[image: image8.png]


 Proposal for JPA 2005 - HYSAFE


[image: image9.jpg]ot

x

" T

ot

x




Hysafe

Contract SES6-CT-2004-502630
D28. Report on priorities and further steps in JPA 

(Joint Programme of Activities)

Appendix D

17. January 2005

Version 1.0



     

Risoe National Laboratory

Draft proposals under preparation 

Contents

41
Use of hydrogen systems in confined spaces


222
DDTHY – proposal


233
HyJetIgn – proposal


244
HYTUNNEL - Internal Project on Tunnel Safety




1 Use of hydrogen systems in confined spaces

[image: image10.png]



SIXTH FRAMEWORK PROGRAMME

NETWORK OF EXCELLENCE

HYSAFE

Safety of Hydrogen as an Energy Carrier

[image: image11.png]



Contract no.: 502630

Proposal for a HySafe project as part of the 2nd JPA from month 12 to 30th. 

Project topic: Use of hydrogen systems in confined spaces: hazard control for small/medium leaks

Lead participant:
INERIS (report created by L. PERRETTE)

Partners:
All

Date of preparation:
20.12.2004

Date of revision:

25.01.05

Dissemination level:
Internal

Project main output

Best practices document for the use of hydrogen systems in confined spaces- ventilation, building design and detection

Other technical outputs

· CFD best practices

· Code benchmark

· Hydrogen sensors availability and limitations

· Best practices on experimental concentration and velocity measurement

· ATEX zoning methodology for hydrogen equipment

Abstract
	In a medium term future, one could expect an increasing number of hydrogen systems to be used (co-generation processes) or stored (mobile applications) inside buildings (dwellings, garages,…). Whereas outside location would be favourable in most cases to prevent leaking hydrogen from accumulating, inside location will remain in many cases a necessity. 

On this issue, the PIRT exercise (WP4) and the survey (WP7) have pointed out that releases (even slow releases, with “small” release rates) of hydrogen in confined or semi-confined geometries present a serious risk, since combustible mixtures may form, which, if ignited, could lead to explosions.

However, it seems that no recommendation exists today to provide advice on the safe use of hydrogen systems in confined spaces. Many questions remain unanswered and especially those related to hydrogen dispersion behaviour depending on the leaking regime. Effect of safety measure such as ventilation is also insufficiently understood although it is a fundamental and widely used risk control technique.

This program intends to investigate realistic (ATEX related) indoor leaks and ultimately to provide recommendations for the safe use / storage of indoor hydrogen systems.

This program also aims at pulling together WPs proposals and existing research projects toward a common goal and a useful contribution to the society for the safe implementation of hydrogen technologies.
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1.1 1. State of the art

In a medium term future, one should expect an increasing number of hydrogen systems to be used (co-generation processes) or stored (mobile applications) inside buildings (dwellings, garages,…). Whereas outside location would be favourable in most cases to prevent leaking hydrogen from accumulating, inside location will remain in many cases a necessity. 

Large leaks caused by major system failure have the potentiality to induce large indoor explosive volumes whatever the ventilation could be. Control of these catastrophic cases, that one could consider as “worse case scenarios”, is handled by the reliability of the hydrogen system itself (design, maintenance, ESDV,…) as well as by passive building design (building strength, building venting). These scenarios should be of a very low probability.

If we now consider minor and more foreseeable leaks (1 g/sec or even less such as permeation rates), building ventilation whatever natural or mechanical becomes a major and widely used risk reduction measure. 

However, a better understanding of hydrogen dispersion phenomena and the safe contribution of ventilation on the dispersion pattern is still to be investigated in order to:

· provide safe ventilation design rules (flow, velocity, layout), 

· and comment about residual hazards since ventilation could have no effect on local dispersion pattern
. 

Regarding hydrogen behaviour in confined spaces, one should expect, in some cases, a strong stratification to occur (high hydrogen concentration close to the ceiling). This strong stratification pattern could be the more difficult to control without a high momentum ventilation flow (air velocity). Strong stratification could be foreseen for rare, but somehow possible, laminar hydrogen leaks (low pressure, liquid hydrogen evaporation?). In these cases, nearly pure hydrogen is expected to rise quickly and undisturbed to the ceiling (chimney pattern) due to its very low density compare to indoor air. Though stratification could also be expected for turbulent release (high pressure), it is expected to be less emphasised due to the premix of hydrogen (and therefore a significant increase in mixture density) at the leaking orifice. This latest case could be easier to control even though local dispersion pattern is expected to remain undisturbed as said above (high momentum leak versus low momentum ventilation).

This programs intends to investigate realistic indoor leaks (typically the ones that would be considered for an ATEX risk assessment) and ultimately to provide recommendations for the safe use / storage of indoor hydrogen systems. Proper ventilation, detection techniques (technology, location, response time) and eventually building design rules (fire safety, building strength, inclined ceiling) are part of this program.

2. Technical objectives

Edit recommendations for the safe use of indoor hydrogen systems

This objective includes to:

· Provide information on main hazards when using hydrogen in confined spaces (hydrogen dispersion behaviour, fire and explosion potentials, ignition),

· Provide information on the regulatory and standards framework for the use of indoor hydrogen systems (ATEX directives and related standards, fire safety rules,…),

· Help end users and designers to assess potential leaking rates (risk assessment) and regimes of planned and existing indoor hydrogen systems,

· Give advice on ventilation performance (reliability, flow, layout,…) to ensure that leaking incidents do not allow hydrogen to accumulate,

· Give advice on sensors layout and performances based on expected releases and buildings layout,

· Give advice on choice of electrical equipment inside the building,

· Give advice on building layouts (inclined ceiling, choice of electrical equipment, room size, fire safety,…),

· And eventually, give advice on best practices modelling of indoor release of hydrogen.

3. Relevance of the proposed program

The PIRT exercise (WP4) and the survey (WP7) have pointed out that releases (even slow releases, with “small” release rates) of H2 in confined or semi-confined geometries represent a serious risk, since combustible mixtures may form, which, if ignited, could lead to explosions.

Beside, as stated above, use of indoor hydrogen system is expected to rise even though there is today no clear guidance on how to run them safely. A wide range of questions remains unanswered when doing indoor hydrogen systems risk assessment.

The list below contains typical questions that this program should address: 

· Is it possible to install a hydrogen system indoor safely?

· What scenario should be considered to design the ventilation system? What leaking rate to expect? Shall ventilation performance be only be based on this leaking rate bearing in mind that flammable gas concentration in air will be inhomogeneous?

· Will hydrogen mix with air or will it accumulate under the ceiling? What will be the gradient of concentration between ceiling and the ground? How this behaviour affects ventilation design?

· Could ventilation have a negative impact by inducing larger explosive volume (disturbance of stratification) and generating more turbulence favourable to fast mixture combustion? 

· Is there any existing rule to design ventilation systems? Where should be best located air intake and output?

· Should the hydrogen system be isolated in a small room with dedicated ventilation?

· What is the effect of ventilation on the size of expecting explosive volumes? How does ventilation affect ATEX zoning?

· Will a ventilation system prevent all explosive atmospheres to form in case of a leak?

· Should we fear the consequences of ignition of a small explosive atmosphere?

· Can explosive atmosphere form in ventilation pipes?

· Is it necessary to have multiple ventilation regimes that could be triggered by sensors?

· Should the ventilation system be backed up?

· What mathematical model represents best the effect of ventilation on indoor hydrogen concentration?

· Is it necessary to provide sensors? Where shall they be located for rapid detection? 

· What kind of detection technique is the most appropriate?

· What fire safety measures should be taken?

· What is the impact of indoor hydrogen systems on building design? Is it necessary to have an inclined ceiling? Would inclined ceiling enhance detection time?

Today, hydrogen behaviour in confined spaces is still puzzling. Therefore, it is always difficult to provide advice on ventilation systems even though it is a common problem that should become even more real with the years to come.

4. Applications impacted by the outcome
· Stationary: large co-generation systems, domestic appliances, use of fuel cell in boats,…

· Mobile applications: maintenance garages, domestique garages, tunnel,

· Miscellaneous: Test benches, research laboratories

5. Detailed program
5.1 State of the art – review of existing knowledge

First of all, this review should identify existing rules on ventilation and evaluate their appropriateness for hydrogen systems. Natural ventilation of building should also be investigated and figure agreed on. Indeed, natural ventilation could be sufficient in many cases. Collection of risk assessment studies will also be beneficial to get a better idea on existing approach for the safe use of indoor hydrogen systems. In parallel recommendations related to detection techniques use and location as well as to fire safety should be identified and reviewed. 

Any indoor incidents / accidents involving hydrogen should also be compiled. 

This state of the art review should also cover detection techniques in terms of available technologies and related performances (detection range, detection time,…).

In parallel the review of indoor hydrogen release tests as well and simulation should be thoroughly identified and reviewed beyond the work already done under the frame of the first HYSAFE period. 

All these data will be useful to shape the experimental program.

Based on existing rules, expert judgement, as well as already available data, early proposal for ventilation design and detection should be compiled. Appropriateness of this draft proposal could then be tested in the course of the experimental work.

5.2 Theoretical study of permeation

Tolerable permeation values are proposed as part of an ISO TC 197 draft standard. This task aim at assessing if this value could induce hazardous situations in confined spaces (private garage). This task requires at least:

· a benchmark study of private garage layout,

· a benchmark study of expected natural ventilation rate in private garage,

· a set of hypothesis for car storage maximum time frame,

· a description of storage systems (capacity,…),

· and a clear understanding of hydrogen dispersion once released at low flow rate by a diffusive source. 

Based on these data, an early theoretical answer about the relevance of the proposed permeation rate could be erected. If necessary, the need for experiments to validate early findings will be expressed and experimental setting define.

5.3 Dispersion experiments

Ideally, these experiments should be jointly performed.

Realistic tests should be designed to:

· evaluate the appropriateness of the draft proposal for the safe use of hydrogen in confined spaces,

· and to investigate areas where expert judgement and numerical tolls are insufficient to provide clear rules.

Investigated cases should be based on realistic scenarios in connection with potential applications concerned by indoor use or storage. ATEX type risk assessment should therefore be undertaken for targeted applications to propose to experimenters a set of leaking / release conditions to investigate. These leaking conditions could be turbulent / laminar, permanent / limited in time, normal / accidental. Complementary to this work, theoretical size of local explosive atmosphere related to each leaking condition should be computed. Risk assessment methodology as well as explosive atmosphere sizing rules will be part of the final recommendations. 

Experimental set up, location and type of parameter (concentration, flow,…) to be measured as well as measuring technique (hydrogen sensors or other gas concentration sensors, velocimetry, tomography,…) should be defined. Measurement of very low hydrogen concentration could be a tricky issue
. Experiments using both H2 and He gases should be performed with the objective of comparing the behaviour of those two light gases in dispersion experiments at the scale of a garage or a building. If similar behaviour is observed, and to avoid performing confined experiments with high concentrations of H2, He experiments could thus be performed. Quality assurance rules (still to be written) could also be enforced while designing and performing these experiments. 

CFD blind calculations should be performed to help experimental set up and positioning of the instrumentation. Regarding techniques, a workshop could be organised. Exchange of measuring techniques and personals should be envisaged to undertake experiments.

The first set of experiment should investigate hydrogen / light gas behaviour in quiet atmosphere without ventilation. In a second stage, ventilation should be considered to evaluate both:

· Maximum tolerable leaking rate in premises with average air change ratio (natural ventilation). Literature shows that a value around 3 air-change per hour could be a reasonable figure to rely on. This figure should be further investigated during the state of the art phase,

· Minimum ventilating conditions (air flow, air velocity,…) for a given set of leakage regime,

· Effect of ventilation on potential explosive volumes (ATEX zoning),

· In a second stage, performance of sensors from the shelve could also be evaluated.

Ideally, effect of building design (inclined ceiling) on detection velocity could also be studied in the course of these experiments or others.

The number of cases to investigate is still to be defined. Experiments will probably need to be carried out in two steps. First of all, planned experiments and existing installations will be used to provide early data within the timeframe of the second joint program of activities. In a second time, dedicated installations could be built to answer potential pending questions or understandings. 

Test of commercially available sensors could also be part of the detection experiments. A dedicated test program should be drafted.

5.4 Explosion experiments

Ideally, these experiments should be jointly performed.

If appropriate, experiments could also be proposed to investigate consequences of the explosion of local explosive volumes that ventilation cannot reduce. In regard to the room volume, it is foreseen that these explosions could be considered as unconfined. Therefore they should generate limited pressure effect. However, these potentially “limited effects” could be enhanced by turbulence inducing obstacles. 

Similarly to the release experiments, cases should be defined on the bases of ATEX type risk assessment. Workshop on experimental and measuring techniques should be proposed and exchange and personnel and equipment could be foreseen. 

5.5 Ignition

Local control of ignition sources is of a high importance to reduce likelihood of hydrogen / air mixture ignition in case of minor release. Indeed, a local explosion (see paragraph 5.3) or a local fire could be triggered causing further and larger damages due to domino effects (pressure and thermal effect). 

Available data (EC project EQHHPP final report) tend to show that confined releases are more likely to ignite than outdoor releases. A thorough investigation should be proposed to get the best picture possible on ignition probability, ignition delay and ignition sources. Collection of experimental data, scientific literature, accident and incident data, existing recommendations,… should be reviewed to extract this information. 

Conditions under which a flame could be ignited and sustained on a jet release should also be investigated in order to evaluate for some release cases the potential for a leak to trigger a fire. It is believed that flames are not likely to be sustained for high pressure and small leaking orifice.  An experimental set up could be proposed. 

Finally, based on the review and analysis of existing data as well as on experiments undertaken, recommendations should be given in order to properly control ignition sources in ATEX zones. 

5.6 Modelling

First of all, people involved in this item should propose formulations on physical models covering phenomena identified as having the major importance in:

· high pressure release of hydrogen at the leaking source (high momentum, high concentration) and in a quiet room (low momentum / low hydrogen concentration),

· low pressure release of hydrogen at the leaking source (buoyancy effect) and in a quiet room (diffusion effect of stratified hydrogen),

· high and low pressure release in a ventilated room.

A description of existing experiments or analytical test cases used previously for the validation of the different codes should be given (validation matrix).

Available CFD tools could then be ranked according to the models they used and their degree of validation for dispersion experiments in confined geometry. 
Inputs from CFD tools should be valuable to help design the planned experiments and especially to locate the instrumentation in areas of interest (strong gradients, concentration stratification, etc). 

Then in parallel to the experiments, a benchmark exercise (blind calculation) could be performed. Results could then be analysed in the light of complete experimental results.

Analysis of computation results should be used to:

· Indicate limitation of existing models to reproduce hydrogen behaviour in a naturally or mechanically ventilated room,

· Edit best practices when simulating indoor hydrogen releases. 

Finally, further cases could be investigated using CFD tools.

5.7 Recommendations and conclusions

Data gathered during the course of this experimental program should be pulled together and turned into a “HySafe technical recommendations”. 

As a start, these recommendations should give some information about hydrogen dispersion and ignition in confined spaces.

These recommendations should then embraces risk assessment of hydrogen systems in line with ATEX directive 1999/92CE expectations. Information should be given on appropriate scenarios, release rate and zone classification (type and extension) according to existing CEN standards. 

As part of the safety measure to control / reduce the extension of hazardous zones, information should be given for state of the art ventilation performances and layout. 

Complementary to this information, guidance on detection systems should also be given. As par of risk control measures, control of ignition sources should also be dealt with.

Finally, recommendations for the use of computation  tool could also be included.

5.7 Communication

At a later stage, these recommendations could be forwarded to CEN as a proposal for a new standard.

Joint publications on investigated topics should be written. Dissemination could be handled through the web-site, conference and Biennial Report on Hydrogen Safety.

6. Management

To be completed
7. Workplan

18 – 24 month projects

Gant diagram to be inserted
The table below 

8. Integration of consortium research programs

This table describes how this program integrates programs, proposals and resources. 

INSERT NEW TABLE OF TASK AND WORK DISTRIBUTION
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INERIS & CEA joint research activity on confined release of hydrogen

Introduction

In the frame of a newly set up collaboration protocol, CEA has performed in 2004 a series of tests in its MISTRA facility (100 m3 chamber). These tests, performed with helium, aimed at studding hydrogen dispersion behaviour in quiet atmosphere for various leaking regime, injection location and low leaking rates (1 g/sec). In 2005, tests will be carried out in a compartmented configuration of the MISTRA facility, as well as in a smaller analytical facility (GAMEL). In 2006, tests in MISTRA with lateral vents and mechanical ventilation will be investigated. CEA is also investigating the possibility of building a new facility (2006) at the scale of a garage, and which could be housed inside a very large scale experimental hall. The facility would allow tests with H2 as well as He, and different geometric configurations (roof inclination for ex.) as well as venting and mechanical ventilation.

In 2005 INERIS plans to undertake a series of complementary tests in its 100 m3 gallery. These tests will be performed with hydrogen for small leaking rates 1 g/sec and less. Quiet and ventilated atmosphere could be studied. 

Below is a short description of test objective, facilities, measuring techniques and planned man-power.

Objective

These experiments aim at better understanding indoor hydrogen leaks consequences (in term of explosive volume and location).   Minor / foreseeable hydrogen systems leaks are in the frame of this experimental program. Following quiet atmosphere experiments, ability of ventilation systems to control these leaks (reduction of explosive atmosphere) will also be studied for different leaking regime.

Ultimately, minimum ventilation regimes will be proposed for a proper ventilation of confined spaces.

In parallel to this program, ability of hydrogen sensors from the shelve could be evaluated (response accuracy, response time,…). 

Infrastructure
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Figure 1: INERIS 100 m3 underground ventilated gallery
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	Figure 2: views of inside of CEA 100 m3 MISTRA facility, showing the position of the instrumentation (gas concentration sampling, thermocouples, vane wheels) and a detail of the injection system

	
[image: image3]
	
[image: image4]

	Figure 3: CEA’s GAMEL facility, with visualization of the structure of a helium plume
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	Figure 4: Proposal for a new facility to carry out tests with vents, ventilation systems, and possibility to vary geometric configurations (roof).


INERIS leak rate and control of leak rate

Control of leaking rate set-up
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Figure 4: control of leaking rate set-up
This set up (high pressure buffer, pressure diaphragm and leaking buffer) allows to monitor leaking flow rate at the output of the second buffer. Each tank capacity is 100 liter. Pressure diaphragm orifice can vary between 0.1 and 5 mm. Leak diameter can vary between 5 to 50 mm. Leaking velocities are between 1 and 500 m/s. Once calibrated, output leaking rate is monitored by pressure control in the first buffer. 

This technical set up allows to investigate:

· jets with high momentum and therefore proper mixing with air,

· and release with few momentum likely to induce hydrogen stratification. 

Scenarios / experiences planned

Low leaking rate (1g/sec or less) with various momentum in quiet and then ventilated area. Number of cases as well as ventilation regimes still to be defined.

Measurement techniques that could be made available at INERIS for test

Measurement of hydrogen concentration

· In-house detection techniques for experimental measurements (number and location of sensors to be set),

· Catalytic, thermo-chemical, electro-chemical and ultrasonic sensors to evaluate their performances
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Air velocity and visualisation of hydrogen plume

· In house velocity probe to monitor turbulence. 




Number and location still to be set.

· Tomography visualisation technique, still to be developed 



and tested for large applications. Aims at visualising hydrogen plume behaviour inside the room.

CFD modelling: pretest calculations and test interpretation

CFD modelling can be used to perform pre-test calculations, in order to better define the experimental scenario and to position the instrumentation in the most appropriate locations.
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	Figure 5: example of mesh used for pretest calculations of GAMEL experiments (left) and post-test analysis of MISTRA He tests performed with CAST3M code (helium gas concentration isolines)


Ressources allocated to date by INERIS in 2005 for these experiments

· Engineer 1.5 MM (200 hours +)

· Techniciens 2.5 MM (400 hours)

Ressources allocated by CEA in 2005 for these experiments & CFD modelling :

· Engineer: 3 MM

· Technicians: 2 MM

Work still to be completed before testing

· Test matrix (cases and test conditions) 

· Preliminary calculation to enhance experimental set up,

· Preparation of the underground facility,

· Collection of “from the shelve” measuring techniques,

· Completion and test of visualisation technique.
2 DDTHY – proposal

Objectives:

· To extend fundamental knowledge on detonation propagation, stability and mitigation for the scenarios involving non-uniform composition of hydrogen-air mixtures

· To find and explain critical conditions for detonation attenuation by heat and momentum absorption in narrow channels

Task 1. Perform experiments on detonation propagation in channel from hydrogen-air mixture to another with larger or smaller hydrogen content.

Task 2. Perform experiments on hydrogen-air detonation release from the tube into larger space containing flammable mixture with larger or smaller hydrogen content. Identify critical conditions for detonation mitigation.

Task 3. Perform computer simulations of the processes described in task 1 and task 2.

Task 4. Perform experiments on hydrogen-air detonation mitigation by narrow tubes to identify critical conditions for mitigation.

Task 5. Develop mathematical model based on Direct Monte Carlo method for simulation of detonation mitigation by narrow channels.

3 HyJetIgn – proposal

Objectives:

· To extend fundamental knowledge on hydrogen ignition mechanisms

· To find and explain critical conditions for hydrogen jet ignition

Task 1. Perform experiments on hydrogen release by supersonic jets into air to identify conditions for ignition 

Task 3. Perform computer simulations of hydrogen jet release to explain mechanisms involved in ignition
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	Abstract

The Phenomena Introduction and Ranking Table (PIRT) exercise has highlighted that hydrogen powered vehicles in the confined space of a tunnel could pose a serious hazard of fire and explosion to the tunnel and its users. The PIRT exercise has also identified a number of scenarios associated with the use of such vehicles in a tunnel. It is therefore crucial that to ensure the safe introduction of hydrogen-powered vehicles  into the tunnel traffic, these scenarios are properly understood and their hazard and risk assessment carried out in relation to the conventional fuel powered vehicles. The distribution and mixing characteristics of a new fuel of hydrogen, and any potential development of fire and explosion under normal and emergency mode of operation of the tunnel ventilation need to be understood. The appropriate risk assessment strategies and adaptation of safety concepts of existing tunnels will then have to be devised. For future constructions, design characteristics need to be determined, aiming at a synchronous advance of vehicle and infrastructure technology. Where possible, the study is intended to address various mitigating design measures, hydrogen flow rates, combustion speeds, pressure loads, and ignition times and locations.
A systematic approach to achieving the goal of the safe introduction of hydrogen powered vehicles in tunnel starts with a state of the art survey of tunnel safety technology. Current regulations and standards, fire and explosion mitigation techniques in present day and planned tunnels need to be investigated. Certain worst-case scenarios of hydrogen-powered vehicle or fuel supply truck accidents, as identified through PIRT exercise, shall be selected and examined by using CFD-simulation (and could form part of next SBEP exercise) and verification experiments. Relative hazard and risk assessment of conventional petrol/diesel run vehicles with CG2/LH2 powered vehicles (including cars and commercial vehicles) will be undertaken. Finally guidelines for vehicle and building safety systems shall be developed countering hazards associated with the release of hydrogen in a tunnel.
Objectives 

Technical objectives

Review current regulations and standards, fire and explosion mitigation techniques in present day and planned tunnels dealing conventional fuel powered vehicular traffic; Assess them with standards and guidelines produced under other EC funded projects (HYAPPROVAL, HYCOM, HYGUIDE,…).

Review scenarios of hydrogen-powered vehicle or fuel supply truck accidents, as identified through PIRT exercise,
Understand distribution and mixing characteristics of a new fuel of hydrogen, and any potential development of fire and explosion under normal and emergency mode of operation of the tunnel ventilation (longitudinal, transverse, semi-transverse, etc.) system, with and without mitigation measures 
Undertake CFD simulations & verification experiments for providing relative risk assessment of conventional petrol/diesel run vehicles with CG2/LH2 powered vehicles (including cars and commercial vehicles) 

Develop guidelines for vehicle safety systems countering hazards associated with the release of hydrogen in a tunnel.
Scenarios

PIRT exercise has identified most critical scenarios associated with the safe use of hydrogen-powered vehicles in tunnels are those in confined space of a tunnel. There is a need to distinguish between GH2 & LH2, as the behaviour of the released hydrogen in the early stages of the release will be very different, i.e., a buoyant gas from a GH2 release and much denser gas in the early stages of a LH2 release. The quantity of hydrogen involved in commercial vehicles will be significantly larger than passenger cars by up to an order of magnitude, and different release points may affect the behaviour of release especially in confined environment of a tunnel. Ventilation in the tunnel would cause rapid mixing of flammable explosive hydrogen mixture in the confined space of the tunnel, thus providing risk of explosions. Liquid hydrogen spill from rupture tank could cause ice to develop on the road, causing increased risk of collision of the incident vehicle with other vehicles. Wide flammability limits of hydrogen could pose serious fire and explosion hazard, which could lead to potential risk of fire spread from one vehicle to the adjacent vehicle. Some scenarios identified are:

· Low pressure/small quantity release (resulting from system damage or component failure caused by traffic accident, component failure, vandalism, etc., or routine fuel-cell purging)

· High pressure/large quantity release (resulting from system damage or component failure caused by traffic accident, component failure, bullet, vandalism, etc) 

· vehicle (CG2, LH2) crash / overturn / failure leading to damage to tank in vehicle, 

· catastrophic failure of storage system in a tunnel

· container failure, which could have a low probability due to various design features and safeguards, but may have high consequence

· Leaks from components, i.e., leaks from loose, untightened connections, failure to follow test procedures etc

· Release via safety device (Release may be unintentional, i.e. component failure, or intentional, i.e. in the event of a fire to avoid failure of the cryogenic vessels)

· Fire in a tunnel (may be caused by other accident not involving hydrogen vehicles, but provides thermal loading on hydrogen vehicles)

According to Mr Claus Schitter, a sudden catastrophic failure associated with the maximum possible release rate for hydrogen has proven to be unlikely due to the tanks excellent mechanical stability, however events with intact tank body but unrestricted blow-down of a gaseous hydrogen jet from the tank or a connected system into the environment still represent severe hazards.


	Description of work 

PHASE 1

Sub-task T.1: Review standards & regulations 

Sub-task T.2: Review and agree on specific scenarios and scope of work

Sub-task T.3: Undertake CFD simulations of vehicle (car & commercial vehicle) scenarios using conventional and CG2/LH2 fuel (as part of next SBEP) – Blind simulations; Provide relative assessment of hazard and risk between conventional & hydrogen powered vehicles 
PHASE 2

Sub-task T.4: Verification Experiments 

Sub-task T.5: Open simulations - verify simulations performed under subtask T.3 against data obtained under Sub-Task T.4 and explain any anomalies/inconsistencies between predictions and data. 

Sub-task T.6: Develop guidelines for the safe introduction of hydrogen powered vehicles in tunnels


	Deliverables 

T.3…. Activity report (month 18)

T.4…. Activity report (month 22)

T.6…  Activity Report (month 27)


	Milestones

T.1… Month 15

T.2… Month 16

T.5…. Month 25
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Ultrasonic sensor





Electro-chemical sensors





Catalytic sensor and display unit








� Dispersion plume at the leaking point is sized by pressure and leak diameter. It is usually undisturbed by ventilation momentum. 


� Very low hydrogen concentration should be measured (even though there is no risk of combustion) because these data could be very valuable in understanding hydrogen dispersion pattern in the room.
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