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EXECUTIVE SUMMARY

This report summarises the work in subtask 12.5 on safety distances carried out in the NoE HySafe WP12.
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1. Introduction 
This document describes the conclusions from the first phase of the safety distance work carried out in HySafe NoE WP12.

The original idea of this work was to evaluate guidelines for internal safety distances (plant lay out) and external safety distances (distance to objects not part of the facility evaluated) separately, but this was later seen as not practical, and the scope of this document is thus both internal and external safety distances.

It should be pointed out though that risk contour based safety zoning is not included in this work as this would be the result of a complete quantitative risk assessment.
2. Background

This work is based on previous work carried out in HySafe WP12, presented in Hysafe D26, and at the first ICHS (1).
The term “safety distances” is widely used and has several interpretations even within in the technical field. An interpretation applicable for most areas would be a physical distances used as a barrier, trying to avoid disagreeable consequences that could be generated by the release of energy.

But even so, there are at least two distinctive meanings:

1
The deterministic concept of the maximum consequences likely to occur 

This approach in some way is still the same as the one developed in the nuclear field in the first phase: try to have zero risk outside the safety distance.  This definition goes back to 1950 when the “Reactor Safety Committee” of the Atomic Energy Commission established safety distances (although the term was “exclusion distance”, i.e. without resident population) as proportional to the square root of the thermal power of the reactor.

2
Determination of a safety distance on the basis of a risk assessment compared with the acceptance criteria. This distance is estimated taking into account the maximum possible consequences of an accident and the probability distribution of that event.
Experience has shown there is for practical purposes no such thing as a “zero risk” distance. Moreover, as all human activity will imply a certain risk to humans as well as to property, prescribing a certain activity not to impose any risk to its surroundings would appear quite an unreasonable demand.

The purpose of the work carried out has thus been to evaluate and propose improvement to methods for risk assessment based determination of safety distances (Alternative 2).

The EIGA guideline for safety distances has been selected as a starting point for these evaluations. This guideline, developed by the European Industry Gas Association, is easily adaptable to small and medium size installations, as e.g. a hydrogen refuelling station.
3. Definitions  

Definitions are taken from (2) and (3) supplied with definitions from the EIGA guideline on safety distances (4).
	Acceptable risk
	Risk which is accepted in a given context based on the current values of society

	Blast wave
	Intense pressure wave set in motion by the shock waves and hot product gases of a deflagration or detonation that impinges on the surroundings, typically air

	BLEVE
	Boiling Liquid Expanding Vapour Explosion

	Confinement
	Physical restriction, sufficient to influence the combustion process

	Deflagration
	Flame or chemical reaction moving through a flammable mixture at a rate less than the speed of sound in the unburned mixture

	Detonation
	Exothermic chemical reaction coupled to a shock wave that propagates through a detonable mixture or medium

	Explosion
	Rapid equilibrium of pressure between the region of energy release (system) and its surroundings

	Flammability
	Concentration of a fuel in an oxidizer below which a burning reaction cannot be sustained

	Flammability limits
	Lower (LFL) and upper (UFL) vapour concentration of fuel in a flammable mixture that will ignite and propagate a flame

	Harm
	Physical injury or damage to the health of people, or damage to property or the environment

	Hazard
	Potential source of harm

	Ignite
	Cause to burn or to catch fire

	Ignition energy
	Energy required to initiate flame propagation through a flammable mixture

	Protective measure
	Means used to reduce risk

	Risk
	Combination of the probability of occurrence of harm and the severity of that harm

	Risk analysis
	Systematic use of available information to identify hazards and to estimate the risk

	Risk evaluation
	Procedure based on the risk analysis to determine whether the acceptable risk has been achieved

	Safety
	Freedom from unacceptable risk

	Safety distande
	The safety distance from a piece of equipment with inherent hazard is that minimum separation which will mitigate the effect of a likely foreseeable incident and prevent a minor incident escalating to a larger incident (4)

	Shock wave
	Large-amplitude compression wave in which there is a rapid and great change in density, pressure and particle velocity.

	Stoichiometric mixture
	Mixture of reactants in a chemical reaction that optimises production of the reaction products

	Systematic risk management
	An iterative process of risk assessment and risk reduction

	Vapour cloud explosion
	Gas explosion, flame moving through a flammable mixture of a fuel and an oxidizer


4. EIGA method
Short summary – details to be included in appendix

The EIGA safety distancing method consists of the following main steps:
· Determine the individual harm exposure threshold value

· Identify the hazard sources and events taking into account the likelihood.

· Calculate the effects on neighbouring objects taking into account mitigating factors.

· Determine the safety distance to each object to meet the minimum hazard criteria.

· Consider additional prevention or mitigating factors and re-calculate safety distance.
5. Review of Eiga Method
The review of the EIGA guideline methodology has been carried out in two workshop meetings, at Risø, Roskilde (Denmark) in October 2006 and at DNV, Oslo (Norway) in April 2007.

Some of issues discussed are summarized here.
5.1 Terminology

The terminology used in the EIGA guideline is not quite in line with the ISO recommendations. This may lead to confusion. Particularily the use of the terms “harm”, “no harm” and “individual harm exposure threshold” are seen as inconsistent with the risk management terminology in general.

The term “harm” is suggested as approximately a 1 % chance of for a serious injury or fatality. The term “no harm” is suggested as 0.1 % chance for serious injury or fatality. For equipment harm is defined as an effect level which would lead to escalation of the event.

These definitions seem inconsistent, and confusing as the term in general (see Definitions) the term harm means physical injury or damage to the health of people, or damage to property or the environment. Risk assessment methodology in general would also distinguish between frequency and consequences and not mix probabilities into the definition of harm.
For the further work carried out on safety distances the ISO terminology will be used, supplied with definitions from the EIGA guideline where no ISO terminology is found.
5.2 Acceptance criteria

The guideline recommends the threshold frequency for harm potential at 1/6 of the natural risk. The effect of changing this recommendation should be evaluated by a sensitivity assessment.

5.3 Hazard selection criteria

The evaluation of hazards related to oxygen enrichment is higly relevant for hydrogen produced via electrolysis. A more thorugh procedure for evaluation of this particular hazard would be a useful supplement to the guideline
5.4 Harm criteria

Thermal load (fire load) to building materials; e.g. wood and to non-metallic equipment needs completion.
Exposure time should be accounted for when establishing threshold value for thermal load.
Threshold values for overpressure load to equipment and buildings should be further looked into.
5.5 Release size and frequency modeling

Release frequency estimation and particularily realistic release size modeling for hydrogen installations is evaluated as a major gap both in safety distance estimation and in risk assessment in general.

The release frequency data available is mostly based on reported leaks from offshore installation (in the North Sea) or from large land pipelines. For most other industries only the more serious accidents are reported, and moreover the exposure data is often not well known.

Hydrogen refueling stations are typically of small dimensions (in terms of pipe diameters and process volumes) and high pressures. This combination is rare at the installations in the offshore databases. Small dimension equipment is there mostly water pipes, instrument connections containing air or sampling pipes of low pressure. These are not considered high risk and have a low priority in the inspection and maintenance programme. Consequently the leak frequency is high. This will have to be accounted for when using leak frequency databases for hydrogen installation leak frequency assessment.
Moreover, the release size will also depend on the safety philosophy at the facility; especially the reliability of the leak detection methods, the detection time, and the reliability and performance of the isolation and shut down systems. Again, offshore experience is not adequate for hydrogen energy infrastructure.

Hydrogen release modeling may be improved along with the evaluation of the safety distance methodology and the improved release modelling may be utilized without revision of the safety distance method.

5.6 Calculation of hazardous effects

The EIGA guideline lists a large number of calculation tools, some of which are no longer publicly or commercially available. This indicates that the guideline may not be the best advisor when selecting hazardous effects calculation methods.
The general advise produced from the workshops and from the participants’ experience is that for confined areas the use of CFD tools is recommended for effect calculations.

The work on safety distances is planned to be extended with effect calculation evaluation, in cooperation with HySafe WP6 and WP11. This document will be revised accordingly.

6. Conclusions
The safety distance methodology suggested in the EIGA guideline is evaluated as a useful method for hydrogen applications
The terminology used in the EIGA guideline is not quite in line with the ISO recommendations, which may lead to confusion. For the further work carried out on safety distances the ISO terminology will be used, supplied with definitions from the EIGA guideline where no ISO terminology is found.
For continuation of this work some supplementation of harm criteria is recommended.

For the calculation of hazardous effects the general advise produced from the workshops and from the participants’ experience is that for confined areas the use of CFD tools is recommended.

The work on safety distances is planned to be extended with effect calculation evaluation, in cooperation with HySafe WP6 and WP11. This document will be revised accordingly.
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