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Current separation distances for liquid hydrogen systems in NFPA 2 
are based on consensus without a documented scientific analysis 

Compressed H2 storage

• Previous work by Sandia led to science-
based gaseous H2 separation distances

 Liquid H2 storage

• Even with credits for insulation and fire-
rated barrier wall, 75 ft. offset to building 
intakes and parking make footprint large



Lab-scale validated models have been used to perform an analysis for 
updated LH2 separation distances in NFPA 2 
• Same criteria as for bulk gaseous setbacks

– Aside from cryogenic burns, hazards from liquid hydrogen leaks/flames are similar to gaseous 
hydrogen

– Considers flammable region (dispersion of unignited hydrogen), and hazards from jet flames
– Added unconfined overpressure from a delayed ignition

• Leak scenario
– 1% of flow area (same as current gaseous setbacks)
– Multiple pipe sizes (0.1” – 3”, 2.5 - 76mm) and pressures (60 – 180 psi, 414 – 1240 kPa)

• Distance criteria
– Group 1: greater of the distances to 8% concentration or 4.732 kW/m2

– Group 2: distance to a heat flux of 4.732 kW/m2

– Group 3: distance to visible flame length or heat flux of 20 kW/m2

• Safety factor of 2 (current gaseous setbacks use 1.5)
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Unignited dispersion simulations show that jets are neutrally buoyant

• Even for the lowest momentum release, jets do not curve significantly either up or 
down due to buoyancy

• Conservative streamline (curved) distance to 8% concentration level used to calculate 
hazard distance

1% area of 76 mm (3”) diameter pipe, 414 kPa (30 psi), saturated vapor release

4



Even high momentum flames are quite buoyant

• A flame with high momentum 
curves significantly upwards due to 
buoyancy

• Flame length and heat flux values 
for separation distances calculated 
from bird’s eye view (xz-plane)

1% area of 76 mm (3”) diameter pipe, 1.2 
MPa (180 psi), critical temperature (33.1 K)
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Overpressure harm criteria were reviewed, with selection of Groups 
1, 2, and 3 criteria
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• Group 1: no harm to 
people, small chance of 
property damage
– Selected criteria: 5 kPa

• Group 2: small risk of 
injury to people but 
negligible risk of fatality, 
minor property damage
– Selected criteria: 16 kPa

• Group 3: moderate risk 
of fatalities, major (but 
not complete) property 
damage
– Selected criteria: 70 kPa



The distance to an 8% mole fraction is limiting for group 1 exposures

• Distance is the largest of:
– Mole fraction of 8%
– Heat flux of 4.7 kW/m2

– Overpressure of 5 kPa
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 Even at maximum system pressure and 
diameter, hazard distance (11 m) is less 
than current air intake/parking distance 
(23 m)
 Most systems have smaller pipes (≤ 38 mm) 

and operate at lower pressures (≤ 8 bar)
 Safety factor increases for actual exposure 

distance



Similar calculations result in hazard distances for groups 2 and 3

• Distances to specified heat flux tends to be the largest
• Hazard distances for group 3 can be significant

Group 2 Group 3



The new group 1 exposure distances can be significantly reduced, 
depending on the system parameters

• Proposed exposure distances include safety factor of 2 over hazard distances
• Proposed distances based on line size and maximum allowable working pressure of tank
• Typical liquid hydrogen systems (for FCEV refueling) will have reduced group 1 exposure 

distances



Group 2 exposure distances are generally similar or reduced, while 
group 3 exposure distances tend to increase

• Group 3 hazard of fire spread (and hence exposure distance) can be mitigated and reduced 
using fire-rated walls 

Group 2

Group 3



Proposed changes to NFPA 2 enable flexibility in siting and potentially 
reduced footprints for liquid hydrogen infrastructure

current

proposed



Summary and conclusions

• HyRAM models have been used, with assumptions on leak size, to quantify exposure distances 
for LH2 systems
– Distances related to relief pressure and pipe size
– Included unconfined overpressure criteria (not limiting for any of the groups)
– Largest separation distances reduced for typical system
– Smallest separation distances sometimes increase, but mitigations can be used
– New tables have been proposed to NFPA 2

• Methods and updated code language currently being reviewed/revised by NFPA 2 storage task 
group as a committee input
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Recent experiments under PreSLHy project show that rainout/pooling 
unlikely except for vertically downward releases near ground level

• Releases through ¼” – 1” orifices, 0.5m – 1.5m from ground,  1 and 5 barg

– Rainout/pooling only observed for vertically downward releases through ½” pipe 0.5m from ground 
(105/265 g/s)

https://hysafe.info/wp-content/uploads/sites/3/2021/04/D39_2021-01-PRESLHY_ChapterLH2-v3.pdf
https://hysafe.info/wp-content/uploads/sites/3/2020/08/exp_workshop_260620_WP3_v2.pdf

 Pooling is a credible, but unlikely scenario

https://hysafe.info/wp-content/uploads/sites/3/2021/04/D39_2021-01-PRESLHY_ChapterLH2-v3.pdf
https://hysafe.info/wp-content/uploads/sites/3/2020/08/exp_workshop_260620_WP3_v2.pdf


Verification of HyRAM models against lab-scale and literature data 
has been completed and published

 Distance calculations locked to a specific (3.1), retrievable version of the models



How does the distance change for a 3% leak area vs a 1% leak area?

Group Criteria Distance increase

1 8% mole fraction 1.7 times

1 0.7 psi overpressure 2.5-3.3 times

1/2 4.7 kW/m2 1.7 times

2 2.3 psi overpressure 2.5-3.3 times

3 20 kW/m2 1.6 times

3 Visible flame length 1.4-1.6 times

3 10.2 psi overpressure 2.5-3.3 times

• Safety factor of 2 on 1% leak area 
is equivalent to safety factor of 
0.15 on 3% leak area

• As calculated distances are 
conservative for 1% or 3% leak 
area



Group 1 proposed distances, and calculations with larger leak sizes

Calculations with same safety factor (2)
• 3% leak is 1.54 – 1.77 times further than 1% leak
• 5% leak is 1.91 – 2.40 times further than 1% leak



Groups 2 and 3 proposed distances, and calculations with larger leak 
sizes

Group 2 →

Group 3 →


