
 
 

CGA G-5.5—2021  
STANDARD FOR HYDROGEN 
VENT SYSTEMS 

FOURTH EDITION 

Full document details: CGA G-5.5-2021

http://www.avadocuments.com/doc/cga-g-5-5-2021
http://www.avadocuments.com/doc/cga-g-5-5-2021


PAGE i i  COMPRESSED GAS ASSOCIATION,  INC.  CGA G-5.5—2021  
 

PLEASE NOTE:  
 
The information  contained in  this document was obtained from sources bel ieved to be rel iable and is based on  
technical  information  and experience currently avai lable from members of the Compressed Gas Association,  Inc.  
and others.  However,  the Association  or i ts members,  jointly or several ly,  make no guarantee of the results and 
assume no l iabi l i ty or responsibi l i ty in  connection  with  the information  or suggestions herein  contained.  Moreover,  
i t should  not be assumed that every acceptable commodity grade,  test or safety procedure or method,  precaution,  
equipment or device is contained within,  or that abnormal  or unusual  circumstances may not warrant or suggest 
further requirements or additional  procedure.  
 
This document is subject to periodic review,  and users are cautioned to obtain  the latest edition.  The Association  
invites comments and suggestions for consideration.  In  connection  with  such  review,  any such comments or 
suggestions wi l l  be ful ly reviewed by the Association  after g iving  the party,  upon request,  a reasonable oppor-
tunity to be heard.  Proposed changes may be submitted via the Internet at our website,  www.cganet.com.  
 
This document should  not be confused with  federal,  state,  provincial,  or municipal  specifications or regulations;  
insurance requirements;  or national  safety codes.  While the Association  recommends reference to or use of this 
document by government agencies and others,  this document is purely voluntary and not binding  unless adopted 
by reference in  regulations.  
 
A l isting  of al l  publ ications,  audiovisual  programs,  safety and technical  bul letins,  and safety posters is avai lable 
via the Internet at our website at www.cganet.com.  For more information  contact CGA at Phone:  703-788-2700,  
ext.  799.  E-mail :  customerservice@cganet.com.  
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1  Introduction 

This publ ication  provides information  for personnel  who design,  instal l ,  and maintain  hydrogen vent systems.   

2 Scope 

This publ ication  provides design  guidel ines for hydrogen vent systems used in  gaseous and l iquid  hydrogen 
systems at user si tes and provides recommendations for safe operation  of these vents.  I t begins at the discharge 
port of safety devices and other components that control  the release of hydrogen and ends at the point where 
hydrogen concentration  in  the atmosphere is below the lower flammable l imits.   

I t also provides information  on  the production,  transportation,  handl ing,  and storage of compressed hydrogen,  
cryogenic l iquid  hydrogen,  and related products.  Additional  information  on  hydrogen can  be found in  CGA G-5,  
Hydrogen,  CGA G-5.4,  Standard for Hydrogen Piping Systems at User Locations,  CGA Handbook of Com-
pressed Gases,  and NFPA 55,  Compressed Gases and Cryogenic Fluids Code,  and NFPA 2,  Hydrogen Tech-
nologies Code [1 ,  2,  3,  4,  5] . 1  

Pressure rel ief devices (PRDs)  for cyl inders and tube trai lers required by U.S.  Department of Transportation  
(DOT)  in  Title 49 of the U.S Code of Federal Regulations (49 CFR)  are not covered in  the scope of th is publ ication  
[6] .  

3 Definitions 

For the purpose of this publ ication,  the fol lowing  definitions apply.  

3.1  Publication terminology 

3.1 .1  Shall  
Indicates that the procedure is mandatory.  I t is used wherever the criterion  for conformance to specific recom-
mendations al lows no deviation.   

3.1 .2 Should   
Indicates that a procedure is recommended.   

3.1 .3 May  
Indicates that the procedure is optional.   

3.1 .4 Will   
Is used only to indicate the future,  not a degree of requirement.   

3.1 .5 Can  
Indicates a possibi l i ty or abi l i ty.  

3.2 Technical  definitions 

3.2.1  ASME piping  code  
American Society of Mechanical  Engineers (ASME)  B31 .1 2,  Hydrogen Piping and Pipelines [7] .  The process 
piping  code in  North  America for hydrogen piping  and pipel ines.  

3.2.2 Cylinder 
Pressure vessel  designed for pressures higher than 40 psi  (276 kPa)  and having  a circular cross section  with  an  
internal  water volume not exceeding  1 6 ft3 (450 L)  or a water capacity of 1 000 lb (454 kg)  constructed in  accord-
ance with  DOT specifications for cyl inders [6].  2 In  Canada,  Transportation of Dangerous Goods (TDG)  regula-
tions apply to cyl inders [9].   

 
1   References are shown by bracketed numbers and are l isted in  order of appearance in  the reference section.  

2  kPa shall  indicate gauge pressure unless otherwise noted as (kPa,  abs)  for absolute pressure or (kPa,  differential)  for differential  
pressure.  All  kPa values are rounded off per CGA P-1 1 ,  Guideline for Metric Practice in the Compressed Gas Industry [8].  
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3.2.3 Deflagration 
Propagation  of a combustion  zone at a velocity that is less than the speed of sound in  the unreacted medium 
[1 0].   

3.2.4 Detonation 
Propagation  of a combustion  zone at a velocity that is greater than the speed of sound in  the unreacted medium 
[1 0].   

3.2.5 Gaseous hydrogen storage system 
System in  which  hydrogen is del ivered,  stored,  and discharged in  gaseous form to the user’s piping.   

NOTEA gaseous hydrogen storage system includes stationary containers or transport containers used as stationary storage 
for temporary supply,  pressure regulators,  PRDs,  manifolds,  interconnecting  piping,  and controls.  The system terminates 
where hydrogen at service pressure first enters the user supply l ine.   

3.2.6 Liquid  hydrogen storage system 
System in  which  hydrogen  is del ivered and stored as a l iquid  and from which  i t is discharged in  l iquid  or gaseous 
form to the user’s piping.   

NOTEA l iquid  hydrogen storage system can include stationary or portable containers,  pressure regulators,  PRDs,  manifolds,  
interconnecting  piping,  and controls as required.  The system originates at the storage container fi l l  connection  and terminates 
where hydrogen at service pressure first enters the user supply l ine.   

3.2.7 Recognized and generally accepted good engineering  practice (RAGAGEP)  
Term used in  Occupational  Safety and Health  Administration  (OSHA)  Title 29 of the U.S Code of Federal Regu-
lations (29 CFR)  1 91 0.1 1 9 (D)(3)(i i )  for design  and practices that should  be used in  the absence of any regula-
tions or industry accepted standard [1 1 ] .  

3.2.8 Tube 
Any seamless pressure vessel  having  an  internal  water volume greater than or equal  to 1 6 ft3 (450 L)  in  accord-
ance with  DOT regulations or any pressure vessel  designed in  accordance with  ASME codes [6,  7,  1 2].   

4 Properties of hydrogen 

Hydrogen  is a flammable gas.  I t is colorless,  odorless,  tasteless,  and nontoxic.  I t is  the l ightest gas known,  having  
a specific gravity of 0.0696 (air = 1 .0) .  Gaseous hydrogen is buoyant in  air at normal  temperatures.  Hydrogen  
diffuses rapidly in  air and through  porous materials.  Hydrogen burning  in  air has a pale blue flame that is nearly 
invisible.   

4.1  Flammability 

At atmospheric pressure,  the ignition  temperature of hydrogen-air mixtures has been reported to be as low as 
932 °F (500 °C).  The flammable l imits of hydrogen-air mixtures depend on  pressure,  temperature,  and water 
vapor content.  At atmospheric pressure,  the flammable range is approximately 4% to 75% by volume of hydrogen  
in  air [1 3] .  Hydrogen-air mixtures are extremely easy to ignite only requiring  0.02 mil l i joules (mJ)  ignition  energy 
compared to 0.25 mJ  for hydrocarbons.   

4.2 Temperature impact 

Hydrogen has properties unl ike most other compressed gases such  as oxygen,  nitrogen,  and carbon  dioxide 
when expanded from a higher to lower pressure.  Hydrogen gas wi l l  increase in  temperature approximately 1 0 °F 
(5.6 °C)  when  throttled from 2000 psi  (1 3 790 kPa)  to  atmospheric pressure.  The temperature increase resulting  
from throttled  expansion  is a function  of the starting  temperature as well  as initial  and final  pressures.   
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4.3 Diffusion and leakage  

Hydrogen,  due to i ts small  molecular size,  rapidly diffuses through porous materials,  which  can also lead to 
leakage. I t also dissolves in  and diffuses through metals slowly at ambient temperatures and more rapidly at 
elevated temperatures.  I t can  leak out of a system that is gas-tight for air or other common gases at equivalent 
pressure.  Closed manual  valves,  rel ief valve seats,  or other control  devices can  leak hydrogen at a low rate that 
can result in  a flammable atmosphere within  the vent stack.   

4.4 Asphyxiant 

Hydrogen is nontoxic but can act as an  asphyxiant by displacing  the oxygen in  air.  Unconsciousness from breath-
ing  air in  which  hydrogen has displaced oxygen  can  occur without warning  symptoms because hydrogen is col-
orless,  odorless,  and tasteless.  Hydrogen is a flammabil i ty hazard at much lower concentrations than those at 
which  i t causes asphyxiation.  

4.5 Liquid hydrogen 

At atmospheric pressure and a temperature of –423 °F (–253 °C),  hydrogen becomes a transparent l iquid  with  a 
density only one-fourteenth  that of water.  Al l  other gases,  except hel ium,  wi l l  condense and freeze at l iquid  hy-
drogen  and cold  gaseous hydrogen temperatures.  Liquid  hydrogen has a relatively high  thermal  coefficient of 
expansion  and high  compressibi l i ty compared with  other cryogenic l iquids.   

Upon contact with  the skin  and other tissues,  l iquid  hydrogen and the cold  gas evolving  from the l iquid  can  
produce severe frost burns that are simi lar to thermal  burns.  Eyes can be injured by exposure to the cold  gas or 
by a brief splash  of l iquid.  Contact between unprotected parts of the body and uninsulated piping  or vessels 
containing  l iquid  hydrogen can cause flesh  to stick and tear when an  attempt is made to remove i t from the piping  
or vessel.   

Liquid  hydrogen and cold  gaseous hydrogen flowing  through uninsulated piping  can cause the l iquefaction  of air 
on  the outer surfaces.  This condensed l iquid  air can  boi l  off the nitrogen first and can form an  oxygen-rich  l iquid  
air.   

Condensed l iquid  air dripping  from piping  wi l l  chi l l  vent stack piping  and mounting  brackets.  The system shal l  
be designed to prevent l iquid  air and low temperatures from migrating  to segments of the system that cannot 
withstand these cold  temperatures,  see Figure 1 .   

Cold  hydrogen vapors are much denser than warm gas and can  achieve densities close to air.  In  temperature 
inversion  weather conditions,  i t is possible for cold  hydrogen  not to rise as rapidly as under normal  conditions.   

The density of hydrogen vapor at atmospheric pressure and –423 °F (–253 °C)  is 0.0832 lbm/ft3.  The density of 
air at 1 00 °F (37.8 °C)  and atmospheric pressure is 0.0708 lbm/ft3 and therefore the hydrogen is heavier than air 
at that cold  temperature condition.  The condition  where the density of –423 °F (–253 °C)  hydrogen is equal  to 
the density of air at 1 7 °F (–8.3 °C).  Hydrogen has an  extremely high  rate of thermal  heat transfer,  so i t wi l l  warm 
rapidly in  the vent piping  and in  contact with  the atmosphere,  but the designer shal l  understand that i t is possible 
to have cold  hydrogen vapors at the same or lower density of air at temperatures greater than 1 7 °F (–8.3 °C)  
and higher alti tudes where the air is natural ly less dense.   

4.6 Embrittlement 

Hydrogen is noncorrosive and nonreactive,  but hydrogen  service wi l l  general ly reduce the mechanical  properties 
of certain  metals both  by embrittlement of metals due to the extreme cold  temperature of l iquid  hydrogen and 
cold  gas as well  as the process of chemical  embrittlement caused by the formation  of methane molecules inside 
the pores of the metal  leading  to work hardening  and the formation  of crack(s)  caused by hydrogen embrittlement.  
For additional  information,  see CGA G-5.4 and CGA G-5.6,  Hydrogen Pipeline Systems [2,  1 4] .  
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Figure 1—Example of a typical  vent stack mounting  and grounding  

 

5 System considerations  

5.1  Hydrogen discharges 

Discharges of gaseous hydrogen  shal l  be disposed of through an  engineered vent system.  The gaseous hydro-
gen is discharged into the air at the exit of the vent system.  The discharge may be either manually control led or 
by automatic control  devices on  the storage system.  Typical  system discharge devices include:  

  purging  of piping  or components;  

  manual  vent valves;    

  pressure control  devices such as back pressure regulators or control  valves;  and  

  PRD activation.   

Correct vent support bracket

(sheds condensed  li quid air)

INCORRECT vent support bracket

(condensed  li quid  air can  drain  to

 steel  tank shell)

Carbon steel  outer jacket on  liquid

hydrogen tank -20  F MDMT

Cold  embri ttled area caused by liquid  ai r d raining

from ou tside of ven t stack

Stain less  steel  angle-channel -tube

self-draining

CGA

Ground cable to ground ing  grid

Vent bracing  or guide wires as required

Approved vent cap  diverts  gas  upwards  and

prevents rain  accumulation

Normally c losed spring

retu rn drain  valve
Optional d rip  pan

for condensed  li quid air

Water accumulation

drip  leg
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