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1. Introduction

This document is serving as introductory backgromformation on establishment of
best practices for hydrogen refuelling station (HiR&ety and input for the further
development of WP4 work activities of the HyApprbkaoject.

Deliverable D4.2 is referred to the task of ‘estaldhing best practices for safety’
of hydrogen refuelling stations considered withinlie HyApproval Project DowW
of the following:

» Available industry best practices to identify accié&nt scenarios and mitigating
factors.

= Safety studies from HySafe and other sources as haround for
determination of other best practices for hydrogersafety.

2. Background

There are experiences from industry best practelesed to on-site production of
hydrogen, by water electrolysis or by natural gderming, to gaseous compressors,
liquid hydrogen pumps, gaseous buffer storage &fi@l dtorage tanks which are
applicable and relevant to be considered for thapthyoval Project, but as a general
conclusion, comprehensive and wide ranging expeeif hydrogen vehicle
gaseous and liquid dispensing is presently lactoanghe HRS sizes considered in the
DoW. The present hydrogen refuelling stations dienademonstration infrastructure
projects provided to support the small numbersemhanstration hydrogen vehicle
fleets trailed by OEMs to prove new H2 FCV and K&Ehnology. Hydrogen
infrastructure facilities are not likely to be prded in big numbers and on a
commercial scale until the mass introduction ofrogen fuelled transportation
vehicles.

3. Best practices for Hydrogen Safety — from HySafe

The overall goal of the part EC funded networkxxfedlence HySafe is to contribute
to the safe transition to a more sustainable deweémt in Europe by facilitating the
safe introduction of hydrogen technologies andiappbns. This chapter outlines
briefly the status of some HySafe activities that@nsidered relevant for the
HyApproval project.

3.1Hydrogen Incident and Accident Database (HIAD)

WP5 is jointly coordinated by Det Norske Veritas &8\V) and the European
Commission's Joint Research Centre - Instituté&fargy (JRC) with contributions
from various HySafe partners.

HIAD intend to become an important European tooldjpen communication of
safety status as well as risks associated withdggir technologies to all partners in
the HySafe Consortium and beyond. In addition, HWMID serve as a common

! http://www.hysafe.org/
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methodology and format for data collection andager HIAD will hold high quality
information of historical accidents and incidergkated to hydrogen production,
transport (road/rail/pipeline), supply and commarase. The database will be
maintained such that it is updated with the lat&@srmation concerning each event
for example in order to take advantage of resuttisifaccident investigations. Hence,
HIAD will, when fully operable be an important soarfor most tasks constituting a
risk analysis process, and be an internationaldgeir accident and incident database
and a reporting platform, fulfilling the below giv@bjectives set out for HIAD:

contribute to the integration and harmonizationfraigmented experience and
knowledge on hydrogen safety in Europe and intenal across professions and
countries;

contribute to the progress in common understandfrigydrogen safety and risk;
which are the hazards, causes and consequencesi@éras/incidents associated
with hydrogen;

be a harmonised tool for safety and risk assessm@Esdciated with hydrogen
applications by providing input to analyses ane@amanagement work;

enable generation of common generic accident aridant statistics;

serve as a common methodology and reference fofarafuture hydrogen
incident/accident data collection and storage;

be a source for the understanding and experieacsfar of hydrogen accident
phenomena, scenarios and hazard potential; whathar@azards; what can go
wrong, how and why do accidents/incidents devedt;

keep all stakeholders (authorities, public, redearmdustry) updated and
informed with recent accidents/incidents involvitige use of hydrogen, thus
contributing to spread of knowledge and best pcaciis well as to building up a
realistic perception of the risks related to use lgfdrogen in industrial
applications.

Table 1 below outlines the HIAD database strucamd the corresponding building
blocks.

Table 1 — HIAD database structure

Block Parameter examples

1. HIAD Administration Event coding

Information sources
Dates of entry and last revision
HIAD operator and data provider details

2. Pre-event conditions Date and time of event

Weather conditions
Geographical location
Type of H2 application
Operation phase or mode

3. Nature of event Systems and components affected or involved

Chain of events
Causal relations
Relevant safety systems and emergency response
Releases, fire and explosion specifications/details

4. Consequences of event Fatalities and injuries

Property, environment and economical loss and demag

5. Post-event actions Clean-up and restoration

Legal/legislation initiatives
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Lessons learned

Investments made

6. References Hyperlinks/references to files and documents, widssetc.
Specification of attachments, e.g. maps, drawipgstos, etc

In summary HIAD has now been developed as follows:

A common methodology and procedure for data catiadtas been
developed.

» A data entry template has been developed.

* The HIAD web-based interface has been developdd,data retrieval
capability.

» Contributions from various partners have been weckiusing the HIAD Data
Entry Template in Excel Format. This collected dea been inserted into the
HIAD databaseThere are now 30 hydrogen-related events reportechi
HIAD.

The overall purpose of HIAD is to assist stakehidde better understanding
hydrogen-related undesired events (incidents, aots)l and provide a proposed
methodology to contribute - in the long term whaffisient statistical evidence will
eventually become available - towards improvingrbgen-related risk assessment
and management.

As agreed by the HySafe consortium in the initleges of WP5, it is important to
highlight that HIAD is currently not a standard urstrial accident database, but rather
a collaborative and communicative safety/risk comitationprocess and hence not

a tool for immediate use in quantitative risk assgnts. However, as for all
databases holding information about accidents acidents, HIAD may already at
this stage of the development serve as a sourdbddrazard identification exercise

in risk assessments of hydrogen applications

3.2 CFD modelling in HySafe

All modelling activities are carried out in Work ¢ékage 6, which is coordinated by
ForschungsZentrum Karlsruhe (FZK) in Germany.

The programme of work specifies that a numbermlgtion exercises, or Standard
Benchmark Exercise Problems (SBEPS), shall be peéd. This includes dispersion,
fires, explosions and flame acceleration (DDT, datmn). One of the WP6
deliverables, D57, is a compilation of suitable@xmpents that are potential
candidates to be SBEPs. There are also extendeBsS&teSBEPs that partners
participating in the WP6 can perform should theyvsh. External organisations
have also been invited to calculate SBEPs and wiesssdts are also included in the
model comparisons.

The intention is to investigate different typedloivs, low-pressure and high-pressure
releases of gaseous hydrogen with diffusion andngjxgnited gaseous flows

leading to deflagrations, flame acceleration legdonDDT or detonation and releases
of liquid hydrogen. The performance of differentowlence models and other
physical sub-models will be investigated. One gueshutcome of WP6 might be
recommendations for which types of models to udeoar certain types of flows
should be treated.
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A number of different commercial, internal and ssé CFD codes are used in the
simulations. Similarly a number of different turbaote models have also been used.

A number of SBEPs have been carried out to date:
 SBEPs
— V1: Dispersion of hydrogen in a closed vessel (Rustest)
— V2: Explosion of a hemi-spherical hydrogen-air gasture of stoichiometric
concentration (Fh-ICT)
— V3. Release of hydrogen in a garage-like encloGINERIS)
 eSBEPS
— Dispersion of a liquid hydrogen release on sand§NA

Simulation results from two of SBEPs V1 and V2 weresented at the'l
International Conference on Hydrogen Safety in Risseptember 2005, Gallegb
al. (2005a) and Galleget al. (2005b).

There were some queries relating to the experirhdata and the information on
initial and boundary conditions were scanned. Hawilentified a lack of
experimental data, two internal HySafe projectsehiaeen initiated; a) InsHyde,
which is concerned with dispersion, e.g. mixing diftlsion of hydrogen in an
indoor environment and b) HyTunnel where hydrogdeases, both dispersion and
combustion, in a tunnel environment are considered.

In InsHyde, it was decided to perform a set of expents to investigate dispersion in

a garage-like enclosure. Three rounds of simulatairthe INERIS test were

performed,; first a set of pre-test calculationsenvearried out to provide information

to aid in the design of the experiments; this vadi®ied by a blind calculation of the

selected scenario. The results from the differantners were then compiled and

presented at a meeting. A third and final iterati@s then performed where each

partner was asked to draw upon the experienceedblthd calculations to improve

the accuracy of the simulations, e.g. to be indbetjreement with the experiments.

The output of the simulations were

» Size of the gas cloud

» Size of the cloud within the flammable range, -5 %

* Total mass of hydrogen

* Mass of hydrogen in the flammable range

* The hydrogen concentration was measured at twebagibns within the
enclosure. In the CFD calculations the hydrogercentration was monitored at a
further four sensor locations for which there exristinformation about the
hydrogen concentration; the latter four sensorirggdwere used for model
comparison only

A further set of SBEPs and eSBEPSs are currentlygoealculated
« SBEPs
— V4: High-pressure release of hydrogen in the atiesp(HSL) or high-
pressure release of hydrogen in a laboratory (FZK)
— V5: Dispersion in an enclosure with baffles (GexCon
— V7: Explosion of premixed stoichiometric hydrogan&oud in a mock-up of
a hydrogen refuelling station (Shell, HSL, BP, BxxMobil)
— V8: Explosion in a vented tube (FZK)
» eSBEPs
— V6: Release of liquid hydrogen (BAM)
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— V9: Transition from Deflagration to Detonation irclaannel (Fh-ICT)
3.3 Risk Assessment Methodologies in HySafe

The remit of Work Package 12 in HySafe Networloisdnsider Risk Assessment
Methodologies. The main focus has been hazardaws dassification and safety
distances. The Work Package is led by Det Norsk@ageAS (DNV) in Norway.

WP12.4 Hazardous Zones

» Deliverable D64 “Classification of Hazardous Zorasethodology and
examples” discussed. This report summarises thik lWwesubtask 12.4 on
classification of hazardous zones carried out.eBasound EU
directive1999/92/EC “Safety and Health ProtectibiMorkers potentially at risk
from explosive atmospheres” and IEC/EN60070-10 ¢&ieal apparatus for
explosive gas atmospheres. Part 10 Classificafitiazardous areas”. A generic
hydrogen refuelling station is to be used. Thehmétused for zoning based on
the Italian Methodology. Initial results were prated. The generic refuelling
station was also presented with some initial resunith CFD (FLACS) and
PHAST modelling for zoning given. Comparison ¢ tlispersion calculations
using the Italian methodology and the PHAST cakomifes for the outdoor
scenarios showed good agreement. The simulatexheibt been finalised at the
time of the workshop at Risg. Remaining scendadds looked at are:

» Dispenser;

* Refuelling nozzle;

* Vent line/relief point for safety valve;

» Outdoor valves at gas storage high pressure vessels
» Valve at buffer tank; and

» Shutoff valve outside gas processing house.

The choice of vent sizes was discussed, with thaltrbeing those used already were
not always realistic and a way forward was decided.

WP12.5 Safety distances

Risk assessment methodology and uncertainties pvesented. Assurance EU
project and Aramis EU project that partially folled/up on Assurance are relevant.
More work needed to qualify terms and their nunarguivalents. IEC300-9-3 Risk
analysis of technological systems cited as posséoias and numbers source. EIGA
75/01/E/rev Safety Distances may also be relevant.

Deliverable D26 Definitions.

Safety distances for hydrogen filling stations papeRIVM was discussed with
some concern about basis for data. Data taken Tid@ Purple book but may not be
appropriate.

Draft report deliverable on Safety Distance is Hatore the end of 2006.

Topics for further work were discussed. Theseuded:

» Better information needed for failure frequencies;

* More appropriate consequence reference points (batenia) needed;
* Tolerance level/individual harm criteria/level;

» Acceptance criteria; and

» Threshold values for different materials.
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A Memo on methods is to be produced. Sensitititdies need to be carried out to
determine sensitivity of frequency data.

4. Assumptions on HRS sizes

As stated in the HyApproval DoW, three differensgpible generic sizes for
implementing a HRS will be considered by WP4 anegtigated in principle. Taking
into account the timely applicability of the Handxdo be developed in HyApproval,
typical assumed capacities of HRS of 300, 1,50033500 kg/day respectively were
chosen as being within the range of practical kedgé and adequate for the
foreseeable range of uses for at least the neyeass (up to 2015).

The '3 sizes' defined in the HyApproval DoW arexmstence at the moment and

reflect the real likelihood of an H2 infrastructureild-up (e.g. HyNet) in the next 5 —

10 years:

* a'small' <350 kg storage is the H2 quantity astexg CGH2 ‘trucked-in’ tube
trailer will delivery to a site or could be prodacen-site’ e.g. all existing CUTE
sites with CGH2 supply (e.g. CUTE Luxembourg & Byron-site H2 production
at Barcelona, Amsterdam, Stuttgart, Reykjavik, stotm, Madrid.

* a'medium’ <1,500 kg storage is the quantity asteg ‘trucked-in’ LH2 tanker
could deliver to a number of existing sites in Elgerseas at the moment (e.g.
Total/Linde Berlin, CEP Berlin; Shell Washington)

* a'large’ <3,500 kg storage is the LH2 quantitypdiep by a full delivery of an
existing ‘trucked-in’ LH2 tanker (e.g. BP CUTE Lan).

The Handbook will consider the case of all 3 sered the HRS scenarios of stand
alone and/or integrated with other gaseous ordifuels at existing vehicle refuelling
stations.
It will be assumed that a maximum of one H2 tardadivery (CGH2 or LH2) per day
is possible to any site:
» If buses are refuelled, assume refuellings of 3&&H?2 / bus / day (at 35 MPa).
» If cars are refuelled, assume refuellings ooenmercial market environment

(i.,e. HRS’s are accessible to the general public)

e CGH2 35 MPa: 4kgH2/car @ 3 -4 mins / fill

e CGH270MPa:4kgH2/car@ 3 -4 mins /fill

e LH2:5-10kg/car @ 3 — 4 mins /fill

5. Review of available Industry Incident Experiencesdr
hydrogen vehicle refuelling stations (CFD simulatias
proposed)

WP4 will undertake a comprehensive risk assessofentomplete HRS to confirm
final accident scenarios for CFD simulation moahgjlbut credible accident scenarios
(as per scope of DoW - WP4) from gas industry iestcexperiences are proposed for
CFD simulation as follows:
1. CGH2 dispenser failure at 35 MPa

Event: hose-break / connector nozzle / dispenderd¢a
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Worst case estimated event (before excess flowesa®/or pressure sensing
devices shut system down): loss of all contentsifrmse & dispenser

Worst case estimated H2 quantity lost:

* Length of hose: 3 metres for cars; 5 metres makidses/HGVs

* Hose internal dia: 6 mm (for cars); 11 mm (for [BiBKESVS)

» Dispenser contents: assume less than 0.1 kg Hasezle

2. CGH2 dispenser failure at 70 MPa
Event: hose-break / connector nozzle / dispenserd¢a
Worst case estimated event (before excess flowesaB/or pressure sensing
devices shut system down): loss of all contentsifrmse & dispenser
Worst case estimated H2 quantity lost is basedherfiallowing:
* Length of hose: 3 metres for cars; 5 metres makidses/HGVs
* Hose internal dia: 6 mm (for cars); 11 mm (for [miBKSVS)
» Dispenser contents: assume less than 0.15 kg Eased

3. LH2 dispenser failure at 3 — 8 Bar

Event: hose-break / nozzle / dispenser failure

Worst case estimated event (before excess flonesalv pressure sensing devices

shut system down): loss of all contents from hosdispenser.

Worst case estimated H2 quantity lost is basedherfidilowing:

* Length of hose: 3 metres max

* Hose internal dia: 7 — 8 mm

» Dispenser contents + hose: 0.16 kg H2 released .2 = 850L GH2; 1L H2
=0.0708 kg H2)

* Pressure sensing devices (2 off) will immediatedfedt loss of vacuum in
hose & activate an emergency shut down valve (S@¥3ume SDV to close
successfully within 5 secs)

4. CGH2 tanker discharge hose failure at 25 MPa
Event: hose break
Worst case estimated event: loss of all contents fnose &railer.
Worst case estimated H2 quantity lost is basedherfidilowing:
* Length of discharge hose: 3 metres max
* Hose internal dia: 12.5 mm (1/2 inch)
» Trailer contents: whole contents (250 kg) wouldlds via 12.5mm dia hose
outlet.
Limiting factor is that max flow is more likely toe determined by the restriction
of the trailer/tanker piping, than hose diameter.

5. LH2 tanker discharge hose failure (11 bar &)
Event: hose break

Worst case estimated event (before excess flonesaldy pressure sensing devices
shut system down): loss of all contents from hogeag&ially from trailer.

Worst case estimated H2 quantity lost is basedherfidilowing:

* Length of discharge hose: 3 metres min — 5 metges m

* Hose dia: 25.4 mm (1 inch) OD; 22.5 mm ID

» Discharge is at 25 kgs LH2/min
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» Loss of trailer contents (before operation of fafe ESD or emergency shut-
off valve): 100 kgs LH2 estimated.

Limiting factor is that max flow is more likely toe determined by the restriction
of the trailer/tanker piping, than hose diameter.

Notes on CGH2 & LH2 releases:

* For a gaseous release, stationary situation ifieekeery rapidly, so the most
important parameter will be flow.

* For aliquid release, estimate of both flow an@ask duration will be
dimensioning. We will need to take into accountlad flow restricting factors
to avoid being excessively conservative on thisiage which dimensions
radius of area concerned by emergency responseeatmittions to station
operation while LH2 is being delivered.

Underground line from CGH2 buffer storage asaade priority panel to dispenser
Event: U/G line failure (e.g. from external meclwahidamage)
» 35 MPa dispensing systems

o Max working pressure: 43.8 MPa

o Diaofline: 13 mm ID (Line pipe API Sch 160)

o Length of line: 20 — 75 metres (assumed lengths)

0 0.25kgs H2 is estimated to be contained in a 200G length of piping.
e 70 MPa dispensing systems

o Max working pressure: 87.5 MPa Bar

o Diaofline: 13 mm ID

o Length of line: 20 — 75 metres (assumed lengths)

Opening of a safety relief valve (> 35 MPa)
Event: overpressure in line/system; discharge afety relief vent to a safe
location

CGH2 minor leak (> 20 MPa)

Event: small leak from hose perforation, screwexwljditting or flange

Leak size: 0.10 mm dia (estimated)

Mitigating factors: escaping H2 will be easily hadsaleak can be easily detected
by HRS system monitoring pressure.

CGH2 major leak (> 20 MPa)

Event: major leak from hose perforation, screweltjditting or flange

Leak size: 0.20 mm dia (estimated)

Mitigating factors: escaping H2 will be easily hetaleak can be easily detected
by HRS system monitoring pressure.

LH2 minor leak (12 Bar max WP)

Event: small leak from hose perforation, screweltjditting or flange

Leak size: 0.10 mm dia (estimated)

Mitigating factors: escaping LH2 easily detectedgking easily visible; leak can
be easily detected by HRS system monitoring pressur
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11. LH2 major leak (12 Bar max WP)
Event: major leak from hose perforation, screweltjditting or flange
Leak size: 0.20 mm dia (estimated)
Mitigating factors: escaping LH2 easily detectedgking easily visible; leak can
be easily detected by HRS system monitoring pressur

12.CGH2 leak in compressor building/enclosure (e.ghencompressor, cooler
equipment, valves, flanges etc.)
Event: CGH2 minor/major (0.1 and 0.2 mm) leak is ga
Pressure: 45 MPa
Amount of hydrogen to be released after gas dete@00 — 300 g (assessment of
available amount of gas inside process equipmatt &8 compressor, vessels in
between shutoff valves)
Dimensions of gas processing house | x b x h =@%x 2.5 m3
Mitigating factors: Ventilation (natural or mecliead, 10, 50, 100, 200 ACM
Gas detection will initiate automatic shutdown (slfvalves) towards buffer
storage and H2 production/supply and shutdown ofpressor.

6. Accident scenarios considered improbable (no @k
simulations proposed)

The following accident scenarios were consideregaraiable (e.g. corresponding

to a 10° per year.) by the industry. The industry theref@@ommends that these

scenarios be not prioritised for CFD simulationshi@ HyApproval project. The

partners recognise that specific HRS design inrathses could affect this

conclusion. It should be noted that this does mptly that these scenarios will

represent negligible risk on a real HRS.

» Catastrophic failure of a CGH2 storage vessel {¢2ocylinder or pressure
vessel for buffer storage)

e Catastrophic failure of an underground LH2 stortgek and u/g fittings and
pipe work exposed to fire (LH2 storage tanks asgailed U/G so they
CANNOT be exposed to fire)

There were some questions posed for further coragida as part of ongoing

HyApproval activities:

* What scenarios could cause a CGH2 storage vesdall tatastrophically?

» Mitigation factors: should water sprays protecttifer storage vessels & are
water sprays effective against high-pressure Hfirgt?

» Catastrophic failure of an aboveground LH2 stortagé exposed to fire?
Would a LH2 above ground tank ‘bleve’ if exposedite?

o Mitigation factors: as LH2 is a cryogenic liquitigtstorage tank would
take much longer for the LH2 to change phase figmid to the
gaseous state to result in a ‘bleve’ situation.

* Any other accident scenarios considered improbable?

2 ACH — Air Changes per Hour
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Other credible accident scenarios recommended/b
industry for further discussion & risk assessmentm WP4.

Further WP4 internal discussions recommended tlleexfimg hydrogen related
scenarios to be considered when undertaking theasisessment for HRS'’s in
HyApproval WP4. It should be noted that this lised not intend to be complete with
respect to covering all potentially credible ingitein all HRS:

a)
b)

c)

Leak at nozzle or other connections --> loegljzelease not detected
automatically

Hose failure (without rupture) --> hose moveinsrpartly restrained - release is
not detected below a certain leak flow threshold

Hose rupture --> hose movement is partly retgtd by anti-whipping cable -->
roughly localized release, interrupted by presseresing device

Break-away release --> localized release interduptenediately by breakaway
system

Nozzle ejection --> hose is unrestrained; increaaddis of mechanical impact &
flame impact if ignited

Note: Scenarios in the cases of on-site productioenarios related to oxygen (water
electrolysis) and natural gas will not be coveredhay are outside the scope of the
HyApproval DoW.

The reference data we need to deal with each afdkes above is:
a) Max diameter for leak in equipment connections &thbe based on real

dimensions: agreement on a typical reference dimen8.1 mm or 0.2 mm
might be appropriate (ISO document hypothesis)?

In several sources, leak sizes to be used in ssgssment studies are listed as
dependent on the overall dimension of the equipnesgt

» avalve major leak area equal to e.g. 10 or 20&a af full-bore rupture,
and

* aminor leak area equal to e.g. 1 or 2 % arealbbbre rupture.

It should be a requirement to take into accounttti@equipment at gaseous
HRS has significantly smaller dimensions than agdgetrochemical plants.

Some data sources:

1) EIGA document (IC Doc 75/01/E/rev Determinatiorsafety distances,
available from the internet).

2) IP®“Model Code of safe practice. Part 15 Area clécssiion code for
installations handling flammable fluids™®Edition July 2005, ISBN 0 85293
4181

3) IP “Arisk based approach to hazardous area cleasdn”, Nov. 1998, ISBN
085293 238 3

In the last two of these sources a release si@elahm (corresponding to a failure
frequency of 18 per valve yr) for valves is proposed for calcalas as basis for
extension of ex zone 2.

% |P — Institute of Petroleum, London
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b) Max leak that will not be detected automatjcal

c) Hose& line internal diameter, flow restrictgrmose & line length to isolation
valve, max time to detect release and close isviatalve.

d) Hose & line internal diameter, flow restrigi®) time for both ends to close.

The values taken above would be the maximum vadhatsvould be expected

in a fueling station (according to its type: buscar, gas or liquid).

WP4 should systematically compare the effects thitise that we would have with
alternative fuels already in use like LPG (whenl@paple), especially for the major
accident scenarios used as a basis for siting.

8. Risk controlling measures relevant for HRS Acident
scenarios selected for CFD simulations

For the purpose of satisfying public safety issitds,assumed that HRS’s have been
built to recognised and currently accepted codasdards and regulations, primarily
based on national and local specific requirements.

1. General risk controlling factors applicable to allHydrogen Refuelling

Stations:

* All HRS’s are designed, constructed & operatedtatusory requirements and
approved codes & standards. The current limitatielated to hydrogen
specific approved and recognised codes & standangdy that additional
measures in most cases are recommended to assaceegmable safety level.

» Classification of hazardous areas according toaga/agreed standards

Al HRS’s to have a prepared Emergency ResponseeHure (ERP) plan

* All HRS operator(s) shall be trained in ERP pland aperation of HRS as
applicable.

* AllHRS’s to have an emergency shutdown (ESD) sysie equal.

» Fire water supply & fire fighting equipment is aladile and appropriate to the
size and/or risk of the HRS e.g. dry sprinklergwiater monitor, and fire
extinguishers. Special attention must be paidadiosts where liquid hydrogen
is stored to prevent plugging vent outlets. A Hypgno/natural gas jet fire
should generally not be extinguished until the aséeis stopped since this
might lead to accumulation and delayed ignitioraolthg of storage tanks and
other hydrogen containing equipment, e.g. by watpray, should be
considered.

« HRS’s comply with separation (or isolation) distascrequired to achieve
acceptable levels of as per agreed codes & stamdard

* HRS’s have a systematic preventative maintenarareiplplace

2. CGH2 Dispenser @ 35 MPa

Mitigation factors:

* Hose break-away / hoses / connector nozzle araliysinspected daily to
confirm no signs of mechanical damage or partieuf@esent on connector
nozzle seals

» Dispenser to go through a self leak-check testreadspensing fuel

* Hose fitted with a dry-breakaway connection
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Hose is tested and/or inspected at agreed sereigteds with inspection and
service of break-away & nozzle connector

Dispenser must be protected from external impamhfwehicles. Means of
protection can be bollards, curbs, guard rails etc.

Excess flow valve is fitted underneath dispenseelse control by pressure
transmitters, pressure differential detectors araégmax fill rate limited to 3.6
kg/min (as per WP6 requirement).

Assembled hose fitted with a suitable restrainiaple or device, properly
fitted to an anchor point to restrain the hosehim ¢vent of a hose assembly
failure (anti-whip wire feature).

ESD button positioned near dispenser

Dispensers are made from flame-resistant materials

3. CGH2 dispenser failure at 70 MPa
Mitigation factors:

Hose break-away / hoses / connector nozzle aralliysinspected daily to
confirm no signs of mechanical damage or partieufatesent on connector
nozzle seals

Dispenser to go through a self leak-check testreedspensing fuel

Hose fitted with a dry-breakaway connection

Hose is tested and/or inspected at agreed sereigteds with inspection and
service of break-away & nozzle connector

Dispenser must be protected from external impamhfwehicles. Means of
protection can be bollards, curbs, guard rails etc.

Excess flow valve is fitted underneath dispenseelse control by pressure
transmitters, pressure differential detectors araégmax fill rate limited to 3.6
kg/min (as per WP6 requirement).

Assembled hose fitted with a suitable restrainiaple or device, properly
fitted to an anchor point to restrain the hosehim ¢vent of a hose assembly
failure (anti-whip wire feature).

ESD button positioned near dispenser

Dispensers are made from flame-resistant materials

4. LH2 dispenser failure at 3 — 8 Bar
Mitigation factors:

Hose break-away / hoses / connector nozzle arallysinspected daily to
confirm no signs of mechanical damage or partieufatesent on connector
nozzle seals

Dispenser to go through a self leak-check testreedspensing fuel

Hose fitted with a dry-breakaway connection

Hose & connector is pressure tested annually arfegquency by other agreed
criteria for acceptable operation (hoses are oinlstss steel metallic
construction)

Dispenser must be protected from external impamhfwehicles. Means of
protection can be bollards, curbs, guard rails etc.

ESD button positioned near dispenser

Dispensers are made from flame-resistant materials

5. CGH2 tanker discharge hose failure at 25 MPa
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Mitigation factors:

Hose & end connections are visually inspected leefeach discharge to
confirm no signs of mechanical damage or partiedttt present on end
connection threads

Hose & end connections are pressure tested anmalhisually inspected to
determine a predetermined lifetime.

Assembled hose fitted with a suitable restrainiaple or device, properly
fitted to an anchor point to restrain the hosehim ¢vent of a hose assembly
failure (anti-whip wire feature).

Trailer discharge station is located in a contbifesecure area. Escaping gas
can vent & disperse to atmosphere.

6. LH2 tanker discharge hose failure (11 bar makXVP)
Mitigation factors:

Hose & end connections are visually inspected leefeach discharge to
confirm no signs of mechanical damage or partiedtt present on end
connection threads

Hose & end connections are pressure tested annorlft a frequency by
other agreed criteria for acceptable operation bogre of stainless steel
metallic construction)

Hoses are double walled & vacuumed jacketed

Trailer discharge station is located in a contblfesecure area. Escaping gas
can vent & disperse to atmosphere.

7. Underground line from CGH2 buffer storage or cascaeé priority panel to
dispenser
Mitigation factors:

U/G lines are protected against external corrobipaxternal coatings,
cathodic protection or equal

U/G lines are pressure tested every 5 yrs or cquéncy by other agreed
criteria for acceptable operation

U/G lines are protected from external mechanicalatge by installation
inside another protective (jacketed) pipe or wittamcrete ducting or equal.
U/G pipelines are fitted with ‘Normally-closed’ wals at either end of under-
ground line sections if length of u/g pipeline re@er than 20 metres unless
an alternative acceptable safety level has beeanrdeted by risk assessment
or other equivalent method.

8. On-site Production building/enclosures
Mitigating factors:

Gas and fire detection inside production building

Relief points for oxygen and hydrogen (for elegtselrs) are located at safe
position at a certain distance from each othere HEfief point for oxygen
must be at a lower level than relief point for hygken

Gas and fire detection will automatically close tsbff valves toward
compressor and buffer storage

Non return valves to prevent backflow from highgsiere section
Emergency buttons positioned inside enclosure

Explosion relief areas
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» If the ventilation system is a part of the safetgtem, the effect is documented
by approved/agreed standard

* Ventilation inlet at low position

* Ventilation outlet at high position

9. Compressor building/enclosures

Mitigating factors:

* Gas and fire detection inside enclosure

* Gas and fire detection will automatically closetsbff valves towards H2
production/supply and buffer storage

» Safety valves/relief system from low pressure sitlebe separated from the
high pressure safety relief system

* Non return valves to prevent backflow from highgs@re buffer storage

* Emergency buttons positioned inside enclosure

* Explosion relief areas

» If the ventilation system is a part of the safgtgtem, the effect is documented
by approved/agreed standard

* Ventilation inlet at low position

* Ventilation outlet at high position
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9. Conclusions

WP4 work activities will continue to monitor bestptices based on actual
industry experiences with hydrogen refuelling stasiin Europe, US and Japan
and input into the HyApproval Handbook developmeapplicable.

The best practices will be also considered for impw Deliverables D4.3 and
D4.5, when a comprehensive Risk Assessment stubtfR&'s will be undertaken
and accident and incident scenarios finally setetdethe CFD simulation and
modelling.
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