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OutlineOutline

� EIGA Approach to Safety Distances. 
� Examples of Risk-Informed and Science-Based 

Approach to Hydrogen Codes and Standards:
� ISO/TC 197 WG 11 recommendations on safety 

distances.
� CFD-based comparison with IEC 60079-10 requirements 

for hazardous zones.
� Sandia NL work on safety distances.
� CFD-based analysis of lower detection limit 

requirement for ISO/TC 197 WG 13 standard on 
hydrogen detection apparatus.
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EIGA ApproachEIGA Approach
Determination of Safety Distances, IGC Doc 75/07/E.
Basis of Approach
Key Definition
�The safety distance from a piece of equipment is to provide a minimum 
safety which will mitigate the effect of any likely event and prevent it from 
escalating into a larger incident. 

� Effectively this means that safety distance is a distance to 
acceptable risk.

Key Limitations and Provisions
�The safety distance is not intended to provide protection against 
catastrophic events or major releases and these should be addressed by 
other means to reduce the frequency and/or consequences to an 
acceptable level.
�In most cases the use of safety distance to provide protection from all 
possible events is not practicable.
�Therefore it is necessary to understand which risks can be reasonably 
mitigated by a safety distance.
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EIGA ApproachEIGA Approach
Basis of Approach
Safety distance is the function of:
�The nature of the hazard (e.g. flammable). 
�The equipment design and the operating conditions (e.g. pressure, 
temperature) and/or physical properties of the substance under those 
conditions.
�Any external mitigating measures (e.g. fire barriers).
�The "object" which is protected by the safety distance, i.e. the harm 
potential (e.g. people, environment or equipment).

Selection of Risk Criteria
�2 x 10-4 per annum as an average minimum natural individual fatality risk 
for westernized (European) industrialized population. 
�It includes all harm exposures in occupational, traffic, and home / leisure 
segments, with appr. 0.7 x 10-4 per annum for each segment.
�Since “traffic” segment contributes 0.7 x 10-4 per annum, then the risk 
from fuelling should be at least half of that, i.e., 3.5 x 10-5 per annum or 1/6 
of natural individual fatality risk.



66

EIGA ApproachEIGA Approach
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EIGA ApproachEIGA Approach

Summary of the method

�Identify the hazard sources and events (e.g. release of gas) 
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.
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EIGA ApproachEIGA Approach
Harm and No Harm Criteria of Severity

�“Harm” criterion – 1% probability of fatality for general population. 
�“No Harm” criterion – 0.1% probability of fatality for general 
population.



What Are RiskWhat Are Risk--Informed Codes & Standards? Informed Codes & Standards? 

Traditional approach – “from outside in”
� Main goal: protect hydrocarbon containing equipment and 

storage from outside environment
� Based on limited industrial experience and guess work
� C&S do not incorporate risk considerations into 

requirements

New approach taken to hydrogen – “from inside out”
� Main goal: protect surrounding environment and people 

from hydrogen containing equipment and storage
� Based on science (experimental and numerical modeling)
� C&S requirements are risk-based to address risk acceptance 

criteria 
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ISO/TC 197 WG 11 ISO/TC 197 WG 11 
Recommendations on Safety DistancesRecommendations on Safety Distances

Storage classification for determination of clearance distances

1

10

100

10 100 1000 10000 100000

Water volume (L)

Se
rv
ic
e 
pr
es
su
re
 (M

Pa
)

3

1

2

4

Developed by Frederic Barth, Air Liquide, France



1111

ISO/TC 197 WG 11 ISO/TC 197 WG 11 
Recommendations on Safety DistancesRecommendations on Safety Distances



� Sets out the essential criteria against which the risk of 
ignition can be assessed, and 

� Provides the design and control parameters that can be 
used in order to reduce such a risk. The important criteria 
are:
� Release rate and class, LFL of the gas, release 

concentration, degree and quality of ventilation, 
� Outlines main steps to calculate a hazardous zone: 

determine the number of air changes, calculate the 
resulting volumetric air flow rate (dV/dtmin), then calculate 
the hypothetical ignitible mixture volume Vz 

IEC 60079-10 Electrical Apparatus for Explosive Gas 
Atmospheres – Classification of Hazardous 
Atmospheres:

Comparison with IEC 60079Comparison with IEC 60079--10 Requirements for 10 Requirements for 
Hazardous ZonesHazardous Zones
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� Linear and directly proportional correlation between hydrogen 
concentration and sizes of corresponding clouds:

� In reality the correlation between hydrogen gas clouds of 
various concentrations is more complicated. CFD 
modeling indicates that 4% vol. cloud is often about an 
order of magnitude smaller than that of 2% vol. cloud

Key Deficiencies of IEC 60079Key Deficiencies of IEC 60079--1010
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Key Deficiencies of IEC 60079Key Deficiencies of IEC 60079--1010
Confined Areas and Effects of Surface and Geometry Confined Areas and Effects of Surface and Geometry 
� Group Exercise:

� Determine congestion coefficient “f” of the Generator 
Room on the scale from 1 to 5, 1 being least confined 
(open space) and 5 – with maximum confinement
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� Unclear method of determining a “congestion coefficient” or 
efficiency of ventilation “f”

� Unclear effect of geometry and distribution of congestion on 
efficiency of ventilation:

Key Deficiencies of IEC 60079Key Deficiencies of IEC 60079--1010
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Comparison with IEC 60079Comparison with IEC 60079--10 Requirements for 10 Requirements for 
Hazardous ZonesHazardous Zones

� Source of release –
EH2 generator

� Point of release –vent 
pipe 5 cm dia

� Duration – 10 min
� Full H2 production
� Low pressure
� Continuous exhaust 

ventilation 1 m3 /s
� Room vol = 230 m3

� Net room vol = 185 m3

Hydrogen Release into the Generator Room of the 
Hydrogen Energy Station 
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� The existence of a 
louver and an 
exhaust fan in the 
Generator Room 
creates a steady-
state airflow with 
3-D fluid flow 
pattern. 

“Before Leak” Simulation 

Ventilation velocities (X- and Y-planes) before leak
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Comparison with IEC 60079Comparison with IEC 60079--10 Requirements for 10 Requirements for 
Hazardous ZonesHazardous Zones



50% LFL

“Leak” Simulation 

100% LFL
End of 10-min release from the EH2 vent line
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Comparison with IEC 60079Comparison with IEC 60079--10 Requirements for 10 Requirements for 
Hazardous ZonesHazardous Zones



CFD Modeling Predictions
� 4% vol. cloud size – 0.081 m3, and 
� 2% vol. cloud size – 6.225 m3 

IEC 60079-10 Predictions
� Minimum volumetric flow rate of fresh air:

� Evaluation of hypothetical volume Vz

Comparison with IEC 60079Comparison with IEC 60079--10 Requirements for 10 Requirements for 
Hazardous ZonesHazardous Zones
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5 and 20 scfm Simulation Results at 400 bars5 and 20 scfm Simulation Results at 400 bars

5 cfm 0.103 @ 100%
2.1 @ 50% LFL

20 cfm 0.42 @ 100%
3.7 @ 50% LFL

5 cfm 0.23 @ 100%
2.5 @ 50% LFL

20 cfm 0.52 @ 100% 
5.6 @ 50% LFL

5 cfm 0.02 @ 100%
0.2 @ 50% LFL

20 cfm 0.11 @ 100%
1.4 @ 50% LFL

CFD LFL Vol m3
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Comparison with IEC 60079Comparison with IEC 60079--10 Predictions10 Predictions
� H2 leak rates of 5 and 20 scfm (0.0020 and 0.0079 kg/sec) were 

selected as credible leaks based on experience (0.1 and 0.2 mm leak 
orifices at 400 bars). Selected leak rates were modelled with a 0.5 
m/sec wind (IEC 60079-10).

Flowrate
(SCFM)

4% vol. H2 cloud 
volume (m3)

Horizontal cloud extent (m) Vertical cloud extent (m)

IEC CFD 8 % vol. 4% vol. 2% vol. 8 % vol. 4% vol. 2% vol.

20 (down) 2.82 0.41 0.14 0.63* 3.31* 0.6 3* 3*

5 (down) 0.71 0.10 0.09 0.21 1.62* 0.28 1.18 3*

20 (up) 2.82 0.52 0.16 0.37 0.87 0.69 2.11 5.55

5 (up) 0.71 0.23 0.12 0.28 0.69 0.47 1.44 3.95

20 (horiz.) 2.82 0.11 0.37 1.14 4.81 0.09 0.2 0.42

5 (horiz.) 0.71 0.02 0.12 0.48 2.02 0.05 0.12 0.25

* These clouds touch the ground, which is 3 m below the leak orifice
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� IEC 60079-10 cannot predict the effect of cross wind on sizes of 
clouds depending on leak direction
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Development of Lower Detection Limit Development of Lower Detection Limit 
Requirements for Hydrogen Detection Apparatus Requirements for Hydrogen Detection Apparatus 

Standard for ISO/TC 197 WG 13Standard for ISO/TC 197 WG 13

� Originally suggested lower detection limit – 100 ppm 
did not appear practical as it could become an 
operational nuisance – potential for frequent false 
alarms during refuelling

� This dictated the need for detailed analysis of 
potential hydrogen release scenarios from FC 
vehicles tail pipes (including CFD modeling) and 
review of the existing and forthcoming standards for 
FC vehicle safety
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Development of Lower Detection Limit Development of Lower Detection Limit 
Requirements for Hydrogen Detection Apparatus Requirements for Hydrogen Detection Apparatus 

Standard for ISO/TC 197 WG 13Standard for ISO/TC 197 WG 13

Input Conditions for Simulations
� Tail pipe emissions for 5 sec during shut down and 
start up of the FC vehicle

� Emissions concentration range: 4 to 10% vol. of 
hydrogen

� Idle flow rate – 185 slpm
� Dispersion simulation time – within 30 sec after the 
end of the 5-sec release
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Tailpipe Emissions Dispersion SimulationsTailpipe Emissions Dispersion Simulations

4% vol.
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Tailpipe Emissions Dispersion SimulationsTailpipe Emissions Dispersion Simulations

6% vol.
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Tailpipe Emissions Dispersion SimulationsTailpipe Emissions Dispersion Simulations

8% vol.
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Tailpipe Emissions Dispersion SimulationsTailpipe Emissions Dispersion Simulations

10% vol.
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Developed Recommendation for WG 13Developed Recommendation for WG 13

� Increase the lower detection limit by the 
factor of 10 to 1,000 ppm. This will ensure 
that:
� No false alarms occur during refuelling of 

compliant vehicles.
� Only vehicles emitting higher than 8% vol. 

concentrations will set off the alarm.
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ConclusionsConclusions

� Hydrogen codes and standards need to take into 
account 
� Unique hydrogen properties, as well as 
� Specific hazards associated with the use of hydrogen.

� Selection of appropriate risk criteria is one of the 
key conditions for developing uniform and 
consistent codes and standards’ requirements.

� Use of CFD analysis as well as probabilistic risk 
assessment might be necessary to help develop 
those requirements.
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THE ENDTHE END


