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N O T I C E  

All questions or other  communica t ions  re la t ing  to this document  should be sent only to NFPA Head- 
quarters ,  addressed to the a t ten t ion  of the Commi t t ee  responsible for the document .  

For in format ion  on the procedures  for reques t ing  Technica l  Commit tees  to issue Formal  Interpreta-  
tions, proposing Tenta t ive  Inter im Amendment s ,  proposing a m e n d m e n t s  for Commi t t ee  considerat ion,  and  
appeals  on mat ters  re la t ing to the content  of the document ,  write to the Secretary, S tandards  Council ,  Na- 
t ional  Fire Protect ion Association, Ba t t e rymarch  Park, Quincy,  MA 02269. 

A s ta tement ,  wri t ten or oral,  that  is not processed in accordance  with Section 16 of the Regula t ions  
Governing Commi t t ee  Projects shall not be considered the official posit ion of NFPA or any of its Commit -  
tees and  shall not be considered to be, nor be relied upon as, a Formal  In terpre ta t ion .  

Users of this document  should consult  app l icab le  Federal ,  State and  local laws and regulat ions.  NFPA 
does not, by the publ ica t ion  of this document ,  in tend  to urge act ion which is not in compl iance  with ap- 
p l icable  laws and this document  may not be cons t rued as doing so. 

Po l icy  Adopted by NFPA Board of Directors on December  3, 1982 

The  Board of Directors reaffirms that  the Nat ional  Fire Protect ion Association recognizes tha t  the tox- 
icity of the products  of combus t ion  is an impor t an t  factor  in the loss of life from fire NFPA has deal t  with 
tha t  subject in its technical  commi t t ee  documents  for many  years. 

There  is a concern tha t  the growing use of synthet ic  mater ia l s  may produce more or add i t iona l  toxic 
products  of combust ion  in a fire envi ronment .  The  Board has, therefore,  asked all NFPA technical  commit-  
tees to review the documents  for which they are responsible to be sure that  the documents  respond to this 
current  concern.  To assist the commit tees  in mee t ing  this request,  the Board has appo in ted  an advisory 
commit tee  to provide specific gu idance  to the technical  commit tees  on questions re la t ing to assessing the 
hazards  of the products  of combust ion.  

L i c e n s i n g  Provision - -  This  documen t  is copyr ighted  by the Nat iona l  Fire Protect ion Association 
(NFPA). 

1. Adoption by Reference - -  Public  author i t ies  and  others are urged to reference this document  in 
laws, ordinances,  regulat ions,  admin is t ra t ive  orders  or s imi lar  ins t ruments ,  Any deletions, addi t ions  and 
changes  desired by the adop t ing  author i ty  must  be noted separately.  Those using this me thod  are requested 
to notify the NFPA (Attent ion:  Secretary, S tandards  Counci l )  in wri t ing of such use. The  term "adopt ion  by 
reference" means  the c i t ing of title and  publ i sh ing  in format ion  only. 

2. Adoption by Transcription - -  A. Public  author i t ies  with l a w m a k i n g  or ru le -making  powers only, 
upon wri t ten notice to the NFPA (At tent ion:  Secretary, S tandards  Council) ,  will be g ran ted  a royahy-free 
license to pr int  and  republ ish this document  in whole or in part ,  with changes  and addi t ions,  if any, noted 
separately,  in laws, ordinances,  regulat ions,  admin is t ra t ive  orders or s imi lar  ins t ruments  hav ing  the force of 
law, provided that :  (1) due notice of NFPA's  copyright  is conta ined  in each law and  in each copy thereof: 
and,  (2) tha t  such p r in t ing  and republ ica t ion  is l imi ted  to numbers  sufficient to satisfy the jur isdict ion 's  
l awmak ing  or ru l emak ing  process. B. Once  this NFPA Code or S tandard  has been adopted  into law, all 
pr in t ings  of this document  by publ ic  author i t ies  with l awmak ing  or ru l emak ing  powers or any other  persons 
des i r ing to reproduce  this document  or its contents  as adopted  by the jur isdic t ion  in whole or in par t ,  in any 
form, upon wri t ten request  to NFPA (Attent ion:  Secretary, S tandards  Council) ,  will be g ran ted  a nonex- 
clusive license to print ,  republish,  and  vend this document  in whole or in part ,  with changes  and addit ions,  
if any, noted separately provided that  due notice of NFPA's  copyright  is conta ined  in each copy. Such 
license shall  be g ran ted  only upon agreement  to pay NFPA a royalty. This  royalty is required to provide 
funds for the research and deve lopment  necessary to cont inue  the work of NFPA and its volunteers  in con- 
t inual ly  u p d a t i n g  and revising NFPA standards,  Under  cer ta in  c i rcumstances,  publ ic  author i t ies  with 
l awmak ing  or ru l emak ing  powers may apply  for and  may receive a special royalty when the publ ic  interest 
will be served thereby. 

All other  rights, inc luding  the right to vend, are re ta ined by NFPA. 

(For fur ther  explana t ion ,  see the Policy Concern ing  the Adopt ion,  Pr in t ing  and Publ ica t ion  of NFPA 
Documents  which is avai lable  upon request  from the NFPA.)  

S ta t emen t  on  N F P A  Procedures 

This  mater ia l  has been developed under  the publ ished procedures  of the Nat iona l  Fire Protect ion 
Association, which are designed to assure the appo in tmen t  of technical ly  competen t  Commit tees  having  
ba lanced  representat ion.  Whi le  these procedures  assure the highest  degree  of care, nei ther  the Nat ional  Fire 
Protect ion Association, its members ,  nor  those pa r t i c ipa t ing  in its activities accepts any l iabi l i ty  resul t ing 
from compl iance  or noncompl iance  with the provisions given herein,  for any restrict ions imposed on 
mater ia l s  or processes, or for the completeness  of the text.  

NFPA has no power or author i ty  to police or enforce compl iance  with the contents  of this document  
and  any cer t i f icat ion of products  s ta t ing compl iance  with requi rements  of this document  is m a d e  at the peril  
of the certifier. 
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© 1985 NFPA, All Rights Reserved 

NFPA 50B 

Standard for 

Liquefied Hydrogen Systems 
at Consumer Sites 

1985 Edition 

This edit ion of  NFPA 50B, Standard for Liquefied Hydrogen Systems at Consumer 
Sites, was p repared  by the Technica l  Commit tee  on Indust r ia l  and  Medical  Gases, and  
acted on by the Nat ional  Fire Protect ion Association, Inc. at its Fall Meeting held on 
November  12-15, 1984 in San Diego, Cal i fornia .  It was issued by the S tandards  Coun- 
cil on December  7, 1984, with an effective da te  of  December  27, 1984, and  supersedes 
all previous editions. 

The  1985 edit ion of this s t andard  has been approved  by the Amer ican  Nat ional  
S tandards  Insti tute.  

Changes other  than edi tor ia l  are ind ica ted  by a vertical rule in the marg in  of the 
pages on which they appear .  These lines are included as an a id  to the user in identify- 
ing changes from the previous edit ion.  

Origin and Development of NFPA 50B 

Prepara t ion  of this s t andard  was ini t ia ted and mater ia l ly  assisted by a Commit tee  of 
the Compressed Gas Association, Inc. ,  which submi t ted  a text to the NFPA Commit -  
tee on Industr ia l  and  Medical  Gases in 1966. The  s t andard  was tentatively adop ted  in 
1967. The  first edit ion was adop ted  in 1968 and revised in 1971, 1973, 1978, and  
1985. 
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National Fire Protection Association 
(Nonvoting) 
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Research Corp. 
Thomas S. Staron Jr ,  Industrial Risk Insurers 
Arnold A. Weintraub, U S Dept. of Energy 
Thomas E. Willoughby, Union Carbide Corp. 
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(Alternate to B. K. Kuehn) 
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Association or any document developed by the Committee on which the member serves. 
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N O T I C E "  An asterisk (*) folh)wing the n u m b e r  or letter 
des igna t ing  a p a r a g r a p h  indicates  e x p l a n a t o r y  ma te r i a l  (m that  
p a r a g r a p h  in Append ix  A 

In fo rma t ion  on re fe renced  pub l i ca t ions  can  be found  Jll 
C h a p t e r  l{I 

Chapter  1 I n t r o d u c t i o n  

1-1 l,iquefied hydrogen is t ransparent ,  odorless and is 
not corrosive or significantly reactive. The boiling point 
at atmospheric pressure is 423.2°F ( - 252.9°C). It is 
only one-fourteenth as heavy as water. In converting liq- 
uefied hydrogen to gaseous hydrogen at standar{t condi- 
tions, it expands approximately 850 times. 

1-2 Hydrogen burns in air with a pale blue, almost in- 
visit)le flame. At atmospheric pressure the ignition tem- 
perature of hydrogen-air mixtures has been reported by 
the U.S. Bureau of Mines to he as low as 932°F 
(500°C). The f lammable  limits of hydrogen-air  mixtures 
depend upon pressure, temperature  and water vapor con- 
tent. At atmospheric pressure the t lammable  range is ap- 
proximately 4 percent to 74 percent by volume of 
hydrogen in air. 

1-3 Hydrogen is nontoxic, but can cause anoxia 
(asphyxiation) when it displaces the normal  21 percent 
oxygen in a confined area without adequate ventilation. 
Because hydrogen is colorless, odorless and tasteless, its 
presence cannot  he detected by the human  senses. 

1-4 Compliance with this s tandard will minimize the 
possibility of a consumer fire involving the liquefied 
hydrogen system, as well as the possihility of a litluefied 

I hydrogen fire involving the consumer premises. 

Chapter 2 Application of Standard 

2-1 This s tandard covers the general principles recom- 
mended  for the installation of liquefied hydrogen systems 
on consumer premises where the liquid hydrogen supply 
to the consumer premises originates outside the consumer 
premises and is delivered by mobile equipment .  

2-2 The  system shall be classified according to the max- 
imum total quanti ty of liquefied hydrogen including un- 
connected liquefied hydrogen reserves, as follows: 

Less than 3,501 gallons, except as covered in Sec- 
tion 2-4. 

-- From 3,501 to 15,000 gallons. 

-- From 15,001 to 75,000 gallons. 

(For SI Units, 1 gal = 3.785 L.) 

2-3 An existing system which is not in strict compliance 
with the provisions of the this s tandard may be cont inued 
in use when such use does not constitute a distinct hazard 
to life or adjoining property. 

2-4 This s tandard does not apply to portable containers 
having a total liquefied hydrogen content of less than 150 
liters (39.63 gallons). 

2-5 This s tandard does not apply to liquefied hydrogen 
manufac tu r ing  plants or other establishments operated 
by the hydrogen supplier or his agent for the sole purpose 
of storing liquefied hydrogen and refilling portable con- 
tainers, trailers, mobile supply trucks or tank cars. 

2-6 This s tandard does not apply to gaseous hydrogen 
systems. NFPA 50A, Standard for Gaseous lqydrogen 
Systems at Consumer Sites, provides information on this 
subject. 

Chapter 3 Def in i t ions  

Approved. Acceptable to the "authority having 
jurisdict ion." 

N O T E "  T h e  Nat iona l  Fire Pro tec t ion  Associat ion does not 
approve, inspect or certify any installations, procedures, equip- 
ment. or ma te r i a l s  nor  does it app rove  or eva lua te  test ing l abora  
tories. In d e t e r m i n i n g  the  accep tab i l i ty  of  ins ta l la t ions  or 
p rocedures ,  e q u i p m e n t  or mater ia l s ,  the au tho r i ty  hav ing  
ju r i sd ic t ion  m a y  base a c c e p t a n c e  on c o m p l i a n c e  with NFPA or 
o the r  a p p r o p r i a t e  s t anda rds .  In the absence  of such s t anda rds ,  
said au tho r i ty  m a y  requ i re  evidence  of  p r o p e r  ins ta l la t ion,  pro- 
cedu re  or use. T h e  au tho r i t y  hav ing  jur i sd ic t ion  m a y  also refer  
to the listings or  l abe l ing  prac t ices  of an  o rgan i za t i on  conce rned  
with p roduc t  eva lua t ions  which  is in a posi t ion to de t e rmine  
c o m p l i a n c e  with a p p r o p r i a t e  s t a n d a r d s  for  the cu r r en t  p r o d u c  
tion of  listed i tems. 

Authority Having Jurisdiction. The "authority 
having jurisdiction" is the organization, office or in- 
dividual responsible for "approving" equipment ,  an in- 
stallation or a procedure. 

N O T E :  T h e  phrase  " a u t h o r i t y  hav ing  ju r i sd ic t ion"  is used in 
N F P A  d o c u m e n t s  in a b r o a d  m a n n e r  since jur i sd ic t ions  a n d  "ap-  
p rova l "  agencies  vary as do thei r  responsibil i t ies.  W h e r e  publ ic  
safety is p r i m a r y ,  the " a u t h o r i t y  hav ing  ju r i sd ic t ion"  mav  be a 
federal ,  state,  local or  o the r  regional  d e p a r t m e n t  or indi , : idual  
such  as a fire chief ,  fire mar sha l ,  ch ief  of  a fire prevent ion  
b u r e a u ,  l abor  d e p a r t m e n t ,  hea l th  d e p a r t m e n t ,  bu i ld ing  official .  
e lectr ical  inspector ,  or  o thers  hav ing  s t a tu to ry  au thor i ty .  For in- 
su r ance  purposes ,  an  in su rance  inspect ion d e p a r t m e n t ,  r a t i n g  
b u r e a u ,  or o the r  insu rance  c o m p a n y  representa t ive  m a y  be the 
" a u t h o r i t y  hav ing  j u r i sd i c tmn . "  In m a n y  c i r cums tances  the 
p rope r ty  owner  or his des igna ted  agen t  assumes the role of the 
" a u t h o r i t y  hav ing  ju r i sd ic t ion" :  at g o v e r n m e n t  instal la t ions,  the 
c o m m a n d i n g  officer  or d e p a r t m e n t a l  official  m a y  be the "au-  
thor i ty  hav ing  ju r i sd ic t ion . "  

CF. Cubic feet of gas at 14.7 psia and 70 ° F. 

Combus t ib le  L iqu id .  A liquid having a closed cup 
flash point at or above 100°F (37.8°C) and shall be subdi- 
vided as follows: 

Class II liquids shall include those having a flash 
point at or above 100°F (37.8°C) and below 140°F 
(60°C). 
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Class I I IA  liquids shall include those having a flash 
point  at or above 140°F (60°C) and below 200°F 
(93.4°C). 

Class I I IB liquids shall include those having flash 
points at or above 200°F (93.4°C). 

Flammable Liquid (Class I) .  Any l iquid having a 
closed cup flash point  below 100°F (37.8°C) and having a 
vapor pressure not exceeding 40 lbs per  sq in. absolute 
(2068.6 mm) at 100°F (37.8°C). (Liquef ied hydrogen is 
classed as a F l ammab le  Compressed Gas by the U.S. 
Depar tment  of T ranspor t a t ion . )  

Ga l l on .  S tandard  U.S. gallon. 

Labeled. Equipment  or mater ia l s  to which has been 
a t tached a label,  symbol or o ther  identifying mark  of an 
organizat ion acceptable  to the "au thor i ty  having juris- 
dict ion" and concerned with product  evaluat ion,  that  
main ta ins  per iodic  inspection of product ion  of  labeled 
equ ipment  or mater ia ls  and  by whose label ing the manu-  
facturer  indicates compl iance  with appropr i a t e  s tandards  
or per formance  in a specified manner .  

Limited-Combustible Material. A mater ia l  (as d e  
fined in NFPA 220, Standard on Types of  Building Con- 
struction) not complying with the defini t ion of noncom- 
bustible mater ia l  which, in the form in which it is used, 
has a potent ial  heat  value not exceeding 3500 Btu per lb 
(8141 kJ/kg),  and  complies with one of the following 
pa ragraphs  (a) or (b). Materials  subject to increase in 
combust ibi l i ty  or f lame spread ra t ing beyond the limits 
herein established through the effects of age, moisture,  or 
other  a tmospher ic  condi t ion shall be considered com- 
bustible.  

(a) Materials  having a s t ructura l  base of noncombust i -  
ble mater ia l ,  with a surfacing not exceeding a thickness 
of  ~ in. (3.2 mm)  which has a f lame spread ra t ing not 
greater  than 50. 

(b) Materials ,  in the form and thickness used, o ther  
than  as descr ibed in (a), having nei ther  a f lame spread 
ra t ing grea ter  than 25 nor  evidence of  cont inued pro- 
gressive combust ion and of such composi t ion that  sur- 
faces that  would be exposed by cut t ing  through the 
mate r ia l  on any plane would have nei ther  a f lame spread 
ra t ing grea ter  than 25 nor evidence of cont inued pro- 
gressive combust ion.  (See NFPA 259, Standard Test 
Method for  Potential Heat of  Building Materials.) 

either that  the equ ipment  or mater ia l  meets app rop r i a t e  
s tandards  or has been tested and found sui table  for use in 
a specified manner .  

NOTE:  The  means for ident ifying listed equ ipmen t  may vary 
for each organizat ion concerned with product  evaluat ion,  some 
of which do not recognize equ ipment  as listed unless it is also 
labeled.  The  "author i ty  having jur isdict ion" should utilize the 
system employed by the listing organizat ion to identify a listed 
woduc t ,  

Noncombustible M a t e r i a l .  A mater ia l  (as def ined in 
NFPA 220, Standard on Types of  Building Construction) 
which, in the form in which it is used and under  the con- 
ditions ant ic ipa ted ,  will not ignite, burn,  suppor t  com- 
bustion, or release f l ammable  vapors when subjected to 
fire or heat.  Materials  repor ted  as noncombust ib le ,  when 
tested in accordance  with ASTM E136-79, Standard 
Method of  Test for  Behavior of  Materials in a Vehicle 
Tube Furnace at 750°C, shall be considered noncom- 
bustible mater ials .  

Outdoor Location. Outside of any bui ld ing or struc- 
ture and not enclosed by more than two walls. This  in- 
cludes locations under  a roof, weather  shelter or canopy 
which are provided with vent space between the walls and  
vented roof, weather  shelter or canopy.  

Portable Containers.* Liquefied hydrogen cylinders, 
por tab le  tanks, tank cars and tank trucks as defined by 
the U.S. Dept. of Transpor ta t ion .  

Separate B u i l d i n g .  A de tached  noncommunica t i ng  
bui ld ing  used exclusively to house a l iquefied hydrogen 
system. 

Sha l l .  Indicates  a manda to ry  requi rement .  

Should. Indicates  a r ecommenda t ion  or that  which is 
advised but not required.  

Special  Room.  A separa te  enclosed area  which is 
par t  of or a t tached  to another  bu i ld ing  and is used ex- 
clusively for a l iquefied hydrogen system. 

Chapter 4 Design of Liquefied Hydrogen Systems 

L i q u e f i e d  H y d r o g e n  System. One into which lique 
fled hydrogen is delivered and stored and from which it is 
discharged in the l iquid or gaseous form to consumer  pip- 
ing. The  system may include s tat ionary or por table  con- 
tamers,  pressure regulators,  pressure relief devices. 
manifolds,  in terconnect ing piping and controls as re 
quired.  The  system originates at the storage conta iner  fill 
connect ion and terminates  at the point where hydrogen 
at service pressure first enters the supply line. 

Listed. Equipment  or mater ia l s  inc luded in a list 
publ ished by an organizat ion acceptable  to the "author i ty  
having jur isdict ion" and concerned with product  evalua- 
tion, that  main ta ins  per iodic  inspection of product ion  of 
listed equ ipment  or mater ia ls  and whose listing states 

4-1 Containers. 
4-1.1 Hydrogen containers  shall comply  with the 
following: 

(a) Storage containers  shall be designed,  constructed,  
and  tested in accordance  with app rop r i a t e  requi rements  
of the ASME Boiler and Pressure Vessel Code, Section 
VIII  - Unfired Pressure Vessels (1977). 

(b) Por table  containers  shall be designed,  constructed 
and tested in accordance  with U.S. Dept.  of Transpor ta -  
tion Specificatons and Regulations.  

4-2 Suppor t s .  Permanent ly  instal led containers  shall 
be provided with substant ia l  supports  of noncombus t ib le  
mater ia l  securely anchored  on firm foundat ions  of non- 
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combustible material. Steel supports in excess of 18 
inches in height shall be protected with protective coating 
having a 2-hour fire-resistance rating. 

4-3 Marking. Each container shall be legibly marked 
to indicate "LIQUEFIED HYDROGEN -- FLAM- 
MABLE GAS." 

4-4 Pressure Relief Devices. 
4-4.1 Stationary liquefied hydrogen containers shall be 
equipped with pressure relief devices sized in accordance 
with CGA Pamphlet S-l, Part 3, Pressure Relief Device 
Standards for Compressed Gas Storage Containers. 

4-4.2 Portable liquefied hydrogen containers comply- 
ing with the U. S. Dept. of Transportation Regulations 

I shall be equipped with pressure relief devices as required 
in the U. S. Dept. of Transportation Specifications and 

] Regulations. Pressure relief devices shall be sized in 
accordance with the requirements of CGA Pamphlet S- 1, 

[ Pressure Relief Device Standards, Part 1, Compressed 
Gas Cylinders and Part 2, Cargo and Portable Tank 
Containers. 

14-4.3 Pressure relief devices shall be arranged to 
discharge unobstructed to the outdoors and in such a 
manner as to prevent impingement of escaping liquid or 
gas upon the container, adjacent structures or personnel. 

I See 5-1.5 for venting of pressure relief devices in special 
locations. 

I 4-4.4 Pressure relief devices or vent piping shall be de- 
signed or located so that moisture cannot collect and 
freeze in a manner which would interfere with proper 
operation of the device. 

I 4-4.5 Pressure relief devices shall be provided in piping 
wherever liquefied hydrogen could be trapped between 
closures. 

4-5 Piping, Tubing and Fittings. 
4-5.1" Piping, tubing and fittings and gasket and 
thread sealants shall be suitable for hydrogen service at 
the pressures and temperatures involved. Consideration 
shall be given to the thermal expansion and contraction 
of piping systems when exposed to temperature fluctua- 
tions of ambient to liquefied hydrogen temperatures. 

4-5.2 Material specifications and thickness require- 
ments for piping and tubing shall conform to the 
American National Standard Code for Pressure P~'ping, 
Chemical Plant and Petroleum Refinery Piping, ANSI 
B31.3 (1980). Piping or tubing for operating tempera- 
tures below -20°F (-29.9°C) shall be fabricated from 
materials meeting the impact test requirements of 
Chapter III of ANSI B31.3 (1980) when tested at the 
minimum operating temperature to which the piping 
may be subjected in service. 

4-5.3 Joints in piping and tubing shall preferably be 
made by welding or brazing; flanged, threaded, socket, 
slip or suitable compression fittings may be used. Brazing 
materials shall have a melting point above 1000°F 
(538°C). 

4-5.4 Means shall be provided to minimize exposure of 
personnel to piping operating at low temperatures and to 
prevent air condensate from contacting piping, structural 
members and surfaces not suitable for cryogenic temper- 
atures. Insulation shall be of noncombustible material 
and shall be designed to have a vapor-tight seal in the 
outer covering to prevent the condensation of air and 
subsequent oxygen enrichment within the insulation. The 
insulation material and outside shield shall also be of ade- 
quate design to prevent attrition of the insulation due to 
normal operating conditions. 

4-5.5 Uninsulated piping and equipment which operate 
at liquefied-hydrogen temperature shall not be installed 
above asphalt surfaces or other combustible materials in 
order to prevent contact of liquid air with such materials. 
Drip pans may be installed under uninsulated piping and 
equipment to retain and vaporize condensed liquid air. 

4-6 Equipment Assembly. 
4-6.1 Valves, gages, regulators and other accessories 
shall be suitable for liquefied hydrogen service and for 
the pressures and temperatures involved. 

4-6.2 Installation of liquefied hydrogen systems shall be 
supervised by personnel familiar with proper practices 
and with reference to their construction and use. 

4-6.3 Storage containers, piping, valves, regulating 
equipment and other accessories shall be readily accessi- 
ble and shall be protected against physical damage and 
against tampering. A shutoff valve shall be located in liq- 
uid product withdrawal lines as close to the container as 
practical. On containers of over 2,000 gallons (7570 L) 
capacity, this shutoff valve shall be of the remote control 
type with no connections, flanges or other appurtenances 
(other than a welded manual shutoff valve) allowed in the 
.piping between the shutoff valve and its connection to the 
mner container. 

4-6.4 Cabinets or housings containing hydrogen control 
equipment shall be ventilated to prevent any accumula- 
tion of hydrogen gas. 

4-7 Testing. 
4-7.1 After installation, all field erected piping shall be 
tested and proved hydrogen gastight at operating 
pressure and temperature. 

4-7.2 Containers if out of service in excess of one year 
shall be inspected and tested as outlined in 4-7.1. The 
pressure relief devices shall be checked to determine if 
they are operable and properly set. 

4-8 Liquefied Hydrogen Vaporizers. 
4-8.1 The vaporizer shall be anchored and its connect- 
ing piping shall be sufficiently flexible to provide for the 
effect of expansion and contraction due to temperature 
changes. 

4-8.2 The vaporizer and its piping shall be adequately 
protected on the hydrogen and heating media sections 
with pressure relief devices. 
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4-8.3 Heat  used in a l iquefied hydrogen vaporizer  shall 
be indirect ly suppl ied uti l izing media  such as air, s team, 
water,  or water solutions. 

4-8.4 A low t empera tu re  shutoff  switch shall be pro- 
vided in the vaporizer  discharge p ip ing  to prevent flow of 
l iquefied hydrogen in the event of the loss of the heat  
source, 

4-9 Electrical Systems. ] 
4-9.1 Electrical wiring and equ ipment  located within 3 
feet of a point  where connect ions are regularly made  and ] 
disconnected,  shall be in accordance  with Article 501 of 
NFPA 70, National Electrical Code ®, for Class I, Group  
B, Division 1 locations. 

4-9.2 Except as provided in 4-9.1, electrical  wiring and 
equ ipment  located within 25 feet (7.6 m) of a point  where 
connections are regular ly  m a d e  and disconnected or 
within 25 feet (7.6 m) of a l iquid hydrogen storage con- 
tainer,  shall be in accordance  with Article 501 of NFPA 
70, National Electrical Code, for Class I, Group  B, Divi- 
sion 2 locations. When  equ ipment  approved  for Class I, 
Group  B atmospheres  is not commercia l ly  available,  the 
equ ipment  may be (1) purged  or vent i la ted in accordance  
with NFPA 496, Standard for  Purged and Pressurized 
Enclosures for Electrical Equipment in Hazardous Loca- 
tions, or (2) intr insically safe, or (3) approved  for Class I, 
Group C atmospheres.  This  requ i rement  does not apply  
to electr ical  equ ipmen t  which is instal led on mobi le  sup- 
ply trucks or tank  cars from which the storage conta iner  is 
filled. 

4-10 B o n d i n g  and Grounding. The  l iquefied hydro- 
gen conta iner  and  associated p ip ing  shall be electrically 
bonded  and grounded .  

Chapter 5 Location of Liquefied Hydrogen Storage 

5-1 General Requirements. 
5-1.1 The  storage conta iners  shall be located so that  
they are readi ly accessible to mobi le  supply equ ipment  at 
g round  level and  to author ized personnel.  Sui table  road-  
ways or o ther  means of access for emergency equipment ,  
such as fire depa r tmen t  appara tus ,  shall be provided.  

5-1.2" Systems shall not be located benea th  or where 
exposed by failure of electric power lines, p ip ing  contain-  
ing all classes of f l ammable  and combust ib le  l iquids (see 
definit ion),  p ip ing  conta in ing  other  f l ammab le  gases, or 
p ip ing  conta in ing  oxidizing mater ia ls .  

5-1.3 Where  it is necessary to locate the l iquefied 
hydrogen conta iner  on ground  that  is level with or lower 
than adjacent  all classes of f l ammable  and  combust ib le  
l iquid storage or l iquid oxygen storage, sui table protec- 
tive means  shall be taken (such as by diking, diversion 
curbs,  or grading) ,  with respect to the adjacent  all classes 
of  f l ammable  and combust ib le  l iquid s torage or l iquid 
oxygen storage, to prevent accumula t ion  of l iquids within 
50 feet (15.2 m) of the l iquefied hydrogen conta iner .  

5-1.4 Storage sites shall be fenced and posted to prevent 
en t rance  by unauthor ized  personnel .  Sites shall also be 
p lacarded as follows: "LIQUEFIED HYDROGEN -- 
F L A M M A B L E  GAS NO S M O K I N G  -- NO OPEN 
FLAMES."  

5-1.5 If l iquefied hydrogen is located (as specified in 
Tab le  1) in a separate  bui lding,  in a special room, or in- 
side buildings when not in a special room and exposed to 
other  occupancies ,  containers  shall have the pressure 
relief devices vented unobs t ruc ted  to the outdoors  at a 
m i n i m u m  elevation of 25 feet (7.6 m) above grade  to a 
safe locat ion as requi red  in 4-4.3. 

5-2 Specific Requirements. 
5-2.1 The  locat ion of l iquefied hydrogen storage, as de- 
t e rmined  by the m a x i m u m  total quant i ty  of l iquefied 
hydrogen,  shall be in the order  of preference as indica ted  
by Roman  numera ls  in the following Tab le  1: 

5-2.2 The  m i n i m u m  distance in feet from liquefied 
hydrogen systems of indica ted  storage capaci ty  located 
outdoors,  in a separa te  bui lding,  or in a special room to 
any specified exposure shall be in accordance  with Tab le  
2. 

(a) Unloading  connect ions on delivery equ ipment  shall 
not be posi t ioned closer to any of the exposures cited in 
Tab le  2 than the distances given for the storage system. 

Table 1 Maximum Total Quantity of Liquefied Hydrogen Storage Permitted 

Nature of Location 

Outdoors 
In a separate bui lding 
In a special room 
Inside bui ldings not in 

a special room and exposed 
to other occupancies 

NOTE: 

Size of Hydrogen Storage (Capacity in Gallons) 

39.63 51 to 300 
to 50 

I I  

I /  

I 
II 
III 

Not Permitted 

301 to 600 

I 
II 

Not Permitted 

Not Permitted 

In excess 
of 600 

I 
Not Permitted 
Not Permitted 

Not Permitted 

This table does not apply to the storage in dewars of the type generally used in laboratories for ex- 
perimental purposes. 

For SI Units: 1 gal - 3.785 L 
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Table 2 

Minimum Distance (ft) from Liquefied Hydrogen Systems to Exposures' 

Type of Exposure Total Liquefied Hydrogen Storage 
(Capacity in Gallons) 

3501 15,001 
39.63 to to 

to 3500 15,000 75,000 

1. Building/Structure 
(a) Wall(s) adjacent to system con- 
structed of noncombustible or limited- 
combustible materials. 
(1) Sprinklered building/structure or 
unsprinklered building/structure having 
noncombustible contents. 5~3 5 ~,3 5,,3 

(2) Unsprinklered building/structure with 
combustible contents. Adjacent wall(s) 
with fire-resistance rating less than 3 
hours 2 25 50 75 

Adjacent wall(s) with fire-resistance rating 
of 3 hours or greater 2 5 5 5 

(b) Wall(s) adjacent to system constructed 
of combustible materials 
(1) Sprinklered building/structure 
(2) Unsprinklered building/structure 

50 50 50 
50 75 100 

2. Wall Openings 
(a) Openable 
(b) Unopenable 

75 75 75 
25 50 50 

3. Air Compressor Intakes, Inlets for Air- 
Conditioning or Ventilating Equipment 75 75 75 

4. All Classes of Flammable and Combusti- 
ble Liquids (Aboveground and Vent or Fill 
Openings if Below Ground) (See 5-1.3) 
Exception: Distances may be reduced to 
15 ft for Class IIIB combustible liquids 50 75 100 

5. Between Stationary Liquefied Hydrogen 
Containers 5 5 5 

6. Flammable Gas Storage (other than 
hydrogen) 50 75 75 

7. Liquid Oxygen Storage and other Oxidiz. 
ers (See 5.1.3) 75 75 75 

8. Combustible Solids 50 75 100 

9. Open Flames and Welding 50 50 50 

10. Places of Public Assembly 75 75 75 

11. Public Ways, Railroads, and Property 
Lines 25 50 75 

12. Protective Structures 53 53 53 

Notes t o  T a b l e  2 

N O T E  l: Por t ions  of wall less t han  10 ft (measu red  hor izonta l ly)  f rom an) '  pa r t  of a system shall  have a fire 
resistance r a t i n g  of  at least ½ hour .  
N O T E  2. Exclusive of windows a n d  doors .  
N O T E  3: W h e r e  protec t ive  s t ruc tures  are  provided ,  vent i la t ion a n d  c o n f i n e m e n t  of  p roduc t  shall  be con- 
s idered.  T h e  5-ft d i s tance  in Nos. 1 a n d  12 faci l i tates m a i n t e n a n c e  a n d  e n h a n c e s  vent i la t ion.  
N O T E  4: T h e  d is tances  in Nos. 1. 4. 6. 7, 8 a n d  l l  m a y  be r e d u c e d  where  protec t ive  s t ruc tures  have a 
m i n i m u m  fire resis tance r a t i n g  of  two hours  i n t e r rup t  the line of  sight be tween un insu [a t ed  por t ions  of  the 
l iquef ied h y d r o g e n  s to rage  system a n d  the exposure .  (See def in i t ion  of  O u t d o o r  Loca t ion . )  

F o r S I  Units: 1 ft = 0 .305 m; 1 gal .  = 3 .785 L 
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5-3 Handling of Liquefied Hydrogen Inside 
Buildings Other than Separate Buildings and Special 
Rooms. 
5-3.1 Por table  l iquefied hydrogen containers  of 50 
gallons (189 L) or less capaci ty  as permi t ted  in Table  1 
and in compl iance  with 5-1.5 when housed inside 
buildings not located in a special room and exposed to 
other occupancies  shall comply with the following mini- 
mum requirements:  

(a) Be located 20 feet (6.1 m) from all classes of flam- 
mable  and combust ib le  l iquids and readily combust ib le  
mater ia ls  such as excelsior or paper .  

(b) Be located 25 feet (7.6 m) from ord inary  electrical 
equipment ,  and other  sources of ignition including pro- 
cess or analytical  equ ipment  (see 4-9.1). 

(c) Be located 50 feet (15.2 m) from intakes of ventila- 
tion and a i r -condi t ioning  equ ipment  or intakes of com- 
pressors. 

(d) Be located 50 feet (15.2 m) from storage of other  
f l ammable  gases or storage of oxidizing gases. 

(e) Containers  shall be protec ted  against  damage  or 
injury due to fall ing objects or work activity in the area.  

(f) Containers  shall be firmly secured and stored in an 
upr ight  position. 

(g) Weld ing  or cut t ing operat ions,  and smoking, shall 
be prohib i ted  while hydrogen is in the room. 

(h) The  area shall be adequate ly  venti lated.  Pressure 
relief devices on the containers  shall be vented directly 
outdoors  or to a suitable hood. (See 4-4.3 and 5-1.5.) 

Chapter 6 Design Considerations at 
Specific Locations 

Exception: Window glazing may be of plastic. 

6-2.1.1 Separa te  bui ldings conta in ing  300 gallons (1136 
L) or less of l iquefied hydrogen shall be constructed in ac- 
cordance  with 6-2.1 except that  explosion venting may be 
in accordance  with 6-3.3. 

6-2.2 Adequa te  venti lat ion to the outdoors  shall be pro- 
vided. Inlet openings shall be located near  the floor level 
in exterior  walls only. Outlet  openings shall be located at 
the high point of the room in exterior  walls or roof. Both 
the inlet and outlet vent openings shall have a m in imum 
total area of one square foot per  1,000 cubic feet (1 
mZ/300 m 3) of room volume. Discharge from outlet  open- 
ings shall be directed or conducted  to a safe location. 

6-2.3 There  shall be no sources of ignition. 

6-2.4 Electrical wiring and equ ipment  shall comply 
with 4-9.1 and 4-9.2 except that  the provisions of 4-9.2 
shall apply  to all electrical  wiring and equ ipment  in the 
separa te  bui lding.  

6-2.5 Heat ing,  if provided,  shall be by steam, hot 
water,  or other  indirect  means,  except that  electrical  
heat ing may be used if in compl iance  with 6-2.4. 

6-3 Specia l  Rooms.  

6-3.1 Floors, walls and ceilings shall be constructed of 
noncombust ib le  or l imi ted-combust ib le  mater ials .  In- 
terior walls or part i t ions shall have a fire-resistance ra t ing 
of at least 2 hours, be cont inuous from floor to ceiling 
and shall be securely anchored.  At least one wall shall be 
an exterior  wall. Openings  to other  parts of the bui ld ing  
shall not be permi t ted .  Windows and doors shall be in ex- 
terior walls and doors shall be located in such a manner  
that  they will be accessible in an emergency.  

Exception: Window glazing may be of plastic. 

6-1 Outdoor Locations. 
6-1.1 Roadways and yard surfaces located below lique- 
fied hydrogen piping,  from which l iquid air may drip,  
shall be constructed of noncombust ib le  mater ials .  

6-1.2 If walls, roofs, weather  shelters or canopies are 
provided,  they shall be constructed of noncombust ib le  or 
l imi ted-combust ib le  materials .  

6-1.3 Electrical wiring and equ ipment  shall comply 
with 4-9.1 and 4-9.2. 

6-1.4 Adequa te  l ighting shall be provided for n ight t ime 
transfer opera t ion .  

6-2 Separate Buildings. 
6-2.1 Separa te  bui ldings conta in ing  more  than 300 
gallons (1136 L) of l iquefied hydrogen shall be con- 
s tructed of noncombust ib le  or l imi ted-combust ib le  
mater ia ls  on a substantial  frame. Walls  and roofs shall be 
lightly fastened. All venting elements shall be designed to 
relieve at a m a x i m u m  pressure of 25 Ib per square ft (1.2 
kPa). Doors shall be located in such a manner  that  they 
will be readily accessible to personnel in an emergency.  

6-3.2 Venti lat ion shall be as provided in 6-2.2. 

6-3.3 Explosion venting shall be provided in exterior  
walls or roof only. V('nts may consist of any one or any 
comhinat ion  of tit(" following. (h'sigm,d to reli('v(" at a 
maxinlunl  internal  pressure ol + 25 lh per sq ft ( 1.2 kl 'a).  

(a) Walls of light mat( 'r ial .  

(h) l , ighlly fast('nc'd hatch covers. 
(c) l i gh t l y  fastened, ou tward-open ing  swinging doors 

in exterior  walls. 

(d) l , ightly fastened walls or roofs. 

6-3.3.1 Where  apt)licahle, snow loads shall he con- 
sidered. 

6-3.3.2 The  venting area shall be equal  to not less than 
1 sq ft per 30 c u f t  (1 m2/9 m 3) of volume. 

6-3.4 There  shall he no sources of ignition. 

6-3.5 Electrical wiring and equipment  shall comply 
with 4 9.1 and 4-9.2 except that the provisions of 4-9.2 
shall apply to all electrical wiring and equipment  in the 
sl)ecia] room. 
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6-3.6 Heating, if provided, shall be steam, hot water, or 
by other indirect means except that electrical heating 
may be used if in compliance with 6-3.5. 

Chapter 7 Operating Instructions 

7-1 For installations which require any operation of 
equipment by the user, legible instructions shall be main- 
tained at operating locations. 

7-2 A qualified person shall be in attendance at all 
times while the mobile hydrogen supply unit is being 
unloaded. 

7-3 Each mobile liquefied hydrogen supply unit used as 
part of a hydrogen system shall be adequately secured to 
prevent movement. 

7-4 The mobile liquefied hydrogen supply unit shall be 
grounded. 

Chapter 8 Maintenance 

8-1 Each liquefied hydrogen system installed on con- 
sumer premises shall be inspected annually and main- 
tained by a qualified representative of the equipment 
o w n e r .  

8-2 Weeds or similar combustibles shall not be 
permitted within 25 feet (7.6 m) of any liquefied 
hydrogen equipment. 

Chapter 9 Fire Protection 

Hydrogen fires are not normally extingutshed until the supply of 
hydrogen has been shut off becau.se of the danger of rezgnition or explo- 
sion In the event of~fire, large quantities of water have been sprayed on 
adlacent equtpment to cool the equtpment and prevent tnvolvement m 
the fire Combination fog and solid stream nozzles have been preferred 
to permit wtdest adaptability in fire control. Small hydrogen fires have 
been extingut~hed by dry chemical extingut~hers or wtth carbon diox- 
zde, mtrogen and steam Rezgnttton may occur if a metal surface adl'a 
cent to the flame zs not cooled wtth water or other means. 

9-1 The fire protection provided shall be determined by 
an analysis of local conditions of hazard within the plant, 
exposure to other properties, water supplies, the probable 
effectiveness of plant fire brigades, and the time of 
response and probable effectiveness of fire departments. 

9-2 Personnel shall be cautioned that hydrogen flames 
are practically invisible. 

Chapter 10 Referenced Publications 

10-1 The following documents or portions thereof are 
referenced within this standard and shall be considered 
part of the requirements of this document. The edition 
indicated for each reference is current as of the date of 
the NFPA issuance of this document. These references 
are listed separately to facilitate updating to the latest 
edition by the user. 

10-1.1 NFPA Publications. National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 70- 1984, National Electrical Code 

NFPA 220-1979, Standard on Types of  Building Con- 
struction 

10-1.2 ASME Publications.  American Society of 
Mechanical Engineers, 345 East 47th St., New York, NY 
10017. 

ANSI/ASME B31.3 (1980), Chemical Plant and Petro- 
leum Refinery Piping. 

Boiler and Pressure Vessel Code (1980) 

10-1.3 CGA Publications. Compressed Gas Associa- 
tion, Inc., 1235 Jefferson Davis Highway, Arlington, VA 
22202. 

Pressure Relief Device Standards: 

S- 1.1, Cylinders for  Compressed Gases (1979) 

S-1.2, Cargo and Portable Tanks for  Compressed 
Gases (1980) 

S- 1.3, Compressed Gas Storage Containers (1980) 

10-1.4 ASTM Publication. American Society for 
Testing and Materials, 1916 Race St., Philadelphia, PA 
19103. 

E136-1979. Standard Method of  Test for  Behavior of 
Materials in a Vertical Tube Furnace at 750°C 

10-1.5 U.S. Government Printing Office, Washington, 
DC. 

DOT Specifications and Regulations. Code of  Federal 
Regulations, Title 49, Parts 171-190. (Also available 
from the Association of American Railroads, American 
Railroads Bldg., 1920 L St. NW, Washington, DC 20036 
and American Trucking Assn., Inc. 1916 P. St. NW. 
Washington. DC 20036.) 

Appendix A 

A-3 Portable Containers. Regulations of the U.S. 
Dept. of Transportation outline specifications for 
transportation of explosives and dangerous articles (Code 
of  Federal Regulations, Title 49, Parts 171-190). 
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Available from Government Printing Office, Washing- 
ton, DC, or from the Bureau of Explosives, 1920 L. St. 
N.W.,  Washington, DC, 20036. In Canada, the regula- 
tions of the Canadian Transport  Commission for Canada 
apply. Available from CTC, Union Station, Ottawa, On- 
tario. 

A-4-5.1 Some materials suitable for liquefied hydrogen 
temperature are austenitic chromium-nickel alloys, cer- 
tain copper alloys, and a luminum which retain ductility 

and do not become brittle at the temperature of liquefied 
hydrogen. 

A-5-1.2 When locating liquefied hydrogen storage con- 
tainers near aboveground all classes of f lammable and 
combustible liquid storage or liquid oxygen storage, it is 
advisable to locate the liquefied hydrogen container on 
ground higher than all classes of f lammable and com- 
bustible liquid storage or liquid oxygen storage. 


