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PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it 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 will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, 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 listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
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.

Work Item 18-047
Hydrogen Technology Committee

NOTE—Technical changes from the previous edition are underlined.
NOTE—Appendices A and B (Normative) are a requirement.

NOTE—Appendices C, D, E, F, G, H, I, and J (Informative) are for information only.

FIFTH EDITION: 2022
FOURTH EDITION: 2014
THIRD EDITION: 2009
SECOND EDITION: 2003
FIRST EDITION: 1998
© 2022 The Compressed Gas Association, Inc. All rights reserved.
All materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any information
storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for
permission to reproduce material from this work should be directed to The Compressed Gas Association, Inc., 14501 George Carter
Way, Suite 103, Chantilly VA 20151. You may not alter or remove any trademark, copyright or other notice from this work.



CGA P-28—2022 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S 11 e To [8 e 110 o ORI 1
D U1y 0 TN 1
BT Tolo] o= S PRPPPPPPPPPPIR 1
L I O 1= o 111 ] o T PRSP 3
5 Typical NYArOGEN SYSTEIM ... ... ittt e e e e e e e e e e e e s e bbb e et e e e e e s aabbbe e et e e e s s aannbeneeeaeeean 4
5.1 [0V =T | = T o PO PRRRRN 4
ST Y1 (=10 e (=TT o7 5 T o (o] o I SR 4
TR B Y £S1 (=T o ¢ [ o] o] o] o - TR SPPPRP 5
6 Typical system process hazard @NalYSIS .........ccieeiiiiiuiiiiiiie e e e e e e e e s s s ae e e e e e s snnnreeeens 6
Lo I o VAV @ T o (=1 1 o o (o] (oo | T T PO U PP UP PR OPPR 6
6.2 ProCeSS NAZAIAS......ooiiiiiiie e e e an bt e e e nr e e e e anreeeeaan 6
6.3 PrevioUS INCIAENTS ...oocoiieeeiee et e st e e e e e s s s bbbt e e e e e e s e anbbbe e e e e e s nnnrneeeeas 6
6.4  Engineering and administrative CONIOIS............uiiiiiiiiiiiiiiee e e e e reee s 6
6.5 Consequences of faillure Of CONMIOIS ..........cccueiiiiiiii e seeeeenes 7
(SR T - Vo] 11 V= 1 To i = Lod (o = SR 7
LI o 10 4= o T - Vo (o = OSSPSR 8
6.8 Range of effects on employees, the public, and the environment.............cccccvvei i, 8
Lo I o VAV @ e 1o 13T [ P PO U PP P OTS PP 8
7  Hazard assessment (RIMP ONIY)....cooo it e e s s st e e e e e s s e bbb et e e e e s nnseaeeeeeeeenan 8
71 g1 1o o [ ex 1] o H U PPPTROTPPP 8
7.2 Offsite consequence analysisS Parameters. ........coooiuuiiiiiiii i a e e s beee e e e e 8
7.3 WOrst-Case rel@as@ SCENANO .........uiiii ittt e e e e et e e e e e e s e e e e e e s s annbreeeeeeeas 10
7.4 Alternative-release SCENAIOS ........cciiuiii ittt e st e e st e e nnneeeeans 11
7.5  ldentifying OffSite FECEPIONS. ... .o . it e e e e e eeee e e nneeeenes 13
8 Risk management plan SUDMISSION..........c.oiiiiiiii e 14
O REFEIENCES ...ttt a bbbt e e e e e e e ns 14
O Lo [1iTe] g F= TN ] (=14 T ot S PPPRRN 15
Tables
Table 1—HAZOP deviation MatriX ........coooiiiiiiiiie ettt e e e et e e et e e e e aneeeeeanneeeeas 7
Table 2—Range of effects on employees, the public, and the environment.............ccocoiiiiiiiii i, 7
Table 3—ARErnative-release SCENAIIOS ........ccoiiiii ittt ettt e e bt e s st e e e saneee e e anneeeeeneeas 12
Appendices
Appendix A—Risk management program requirements (NOrmMative) ...........cccuvviiiieee i 17
Appendix B—Technical background (NOIMMELIVE) ........cccueiiiiiiiiiiiieee e 18
Appendix C—Regulatory requirements and responsibilities—PSM and RMP accountabilities for hydrogen
(INFOIMALIVE) ...ttt e et b bt eh e s ettt e bt e b et se bt et e e e be e e sr e e st e e e neeennne s 24
Appendix D—Typical system flow diagram (INfOrmMative)...........ccoooiiiiiiiiiie e 26
Appendix E—Typical system HAZOP worksheets (Informative).............coooiiiiiiiiiiiii e 34
Appendix F—HAZOP items (INfOrMatiVe) ........ooi ettt e et e e e e e e nneeeenes 53
Appendix G—Technical tables (INFOrmMative)............oooi e e e e e 56
Appendix H—Technical charts (INfOrmMative)...........ooo et e e 62
Appendix [—Hazard assessment example case (INformative) ............eeviiiiiiiiiiiiii e 64

Appendix J—GIossary (INfOrMAatiVE) ........oo et e et e e e et ee e e e et e e e e eneee e e neeeeeannneeaeanes 65



PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA P-28—2022

Appendices Figures

Figure B-1—Alternative-release scenario: endpoint distances and impact circles (in plan view) ...................... 22
Figure D-1—Node 1: delivery trailer, hose, and fill line to the storage vessel............cccccoviiiiiiiiii i, 28
Figure D-2—Node 2: StOrage tank .............eeiiiiiiii e e e e e 29
Figure D-3—Node 3: pressure buildup circuit and €CONOMIZET .............uviiiiieiiiiiiie e 30
Figure D-4—Node 4: customer hydrogen liNE............coiiii i e e e e 31
Figure D-5—Node 5: NYArOGEN PUMIP .....uiiiiiiiieiiiiiiiiie ettt e e e et e e e e e e s s e e e e e e e e e e s annbreeeeeeeesannnsneeeeaaeannn 32
Figure D-6—N0Ode 6: VENT STACKS ......ccoiiiiieiiii et snr e e e e e e e snnee s 33
Figure H-1—Worst-case release scenario: distance to VCE endpoint as a function of mass released.............. 62
Figure H-2—Alternative-release scenario: flow rate versus tank pressure ...........cccovceeieeiiiieniee e 62
Figure H-3—Alternative-release scenario: distance to endpoints as a function of flow rate (rural) .................... 63
Figure H-4—Alternative-release scenario: distance to endpoints as a function of flow rate (urban) .................. 63

Appendices Tables

Table F-1—Facility SItiING FEVIEW .........eiiiee et e e e e e e e e 53
Table F-2—Human factors in proCess OPEratioNS............uuiiieeiiiiiiiiiie e e e e e e e e s s r e e e e s snnaaeeeeas 54
Table F-3—Severity ClassSifiCatiONS .........c.c.iiiiiii e 55
Table G-1—Mass of hydrogen versus liquid VOIUME ..........cooiiiiiiiiiiiiie et e e e e e s snnnaaeeeas 56
Table G-2—Worst-case release scenario endpoint distance versus mass released.............ccccoeveveeeeeeccinneeen.. 58
Table G-3—Alternative-release scenario flow rate versus tank pressure ........cccccoeccvviviiiee e 59
Table G-4—Alternative-release scenario endpoints versus flow rate (rural)...........c.ccocoeeiniiiniiiniii e 60

Table G-5—Alternative-release scenario endpoints versus flow rate (urban)............ccooooiiiii 61



CGA P-28—2022 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

The U.S. Occupational Safety and Health Administration (OSHA) Process Safety Management (PSM) standard
and the U.S. Environmental Protection Agency (EPA) Risk Management Program (RMP) rule require that some
U.S. industrial gas facilities comply with these regulations. For the purpose of this publication, OSHA PSM refers
to Title 29 of the U.S. Code of Federal Regulations (29 CFR) Part 1910.119, “Process Safety Management of
Highly Hazardous Chemicals”, and EPA RMP refers to Title 40 of the U.S. Code of Federal Regulations (40 CFR)
Part 68, “Chemical Accident Prevention Provisions” [1, 2]."

PSM and RMP regulations require that companies develop a program to prevent accidental releases of regulated
toxic and flammable substances and to reduce the severity of releases, which could occur [1]. Hydrogen is one
regulated flammable substance under this regulation. Both OSHA PSM and EPA RMP regulations are intended
to prevent or lessen consequences of a catastrophic release of a regulated substance from a covered process.
Processes are defined broadly to encompass any activity involving a chemical including any use, storage, man-
ufacturing, handling, on-site movement of chemicals, or any combination of these activities. This definition of
process also includes any group of vessels that are interconnected and separate vessels that are located so a
regulated substance could be involved in a potential release. Transportation activities regulated by the U.S.
Department of Transportation (DOT), including pipelines, are excluded from coverage [3].

While PSM requirements focus on facility and worker safety, RMP requirements are concerned with the possible
effects on the community outside the facility in the event of a catastrophic fire or loss of containment at the facility.
The RMP rule requires the implementation of a risk management program for all covered processes at facilities
containing regulated substances above threshold quantities. In addition, the RMP rule requires covered sites to
register with EPA and submit a risk management plan. There are no such requirements under PSM. Also, PSM
does not allow a tiered approach and requires a 14-element prevention program for all covered processes.

The RMP rule requires the implementation of a risk management program for all covered processes at stationary
sources containing regulated substances above threshold quantities. A full RMP is comprised of a hazard as-
sessment, a management system, a prevention program, and an emergency response program. However, the
RMP rule allows for a tiered approach to regulating stationary sources subject to the rule. There are three tiers
or program levels. The placement of a facility into one of the three regulatory tiers is based on the facility’s
accidental release history, its offsite impact potential, and types of processes operated at the site. In short, a
facility that presents a greater risk to offsite receptors shall comply with more stringent requirements than those
that present a lower risk to offsite receptors. Appendix A compares regulatory requirements for each tier, known
as programs 1, 2, and 3. The RMP rule requires the submission of a risk management plan document. The plan
document summarizes the key elements of the RMP at the stationary source.

More details about the application of OSHA PSM and EPA RMP to hydrogen supply systems and other com-
pressed gas and cryogenic fluid systems can be found in CGA P-29, Guideline for Application of OSHA PSM
and EPA RMP to the Compressed Gas Industry [4]. CGA P-29 gives examples of covered systems and details
about calculating threshold quantities of covered compressed gases.

2 Purpose

This publication is designed to help owners and operators of liquid hydrogen bulk tanks comply with PSM and
RMP rules in addition to the requirements of CGA H-5, Standard for Bulk Hydrogen Supply Systems (an American
National Standard) [5]. CGA H-5 refers to NFPA 55, Compressed Gases and Cryogenic Fluids Code, for the
minimum setback distances between bulk hydrogen systems and exposures [5, 6]. The distances for worst-case
release scenarios in 7.3 and alternative release scenarios in 7.4 of this publication are not intended to replace
the NFPA 55 setback distances [6].

3 Scope

Hydrogen is a PSM and RMP regulated flammable substance at a threshold quantity of 10 000 Ib (4536 kg). PSM
and RMP rules apply when the total weight of hydrogen in the bulk tank plus the weight of hydrogen in the process

" References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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meets or exceeds 10 000 Ib (4536 kg). More details about calculating the 10 000 Ib (4536 kg) system threshold
quantity can be found in Appendix B.

PSM regulations apply to processes with chemicals at or above a threshold quantity listed in Appendix A of
29 CFR Part 1910.119 or to processes with flammable or combustible liquids in quantities of 10 000 Ib (4536 kg)
or more. Hydrogen is not listed in Appendix A of 29 CFR Part 1910.119, but it is considered a flammable gas.
Hydrogen is covered by OSHA PSM when it is present in quantities greater than 10 000 Ib (4536 kg).

RMP regulations are different and apply only to processes that use chemicals in amounts larger than the quan-
tities listed in its Tables 1 and 2 (toxic substances) and Tables 3 and 4 (flammable substances). Hydrogen is
listed in its Tables 3 and 4 at a 10 000 Ib (4536 kg) threshold quantity. Therefore, hydrogen is covered by RMP
regulations when it is present in quantities greater than 10 000 Ib (4536 kg) [2].

Typically, large hydrogen systems are covered by both PSM and RMP regulations. However, in certain cases
only one or neither of these regulations can apply:

e PSM regulations exempt retail facilities that have been typically defined as locations that receive more than
one half of their income from direct sales to outside customers (for example, a commercial gasoline service
station); and

o RMP regulations do not apply to the storage of flammable gases that are used for fuel.

The responsibility for compliance with these regulations is typically that of the end-use customer (i.e., the process
owner). This is because the customer normally operates the liquid hydrogen supply system daily and, more so
than the gas supplier personnel, is the most likely to be involved in an incident involving a release. However,
since industrial gas employees visit these installations periodically to perform maintenance and to deliver hydro-
gen into the system, the hydrogen supplier shall cooperate with customers in fulfilling the regulation requirements.

Both regulations apply only to equipment used for permanent storage of gas at customer locations, where per-
manent equipment is different from transportation equipment. However, some transportation equipment is cov-
ered if it is left on-site. For example:

e Weight of hydrogen in a liquid hydrogen trailer is not added to that in the storage tank if the trailer is only
used for delivering hydrogen and is not left on-site for supplying hydrogen to a customer. If the tank alone
has less than 10 000 Ib (4536 kg) but the tank and delivery trailer have a combined weight of greater than
10 000 Ib (4536 kg), the system is not covered by these regulations; or

e If a liquid hydrogen trailer is left on-site to deliver hydrogen to the customer (such as using a liquid trailer
with a portable vaporizer), and the weight of hydrogen is greater than 10 000 Ib (4536 kg), then the system
is covered by these regulations. Liquid trailers generally hold less than 10 000 Ib (4536 kg) of hydrogen.

Temporary or portable liquid hydrogen tank is covered if it has greater than 10 000 Ib (4536 kg) of hydrogen.

Nonconnected hydrogen storage systems are not covered if each one individually is less than 10 000 Ib
(4536 kg) of hydrogen and are far enough apart that an incident occurring at one storage system would not affect
another.

Typically, a tank with a nominal gross volume of 18 000 gal (68 140 L) or less holds less than 10 000 Ib
(4536 kg) of hydrogen and is excluded from PSM and RMP regulations. Appendix C of this publication lists
regulatory sections and a breakdown of responsibility between the hydrogen supplier and the hydrogen customer.

This publication provides generic information necessary to support the hazard assessment and the process haz-
ard analysis (PHA) portion of the prevention program. Specifically, it includes a typical system flow diagram
(TSFD), a typical system HAZOP, and offsite consequence analysis (OCA) information for a bulk liquid hydrogen
system. Tables and charts for assessments of appropriate worst-case and alternative-case release scenarios
are also included. In addition, information is provided to assist in the development and submission of a typical
risk management plan.

Under RMP, the consequences of a worst-case scenario and an alternate-release scenario for each covered
process shall be modeled. Off-site impact on public or environmental receptors or both shall be determined. No
such modeling is required under PSM.





