]
o
(9N]
<
<
o
=~ 9
S 8
2R
T
T
2 Q
(<]
Q¥
- Z
O uw
o
m.mm
—
c £ 2
O < O
o o o
zZz Z Z

AIR LIQUIDE

-

TECHNIQUES AVANCEES

sjgeadde uopy x| ucneboowoyp siBis
uoneloowoy p sed x uenebojowoy p siow ; azuue
) x| x x| anssaud ulfiissp
MO x| x x SLUM|DA
e x| x x 3U35 U
is) x| x X JUEDLGE]
x| x X LS InBuEUl nonasu sbenbrew
b (o] x [0 -l S R Y | (D0 =Fscd 2p Juod) ODETL N3
2feyozs 1= 2iudoid
0 x| x x| GEO-L-yL TEEE afenbisw
AQ x| x x TEE LWL XXy AEyauEE
ETs) ¥ x X LB G- 1YL TE aanasds
HO X x x FEE-L-WL RXNY QMO UOREIYUSA
is) x| x X £ETO- L Caxa [BULDISUSLUID
A X x x SEE-L-WL HXxY [3nsiA
siqenbdde uopy x| b ¥ 5 4 Z-LGZL N3 I1ssne j2
x DTS UB SI|QUIOD
HO x pad gL+ uBisapd).ep'L =1d
b (o] x FLTE YL Ry q i1 +ubisepdl.g’ L =d
anzada,p uossaud
s 1ee uowis ‘seeydeiBopes X R s | OND %001 - SUWS1KE 13 SUUSIUI I0AISS3I 30U sausnedng
2UJ2 BAICPE SBUNPNOS S3] SHN0L
dv000 % [iheeiz osie
3| SUER 152 S|IUUCISUSLUIR,
SPQQUOD SR UORILLZE B MOM
|SULCISUSLLID
HO ¥ x| ¥ X TANNH 1B [ BBZ N3
SO/ S0ND
£-MNo Z-6T/N3T ¥ x EFEE LWL xxxy (£ no z-6Z/M3 3= Pad no LEJD/D0I D/1LB-08) sinbai jusws.ibe
Fent 153 no 044 152 L53INGT
30 XOMI IS 2uEn, apnbr
Iy I0ASSSSI NP JUEDLIqE 4
JIOAIFSE] N JUEDLHIEY
MO x X O'GTE- - X 10] 8p .U nenbsnl uogesynusD 1= BpgEien
SN0} SUOAE S&] SNON HO x x [t I Y f=[%
SIEDYLIED
TUIOE 30 B INER SIESEE x T E LWL Xy De88L- € %Il =< WY
UN JSANCE] JBQMBA B UMD MR
UDSIEY T1RLE = PEY 3P AUsnel
INBUFED NOAKSIS XNEUSIEW
apink Ty x| x| x| x [ L A 45 ¢ sasEsmangEe anod supgeden uswaibe
zayz 2ue) 153 uopslfixg
034 B 3P SUEUILUIZIS J3sio8ad Spudy sl X| X | X bl ol e LR b s 4 T SINS]E LIS UEL] snod RN E- ]
W DM 2P JUBHEL] SNOS
pnpoud tuswsube unp asedsip padsseql x| x| x| x LTE-L-Y L anxy (pad ne 940003 i) sinbas uawaiBe
1= QO0ROS] 153 15300 30 xou|
E00Z/EDVLE
NAa NOINN3H IHIYLNIWNCD I| 4] I W uonoadsu | 3j0.5u0|
axiy]angouw] F2UAIS asuaixa| sod

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

dential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».

ifi

75321 PARIS. 1t is strictly cony

This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay,



N~
™
~
<
(q\]
(0]
(@]
]
o
(9N]
<
<
o
=~ 9
S 8
2R
T
T
2 Q
(<]
Q¥
- Z
O uw
o
m.mm
—
c £ 2
O < O
o o o
zZz Z Z

AIR LIQUIDE

-

TECHNIQUES AVANCEES

QEFTIYD S E JEssed X TTFFLE oy (< ®uwy 3=nb) wsprpoe sude Jsuuonouo) 3p s3geded 20 JUsA0D
Bae) B Y37 NP S3pNI2p poddey
PIPNLS WSWSWN0I 585
ng x LG+ g8 oy ssnazel sseyd sosup voKsUUDD
UEDHP SIEQ £ B UD x G L TED "a0nny £ 3unoss ap sfiiew ey ans pop suss [anb sueg ;
x b 21 gh oy sinbay uesnbs no 3Bequod
ng) X L el tnang aubl swaw ans szucw spusadsip 7 53
NES s g x x P LoEpE oy E-BFOC L NI UOEs JUssuLgiEUSLUIIR
E S|GeINISIP x X £'1F 08 ooy F@ssedap ang sed yop au 3y &' Juscdsip pog
%GR 53] SNOSSIP US 58 UD '1Eg
£'%1 B '3j0U B] SUBg IRq §Z|
anbsip np abeiel 2p uoissaig
Breq g sdednos x x| T LEEs foney agssedap 312 sed yop au ubisapg |'| : pusodsip 131}
g| 2p 3beim ap uoissaig
1onEss) Np uoissasd Sp wogeLy ap sppsodsip] 0EDD|
‘5IESs3 53 uepuad yEaygsnr] x g A soe|f ap uoqewsn
nay nk anw3) op 153 ap sed X g L M UG Nay anus)
SINo! x [ J taxay () YHE 2P Do+ D.0T © Hwougne
st B aunsuRdns alsouciny
snbiuwswy anusy ozoo)
Zquicl 252 pop anbiwszgy nojes x x vl | S| {sue gy UCTEASSUDD 13 NU3UTD
8p 810U B 'g3 d Bl 3P [SLmLWw
nuauoe np giEp ne ea Ink
UGEDUGE] 3D ISISS0p NP NUSILOD)
ne uskuapy =0xe) g3d4 e
EITEE I x| x| % x [31qeesud) anbiuyss] UONBIUSWNSOD | 3R U
1ed BuE) y INSE
anfiue] B SUED JNSIESIRN D108
UONEJUSLUNIOp
|najes sed JiEy 153 N0 || x| x| stuesyns aanzud un sed wapcdde U sjnoeT 53 1S 1531 YsEID
ue x| x g w0 ‘eew sfessdwsl 2p s
ned i x VR “HENy 40 anbluuswg 3Ny 2p 1533
SSMNSBYE UON x| x TWE iy o ‘NS SN0S SNhILISL SIUOUTINE, D 158
SZNISBLE UOH % x LR “RENM 40 IUSWSIR|SE,D 18553
s|gendde uop) x| x sjizsedde 7 sUIOW NE NS SU3S 3P SIESS3 JWILLIOD
sadfioyoud ans siessa
IUETDO0INE un JSnoley x| x SHQISSHUDE SHWLRUPE saunyelsduss)
Te) x| x x aunausiul anbed ) ap aoo
IUE|T0INE un JEnoley x| ~ma Buippes jo uogiyeoad
IUE}|CICINE LN J3Noley b T oy uaboupiy pinbiy
IUET20INE UN JFNoaley Inaugpe Aosasss abenbiew
3o x| ® dap 3o enbiew
ET) x| x dap 51 saanyesadws)
Ho| x| x dap aanauda,p ucissaud
WO ¥| ® dap UoREILGE) 3R S3UULE
ED0TIEDILE
Na NCINN3d IHIYLNSINNGD Il 4] I W uonaadsul | 3|g1uUOD|
axy|apgow] BOUBIBYS agsuabixa| -sod

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

dential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».

ifi

75321 PARIS. 1t is strictly cony

This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay,



N~
(s2]
~
Yo}
(q\]
(0]
(@]
]
o
(9N]
<
<
o
=~ 9
S 8
2R
T
T
2 Q
(<]
Q¥
- Z
O uw
o
m.mm
—
c £ 2
O < O
o o o
zZz Z Z

AIR LIQUIDE ‘

-

TECHNIQUES AVANCEES

% Lo ooy o751 W3 uoEs uondasuoa §3 nojen
TH s=uiossscoE 15 sauuen| 0loo)
sCEss|dwsl 3p 153] 3| tuepusd x pad BFUUORIUDE UDIEIYUDA
ok x| x 1TOL o8 iy { uzucdwos oyoads, ) ssmbag uonebojowoy
0 JUSLWISSSIIEA 2P x gp ENy sanbijeizw uou sawed nod 1593 sanne
seg anbizy 28eplo ap seg
Lo d| anbuipsgs janiog x gg “ony INBUFKD NOAKISTI S10Y SHued IS USISOLIDD
Do dI anbuloss Jeniog x gg oo BWAES FIBFUOUELS
ETs) x g “oy ualssaad
x EO iy : sjs3
D.0L dns | x| To S D58+ [ DL6T- - ubisap 3p saumesadws)
FGM NP 153, x 192 KN anzuMu| poassu np 4 ubisap g - g ubisep
aapoedes anbyisads spugging x b 1L FG-1-yL Sy anbyioads aBenbiew sane “sinbsy ew sBessydwas 3p ucnosep sp swssks
=|geoldde uap) x T G-y T 5P SIUNIHS JUSIZYSTD INSROY IS
95 -1+ A LGl S %01 -+ #55EN] o@ne sinbas swshs
nEsAU 3p ssunssw| 0Eoo
s|geoldde uap) x| = T oE Ty ssinbsl vonefojouwoy
3|qeaydde uoy) x BT+ o8 oy suesoduos s3p 4 ubissp == - Wesnsumop
=|qealdde uop) x TT el oy {sjuescdwon sap g ubissp | aoresas np g ubisap %OZLIMIN =>: weagsdn
=|qealdde uop) x x| LT aE ey asnazel no apinky sseyd sp waswsos p anbsu s odsip 302 pop
S|geoldde uap) JioasEsss enb snne uoissaad ap voqeinuy ap sppsedsip| ogoo|
"BINIDS x x LGl sinbas uorsssuding oD
3p juawzdinbs un sed 153U 30
31y 0Ty @dwed nod uoyonog
InEUspEE JoMBasas uoyasiosd ap ypsedsip| oE00)
sadednos ssp 30 sbenbaepy| ougey sed 3o (xl x pad (a1 aucBaien) 35 sbenbuew
TIE} UDp ¥ = g1 F g8 ooy =sinb=s uoneSaojouwoy
L2SM0xT el SE4 x| gg “xxy s2nbi|szw uou saed s anbiway afe|oda
‘BYIUE)S oG x gg EEmE WIS 0LI0D
g =p 2nauzuy e adednos Mo
“adednas 2| Sp) x b gg “oy |BULOIaUO)
=fElE] Np IUSWOL NE JE) 155 158]
7 "WYYl 1340 NS SIESST MO
ie) x x g iy FBYOUELS
s) x x gp uo/ssaad
x gE : 5)53)
D.0. D ¥BW sumessdwst "D, 0eL x x GEL oy WS UB 0,58+ | 0,E£5Z-  uBisap ap saunpesaduws)
- B 3unauspul sunjessduss) aun
anod (3414 13 1pLE) *nEUSEW
530 UCQEQEEA IBAE T, 081
wo|  HomEsad sd x x £g) NNy INFUTI BowEs3U NP 4 uBisap g') ¢ 4 uBisep
SNDILWISUL P20 3p S10U 8| SUE] x T/ Lgl wexy SIWSUEL (J]d UOIEs @ 182 £/ 1-8#0C1 NI uoEs ucndasuol 13 jnojeo
e00TrediLT
Na NSINN3Y SHIVLNIWNOD Il 4 I} W uonsadsul | 3|gue
axy m__n__uE_ BoUBIBYR asuabixa| -sod

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

dential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».

ifi

75321 PARIS. 1t is strictly cony

This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay,



26/37

Page

- G1138-NT-6 (0)
- ENK6-CT2000-00442

N° Chrono
N° Affaire
N° Client

TECHNIQUES AVANCEES

Q0d| oS SUBEISULDGS 13 S0 x EL G5 oy +#5 di / OFdl Suoiauuss
"BSSEW B B x x LgE "oy UALSISA "ASSEW B 3SIW "SUCHE|0S]
Jos spuswedinks s3p Sulow 53
SN0 CESNSENS SUE E| B ISy
sanbuzep sswadinks| ooLo
BINIDALE Lo x| - 2708 “xanny {Jusuoduwes synads,) ssinbay uogebojowoy
s|geoidde uopy x| gE aay sanbyjeizw vou samed uncd 59 sanne
s|geadde oy x ga “Exsy UDISOUICT
T x gg “Exxy IUDPEE FUSYDUELS
TS x g8 "y uolssaad
x SO A | 5)5E
WO x 0L Xy Te55% [ D.EGT- : uBisap ap saunjesaduws)
Wi x LOL “xxxy In3uSUl oaEs np 4 uBisap g - 4 ubisap
x £ g5 Sy ¢ (UononIRsUOT 3p SPOW UOIas] 2UN 3 UORD3ISP SUNP 3550090
EEEE anbupoa anz asoddns 150 esodosd Jnaynegos 3 D qu
E] SUER J85i08ud £ nE3 p Bna)
np uonasioud Sp Spow 37 Nes,p
Pnzd &) ans 158 adednos &7
gieq Qol= x| 2705 "anny Inoas s3p 4 uBisap ssp Kew = 4 ubisap
Bueg g1 . JanwN Sunssasd ulisag
mnapesodens| ggoo
SFM0BLE UOY x| L e EE g {Jusucdwos suipads,) ssinbay vogefiojowoy
SETULDY JUS US| 2o x Liar i E L ERLE Sy nejap Jed 3umsiurRy
W05 SSUUEA 53] S3IN0L
SPIA SO x L el S oo |ese ua sausinedng ssp aunidn
SLUISIUS | SUBD WUOS SRUUEA 537
spuasald sjuzwadinkg x DL ERLE oo sinbal wawadinba
sBessydiuss ne ncjask-ue Edes 13 spos ws snboewonne suves| gaoo
S3N10aLs Uop x| g8 “anndg wswodwes swzads, 15 2snbsy vonebojowoy
BNIoaYE UON x ga "X sanbijjeisw uou semed nod 1s8) saune
S|geadde uopy x gg "xxwy 204 S04 SaUUEs nod uoisoucs
Wi x gg sy [FULSRIUDY
IEOURERI B OS5y S3UBInpus x| ge "uxxy| {sanbpewone sauuess nod s3042 go0T ds=J4 0O0G) SoUBInpus
uoddey o SoUBINpUS 1591
WO x gg ‘xxxy BWISINE |8 SWSIU BPBYOUELS
T x gg “Exxy uaolssaad
x F0 EEE B EEE
7,04 ¥ELW A= | x| £02 “mny Inzjeicdeas [BAE 0,68 + | D.0F § WOWE 0,55+ / D.267- : ubisap ap saumeladwasy
0SS 3p Uolssasnd us Jeq 00F £ x TOL faey InBuZiul oaEssl np 4 uBisap ') - 4 ubisep
5% [SUSIEW NP 158 3581 37 Jeq
L B SIUUEA S3P JUSWIEERT 1531
E00EIED LT
Nad NOINN3Y IHYLNIWNNOD | BE] W ucnzadsul § 3|00u0d
axy|angouw| BDUBIRA| aouabixal sod

AIR LIQUIDE ‘

ifidential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».

V con,

), 75321 PARIS. It is strict]

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

This document is property of « L’AIR LIQUIDE » 75, quai d ' Orsay



N~
(s2]
~
N~
(q\]
(0]
(@]
]
o
(9N]
<
<
o
=~ 9
S 8
2R
T
T
2 Q
(<]
Q¥
- Z
O uw
o
m.mm
—
c £ 2
O < O
o o o
zZz Z Z

NI

AIR LIQUIDE ‘

TECHNIQUES AVANCEES

siess= 53p 510 Juasaud aus pop swsiweblo| sjEnbsa) nod siuod 53 ‘axy SUEUEA |, SUUOI0D US SEURdal 1U0S D Qu
Zuy ueuea g) suep pad £ g§ 2df) np 2439 sesoddns yuos aunydru ap anbsip 12 adednos anb sagne sauessaocoe 53] sn0Y  qu
Bl SJUELEA B] In0d JBSHES E XNEWIUIW JUSWS0UIS sjuod 53] 4, SUL0E0S US Ssuedad Juos © gu
SIESSS 58P 540f Juaszud 242 yop awsiuebic, sjanbss) inod syued s3) *3Iqow ajuELEA ° |, SUUDI0S US STUSdad JUOS | qQu
‘uoposdsulp swsiuebio, sed Jayuga g uos iy U 53010 sjulod S8 snoj 2pqow, wenebojowoy aunp supeD 3| sSUEp @ qu
SIUSUES (Jid NP NA NE U0s 3| dWeys Np Noxs, 520U SJUSWSEE 53] & gu
¥ x MR F|QuEsUs | 3p sUSs us uonanpoud 3p sio) sBepuos 3p S3USIA 10
WO | = I d | =8 ISI L0
T dweys np njgxs | gH sG] ooLo
WO dweys np snjoxs © sauuonog stuawsE| psio
ETs) dweys np sanoxa - sajgqxey aynpuoes| orlo
ND i dweys np noxe ssoddns @ neaalu 3p saunssw =nb sagne ssomep oyosads, sinsqdes| gELo
ETe) dweyo np npoxe : uoissaad ap anawenBau] ogio
s duwreys np sanprs  afess)dwss suonzasuuoz| oLio
x X 18 ‘W30 saosng ssousbie uonoesyes
uoneDo|owoy, X X TR G ooy | BU0T s3|guedlo
£ 3)INS IM0aYS 33
B,u uondasuon 3p uswabueyz
umone,nb wesozud Jreagnsni
Ur INES || “SIM0SYS UoU 3D
‘ssa00ud Ul W] IS5 SUUEA BT
EDOT/EDILT
N NOINNTY IHIYLNSWWOD Il 4] 1] W) ucnsadsu | ajoajucs
axy|apgow) aouasagal asuzbixal -sod]

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.

This document is property of « L’AIR LIQUIDE » 75, quai d'Orsay, 75321 PARIS. It is strictly confidential and not be reproduced nor given away without the written consent of « L’AIR LIQUIDE ».



N° Chrono
N° Affaire : G1138-NT-6 (0) Page : 28/37
N° Client : ENK6-CT2000-00442

ﬂ‘ AIR LIQUIDE

TECHNIQUES AVANCEES

9. SPECIFIC SAFETY STUDY (FRENCH)

9.1 METHODOLOGIE

L'étude de sécurité consiste a identifier les risques liés a l'utilisation du réservoir LH2
pour son environnement et les exploitants et a justifier les moyens mis en ceuvre pour la
suppression, la réduction des risques ou I’information des usagers des risques
subsistants.

La démarche de 1'étude est la suivante :

Lister les événements redoutés (type de risques).
e Identifier les risques pris en compte.
e Désigner I’entité a 1’origine de 1’identification du risque.

¢ Indiquer, tant au niveau de la conception que de I’ utilisation et de 1’ information, les
mesures prises :

- 1- pour I’ élimination du risque
- 2- pour sa réduction
- 3- pour I’ information des utilisateurs concernant les risques subsistants.

Les tableaux chapitre 9.4 synthétisent les mesures d’élimination, de réduction ou
d’information sur les risques subsistants a prendre en compte.
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9.2 ENTITES & RISQUES ASSOCIES
Entités Risques associés Risques en Risques en phase
fonctionnement maintenance
Hydrogene liquide |e Brilure Déclenchement Idem risques
(LH2) cryogénique soupape ou |associés
disque de rupture
e Explosion et éjection
d’hydrogene sous
e Mise en pression pression
par potentiellement
réchauffement froid.
dans une pOI'tiOl’l Inflammation
de ligne ou du éventuelle
réservoir
Pression Projections Déclenchement Idem risques
soupape ou |associés
disque de rupture
et ¢jection
d’hydrogene
sous pression
potentiellement
froid.
Inflammation
¢ventuelle
9.2.1 ENERGIES MISES EN OEUVRE

e Fluide sous pression
e Fluide a basse température (cryogénique)

e Fluide inflammable

Ce document est la propriété de L’AIR LIQUIDE, 75, quai d’Orsay, 75321 PARIS. Il est remis a titre strictement confidentiel. I ne peut étre reproduit, ni communiqué sans son autorisation expresse.
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9.2.2 EVENEMENTS REDOUTES

Anoxie

- Feu

- Explosion

- Brtlure cryogénique

- Brilure suite a incendie / explosion

- Effet de souffle suite a explosion
9.3 SYNTHESE DES RECOMMANDATIONS
9.3.1 DOMAINE SECURITE

Cet équipement est utilisé par des opérateurs formés.

Les mises a I’air se fond hors zone de risque.

9.4 TABLEAU RISQUES
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1. Dans le contexte d’une utilisation raisonnablement prévisible, et des erreurs de
fonctionnement causé par 1’exploitant, dans des conditions normales d’utilisation.

2. Analyse des risques possibles issue d’un raisonnement logique et quand cela est
nécessaire, appuyé par une analyse technique.

Répondre par : OUI ou NON

3. Répondre par :

F: Fabricant
E: Etudes
SU : spécification utilisateur

Dans le cadre de la DESP, le fabricant doit prendre la responsabilité globale de
I’analyse des risques, et si tel n’est pas le cas (manque d’informations, par
exemple), cela doit étre explicitement et clairement identifi¢ dans le résultat de
I’analyse des risques.

4. Répondre par :
A acceptable (si le risque est raisonnablement élimin¢)
NA: non acceptable (si le risque n’a pu étre ¢liminé)

5. Répondre par :
O: si le risque est directement réduit a un niveau acceptable

P: si le risque est réduit & un niveau acceptable avec d’autres précautions
(plusieurs “P” pour un méme type de risque)

6. Il faudra indiquer les références des systeémes de sécurité, de régulation,...

Il sera nécessaire de fournir I’étude (note de calcul) de la capacité du systeme de
sauvegarde

7. Si le risque n’a pu étre éliminé, les précautions a prendre doivent étre clairement
définies dans le manuel d’utilisation.

8. Identification de I’équipement : définir ’appareil, la tuyauterie, les accessoires
de pression, les accessoires de sécurité¢ inclus dans I’équipement soumis a la
pression et étudié dans ce cas.
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