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

Compressed H, storage Liquid H, storage
e Previous work by Sandia led to science- e Even with credits for insulation and fire-
based gaseous H, separation distances rated barrier wall, 75 ft. offset to building

intakes and parking make footprint large
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qab-scale validated models have been used to perforH an analysis fEr
updated LH, separation distances in NFPA 2

e 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/m?
— Group 2: distance to a heat flux of 4.732 kW/m?
— Group 3: distance to visible flame length or heat flux of 20 kW/m?

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

mole fraction
0.00 0.04 0.08

mole fraction = 0.04

0 ) 10 15

a (m)

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

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

e Conservative streamline (curved) distance to 8% concentration level used to calculate
hazard distance
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Even high momentum flames are quite buoyant

&= e A flame with high momentum
curves significantly upwards due to

SRR Rk buoyancy
-5 0 5 * Flame length and heat flux values
2 (m] for separation distances calculated
T from bird’s eye view (xz-plane)
473 20.00

Heat Flux [kW/m?]

x [m]
1% area of 76 mm (3”) diameter pipe, 1.2
MPa (180 psi), critical temperature (33.1 K)
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1, 2, and 3 criteria

Prople sta

Berhons Injaries «

Heavily built concrete buildings are severely damagesd ar demolished*
Dasplacement of cylimdrical storage tank, filare of pipe®

- Total destrction of buildings; heavy machinery damage®

~ Reinforced concrete buildings ape severely llqllnull ar demolished®

Displacement of pipe bridge, breakage of piping™

Cladding of light industrial buildings ruptured®

Framebess, sell-framing steel panel building demolished®

Stee] frame building distorted and pulled away [rom founclations*

Collapse of unrelnforced concrete or rI1|dl:'rh]|xk wall®

Destrisction of cement walls of 20-30 e width!

Modderate damage to bomses (windows (doors blown out, damage to roafk)?
Stee] frame of clad bailding slightly distorted?

Window glass shatters, Light Injuries from Fragments®
Partial demolition of houses, which becomse uninhabitalie!

- Large /small windows usually shattered; sccaslonnl :!mnugn tir window frames?

20% windows braken, Minor stractural damage to houses®

Breakage of small panes of glass already under strain®

Lanwd moise, Breakage of windows due to sound waves!
Oroensional breakage of large windows already under strain' 2

'
80%, prabability of fatality from ling hemoreh i
v, th due to lang heme ! ——
S0 probability of fatality from lung hemoreh 1 . :
Fatalities approach 100 i - group - Probable total destruction of buildings'
1'% death due to lung i r—_ Breakage of brick walls of 20-30 ¢ m :lllhh' 4
Threshold for lung he ' e Almost votal destruction of bouses
| -
1 P
b Maost b | i’
W% prabability of ¢ .{"/ _"_l ot balldings coflspes
ding up will ke |I.| ™WwE = Collapse of industrial steel frame structure®
Mast preoy 1
.
1005 prabalility of Eatality from missile wou E p Ruptiore of storage tanks
Threshald of mternal injurbe A
' . I
1% probability of eardram raptir =
15% pr is Lower limit of serious structural damage®
Injuries are anl T
ahllity of £ - = Partial collapse of house roofs and walls!-2
i
. A |
% probability of Eatality in t M |
i 1
hd e i
|
i e —— ¥ 5
== 5 .
.Ji-— S=group 1 hatter glass
1 1% window glass hroken® _
1 Threshold for glass breakage®4
+
i Lowd molse (143 diy*
i
| i
o A
- — e
% - —
— = -
4
4

R AE SR S

Lobato, J.et al. Afinidad, 2010, 66

Huang, Ma. Int. J. Hydrog. Energy, 2018, 43, 442-454

Jallais et al. Proc. Safety Prog., 2018, 37, 397-410

“Preliminary Quantitative Risk Analysis (QRA) of the Texas Clean Energy Project”, 2010
Argo, & Sandstrom, “Separation Distances in NFPA Codes and Standards” 2014
LaChance et al. Int. J. Hydrog. Energy, 2011, 36, 2381-2388

“Methods of approximation and determination of human vulnerability for offshore major accident hazard

" 2010

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



() Sancia National Laboratories H,FCivarogen and Fuei Geis Program
o mole fractio |

pipe inner diameter (in) e Distance is the largest of:

0 1 2 3
S S — Mole fraction of 8%

— Heat flux of 4.7 kW/m?

.
] -+ 8% mole fraction

10 1 * 47 kw/m?

1 +5kP

=== - 30 — Overpressure of 5 kPa

—~ 84 '

E ] o

® 5

3]

B e

o] | o
- 10
Lo

0 20 40 60 80

pipe inner diameter (mm)




() Santia National Laboratories

~—— Rl
Similar calculations result in hazard distances for groups 2 and 3
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distance (m)
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e Distances to specified heat flux tends to be the largest
e Hazard distances for group 3 can be significant
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ne p 1 exposure distance uced,
depending on the system parameters
group 1
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L + >
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—
0 exposure distance (ft) 75

e Proposed exposure distances include safety factor of 2 over hazard distances

e Proposed distances based on line size and maximum allowable working pressure of tank

e Typical liquid hydrogen systems (for FCEV refueling) will have reduced group 1 exposure
distances
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oup 2 sure distances are gene
group 3 exposure distances tend to increase
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e Group 3 hazard of fire spread (and hence exposure distance) can be mitigated and reduced
using fire-rated walls
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nges to NFPA 2 enable potenti
reduced footprints for liquid hydrogen infrastructure proposed
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qmmary-and conclusions _— - —

e HyRAM models have been used, with assumptions on leak size, to quantify exposure distances
for LH, 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

e Methods and updated code language currently being reviewed/revised by NFPA 2 storage task
group as a committee input
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QUESTIONS
OR
COMMENTS:

ehecht@sandia.gov
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ecent experiments under PreSLHy project show that rainout/pooling
unlikely except for vertically downward releases near ground level

* Releases through %" — 1" orifices, 0.5m — 1.5m from ground, 1 and 5 bar,

— Rainout/pooling only observed for vertically downward releases through %" pipe 0.5m from ground
(105/265 g/s) :

Figure 3-18. Visible cloud during dispersion and rainout tests aft HSE facility,

Rainout did not occur during the established flow of these releases, but there was
evidence of rainout soon after valve closure (probably liquid air). Further to this,
condensed components of air formed around the release point and on impingements for
releases from the 6 and 12 mm nozzles. Pools were anly formed with low, vertically
downward releases. These pools potentially comprised of LH;, condensed components of
air, or a mixture of the two,

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
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-Klerification of HyRAM models agains! |ag-scale and Ill!erature data
has been completed and published
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» Distance calculations locked to a specific (3.1), retrievable version of the models
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8% mole fraction
0.7 psi overpressure
4.7 KW/m?

2.3 psi overpressure
20 kW/m?

Visible flame length

10.2 psi overpressure

1.7 times
2.5-3.3 times
1.7 times
2.5-3.3 times
1.6 times
1.4-1.6 times

2.5-3.3 times

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

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

e As calculated distances are
conservative for 1% or 3% leak
area
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exposure distances, group 1

lot lines [ TS0
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current

proposed

0 75

exposure distance (ft)
Calculations with same safety factor (2)
e 3% leakis 1.54 —1.77 times further than 1% leak
e 5% leakis 1.91 —2.40 times further than 1% leak
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