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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 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 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 18-043
Bulk Distribution Equipment and Standards Committee

NOTE—Technical changes from the previous edition are underlined.

NOTE—Appendices A and B (Informative) are for information only.
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1 Introduction

This part of the Pressure Relief Device Standards presents the minimum requirements recommended by the
Compressed Gas Association, Inc. (CGA) for pressure relief devices (PRDs) being used on portable containers
for compressed gases that comply with the specifications and charging and maintenance regulations of the U.S.
Department of Transportation (DOT) or the corresponding specifications and regulations of Transport Canada
(TC) 1, 2]."

2 Scope and purpose
21 Scope

It is recognized that there are portable containers that conform to the specification requirements of DOT and TC
that are used in services beyond the jurisdiction of either authority. In such cases, it is recommended that inter-
national, state, provincial/territorial, local, or other authorities having jurisdiction over these containers use this
publication to determine adequate PRD requirements provided that the portable containers are charged with gas
and maintained in accordance with DOT or TC regulations.

It is further recognized that there may be portable containers used in services not within the jurisdiction of DOT
or TC that do not conform to the specification requirements of either authority. It is recommended that the au-
thorities having jurisdiction over such portable containers use this publication to determine PRD requirements
provided that such portable containers are considered by the authority as having a construction at least equal to
the equivalent DOT or TC specification requirements, and further provided that the portable containers are
charged with gas and maintained in accordance with DOT or TC regulations.

PRD requirements for tank cars including multi-unit tank car tanks can be found in Title 49 of the U.S. Code of
Federal Regulations (49 CFR) Part 179 [1].

PRD standards for DOT specifications 3AA, 3AAX, and 3T tubes can be found in CGA S-1.1, Pressure Relief
Device Standards—Part 1-Cylinders for Compressed Gases [3]. PRD standards for stationary American Society
of Mechanical Engineers (ASME) vessels can be found in CGA S-1.3, Pressure Relief Device Standards—Part
3-Stationary Storage Containers for Compressed Gases [4].

NOTE—In 49 CFR Part 171.7, the 1980 edition of this publication is incorporated by reference [1].
2.2 Purpose

The purpose of this publication is to complement the requirements of various regulations, codes, standards, or
specifications applicable to portable containers. In case of conflict, the requirements of the regulations, codes,
standards, or specifications of the authorities having jurisdiction over such portable containers shall apply. It is
recommended that portable containers fabricated after December 31, 1995, use PRDs that meet the require-
ments of this edition.

3 Definitions

For the purpose of this publication, the following definitions apply.

31 Publication terminology

311 Shall

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-

mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.
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313 May
Indicates that the procedure is optional.

314 will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions

3.21 Combination pressure relief device

e Breaking/buckling pin device in combination with a pressure relief valve (PRV) in which the breaking/buckling
pin is located between the container and the PRV; or

¢ Rupture disk in combination with a PRV in which the rupture disk is located between the container and the
PRV.

3.2.2 DOT design pressure
Lowest container maximum allowable working pressure (MAWP) required by DOT regulations.

NOTE—For those commodities without a minimum container working pressure requirement, the DOT design pressure is the
same as the MAWP of the container as defined in 3.2.9. For vessels constructed to ASME Boiler & Pressure Vessel Code
(ASME Code), Section VIII, Division 1 the DOT design pressure is the ASME MAWP. DOT design pressure for containers
designed and constructed in accordance with U-68 or U-69 of the ASME Boiler & Pressure Vessel Code (ASME Code), Section
VIII, 1949 Edition, shall be the MAWP rerated in accordance with DOT regulations and marked on the container nameplate

5].

3.2.3 Flow capacity
Capacity in ft¥/min (m3/hr) of free air discharged at the required flow rating pressure in a PRD.

3.24 Flow rating pressure
Inlet static pressure at which the relieving capacity of a PRD is determined for rating purposes.

3.2.5 Fluidhead
Pressure developed from a liquid column that is a given height above a reference point.

3.2.6 Fluids
Liquid, critical, supercritical, and gaseous states of a substance.

3.27 Free air
Air or gas measured at a pressure of 14.696 psia at 60 °F (101.325 kPa, abs at 15 °C).2

3.2.8 Liquefied compressed gas
Gas under the charged pressure that is partially liquid at 68 °F (20 °C).

3.2.9 Maximum allowable working pressure (MAWP)
Maximum gauge pressure permissible at the top of a vessel in its operating position for a designated temperature.

NOTE—For vacuum-insulated containers, the MAWP is established by subtracting the sum of 14.7 psi (101 kPa) and fluidhead
from the maximum pressure difference between the inside and outside of the wall of the container for which the wall of the
container is designed in accordance with applicable regulations, codes, standards, or specifications. For DOT-4L/TC- 4LM
cylinders, the MAWP is established as 125% of service pressure less 14.7 psi (101 kPa) when vacuum insulated.

2 psi, bar, and kPa shall indicate gauge pressure unless otherwise noted as (psia; bar, abs; and kPa, abs) for absolute pressure
or (psid; bar, dif; and kPa, dif) for differential pressure. All kPa values are rounded off per CGA P-11, Guideline fom@wments
in the Compressed Gas Industry [6].
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3.2.10 Nonreclosing pressure relief device
Device designed to remain open after operation.

NOTE—A manual resetting means may be provided.

3.2.10.1 Breaking pin device
Nonreclosing PRD actuated by inlet static pressure and designed to function by the breakage of a load-carrying
section of a pin that supports a pressure containing member. Such devices are used in combination between a
pressure relief valve and the container.

3.2.10.2 Buckling pin device
Nonreclosing PRD actuated by inlet static pressure and designed to function by buckling of a poppet restraining
pin.

NOTE—It can be balanced (responsive only to inlet pressure) or unbalanced (responsive to the difference between inlet and
discharge pressure).

3.210.3 Fusible plug device

Nonreclosing device designed to function by the yielding or melting of a plug of material at a specified tempera-
ture.

3.2104 Rupture disk device

Nonreclosing PRD actuated by inlet static pressure and designed to function by the rupturing of a disk.

NOTE—Rupture disks can also be called frangible disks.

3.2.11 Overall length (OAL)
Length of the shell of a pressure vessel between the two heads that includes the straight length and the straight
flanges on the heads, but not the length of the curved portion of the head.

3.2.12 Portable container

3.2.121 Cargo tank
Container designed to be permanently attached to any motor vehicle or other highway vehicle that transports
authorized compressed gas.

NOTE—The term cargo tank shall not be construed to include any tank used solely for the purpose of supplying fuel for the
propulsion of the vehicle or containers fabricated under specifications for cylinders such as DOT-3A, DOT-3AA, DOT-3AX,
DOT-3AAX, and DOT-3T.

3.212.2 Liquid cylinder (DOT-4L/TC-4LM)
Insulated portable container with less than 1000 Ib (454 kg) capacity used to transport any authorized com-
pressed gas not greater than 500 psi (3450 kPa).

3.212.3 Portable tank (UN portable tank/ISO container)

Container designed primarily to be temporarily attached to a motor vehicle, other vehicle, railroad car other than
a tank car, or marine vessel and equipped with skids, mountings, or accessories to facilitate handling of the
container by mechanical means, in which any authorized compressed gas is to be transported.

NOTE—The term portable tank shall not be construed to include any cargo tank, any tank car tank, or any tank of the
DOT 106A, DOT 108A and DOT 110A-W type, or containers fabricated under specifications for cylinders such as DOT-3A,
DOT-3AA, DOT-3AX, DOT-3AAX, and DOT-3T.

3.213 Pressure control valve
Pressure relief valve that vents only to maintain the proper operating pressure in the container under normal
working conditions.
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3.2.14 Pressure relief device (PRD)
Device designed to open at a specified pressure to prevent the internal pressure from rising above a specified
value.

NOTE—It can be a pressure relief valve, a nonreclosing PRD, or a nonreclosing PRD in combination with a pressure relief
valve. The term pressure relief is synonymous with the term “safety relief’ as used in various applicable regulations, codes,
standards, or specifications.

3.2.15 Pressure relief valve (PRV)
Type of PRD designed to relieve excess pressure and to reclose and reseal to prevent further flow of fluid from
the container after resealing pressure is achieved.

NOTE—It is characterized by a rapid opening pop action or by an opening generally proportional to the increase in pressure
over the opening pressure.

3.2.16 Refrigerated (Cryogenic) liquid
Liquid with a boiling point less than —130 °F (=90 °C) at a pressure of 1 atm, abs (14.696 psia).

3.217 Refrigerated liquid
Liquid that shall be maintained at temperatures below the ambient for storage and transportation in the liquid
state below the maximum allowable working pressure (MAWP) of the container.

3.218 Resealing pressure
Value of decreasing inlet static pressure at which the leakage detected is within the specified limits.

NOTE—The method of detection can be a specified water seal on the outlet or other means appropriate for the application.

3.219 Service pressure
Authorized pressure marking in psi (kPa) on the packaging for DOT-4L/TC-4LM cylinders.

NOTE—The marked service pressure units are typically bar, however, the pressure is converted to psi or kPa for the purposes
of calculations in this standard.

3.2.20 Set pressure
Pressure at which a pressure relief valve is set to start-to-discharge.

3.2.21 Start-to-discharge pressure
Pressure measured at the valve inlet of a pressure relief valve when there is a measurable lift or when discharge
becomes continuous as determined by seeing, feeling, or hearing.

3.2.22 Test pressure
Highest pressure difference the container wall withstands between the inside and outside during testing to meet
the requirements of applicable regulations, codes, standards, or specifications.

3.2.23 Transit pressure relief valve
Pressure relief valve that relieves the pressure rise due to normal heat transfer into the container when the
container pressure reaches its set pressure.

NOTE—The set pressure of the transit pressure relief valve shall be governed by the fill density requirements of the applicable
regulations, codes, standards, or specifications.

4 Types of pressure relief devices

Types of PRDs covered by this publication are:
e Pressure relief valve (PRV);

e Fusible plug device (CG-2) using a fusible alloy with a nominal yield temperature of 165 °F (74 °C). Actual
yield temperature shall be between 157 °F and 170 °F (69 °C and 77 °C).
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Limitations: Since this is a thermally operated device, it does not protect against overpressure. This device
releases the entire lading of the container when it functions. The application of fusible plugs is limited to
containers with a service pressure less than or equal to 500 psi (3450 kPa).

e Rupture disk device;
e Rupture disk device in combination with PRV; and

e Breaking/buckling pin device in combination with PRV.
5 Application requirements for pressure relief devices

5.1 General

At a minimum, containers in all services shall be provided with a primary PRD either in direct communication with
the vessel or in the piping leading to the vessel or group of vessels. Containers in refrigerated (cryogenic) liquid
service may have additional demands that require a primary system of one or more PRDs and a secondary
system of one or more PRVs, rupture disks, fusible plugs, or breaking/buckling pin devices.

Primary PRDs should be reclosing. Secondary PRDs may be reclosing or non-reclosing. The use of non-reclos-
ing secondary PRDs should be restricted to protection against fire or liquid overfill, where such emergency events
are credible.

Where permitted, pilot-operated PRVs may be used, provided that the pilot is self-actuated and the main valve
opens automatically at less than the set pressure and discharges its full rated capacity if some essential part of
the pilot fails. When considering failure of a pilot system, blockages of the pilot system from solidification of gases
or liquids in the pilot system due to ambient temperatures or cooling of the valve due to flow of refrigerated
(cryogenic) fluids through piping or other devices/components should be evaluated.

511 Applicable standards

PRDs shall meet the applicable requirements for design, materials, installation, set pressure including tolerance,
resealing pressure, markings, and certification of flow capacity of the current edition of the following applicable
standards:

e UL 132, Standard for Safety Relief Valves for Anhydrous Ammonia and LP-Gas, [7];
e UG-125 through UG-136 of the ASME Boiler & Pressure Vessel Code (ASME Code) [5];

e AAR Manual of Standards and Recommended Practices, Section C, Part III: Specifications for Tank Cars
(M-1002) [8];

e 49 CFR Parts 173.316 and 173.318 [1];

e CGAS-1.1[3];

o CGA-341, Specification for Insulated Cargo Tank for Nonflammable Cryogenic Liquids [9];

o CSA B620, Highway tanks and portable tanks for the transportation of dangerous goods [10];

e CSA B622, Selection and use of highway tanks, multi-unit tank car tanks, and portable tanks for the trans-
portation of dangerous goods, Class 2 [11]; and

e Transportation of Dangerous Goods Regulations [2].

Requirements for flow capacities are specified in Section 6.
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5.1.2 Marked set pressure

PRDs shall have a marked set pressure as specified in 5.3 except as follows:

e For an overdesigned container, the marked set pressure of the PRD may be between the minimum required
working pressure for the lading (DOT design pressure) and the marked set pressure as specified in 5.3;

e For refrigerated (cryogenic) liquid carbon monoxide, the minimum marked set pressure shall be the maxi-
mum allowable working pressure (MAWP) of the container; or

e For containers constructed in accordance with paragraph U-68 or U-69 of the ASME Code, 1949 Edition, the
PRD set pressure may be based on the rerated working pressure marked on the metal certification plate
attached to the container [5].

51.3 Design, material, and location

The design, material, and location of PRDs shall be suitable for the intended service. Each PRD shall be designed
and constructed for a pressure greater than or equal to the MAWP (DOT design pressure) of the container and
the coldest temperature reasonably expected to be encountered.

514 Communication with the vapor space

PRDs shall have direct communication with the vapor space of the container. The connection point shall be at a
location where the probability is the highest for it to be in communication with the vapor space during transporta-
tion.

5.1.5 Pressure relief for piping and hoses

Any portion of cold or refrigerated (cryogenic) piping or hose that can be closed at each end making it possible
for the contents to develop pressures in excess of the design pressure of that portion of piping at
130 °F (54 °C) shall be provided with a means for pressure relief. This shall be set to operate at a pressure not
greater than the lesser of system test pressure or 120% of design pressure of that portion of the piping or hose
according to ASME B31.3, Process Piping [12].

NOTE—PRDs used to protect piping and hose are not required to carry the marking of an UV or UD stamp. ASME B31.3,
paragraph 322.6.3 (a) states “Pressure relieving devices required by paragraph 301.2.2 (a) shall be in accordance with the
ASME Code Section VIII, Division 1, UG-125(c), UG-126 through UG-128, and UG-132 through UG-136, excluding UG-135(e)
and UG-136(c)” [12]. Based on the exclusions of the noted paragraphs, ASME B31.3 does not require pressure relieving
devices on piping systems to carry the marking of a UV or UD stamp [12]. In addition, the exclusion also negates the ASME
requirement for capacity certification. In Canada, piping PRDs are registered as Category G fittings per CSA B51, Boiler,
Pressure Vessel, and Pressure Piping Code, Part 1, Table 1, Categories of Fittings [13].

5.1.6 Pressures in excess of the maximum allowable working pressure
5.1.61 Overpressure of refrigerated (cryogenic) liquid containers greater than 119 gal (450

L) during operator-attended refill

Refrigerated (cryogenic) liquid containers shall be protected from overpressure during operator-attended refill
according to CGA P-59, Prevention of Overpressure During Filling of Cryogenic Vessels, except flammable and
oxygen cargo tanks shall only consider primary relief devices at a flow rating pressure not greater than 120% of
MAWP unless the cargo tank has a PRD set less than or equal to 25.3 psi (174 kPa) [14, 1].

5.1.6.2 Overpressure of refrigerated (cryogenic) liquid containers during unattended refill

In addition to the requirements of 5.1.6.1, when the operation of filling equipment can produce pressures in
excess of the MAWP of the container, the owner shall evaluate the capability of the filling equipment and ensure
that the capacity of the container pressure relief system is sufficient.

For all containers at the capacity of the filling equipment, the differential pressure of the pressure relief system
from the container to the atmosphere, including all PRDs with a set pressure not greater than 105%mt e ﬁi t
of the container, shall not be greater than 116% of the MAWP of the container. For filling equipment Mﬂj ents
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the lading in a liquefied state, the differential pressure of the pressure relief system shall be evaluated for dis-
charge of the liquid. This evaluation shall be performed in accordance with conventional hydraulic analysis or by
using the following equations:

12fL
( 2( ( D )+N Q*G
A'Dsystem= Q G +

\ \ (890.6 D*) (1444 K2 A?)

and

/ ( (12fL> N \\
D i
APyiging =| @ | G| —L—~ )SO.15APsystem

\ ((890.6 D*) /

Where:
AP = Differential pressure from inner vessel to relief discharge (psi)
Q = Capacity of filling equipment (U.S. gallon per minutes [GPM])

= Specific gravity (G for water = 1.0)

f = Piping friction factor (0.02 is reasonable)

L = Piping length (ft)

D = Piping internal diameter [ID] (in)

N = Number of velocity head losses for all fittings and valves

K¢ = Coefficient of discharge (0.62 for disks)

A Relief device orifice area (in?)

51.7 Rated discharge capacity

The rated discharge capacity of each PRD shall be determined at a pressure not greater than the applicable flow
rating pressures as specified in Table 1. Flow rating pressures for transit PRVs shall not be greater than 110%
of their set pressures.

5.1.8 Proper functioning

All PRDs shall be installed and located so proper functioning is not hindered by the nature of the vessel’s contents
including cooling effects.

51.9 Pressure control valves

In addition to the required PRDs, containers for refrigerated fluids carbon dioxide and nitrous oxide and refriger-
ated (cryogenic) fluids except carbon monoxide service may be equipped with one or more pressure control
valves or transit PRVs set at a pressure less than the MAWP of the container (DOT design pressure). Transit
PRVs shall be set at a pressure in accordance with the filling density used.
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Table 1—Set pressure and flow rating pressure criteria

g abed

DOT-4L/TC-4LM (less than

UN portable tanks/

MCI/TC 331 Cargo tanks 4

30U "UONED0SSY SBt) passaidiion

1000 Ib water capacity) [1] ISO containers [1] LI e b 1) CERIE L il o b (]
5 . . . . )
= > X service pressure - _ . =DOT design pressure = MAWP as used in | = MAWP as used in Section VIII of the - .
MAWP vaéuum DOT design pressure Section VIII of the ASME Code [5] ASME Code [5] DOT design pressure
Hydrostatic test Greater than orequal to 2 x | Greater than or equal to 1.3 x _ . Greater than or equal to 1.3 x (MAWP + | _ .
pressure 3 service pressure (MAWP + vacuum + fluidhead) | ~ 1.5 (MAWP + vacuum + fluidhead) vacuum + fluidhead) =1.5x (MAWP + fluidhead)
o 1 ormore PRVs with set pressure less
than or equal to 1.1 x MAWP; or
o 1 ormore PRVs with set pressure less
than or equal to 1.1 x MAWP and 1 or
more PRVs with set pressure less than or
equal to 1.36 x MAWP for inert service;
. or e 1 PRV set less than or equal to
1 PRD with set
prgggﬁtraeless thva\ll:1 o?iqual * 1 or more nonreclosing PRD 9 with set MAW; or 1 or more pressure control
Primary set i o 2 or more PRVs with set pres- pressure less than or equal to 1.5 x o 1 PRV set less than or equal to ;
0 MAWP at a coincident _ e X valves with set pressure less
pressure temperature of 68 °F (20 sure = MAWP MAWP at a coincident temperature of MAWP and 1 or more PRVs with set h [ to MAWP
perature of 68 °F ( 68 °F (20 °C) and less th It less th lto1.05x | Nanorequalto
°C) ( ) an ess than or equal to pressure less than or equal to 1.
1.1 x MAWP at a coincident temperature MAWP
less than or equal to 800 °F (427 °C) for
inert service; or
o 1 or more PRVs with a set pressure
greater than or equal to 1.0 x MAWP and
less than or equal to 1.1 x MAWP for car-
bon monoxide service 3
e Less thanorequal to 1.1 x
MAWP for operational emer- ¢ hszisn?:g:r:/ﬁ;?zgrto 1.2 x MAWP for e Less than or equal to 1.1 x MAWP if a
Primary flow _ gency conditions except fire ' ) single PRV is used; or Less than or equal to 1.1 x
rating pressure = 1.2 x se pressure orloss of vacuum; or * Lessthan orequalto 1.5 x MAWP forin- | -\ o o o equal to 1.16 x MAWP if | MAWP
ert service (should not be greater than .
o Less than or equal to 1.2 x 110% of reclosing PRD set pressure) multiple PRVs are used
MAWP for loss of vacuum ° 9 P
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DOT-4L/TC-4LM (less than
1000 Ib water capacity) [1]

UN portable tanks/
ISO containers [1]

MC/TC 338 cargo tanks [1]

CGAITC 341 Cargo tanks

MCI/TC 331 Cargo tanks 4

[

Secondary set pres-
sure

o 1 ormore PRV with set
pressure less than or
equal to 1.2 x (MAWP +
14.7 psi [101 kPa]); or

o 1 or more nonreclosing
PRD with set pressure
less than or equal to test
pressure at a coincident
temperature of 68 °F
(20 °C)

N/A

1 or more optional "’ PRVs with set pres-
sure less than or equal to

1.36 x MAWP for inert service; or

1 or more optional ¥ nonreclosing PRD
with set pressure less than or equal to
1.5 x MAWP at a coincident temperature
of 68 °F (20 °C) and less than or equal to
1.1 x MAWP at a coincident temperature
less than or equal to

800 °F (427 °C) for inert service; or

1 or more required PRVs with set pres-
sure less than or equal to

1.36 x MAWP and greater than or equal
to 1.3 x MAWP for noninert service; or

1 or more required nonreclosing PRD 3)
with set pressure less than or equal to
1.5 x MAWP at coincident temperature of
68 °F (20 °C) and greater than or equal
to 1.3 x MAWP at a coincident tempera-
ture less than or equal to

800 °F (427 °C) for noninert service

1 or more required PRVs with set
pressure less than or equal to 1.1 x
MAWP; or

1 or more required PRVs with a set
pressure less than or equal to

0.91 x test pressure if the primary
pressure relief system is sized for fire;
or

1 or more required non-reclosing
PRD?3 with set pressure less than or
equal to test pressure at coincident
temperature of 68 °F (20 °C) and less
than or equal to 1.1 x MAWP at a co-
incident temperature less than or
equal to 800 °F (427 °C); or

1 or more required PRVs with a set
pressure less than or equal to

1.36 x MAWP if the primary pressure
relief system is sized for fire.

o 1 0rmore PRVs with set
pressure less than or equal
to 1.1 x MAWP; or

o 1 or more required nonre-
closing PRD with set pres-
sure less than or equal to
2 x MAWP

¥20¢—<C'L-S VOO

Secondary flow rat-
ing pressure

= 1.2 x set pressure if pres-
sure relief valve is used;

or

= test pressure if a nonre-
closing PRD is used

N/A

Less than or equal to 1.5 x MAWP

Less than or equal to 1.21 x MAWP

Less than or equal to 1.21 x

Optional secondary
set pressure 1.5

N/A

o 1 or more PRVs with set
pressure less than or equal
to 0.91 x test pressure; or

¢ 1 or more nonreclosing
PRD 2 with set pressure =
test pressure at a coincident
temperature of 68 °F (20 °C)
and less than or equal to
1.1 x MAWP at a coincident
temperature less than or
equal to 800 °F (427 °C)

N/A

N/A

DU| ‘UONED0SSY SBL) passaldwon

N/A

Required secondary
flow rating pressure

N/A

Less than or equal to test pres-

sure

N/A

N/A

N/A

) Optional devices are not needed if primary devices satisfy all flow rate requirements.

2 Optional secondary nonreclosing PRD is only permitted for inert and hydrogen service.
3 Nonreclosing PRDs are not permitted in carbon monoxide service.

4 Applies to carbon dioxide and nitrous oxide refrigerated liquid service.

5  This table is developed for hydrostatically tested containers. For pneumatically tested containers, the set pressure of the secondary device(s) shall not exceed the pneumatic test pressure.

Ry
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5.1.10 Minimum required working pressures

The minimum working pressures required by DOT and TC for containers for the various compressed gases are
shown in Table 2.

5.1.11 Set pressures and flow rating pressures (fluidhead)
When set pressures and flow rating pressures for relief devices are specified as the container test pressure or
as a percent of the container test pressure, the set pressures and flow rating pressures determined shall be

reduced by the maximum fluidhead (see example in 5.1.12).

Table 2—Minimum required working pressures

Minimum required working pressure

Gas psi kPa
Air, cryogenic liquid No minimum MAWP specified
Anhydrous ammonia 265 1830
Anhydrous dimethylamine 150 1035
Anhydrous monomethylamine 150 1035
Anhydrous trimethylamine 150 1035
Argon, cryogenic liquid No minimum MAWP specified
Butadiene, inhibited 100 690
Carbon dioxide, refrigerated liquid No minimum MAWP specified
Carbon monoxide, cryogenic liquid No minimum MAWP specified
Chlorine 225 1550
Chlorodifluoroethane (R-142b) 100 690
Chlorodifluoromethane (R-22) 250 1725
Dichlorodifluoromethane (R-12) 150 1035
Dichlorodifluoromethane-difluoroethane mixture (R-500) 250 1725
Dichlorodifluoromethane-dichlorotetrafluoroethane mixture (R-12/R-114 mixture) 150 1035
Dichlorodifluoromethane-trichlorofluoromethane mixture (R-12/R-11 mixture) 150 1035
Difluoroethane (R-152a) 150 1035
Ethylene, cryogenic liquid No minimum MAWP specified
Helium, cryogenic liquid No minimum MAWP specified
Hydrogen, cryogenic liquid No minimum MAWP specified
Liquefied petroleum gas No minimum MAWP specified
Methyl chloride 150 1035
Methyl mercaptan 100 690
Neon, cryogenic liquid No minimum MAWP specified
Nitrogen, cryogenic liquid No minimum MAWP specified
Nitrous oxide, refrigerated liquid No minimum MAWP specified
Oxygen, cryogenic liquid No minimum MAWP specified
Sulfur dioxide 150 1035
Vinyl chloride 150 1035
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5.1.12 Set pressures and flow rating pressures for vacuum-insulated containers

When relief device set pressures and flow rating pressures are specified as the product of a percent factor and
MAWP of a vacuum-insulated container, the set pressures and flow rating pressures determined may be in-
creased by an amount obtained by subtracting 14.7 psi (101 kPa) from the product of the percent factor and
14.7 psi (101 kPa).

In U.S. customary units:

Set or flow rating pressure in psi where MAWP shall be in psi =

(%Factor) (MAWP) . (%Factor) (14.7)
100 100 i

14.7

In metric units:

Set or flow rating pressure in kPa where MAWP shall be in kPa =

(%Factor) (MAWP) . (%Factor) (101)

100 100 101

Example: Let MAWP = 200 psi (1379 kPa), set pressure = 110% of MAWP, and flow rating pressure = 120% of
MAWP for a PRD on a vacuum-jacketed container.

Then in U.S. customary units:

Set pressure,

. 110 (MAWP) + 110 (14.7) 14.7
PSt = T00 00 ¢
i = 110 200) + —110(14'7) 14.7 = 221.47
psi- = 750 (200 700 of T ek
Flow rating pressure,
. 120 (MAWP) + 120 (14.7) 14.7
PSt = T00 ) 00 ¢
i =120 o0y + 2D 47 - oa00s
Pl =40 W09 Tqgp 14T 242
In metric units:
Set pressure,
kP _ 10 MAWP) + 110 (101) 101
T 100
kPa = 10 1379) + 110 (101) 101 = 1527.00
a = qgp (1379 —gp 101 = 1527
Flow rating pressure,
kPa = 120 MAWP) + 120 (101) 101
a =00 ¢ ) 00
kPa = 120 1379) + 7120 (101) 101 = 1675.00
a =750 (1379 100 T '
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5.1.13 Reduction of set pressure and flow rating pressure for vacuum-insulated containers

When set pressures and flow rating pressures for relief devices are specified as the container test pressure or
as a percent of the test pressure of a vacuum-insulated container, the set pressures and flow rating pressures
determined shall be reduced by 14.7 psi (101 kPa).

Example: Let the test pressure of a vacuum-jacketed container be 150 psi (1035 kPa) and fluidhead be
5 psi (35 kPa). If the set pressure of a PRD on this container is specified as 90% of the test pressure of the
container, then the set pressure shall be specified as:

In U.S. customary units:
Set pressure = (0.90)(150 psi) - 14.7 psi- 5 psi = 115.3 psi

In metric units:
Set pressure = (0.90)(1035 kPa) - 101 kPa - 35 kPa = 796 kPa

5.1.14 Minimum flow capacity

The minimum flow capacity of the pressure relief system shall be sufficient to maintain the container pressure
less than the flow rating pressures indicated in Table 1.

5.1.15 Combination pressure relief devices

Combination PRDs may be used in lieu of PRVs on containers where a loss of valuable material by leakage
should be avoided or contamination of the atmosphere by leakage of noxious gases shall be minimized. Nonre-
closing PRDs shall be used on containers holding substances that can render a PRV inoperable.

5.2 Piping of pressure relief systems

When fittings and piping are used on the upstream and/or downstream sides of pressure relief systems, the
passages shall be designed so the flow capacity of the pressure relief systems is not reduced to less than the
required flow rate for the container on which the pressure relief system assembly is installed. When spring-loaded
relief valves are used, inlet pressure drop shall be limited to 3% of set pressure, and discharge pressure drop or
backpressure shall be limited to 10% of set pressure. More detailed engineering analysis may allow for higher
pressure drops as long as the flow rate for the system is demonstrated to meet or exceed the requirements of
the container. It should also demonstrate that performance is not compromised by valve chatter. The opening
through all piping and fittings shall have at least the same flow area as the inlet of the PRD to which it is con-
nected. The nominal size of the discharge piping shall be at least as large as that of the relief device outlet.
Oversized relief devices may be used without requiring all openings in the line to have the same flow area pro-
vided the required flow capacity is ensured through the system. Consider the potential for chattering of the valves
due to inlet piping restrictions when oversized spring-loaded relief valves are used.

Pressure relief systems shall be arranged to prevent any impingement of escaping gas or liquid upon the con-
tainer, jacket, control devices, structural parts, or operating personnel. Each pressure relief system shall be ar-
ranged (or protected) to prevent the accumulation of foreign material between the relief device and the atmos-
pheric discharge opening. The arrangement shall not impede flow through the system. Pressure relief systems
on containers for flammable gases shall be arranged to discharge upward to the open air.

No shutoff valves shall be installed between the PRDs and the container. However, in cases where two or more
PRDs are installed on the same container, a shutoff valve may be used where the arrangement of the shutoff
valve or valves always ensures full required flow capacity through at least one PRD.

Transit PRVs may have upstream shutoff valves if the container is provided with PRDs as specified in 5.3. These
PRDs specified in 5.3 shall be capable of maintaining the container pressure under the test pressure for the
abnormal conditions covered in this publication even when the container is liquid full (see 3.2.22 and 5.1.11 for
test pressure).

Breaking/buckling pin devices shall be installed in a direction to prevent accumulation of rainwagg@ia_ﬁ#ents
device or the pin quide adjacent to the piston.
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WARNING: Users are warned that water can freeze within the quide or piston and prevent actuation of the
device. This could lead to container rupture, resulting in equipment damage, serious injury or death.

5.3 Determination of set and flow rating pressures
For set pressure and flow rating pressure criteria, refer to Table 1.
5.3.1 Specific requirements

Rupture disk devices and breaking/buckling pin devices are not permitted on containers for hazardous materials
such as carbon monoxide, except in combination with PRVs as specified in 5.1.15 [1].

5.3.1.1 Chlorine containers

For requirements for PRDs on chlorine containers, see 49 CFR Part 179.300-15 and CGSB 43.147, Construction,
Modification, Qualification, Maintenance, and Selection and Use of Means of Containment for the Handling, Of-
fering for Transport, or Transporting of Dangerous Goods by Rail as appropriate [1, 15].

5.3.1.2 Fusible plugs for DOT cargo containers

Subject to the conditions of 49 CFR 173.315(a)(l) and (i)(12) for the methyl chloride and sulfur dioxide optional
portable containers with 225 psi (1550 kPa) or greater MAWP (DOT design pressure), one or more fusible plugs
specified in these standards may be used in place of PRVs [1]. If fusible plugs are used on a container over
30 in (762 mm) long, total required flow capacity shall be provided at each end.

5.3.1.3 Shipment of liquefied petroleum gas storage containers

When storage containers for liquefied petroleum gas are permitted to be shipped in accordance with
49 CFR 173.315(j), they shall be equipped with PRDs in compliance with the requirements for PRDs on above-
ground containers as specified in the current edition of NFPA 58, Liquefied Petroleum Gas Code [1, 16].

5.3.2 Nonliquefied compressed gases

See CGA S-1.1 for portable containers of nonliquefied compressed gases [3]. See CGA S-1.3 for stationary
containers of nonliquefied compressed gases [4].

5.3.3 Determining pressure relief flow rate requirements for liquefied compressed gases,
refrigerated fluids, and refrigerated (cryogenic) fluids

5.3.31 Calculation of the minimum total flow rate requirement for the primary relief system

The minimum total flow rate requirement of the primary system of PRDs for operational emergency conditions,
except fire, shall be calculated using the applicable formula in 6.2.2. The primary flow rating pressure shall be
determined from Table 1.

5.3.3.2 Calculation of the minimum total combined flow rate requirement for the primary and
secondary relief systems

The minimum total combined flow rate requirement of the primary and secondary systems of PRDs for opera-
tional emergency conditions, including fire, shall be calculated using the applicable formula in 6.3.2 or 6.3.3. The
secondary flow rating pressure shall be determined from Table 1.

54 Jacket relief device

The jackets of containers shall be protected by a suitable PRD to release internal pressure. This relief device
shall function at a pressure not greater than the internal design pressure of the jacket calculated in accordance
with the ASME Code, maximum external collapse pressure on the inner vessel calculated with a safety factor of
two or 25 psi (172 kPa), whichever is less [5].
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The total discharge area of vacuum jacket relief devices on a container shall be at least 0.00024 in%/Ib
(0.3414 mm?/kg) of water capacity of the container.

6 Design and construction requirements for pressure relief devices

6.1 General

The design, materials of construction, and assembly of a PRD shall prevent significant changes in the functioning
of the device and serious deterioration of the materials due to service conditions within the period between re-
newals. The chemical and physical properties of the materials shall be uniform and suitable for the requirements
of the part manufactured. Parts and components shall be suitably cleaned for the intended service.

For examples of PRD sizing calculations, see Appendix A.

6.1.1 Applicable standards

PRDs shall meet the applicable requirements listed in 5.1.1.

6.1.2 Surface area formulas

When the surface area is not stamped on the container nameplate or when the marking is not legible, the area
can be calculated by using the following formulas:

1. Cylindrical container with hemispherical heads:
Area = 3.1416 x (overall length x outside diameter (OD) + OD?)

2. Cylindrical container with 2:1 semi ellipsoidal heads:
Area = 3.1416 x overall length x OD + 2 x 1.084 x OD?

3. Spherical container:
Area = 3.1416 x OD?

6.1.3 Temperature for flow capacity calculation
The temperature for flow capacity calculation shall be determined as follows.

The temperature to use in flow capacity calculations for subcritical fluids shall be the saturation temperature at
the flow rating pressure.

When calculating flow capacities of PRDs for critical and supercritical fluids, the temperature to use in these
calculations shall be the temperature at which:

v
"\ov
v
p
is @ maximum for the specified flow rating pressure. For the specified flow rating pressure, both v (the specific
volume); and

%)

V —_—

ov p

(the specific heat input) varies with temperature. The specific heat input is listed in National Institute of Science
and Technology (NIST) Tables of Fluid Properties.?

3 It is recommended that the thermophysical properties of gases required for calculations be taken from techoments
lished by the National Institute of Standards and Technology (NIST). www.nist.gov ]
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6.1.4 Determining the relief capacities for containers of liquefied compressed gases, refriger-
ated fluids, and refrigerated (cryogenic) fluids

System piping and heat transfer can influence the overall capacity of the pressure relief system. In such cases,
a complete thermodynamic and fluid flow analysis is required. A complete analysis includes: consideration for
pressure drop, heat input, potential flow reduction due to unintended choked flows, and potential for subsonic
flow at the relief device. Alternatively, the relief device capacities can be determined as described in the following
paragraphs. The system capacities are compared to the relief requirements in 5.3.3.1 and 5.3.3.2. The following
methodologies assume the pressure relief system ultimately discharges to atmosphere and is independently
flowing (not manifolded). See Figure 1.

Use flow lengths for #and 4 | Pexit= 14.7 psi

i
Texit, Vexit

/

Lo

Figure 1—Nomenclature

6.1.4.1 Determining pressure relief system capacity when using a spring-loaded reclosing
pressure relief valve

6.1.4.11 Determining the effect of inlet piping

a) Establish the total Qa v by adding all of the capacities of all of the individual relief valves located on the same
manifold.

Qa viv = Rated flow capacity of the selected relief valve(s) in scfm of air at 60 °F and 14.696 psia
(m3/hr of free air at 288.15 Kelvin and 101.325 kPa, abs). The selected relief valve(s) shall have a
rated capacity that is greater than the required flow rate calculated using the applicable formula from
6.2,6.3.2, 0r 6.3.3

b) Set an initial value for Wsys,0based on the flow capacity of the valve being considered for the system. Estab-
lish the mass flow capacity using the following formulas:

U.S. customary units: Metric units:

w. _Qa_vleC M W Qa_ww xC M
50 =" 1835  \ZxT sys.0 9234  \ZxT
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Where:

Wsyso = Initial estimate of the mass flow capacity of the pressure relief system in Ibm/hr (kg/hr), of
the lading

C = Constant for gas or fluid related to ratio of specific heats (k = Cp/Cy) at standard conditions from
Table 3

M = Molecular weight of fluid

T = Temperature as specified in 6.1.3 in degrees Rankine (Kelvin)

Z = Compressibility factor at the temperature specified in 6.1.3 and flow rating pressure

Qaw = Rated flow capacity of the selected relief valve(s) in scfm of air at 60 °F and 14.696 psia (m3/hr

The following sections (c—i) are iterated from n =

of free air at 288.15 degrees Kelvin and 101.325 kPa, abs) as defined in 6.1.4.1.1 a)

Alternatively, if the flow capacity (i.e., tabulated or stamped) is unavailable, Q._w can be determined by the

following formulas.
U.S. customary units:

Qu iy = 1835 x Ky x A x P

Metric units:

Qa iy = 0.00699 x Ky x A x P

Where:

A =  Relief valve orifice area in in? (mm?)

P = Flow rating pressure as defined in 5.1.12 in psia (kPa, abs)
Ka = Discharge coefficient for the relief valve

The initial assumed pressure, P;o, at the inlet to the PRD and is set to P.

converged.

c)

1, 2, 3, etc. until a mass flow capacity (Wsys) is

For applicable operational emergency conditions, calculate the temperature at the inlet to the PRD(s) using

one of the following formulas:
For operational emergency conditions (except fire):
U.S. customary units:

590-T
0.55xDxL
Wsys,n—1xcp

T;p =590 -

e

For operational emergency conditions (including fire):

U.S. customary units:
1660 - T

8.44xDxL
Wsys,n—1XCp

e

Tj = 1660 —
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Metric units:
=326 328-T
1348xDxL
Wsys,n-1%Cp
e
Metric units:
T, 900 922°T
2070xDx L
Wsysn-1*Cp
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