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Background: Gaseous separation distances are broken into groups
and exposure distances are related to specific hazards

Table I. I (a) Hazard Scenario

Row Group 1 Exposures 4. 8" Hazard Scenmio Rationale-

(a)
(b)

(d)

Lot lines
Air intakes (14VAC, compressois. other)
Operable openings in buildings and suuctures
Ignition sources such as open flames and welding

Row Group 2 Exposures' Hazard Srenario Rationale

la/

(b)

Exposed persons other than those involved in
seryicing of the SyStelll

Parked cars

Itow Group 3 Exposures' Hazard Scenario Rationale

(a)

(b)
(c)

(d)

(e)

(0

(g)
(h)

Buildings of noncombusiible non-fire-rated
construciion

Buildings of combustible consiruction
Hammable gas storage systems above or below
ground

Hazardous materials storage systems above or
below ground

Heavy timber coal, or other slowYburning
combustible solids

Ordinary cotnbustibles. including fast-burning
solids such as ordinary lumber. excelsior. paper.
or combusdble waste and vegetation other than
that found in maintained landscaped areas

linopenable openings in buildings and structures
Encroachment by overhead utilities (horizontal

distance from the vertica) plane below the
nearest overhead elecuical wire of building
service)

Piping containing other hazardous materials
Flammable gas metering and regulating stations
such as natural gas or propane
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6, 7, 8, 9

2

2

1, 2
2. 10

6, 7, 8, 9
6, 7. 8, 9

•Unignited Jet concentraion decal' distance to 4 perrent mole fraction (volume fraction/ hydmgen.

iTtrad — radiation heat flux level of l577

`Sea Table Li (Id of NFPA 35 for explanation a notes
013rad for heat flux level of 4732 W,'re exposure to employes, for a maximum of 3 minutes.

The greater of Drad for combusuble heat flux level of 20.000 Wind or the visible flame length.
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Table 1.1101 Hazard Scenario Radonale Notes to Table E.1101 of NITA 55

Note Number Statement Performance C.Dizria Hazardous Materials D 1iisign Scenario

Gas rcleaac and subscqueno
entrainment or asaurnulation by the
recepror

9 Fire spread to ur from adjacent
equipment or larucuire

Gas explosion hazard on tike or

kffsc999

4 Threat of injuries on site ur adjacent

liruPDY

ignition of an unignited release.:
vented hisirogrn

Noee N.111ber Statement
Ir
ix

Prie

Perforomece Criteria )talerials Design Scenwin

6 Damage to espmed cumpuncnu of
underground nstem that are
expoud above ground

Damage to aloweground snrem due to
function of explosion control system
used tto 

ure 
lent underground swill or

struc 

8 Fire or explosion in other hazardous
maieriah resulting in release of
hydrogen

9 Fire or explosion in hydrogen system
resulting in release of other
haaardous materials

10 Failure of equipmeni exposing
hydrogen system to electrical hazaol
phisWal. or healih hazard: failure of
soaern exposing iodides to failure

Propeny Protection. The facility
design shall limit the effects of all
required design scenarios from
causing an unacceptable level of
property damage. 1105.2.941

Pioperty Pi:auction. The facility
design shall limit the effects of all
required design scenari® from
earning an unacceptable level of
properry damage_ 11:5.2_941
Explosion Conditiam. The facility
design shall provide an acceptabk
level of safeo for occupants and for
individuals immediately adjacent to
the property from the effects of
unintentional detonation or
deflagration_ 11:5-29-21

liazaolous Materiell• Exposene. The
design shall prod& an

aceepiable level of safety for
0,11,111, end for individuals
immediately adjacent to ihe peopeny
born the effects of an unauthorized
release of hoz:ordain materials or die
unintentional reaction of haivirdous
materials_ 11:5.2.2.31

Hazardous Alarerisla Exposure. Thr
faciliry design shall provide an
acceptable level of safety for
or-consols and for individuals
immediately adjacent to ihr peopeny
frorn the circa, of an imam horized
release of hanodous marerials or die
uninientional rrarlion of hazardous
matenalv 11:5.2.231

Property Protection. The facility
design shall limit die effects of all
required design scenarios from
causing an unacceptable kyr] of
grope, damage. 11:5.2.2.41

Pub& Welfare. For facilities din score
a public welfare rok w defined in
4.1.5 of NITA 1. ihe facilicv design
shall limir ihe effecis of all required
drsign wrnarios from causing WI
unarcrpgable imerniption of the
facilitv's mission. [1:5.2.151

Hazardous %Loth& Deign Scenario I.
ILI/anions Materials Design Scenario
1 invohes an unauthorized release of
hazardous rnaverials from a single
control arca Ibis design scenano
shill address the concern regarding
the spread of hazardous conditions
from the noun of release. 11:5.4.4.11

Ilanordoos Materials Deign Scenario S.
Hazardous Materials Design Scenario
3 involves the application of an
external factor to the hang-dols
material that is likely to result in a fire.
explosion. toxic release. or other
unsafe condition. This dosign scenario
shall address the concern regarding
the initiation of a hazardous marerials
esent by the application of hens
shocT impart, or water onto a
hazardous mairriall being nored.
used. handled. or dispensed in the
faciliez l 13.4.4.31

Ho:ardor Mooch& Design Scenario S.
Hazardous Materiria Derign Scenario
3 meek.cs the application of an
external factor or ihe hazardenzs
material that is likely to result in a firr.
explosion, toxic release. or other
unsafe condition. This dosign scenario
shall address the concern regarding
die initiation of a hazardous marerials
esent by the application of heat
shock. imp., or waxer onto a
hazardous novena] being srored.
toed. handled. or dispensed in the
facility 1 lifit431

Ham-dons Maleriala Deign Scenario Y.
Hareirdous Mocrials Design Scenario
2 involves an exposure fire on a
local ion where hilardotw materials
are wored. used. handled. or
dispensed. ihis design scenario shall
address the concern regarding how a
fire in a facilio affects the safe norage.
handling. or use of hazardous
materials 111:14.4.21

Ilanrchnen Materials Do 'sign Scenario S.
Hazardoso Matenals Design Scenario
3 involves the appliraiion of an
external factor to ihe haairdous
maierial that is likelv io resoli in a fire.
explosion. toxic release. or other
unsafe condition.

This design scenario shall address the
concern regarding the iniiiaiion of a
hazardous materials rvent by the
applicanon of heat. shock. impact or
water onto a haraininus milerial being
stored. used, handled. or dispensed in
the facihtv.11.5.4.4.31
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Background: Justification for the different exposures is given in both
appendix A and I

f he exposit!! es integral to Table 7.32.3.1 . I iik)(..1). Table
7.3.2.3.1.1 (A)(b). and Table 7.3.2.3.1.! (A) (c / have been
arranged into groups based on similar risks. Ilse estimated leak
area was chariged from 3 percent to l percent of the pipe diam-
eter to evaluate separation distances. The thresholds are appli-
cable to the exposures identified in earh group, as follows:

(1) Group I 12.4937IITS. The distances specified are those
required to reduce the radiant heat flux level to 500 Bui/br/ftz
(1577 W/rnz) at the property line or the distance to a point in
the unignited hydrogen jet where the hydrogen content is
reduced to a 4 percent mole fraction (volume fraction) oF
hydrogen, whichever is greater. In ail cases+, the distance
required to achieve a 4 percent mole fraction was the greater
distance and vmas used to establish the requirernents.

(2) &PUP 2 Exposures. The distances specified are those
required to reduce the radiant heat flux level to
1500 Btu/hr/ftz (4732 W/rnz) for persons exposed a maxiniurn
of 3 minutes.

(3) Group 3 ETP05/1 TES. The distances specified are those
required to reduce the radiant heat Flux level to
8340 fitu/hr/ftz (20,000 W/mz) or the visible flame length for
combustible materials, or a radiant heat flux level of
8{100 Eitu./hr/ftz (25,237 W/inz) or the +risible flame length For
noncombustible equipment. In both cases, the visible flame
length was used to establish the requirements.

A 50 percent safety factor vtas added to all resulting separa-
tion distance values.

Based on the riults oF both the system leakage frequency
evaluation and the associated risk assessmerur a diameter of
3 percent of the flow area corresponding io the largest Internal
pipe downstream of the highest pressure source in the sysiem ls
used in the model. The use of a 5 percent leak area results in
capturing an estimated 98 percent of the leaks that have been
determined to be probable based on detailed ana.1).sis of the
typical systems employed_

I.4 &leered Heat MIX Values. The values for heat flux used
in developinent of :he sepaiation distanre tables are as Cullum:

[ 1,577 'W/m2 (500 Btu/lir-ft)
(2) 4.732 W/ (1,500 lima (liir-f6
(3) 20,000 maia Btu/lir-112)
(4) 25,237W/tit' (8.000 Btu/lir-ft')

The basis for using each value is as follows.

[ 1,577 W/m2 (500 Btu/lir-WI is used as the -no harm-
'mine. This heat flux is defined by API 521, Pressers Reliev-
ing trruf Deprtairit-ing Etsteptts, as the heat flux threshold to

which personnel with appropriate clothing can be contin-
uously ex.poseci [101 'fhis value is sfightly less than what
the society of Hre Protection Engineers determined to be
the -no harm' heat flux threshold (540 Btu/ hr-ft5)., chat
is, the maximum heat flux to which people can be
exposed for prolonged periods of time Nyithout experi-
encing pain. [11]

(21 4.732 Wfni5 0,500 Eitti/hr-ft2,) is defined by API 521 as
the heat flux thombold En areas where emergency actions
lastirig several minutes mighi be required by personnel
without shielding but ,.vith appropriare clothing. [10] It is
also defined by the International Hre Code as the thresh-
old for exposure to employees for a inaiternim af
3 minutes. [121

(5) 2E000 W/m2 (6.340 Btujhr-ft2) is generally considered
the minimum heat flux for the rionpiloted igriition of
combustible materials, such as wood_ [13]
25,237 W/m5 (8,000 Bru/hr-ft2) Es the threshold hem flux
imposed by the !Min:m[14one FilF. COde for noncombustible
materials. [121

(4)

• With the exception of low temperatures (cryogenic "burns"), there are no additional
hazards for LH2
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Possible Ways to Calculate Setback Distances

• Consequence-based

— Physics/consequence modeling of specified worst-case leak
scenario leads to setback distances

— Criteria and method are conceptually simple and very
conservative

• Risk-based

— Criteria and method are conceptually simple

— Calculations can be complex and can vary system-to-system

Wir
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Risk-Informed Setback Distances (as per Bulk Gaseous Setbacks)

• Some type of risk analysis informs the scenario selection (leak scenario and criteria)

— Risk analysis can be HAZOP scenarios, full QRA, or other options

• Physics/consequence modeling on selected scenario leads to setback distances

— 1% of leak area for gaseous setbacks allowed calculations based on pipe size and pressure

• Setback distance calculation somewhat "uncoupled" from setback distance calculation

— Setback distance calculation only based on physical modeling of selected scenario

— Scenario selection ultimately a decision by task group/technical committee

• Risk analysis can "inform" this decision but not "based" on it

— Scenario differences led to more recent changes in gaseous hydrogen setbacks based on same
previous QRA (i.e., 1% instead of 3% leak area, 8% instead of 4% concentration, heat flux values)

Risk
Analysis 0 

Scenario
Selection it

Setback
Calculation
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The LH2 HAZOP identified high-risk scenarios with 2 bounding cases in
particular

• Normal flow from trailer vent stack due to venting excess pressure after LH2 transfer

— In general, vent stacks on LH2 systems are unique in that they must be designed for 100% probability of
release

— It might make sense to enable separation of vent stack from bulk LH2 storage since this could be located
away from the storage system and will be at elevation

— Venting systems refer to CGA G-5.5 (8.3.1.2.2.3)

— CGA G-5.5 refers back to NFPA 55 for vent Iocation (6.2.8)

— CGA G-5.5 testing task force looking at thermal radiation from H2 vent stacks — additional guidance likely to
be added to CGA G-5.5

• Loss of containment from pipe Ieading from tank to vaporizer or vaporizer itself caused by
thermal cycles or ice falling from vaporizers

— In this analysis, we are assuming that a loss of containment does not result in a full bore release

— Similar to gaseous H2, the hazard distances do not vary based on volume, but rather pipe size and pressure

— Safety factor can be added to distance calculation

6
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Scenario for Current Calculations

• Same as for Bulk Gaseous Setbacks

— Does not mean that full quantitative risk assessment has been done for LH2

— Does not mean that all LH2 HAZOP scenarios have been modeled quantitatively

— Using gaseous scenario and criteria as possible placeholder

• Leak Scenario

— 1% of flow area

— Multiple pipe sizes and pressures

• Distance Criteria

— Group 1: greater of the distances to 8% concentration or 1.577 kW/m2 heat flux

— 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 to be determined

— Current gaseous setbacks use 1.5

7
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Jets are neutrally buoyant
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• Even for the lowest momentum release, jets do not curve significantly either up or

down due to buoyancy

• Streamline distance to 8% concentration level used to calculate hazard distance
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Flames are quite buoyant
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• Even for the highest momentum release, flames curve significantly upwards due to
buoyancy

• Flame length and heat flux values calculated from bird's eye view (xz-plane)
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Group 1: greater of 8% concentration or 1.577 kW/m2 heat flux
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• 1.577 kW/m2 exposure slightly greater than 8% concentration

• For characteristic LH2 pipe with 1.5" ID (maximum line size other than vent stack in

CGA P-28), hazard distance is 21 ft (6.5 m)

• Even with safety factor of 3, this distance is less than current maximum separation
distance of 75 ft (23 m)
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Group 2: distance to a heat flux of 4.732 kW/m2
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• For characteristic LH2 pipe with 1.5" ID (maximum line size other than vent stack in

CGA P-28), hazard distance is 15 ft (4.6 m)

• Safety factor will increase this distance

• Currently two Group 2 separation distances of 75 ft [23 m](public assembly) and 25 ft
[7.6 m] (parked cars)
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Group 3: distance to visible flame length or heat flux of 20 kW/m2

1% leak area, bird's eye flarrie length
pipe diameter (mm)

0 10 20 30 40 50 60 70
16

14

4

2

=

..-----

— Pbmt =100 psi

Pam( = 1 20

.
..,,,

..--- psi

— PrAMS t = 140 psi
.
.

.,.-
— Pbmt =1 60 psi

.

. — Amst =180 psi

.

i

— Pl.( = 1 B5 psi

I i
no 0 5 L0 L5 /0

pipe diameter (inch)
15 10

4

1

17.5

10

1% leak area, 20 kW/nri2 exposure distance
pipe diameter (rnrri)

O 10 20 30 40 50 60 70

— Pu,.st = 100 psi

— Phumi= 12 0 psi

— amt = 140 psi

— amt = 1 60 psi

Phumi=1130 psi

— Mmt=1B5 Prsi

6

5

4

3

.2

1

o
10 15 L0 L5 /0

pipe diameter (inch
25 10

• Flame length longer for small diameter pipes, 20 kW/m2 for larger pipes

• For characteristic LH2 pipe with 1.5" ID (maximum line size other than vent stack in
CGA P-28), hazard distance is 10 ft (3 m)

• Even without safety factor, larger than smallest distance in 8.3.2.3.1.6(A) of 5 ft [1.5m]

• Fire barrier walls used for further reductions
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The idea: use these calculations for values in an updated LH2 exposure
distance table with additional analysis to justify and/or modify later

Big changes:

• Exposure distances no longer related to storage volume

• Exposures grouped in similar manner to GH2 table

• Additional language around vent stack separation from bulk storage

Next steps for this approach:

• Regroup and relate exposures to hazards

• Determine safety factor

Subsequent work

• Use Ieak frequency and QRA to justify (or update) 1% leak area assumption

• Publish justification of this approach

• Additional validation of model for larger leak sizes

• Assist with guidance around vent stacks (either CGA G-5.5 or NFPA 2)
13
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Discussion?
Questions?

Wir
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Exposure distances for full bore releases, without accounting for
pooline. are laree

100% area of 1.5" diameter pipe, 185

psi, saturated vapor release

Distances before safety factor:

• Group 1: 200 ft [61 m]

• Group 2: 130 ft [40 m]

• Group 3: 77 ft [23 m]

y = 14.92 —MO qi1
IlIssgmulkiatartliktkipm(Mniti

4N:wa.
itkituiftwakiewil

-
IM943111141 ocentetem

100% area of 1.5" diameter pipe, 185

psi, saturated vapor release
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