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1. Introduction
The safe introduction of hydrogen technologies and applications being the aim for the HySafe NoE, a common understanding of the term “safe” would definitely be a premise for success. In a philosophical context “safe” may be interpreted as “absence of danger”, but as this is not achievable in the real world, a technical interpretation of “safe” would rather be “danger is acceptably low”.

Harmonisation towards common risk acceptance criteria or a common understanding of what danger is acceptably low is one of the objectives for WP12. Subtask 12.1 was to initiate this work by mapping the status of risk acceptance criteria, identify gaps and suggest priorities for the further work towards common acceptance criteria for hydrogen safety. 
As a part of this work we have identified a need for common definitions and classifications within HySafe NoE. This document is produced to facilitate a common understanding of essential terms. The intention is to extend the document with more specific terminology based on input from the entire HySafe network.
2. Study basis
The basis for this work has been information from the EU 6th FP project SHAPE-RISK, Sharing Experience on Risk Management to Design Future Industrial Systems [1], as well as the work done in HySafe WP5 Hydrogen Incident and Accident Database [2]. 

Moreover, the ISO Guide 51 [3] and the ISO/TR15916 “Basic considerations for the safety of hydrogen systems” [4] has been used for more general terms.
3. recommended definitions and classifications

3.1.1 General definitions related to hydrogen safety (from ISO)
The following definitions are from the ISO documents [3] and [4].

	Acceptable risk, Tolerable 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 tolerable risk has been achieved

	Safety
	Freedom from unacceptable risk

	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


3.2 Definitions related to Risk Assessment

3.2.1 Definitions related to risk assessment (from ShapeRisk)
	Hazard identification
	To find the parts of the installation, which are of importance with respect to safety including mapping of the origin and causes of possible accidents and the quantities and properties of chemicals used.

	Analysis of accident scenarios
	To describe the possible modes how an accident can develop, e.g. a malfunction in a valve triggers other failure modes and gives a release of a dangerous compound to the environment threatening humans.

	Analysis of frequencies and consequences
	The accident scenarios are analysed more thoroughly. The probability of a scenario occurring and the consequences resulting from the scenario are calculated. The consequences are often measured as the impact on human health or mortality. Also, the environmental impacts might be used as a measure.

	Evaluation of the total risk
	The final evaluation of the risk includes a ranking of the scenarios found and might be expressed as a sum of the risk of all the scenarios. The probabilistic approach will define the risk as the product of the frequencies and the consequences. The deterministic approach is based on the possible consequences only.


3.2.2 Definitions related to end points
The ShapeRisk report concludes that directly or indirectly the majority of the surveyed countries use dose as end points of consequence calculations.

Effects of toxic substances:

	LC50 (Lethal Concentration 50)
	The concentration in the air of a toxic substance, which may cause fatalities to the 50% of the population via inhalation of the substance for a duration of 30 minutes.
 [Equivalent dose D50=(LC50)n*30min where n depends on the substance].

	LC1 (Lethal Concentration 1)
	The concentration in the air of a toxic substance, which may cause fatalities to the 1% of the population via inhalation of the substance for a duration of 30 minutes. 
[Equivalent dose D01=(LC1)n*30min where n depends on the substance].

	IDLH (Immediately Dangerous to Life and Health)
	The maximum concentration in the air of a toxic substance in which can be exposed a person for 30 min without any irreversible for his/her health damages or injuries which can prevent him/her from leaving the area.


Effects of Thermal Radiation

For the calculation of the dose in TDU (thermal dose unit: 1TDU = 1 (KW/m2)4/3*s) the following formula is used: D = Q4/3*t Q: the radiation intensity in W/m2 t: time in seconds

Effects of Overpressure

Given that the dose has a weak dependence on the duration of the shock wave, here peak overpressure is used instead of dose.

3.3 Classifications of an incident that has occurred (recommended by HIAD)
The report “HIAD Specification and definition of its contents, operation and structure” [2] uses the below listed attributes to classify a hydrogen incident.
H2 Release (unwanted):



	Release type
	Liquid or gas, compressed, mixtures

	Release concentration
	 % H2 in carrying or surrounding medium

	Release duration
	In seconds 
From start of release to its containment. 

	Initial release rate
	m3/s, alternatively in kg/s

	Pressure of release source
	bara/barg/psi

	Release amount total
	m3, alternatively in kg


Release of other agents (unwanted):



	Release type
	Liquid or gas

	Name
	Name of substance

	Release concentration
	(% in carrying or surrounding medium)

	Release duration
	(seconds) From start of release to its containment. 

	Initial release rate
	(m3/s, alternatively in kg/s)

	Release amount total
	(m3, alternatively in kg) 


Consequences of event: 



	Number of persons affected (directly)
	On-site (to station personnel and to customers)
Emergency/rescue personnel
Off-site (to operators, to users, to other traficants and to residents)

	Number of persons at risk
	On-site (to station personnel and to customers) Emergency/rescue personnel
Off-site (to operators, to users, to other traficants and to residents)

	Fatalities
	Distribute no of fatalities, part of body affected, etc as per "type of person" (position/function….). 

	Injuries
	Distribute no of injuries, part of body injured/affected, type of/severity of injury, etc as per "type of person" (position/function)

	Environmental/ecological damage
	Long term and short term consequences including the extent/time of delay

	Property loss  (type)
	Establishment/ plant/equipment

	Property loss (type)
	Surrounding property (direct costs) or 3rd party property

	Economical loss (monetary)
	Establishment/ plant - cost of damaged property, loss of production, reputation, trust, etc. 

	Economical loss (monetary)
	Off-site property/3rd party - cost of damaged property, loss of production, reputation, trust, etc. 

	Cost of emergency response actions
	 


	Cost of clean-up and restoration
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