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7.5.2 Materials Subject to LNG Temperature. 

 

7.5.2.1 Concrete. 

(A) Concrete shall be in accordance with the 

requirements of the following standards: 

(1) In the United States, ACI 304R, Guide for 

Measuring, Mixing, Transportation and Placing of 

Concrete, and ACI 318, Building Code 

Requirements for Reinforced Structural Concrete 

and Commentary 

(2) In Canada, CSA A23.1, Concrete Materials and 

Methods of Concrete Construction, CSA A23.3, 

Design of Concrete Structures, and CSA A23.4, 

Precast Concrete — Materials and 

Construction/Qualification Code for Architectural 

and Structural Precast Concrete Products 

(B) Tests on concrete shall be carried out for the 

compressive strength and for the coefficient of 

contraction of the concrete at the projected low 

temperature, unless prior test data on these 

properties are available. 

 

7.5.2 Materials Subject to LNG Temperature. 

 

7.5.2.1 Concrete. 

(A) Concrete shall be in accordance with the 

requirements of the following standards: 

(1) In the United States, ACI 304R, Guide for 

Measuring, Mixing, Transportation and Placing of 

Concrete, and ACI 318, Building Code 

Requirements for Reinforced Structural Concrete 

and Commentary 

(2) In Canada, CSA A23.1, Concrete Materials and 

Methods of Concrete Construction, CSA A23.3, 

Design of Concrete Structures, and CSA A23.4, 

Precast Concrete — Materials and 

Construction/Qualification Code for Architectural 

and Structural Precast Concrete Products 

(B) Tests on concrete shall be carried out for the 

compressive strength and for the coefficient of 

contraction of the concrete at the projected low 

temperature, unless prior test data on these 

properties are available. 

 

 

 

 

This information is in ACI376. 

 

   

7.5.2.2 Aggregate. 

(A) Aggregate shall be specified by the following 

standards: 

(1) In the United States, ASTM C 33, Standard 

Specification for Concrete Aggregates 

(2) In Canada, CSA A23.1, Concrete Materials and 

Methods of Concrete Construction 

(B) Aggregate shall be dense and physically and 

chemically 

sound to provide a high-strength and durable 

concrete. 

7.5.2.3 Pneumatic Mortar. Pneumatic mortar shall 

be in accordance with ACI 506.2, Specification for 

Shotcrete. 

7.5.2.2 Aggregate. 

(A) Aggregate shall be specified by the following 

standards: 

(1) In the United States, ASTM C 33, Standard 

Specification for Concrete Aggregates 

(2) In Canada, CSA A23.1, Concrete Materials and 

Methods of Concrete Construction 

(B) Aggregate shall be dense and physically and 

chemically 

sound to provide a high-strength and durable 

concrete. 

7.5.2.3 Pneumatic Mortar. Pneumatic mortar shall 

be in accordance with ACI 506.2, Specification for 

Shotcrete. 

This information is in ACI376. 

 



Chapter 7 

 59A/L149/A2011/ROP 
 22 

Current Text Proposed New Wording Statement of Problem / Substantiation 

  

7.5.2.4 High-Tensile-Strength Elements. 

(A) High-tensile-strength elements for prestressed 

concrete 

shall meet the requirements of the following 

standards: 

(1) In the United States,ASTMA416, Standard 

Specification for Steel Strand, Uncoated Seven-

Wire for Prestressed Concrete; ASTM A 421, 

Standard Specification for Uncoated Stressed-

Relieved Steel Wire for Prestressed Concrete; 

ASTM A 722, Standard Specification for Uncoated 

High-Strength Steel Bar for Prestressing Concrete; 

or ASTM A 821, Standard Specification for Steel 

Wire, Hand Drawn for Prestressing Concrete Tanks 

(2) In Canada, CSA G279, Steel for Prestressed 

Concrete Tendons 

(B) Any materials acceptable for service at LNG 

temperature, such as those materials specified for 

primary components in API 620, Design and 

Construction of Large, Welded, Low-Pressure 

Storage Tanks, Appendix Q, or any material shown 

by test to be acceptable for LNG service, shall be 

used. 

(C) Material for permanent end anchorages shall 

maintain 

its structural capability at LNG temperatures. 

 

7.5.2.4 High-Tensile-Strength Elements. 

(A) High-tensile-strength elements for prestressed 

concrete 

shall meet the requirements of the following 

standards: 

(1) In the United States,ASTMA416, Standard 

Specification for Steel Strand, Uncoated Seven-

Wire for Prestressed Concrete; ASTM A 421, 

Standard Specification for Uncoated Stressed- 

Relieved Steel Wire for Prestressed Concrete; 

ASTM A 722, Standard Specification for Uncoated 

High-Strength Steel Bar for Prestressing Concrete; 

or ASTM A 821, Standard Specification for Steel 

Wire, Hand Drawn for Prestressing Concrete Tanks 

(2) In Canada, CSA G279, Steel for Prestressed 

Concrete Tendons 

(B) Any materials acceptable for service at LNG 

temperature, such as those materials specified for 

primary components in API 620, Design and 

Construction of Large, Welded, Low-Pressure 

Storage Tanks, Appendix Q, or any material shown 

by test to be acceptable for LNG service, shall be 

used. 

(C) Material for permanent end anchorages shall 

maintain 

its structural capability at LNG temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

This information is in ACI376. 

 

7.5.2.5 Reinforcing Steel. 7.5.2.5 Reinforcing Steel. This information is in ACI376. 
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(A) Reinforcing steel for reinforced concrete shall 

be as 

specified by the following standards: 

(1) In the United States, ACI 318, Building Code 

Requirements for Reinforced Structural Concrete 

and Commentary 

(2) In Canada, ASTM A 82, Standard Specification 

for Steel Wire, Plain, for Concrete Reinforcement; 

ASTM A 496, Specification for Steel Wire, 

Deformed, for Concrete Reinforcement; and CSA 

G30.18, Billet-Steel Bars for Concrete 

Reinforcement  

(B) The use of ASTM A 996, Standard 

Specification for Rail-Steel and Axle-Steel 

Deformed Bars for Concrete Reinforcement, 

materials shall not be permitted. 

 

(A) Reinforcing steel for reinforced concrete shall 

be as 

specified by the following standards: 

(1) In the United States, ACI 318, Building Code 

Requirements for Reinforced Structural Concrete 

and Commentary 

(2) In Canada, ASTM A 82, Standard Specification 

for Steel Wire, Plain, for Concrete Reinforcement; 

ASTM A 496, Specification for Steel Wire, 

Deformed, for Concrete Reinforcement; and CSA 

G30.18, Billet-Steel Bars for Concrete 

Reinforcement  

(B) The use of ASTM A 996, Standard 

Specification for Rail-Steel and Axle-Steel 

Deformed Bars for Concrete Reinforcement, 

materials shall not be permitted. 

 

 

7.5.2.6 Nonstructural metallic barriers incorporated 

in, and functioning compositely with, prestressed 

concrete in direct contact with LNG during 

normal operations shall be of a metal classified 

for either “primary components” or “secondary 

components” in API 620, Design and Construction 

of Large, Welded, Low-Pressure Storage Tanks, 

Appendix Q. The design shall be such that no 

significant tensile stresses are developed under any 

design loading. 

 

7.5.2.6   7.4.3.3  Nonstructural Mmetallic barriers 

incorporated in, and functioning compositely with, 

prestressed concrete containers in direct contact 

with LNG during normal operations shall be of a 

metal classified for either “primary components” or 

“secondary components”  defined in API 620, 

Design and Construction of Large, Welded, Low-

Pressure Storage Tanks, Appendix Q.  The design 

shall be such that no significant tensile stresses are 

developed under any design loading. 

 

 

 

 

API620 Q revisions cover requirements for steel 

liners on the various storage system concepts.  

Combine 7.5.2.6 and 7.5.2.7 because both point to 

the same place.  Reduce confusion by placing all 

requirements in one place. 

 

API620Q will not include definition for non-

metallic barriers, but ACI allows.  ACI 376 

paragraph 2.16 includes leak rate criteria, bond, 

degradation, flexibility and test methods for vapor 

barriers.  Coatings acting as liquid containment 

leave the test method open. 

 

7.5.2.7 Nonstructural metallic barriers incorporated 

in, and functioning compositely with, prestressed 

concrete serving primarily as moisture barriers 

for internally insulated tanks shall be of a metal 

classified for either “primary component” or 

“secondary component” service in API 620, Design 

and Construction of Large, Welded, Low-Pressure 

Storage Tanks, Appendix Q, or of steel conforming 

to ASTM A 1008, Standard Specification for Steel, 

'7.5.2.7 Nonstructural metallic barriers incorporated 

in, and functioning compositely with, prestressed 

concrete serving primarily as moisture barriers for 

internally insulated tanks shall be of a metal 

classified for either “primary component” or 

“secondary component” service in API 620, Design 

and Construction of Large, Welded, Low-Pressure 

Storage Tanks, Appendix Q, or of steel conforming 

to ASTM A 1008, Standard Specification for Steel, 

See 7.5.2.6 proposal which includes this paragraph. 
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Sheet, Cold-Rolled, Carbon, Structural, High-

Strength Low-Alloy and High-Strength Low-Alloy 

with Improved Formability. The design shall be 

such that no significant tensile stresses are  

developed under any design loading. 

 

Sheet, Cold-Rolled, Carbon, Structural, High-

Strength Low-Alloy and High-Strength Low-Alloy 

with Improved Formability. The design shall be 

such that no significant tensile stresses are  

developed under any design loading. 

 

 7.4.3.4  Non-metallic coatings placed on a concrete 

container acting as a moisture and/or product vapor 

barrier shall meet the criteria in ACI376.   

 

 

7.5.3 Construction, Inspection, and Tests. 

7.5.3.1 Concrete LNG containers shall be built in 

accordance with the applicable requirements of the 

following standards and publications: 

(1) In the United States, ACI 318R, Building Code 

Requirements for Structural Concrete; Section 9 of 

ACI 301, Specifications for Structural Concrete; 

ACI 372R, Design and Construction of Circular 

Wire- and Strand Wrapped Prestressed Concrete 

Structures; and ACI 373R, Design and Construction 

of Circular Prestressed Concrete Structures with 

Circumferential Tendons 

(2) In Canada, CSAA23.3, Design of Concrete 

Structures 

7.5.3.2 Concrete LNG containers shall be inspected 

in accordance with ACI 311.4R, Guide for 

Concrete Inspection, and Section 7.7 of this 

standard.  

7.5.3.3 Metal components shall be constructed and 

tested in accordance with the applicable provisions 

in Appendix Q of API 620, Design and 

Construction of Large, Welded, Low-Pressure 

Storage Tanks. 

7.5.3.4 Other materials used in the construction of 

concrete 

LNG containers shall be qualified before use, based 

on inspection and test. 

 

7.5.3 Construction, Inspection, and Tests. 

7.5.3.1 Concrete LNG containers shall be built in 

accordance with the applicable requirements of the 

following standards and publications: 

(1) In the United States, ACI 318R, Building Code 

Requirements for Structural Concrete; Section 9 of 

ACI 301, Specifications for Structural Concrete; 

ACI 372R, Design and Construction of Circular 

Wire- and Strand Wrapped Prestressed Concrete 

Structures; and ACI 373R, Design and Construction 

of Circular Prestressed Concrete Structures with 

Circumferential Tendons 

(2) In Canada, CSAA23.3, Design of Concrete 

Structures 

7.5.3.2 Concrete LNG containers shall be inspected 

in accordance with ACI 311.4R, Guide for 

Concrete Inspection, and Section 7.7 of this 

standard. 

7.5.3.3 Metal components shall be constructed and 

tested in accordance with the applicable provisions 

in Appendix Q of API 620, Design and 

Construction of Large, Welded, Low-Pressure 

Storage Tanks. 

7.5.3.4 Other materials used in the construction of 

concrete 

LNG containers shall be qualified before use, based 

on inspection and test. 

 

This information is in ACI376. 
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7.6   Marking of LNG Containers. 

7.6.1 Each container shall be identified by the 

attachment in an accessible location of a corrosion-

resistant nameplate marked with the following 

information: 

(1) Builder’s name and date built 

(2) Nominal liquid capacity (in barrels, gallons, or 

cubic meters) 

(3) Design pressure for methane gas at top of 

container 

(4) Maximum permitted density of liquid to be 

stored 

(5) Maximum level to which container can be filled 

with stored liquid (see 7.3.6) 

(6) Maximum level to which container can be filled 

with water for test, if applicable 

(7) Minimum temperature in degrees Fahrenheit 

(Celsius) for which the container was designed 

7.6   7.3.4  Marking of LNG Containers. 

7.6.1   7.3.4.1  Each storage tank system container 

shall be identified by the attachment in an 

accessible location of a corrosion-resistant 

nameplate as defined in API 625 Storage Tank 

Systems for Refrigerated , Liquefied Gas Storage. 

marked with the following information: 

7.3.4.2  ASME vessels shall be identified by the 

attachment of a corrosion resistant nameplate as 

required by ASMEVIII. 

(1) Builder’s name and date built 

(2) Nominal liquid capacity (in barrels, gallons, or 

cubic meters) 

(3) Design pressure for methane gas at top of 

container 

(4) Maximum permitted density of liquid to be 

stored 

(5) Maximum level to which container can be filled 

with stored liquid (see 7.3.6) 

(6) Maximum level to which container can be filled 

with water for test, if applicable 

(7) Minimum temperature in degrees Fahrenheit 

(Celsius) for which the container was designed 

API 625 provides for a mandatory nameplate which 

is much more comprehensive than the  prior NFPA 

provision.   

7.6.2  Storage containers shall have all penetrations 

marked with the function of the penetration. 

 

7.6.2   7.3.4.2  Storage tank systems containers 

shall have all penetrations marked with the function 

of the penetration. 

 

 

7.6.3   Penetration markings shall be visible if 

frosting occurs. 

 

7.6.3   7.3.4.3  Penetration markings shall be visible 

if frosting occurs. 

 

 

7.7   Testing of Containers 

LNG containers shall be leak tested in accordance 

with the governing construction code or standard, 

and all leaks shall be repaired. 

 

7.7  7.4.6  Testing of Containers 

LNG primary containers shall be hydrostatically 

tested  and leak tested in accordance with the 

governing construction code or standard, and all 

leaks shall be repaired.   

 

LNG concrete primary containers shall be 

hydrotested  to a liquid height equal to the design 

liquid height times the product design specific 

ACI376 has no minimum hydrotest height. 

EEMUA 207 recommends a full height hydrotest. 

Add provision that defines this. 
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gravity times 1.25 and applying an overload 

pressure of 1.25 times the pressure for which the 

vapor space is designed.. 

 

7.7.1 Where no specific single construction code is 

applicable, the container designer shall provide a 

test procedure based on API 620, Design and 

Construction of Large, Welded, Low- Pressure 

Storage Tanks. 

 

7.7.1   7.4.6.1   Where no specific single 

construction code is applicable, the tank system 

container designer shall provide a test procedure 

based on the applicable construction standard API 

620, Design and Construction of Large, Welded, 

Low- Pressure Storage Tanks. 

 

 

 

 

 

7.7.2 Containers designed for pressures in excess 

of 15 psi [103 kPa(g)] shall be tested in accordance 

with the following: 

(1) Shop-fabricated containers shall be pressure 

tested by the manufacturer prior to shipment to the 

installation site. 

(2) The inner tank shall be tested in accordance 

with the ASME Boiler and Pressure Vessel Code or 

with CSA B51, Boiler, Pressure Vessel and 

Pressure Piping Code. 

(3) The outer tank shall be leak tested. 

(4) Piping shall be tested in accordance with 

Section 9.7. 

(5) Containers and associated piping shall be leak 

tested prior to filling the container with LNG. 

 

7.5.4  Testing of ASME LNG Containers    

                                             

 7.7.2   7.5.4.1   Containers designed for pressures 

in excess of 15 psi [103 kPa(g)] shall be tested in 

accordance with the following: 

(1) Shop-fabricated containers shall be pressure 

tested by the manufacturer prior to shipment to the 

installation site. 

(2) The inner tank shall be tested in accordance 

with the ASME Boiler and Pressure Vessel Code or 

with CSA B51, Boiler, Pressure Vessel and 

Pressure Piping Code. 

(3) The outer tank shall be leak tested. 

(4) All Piping within the tank to the first flange 

outside the tank shall be tested in accordance with 

Section 9.7. 

(5) Containers and associated piping shall be leak 

tested prior to filling the container with LNG. 

 

 

7.7.3 Shop-fabricated containers designed for 

pressures in excess of 15 psi [103 kPa(g)] shall be 

pressure tested by the manufacturer prior to 

shipment to the installation site. 

 

7.7.3 Shop-fabricated containers designed for 

pressures in excess of 15 psi [103 kPa(g)] shall be 

pressure tested by the manufacturer prior to 

shipment to the installation site. 

 

Delete 7.7.3 as it is redundant with  7.7.2(1)  

 

7.7.4 The inner tank of field-fabricated containers 

designed for pressures in excess of 15 psi [103 

kPa(g)] shall be tested in accordance with 

  7.7.4   7.5.4.2  The inner tank of field-fabricated 

containers designed for pressures in excess of 15 

psi [103 kPa(g)] shall be tested in accordance with 
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theASME Boiler and Pressure Vessel Code or CSA 

B51, Boiler, Pressure Vessel and Pressure Piping 

Code. 

 

the space ASME Boiler and Pressure Vessel Code 

or CSA B51, Boiler, Pressure Vessel and Pressure 

Piping Code. 

 

7.7.5 The outer tank of field-fabricated containers 

designed 

for pressures in excess of 15 psi [103 kPa(g)] shall 

be tested in accordance with Section 9.7. 

 

7.7.5   7.5.4.3   The outer tank of field-fabricated 

containers designed for pressures in excess of 15 

psi [103 kPa(g)] shall be tested in accordance with 

the ASME Boiler Pressure Vessel Code or CSA 

B51, Boiler, Pressure Vessel and Pressure Piping 

Code.Section 9.7. 

 

Correct reference to appropriate testing criteria in 

the appropriate Code. 

 

7.7.6 Containers and associated piping shall be leak 

tested 

prior to filling the container with LNG. 

 

7.7.6 Containers and associated piping shall be leak 

tested 

prior to filling the container with LNG. 

 

 

 

 

 

 

 

 

 

 

Delete 7.7.6 as it is redundant with 7.7 and its 

revised wording. 

 

7.7.7 After acceptance tests are completed, there 

shall be no field welding on the LNG containers. 

(A) Field welding shall be limited to saddle plates 

or brackets provided for the purpose and to repairs 

permitted under the code or standard of fabrication. 

(B) Retesting by a method appropriate to the repair 

or modification shall be required only where the 

repair or modification is of such a nature that a 

retest actually tests the element affected and is 

necessary to demonstrate the adequacy of the repair 

or modification. 

 

7.7.7  7.4.6.2  After acceptance tests are completed, 

there shall be no field welding on the LNG 

containers except as permitted in 7.4.6.2 (A)  and 

(B). 

(A) Field welding shall be limited to saddle plates 

or brackets provided for the purpose and to repairs 

permitted under the code or standard of fabrication. 

(B) Retesting by a method appropriate to the repair 

or modification shall be required only where the 

repair or modification is of such a nature that a 

retest actually tests the element affected and is 

necessary to demonstrate the adequacy of the repair 

or modification. 

 

Proposal clarifies the limits of welding after 

acceptance tests are completed. 

 

7.8.1   Before an LNG container is put into service, 7.8.1  7.3.5  Before an LNG tank system container Proposal retains existing requirements in addition to 
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it shall be purged in accordance with 14.4.2 and 

14.9.2 and cooled in accordance with 14.4.2. 

 

 

is put into service, it shall be purged and cooled in 

accordance with 14.4.2, and 14.9.2.,  and cooled in 

accordance with 14.4.2 of this standard . and  tank 

systems shall include the provisions within API 625 

and/or ACI 376 as applicable to the type of tank 

construction. 

 

recognizing requirements within API 625 and ACI 

376. 

 

7.9 Relief Devices. 

7.9.1 ASME and API containers shall be equipped 

with vacuum and pressure relief valves as required 

by the code or standard of manufacture. 

 

7.9   7.3.6  Relief Devices. 

7.9.1   7.3.6.1  ASME and API All LNG tank 

systems containers shall be equipped with vacuum 

and pressure relief valves as required by the code or 

standard of manufacture. 

Paragraph number changes.   

Reference standards replaced with All to eliminate 

potential confusion with the added new standards. 
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7.9.2 Relief devices shall communicate directly 

with the atmosphere. 

7.9.3 Vacuum-relieving devices shall be installed if 

the container can be exposed to a vacuum condition 

in excess of that for which the container is 

designed. 

7.9.4 Each pressure and vacuum safety relief valve 

for LNG containers shall be able to be isolated from 

the container for maintenance or other purposes by 

means of a manual fullopening stop valve. 

(A) The stop valve(s) shall be lockable or sealable 

in the fully open position. 

(B) Pressure and vacuum relief valves shall be 

installed on the LNG container to allow each relief 

valve to be isolated individually while maintaining 

the required relieving capacity. 

(C) Where only one relief device is required, either 

a fullport opening three-way valve connecting the 

relief valve and its spare to the container or two 

relief valves separately connected to the container, 

each with a valve, shall be installed. 

(D) No more than one stop valve shall be closed at 

one time. 

(E) Safety relief valve discharge stacks or vents 

shall be designed and installed to prevent an 

accumulation of water, ice, snow, or other foreign 

matter and shall discharge vertically upward 

 

 

7.9.2   7.3.6.2  Relief devices shall communicate 

directly with the atmosphere. 

7.9.3   7.3.6.3   Vacuum-relieving devices shall be 

installed if the container can be exposed to a 

vacuum condition in excess of that for which the 

container is designed. 

7.9.4    7.3.6.4   Each pressure and vacuum safety 

relief valve for LNG tank systems containers shall 

be able to be isolated from the tank system  

container for maintenance or other purposes by 

means of a manual fullopening stop valve. 

(A) The stop valve(s) shall be lockable or sealable 

in the fully open position. 

(B) Pressure and vacuum relief valves shall be 

installed on the LNG tank system container to 

allow each relief valve to be isolated individually 

while maintaining the required relieving capacity. 

(C) Where only one relief device is required, either 

a fullport opening three-way valve connecting the 

relief valve and its spare to the container or two 

relief valves separately connected to the container, 

each with a valve, shall be installed. 

(D) No more than one stop valve shall be closed at 

one time. 

(E) Safety relief valve discharge stacks or vents 

shall be designed and installed to prevent an 

accumulation of water, ice, snow, or other foreign 

matter and shall discharge vertically upward 

 

Number change 
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7.9.5 Pressure Relief Device Sizing. 

 

7.9.5.1 The capacity of pressure relief devices shall 

be based on the following: 

(1) Fire exposure 

(2) Operational upset, such as failure of a control 

device 

(3) Other circumstances resulting from equipment 

failures and operating errors 

(4) Vapor displacement during filling 

(5) Flash vaporization during filling, as a result of 

filling or as a consequence of mixing of products of 

different compositions 

(6) Loss of refrigeration 

(7) Heat input from pump recirculation 

(8) Drop in barometric pressure 

7.9.5.2 Pressure relief devices shall be sized to 

relieve the flowcapacity determined for the largest 

single relief flow or any reasonable and probable 

combination of relief flows. 

7.9.5.3* The minimum pressure-relieving capacity 

in pounds per hour (kilograms per hour) shall not 

be less than 3 percent of the full tank contents in 24 

hours. 

 

7.9.5   7.3.6.5  Pressure Relief Device Sizing. 

 

7.9.5.1    7.3.6.5.1  The capacity of pressure relief 

devices shall be based on the following: 

(1) Fire exposure 

(2) Operational upset, such as failure of a control 

device 

(3) Other circumstances resulting from equipment 

failures and operating errors 

(4) Vapor displacement during filling 

(5) Flash vaporization during filling, as a result of 

filling or as a consequence of mixing of products of 

different compositions 

(6) Loss of refrigeration 

(7) Heat input from pump recirculation 

(8) Drop in barometric pressure 

7.9.5.2   7.3.6.5.2  Pressure relief devices shall be 

sized to relieve the flow capacity determined for the 

largest single relief flow or any reasonable and 

probable combination of relief flows. 

7.9.5.3*   7.3.6.5.3*   The minimum pressure-

relieving capacity in pounds per hour (kilograms 

per hour) shall not be less than 3 percent of the full 

tank contents in 24 hours. 

 

 

7.9.6 Vacuum Relief Sizing. 

 

7.9.6.1 The capacity of vacuum relief devices shall 

be based on the following: 

(1) Withdrawal of liquid or vapor at the maximum 

rate 

(2) Rise in barometric pressure 

(3) Reduction in vapor space pressure as a result of 

filling with subcooled liquid 

7.9.6.2 The vacuum relief devices shall be sized to 

relieve the flow capacity determined for the largest 

single contingency or any reasonable and probable 

combination of contingencies, less the vaporization 

rate that is produced from the minimum normal 

heat gain to the tank contents. 

7.9.6   7.3.6.6  Vacuum Relief Sizing. 

 

7.9.6.1   7.3.6.6.1 The capacity of vacuum relief 

devices shall be based on the following: 

(1) Withdrawal of liquid or vapor at the maximum 

rate 

(2) Rise in barometric pressure 

(3) Reduction in vapor space pressure as a result of 

filling with sub-cooled liquid 

7.9.6.2    7.3.6.6.2 The vacuum relief devices shall 

be sized to relieve the flow capacity determined for 

the largest single contingency or any reasonable 

and probable combination of contingencies, less the 

vaporization rate that is produced from the 

minimum normal heat gain to the tank contents. 
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7.9.6.3 No vacuum relief capacity credit shall be 

allowed for gas-repressuring systems or vapor 

makeup systems. 

 

7.9.6.3    7.3.6.6.3  No vacuum relief capacity credit 

shall be allowed for gas-repressuring systems or 

vapor makeup systems. 

 

7.9.7 Fire Exposure. 

7.9.7.1 The pressure-relieving capacity required for 

fire exposure shall be computed by the following 

formulas: 

 

7.9.7    7.3.6.7   Fire Exposure. 

7.9.7.1  7.3.6.7.1   The pressure-relieving capacity 

required for fire exposure shall be computed by the 

following formulas 
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Technical Committee on Liquefied Natural Gas,

Revise text to read as follows:
Clarify the text that was the subject of the following Formal Interpretation.

Was it the intent of NFPA 59A to make the seismic design requirements for the installation of
containers applicable to containers installed on steel jacket type offshore platforms?

No.
When the seismic design requirements for the installation of

containers were developed they were based on seismic criteria applicable to land based containers and facilities only.
The Regulations Governing Committee Projects require that a proposal be processed to clarify the text

of a document on which a Formal Interpretation has been issued. After issuance of the next edition of the document, the
Formal Interpretation will no longer be published.

When the seismic design requirements for the installation of containers were developed they
were based on seismic criteria applicable to land based containers and facilities only.

_______________________________________________________________________________________________
59A-59     Log #146

_______________________________________________________________________________________________
John Mooney, Pressure Vessel and Tank Consulting

Revise text to read as follows:
The impounding system shall, as a minimum, be designed to withstand an SSE while empty. and an OBE while holding

the volume, , as specified in 2.2.2.1.
7.2.2.5(D) The SSE design shall provide for no loss of containment capability. . . . If this is so, how

does LNG fill the impounding system, which could be an outer tank?

The committee disagrees with the philosophy of not having secondary containment.

_______________________________________________________________________________________________
59A-60     Log #145

_______________________________________________________________________________________________
John Mooney, Pressure Vessel and Tank Consulting

Delete text to read as follows:
7.3.1.2(2) In Q-7.6.1 through Q-7.6.4, 100 percent . . . shall be required.

100% radiography is not required for horizontal welds per API 620 and EN 14620. These are welds
with low stresses and hundreds of thousands of tanks have survived with spot radiographs of horizontal welds.

The committee believes that the present level of LNG safety is appropriate for LNG service.
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_______________________________________________________________________________________________
59A-61     Log #32

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.3.2.1(I) The deterministic limit on MCE ground motion shall be taken as the response spectrum determined in

accordance with the provisions of ASCE 7, Minimum Design Loads for Buildings and Other Structures, with the value of
SS (mapped MCE spectral response acceleration at short periods) taken as 1.5 Ggn , the value of S1 (mapped MCE
spectral response acceleration at 1 second) taken as 0.6 Ggn , and the values of Fa (short-period site coefficient at 0.2
second) and Fv (long-period site coefficient at 1 second) selected for the site class most representative of the
subsurface conditions where the LNG facility is located.

Update from G to g sub n to make consistent with definition.

ASCE 7 adequately covers this subject.

_______________________________________________________________________________________________
59A-62     Log #33

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Containers designed to operate at a pressure in excess of 15 psi (100 103.5 kPa) shall be equipped with a device(s)
that prevents the container from becoming liquid full or from covering the inlet of the relief device(s) with liquid when the
pressure in the container reaches the set pressure of the relieving device(s) under all conditions.

100 kPa is 14.5 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.

_______________________________________________________________________________________________
59A-63     Log #34

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Containers Designed for Operation at 15 psi (100 103.5 kPa) and Less.
100 kPa is 14.5 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.
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_______________________________________________________________________________________________
59A-64     Log #35

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.1.1 Welded containers designed for not more than 15 psi (100 103.5 kPa) shall comply with API 620, Design and

Construction of Large, Welded, Low-Pressure Storage Tanks.
100 kPa is 14.5 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.

_______________________________________________________________________________________________
59A-65     Log #36

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Containers Designed for Operation at More Than 15 psi (1003.5 kPa).
100 kPa is approximately 14.5 psi, which is less than atmospheric pressure. 100 kPa is an inaccurate

conversion of units.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.

_______________________________________________________________________________________________
59A-66     Log #37

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.3(A) Where vacuum is utilized for insulation purposes is used, the design pressure of the inner tank shall be the

sum of the required working pressure (absolute), 15 psi (100 kPa) for vacuum allowance, and the hydrostatic head of
LNG.

The absolute maximum vacuum obtainable is 1 atmosphere, or 14.7 psi. The inner tank is being
designed for tensile stresses, not prevention from crushing.
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_______________________________________________________________________________________________
59A-67     Log #38

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.3(B) Where nonvacuum is not utilized as part of the insulation is used, the design pressure shall be the sum of

the required working pressure (gauge) and the hydrostatic head of LNG.
As 7.4.2.3(A) was changed to indicate absolute pressure this is a clarifier to indicate gauge pressure.

Revise text as follows:
7.4.2.3(B) Where nonvacuum is not utilized as part of the insulation is used, the design pressure shall be the sum of

the required working gauge pressure (gauge) and the hydrostatic head of LNG.
The proposal is accepted with an editorial revision.

_______________________________________________________________________________________________
59A-68     Log #39

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.4(B)(1) The ASME Boiler and Pressure Vessel Code, Section VIII, Parts UG-28, UG-29, UG-30, and UG-33,

using an external pressure of not less than 15 psi (100 103.5 kPa).
100 kPa is 14.5 psi. This standard is currently telling people to build a tank to withstand a crush

pressure less than atmospheric pressure. I believe no further explanation is necessary. However as a point of
information, 103 kPa is equivalent to 14.94 psi or 14.9 psi, and 103.5 kPa is equivalent to 15.01 psi or 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.

_______________________________________________________________________________________________
59A-69     Log #40

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.4(C) Heads and spherical outer tanks that are formed in segments and assembled by welding shall be designed

in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, Parts UG-28, UG-29, UG-30, and UG-33,
using an external pressure of 15 psi (100103.5 kPa).

100 kPa is 14.5 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The conversion used in the ASME codes is used as a soft metric conversion.
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_______________________________________________________________________________________________
59A-70     Log #41

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.4(H) Foundations and supports shall be protected to have a fire resistance rating of not less than at least 2 hours.

The existing statement is a negative statement, which can tend to confuse. This is a positive
statement, which leads to clarity.

_______________________________________________________________________________________________
59A-71     Log #42

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.4(I) If insulation is used to achieve the fire resistance rating of not less than at least 2 hours, it shall be resistant

to dislodgement by fire hose streams.
The current statement is a negative statement, which can lend confusion. The new statement is a

positive statement and aids in clarity.

_______________________________________________________________________________________________
59A-72     Log #43

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.4.2.8(1) Shipping load supports shall be designed for the maximum gravitational acceleration, G, to be encountered,

multiplied by the empty mass of the inner tank.
The maximum acceleration not the maximum gravitational acceleration. The acceleration is based on

gravity and change in velocity including waves and vibrations.

_______________________________________________________________________________________________
59A-73     Log #44

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.7.3 Shop-fabricated containers designed for pressures in excess of 15 psi [103.5 kPa(g)] shall be pressure tested by

the manufacturer prior to shipment to the installation site.
103 kPa is 14.9 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The proposal is accepted and the metric conversion is changed to be consistent with other
similar conversions in the standard.
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_______________________________________________________________________________________________
59A-74     Log #45

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.7.4 The inner tank of field-fabricated containers designed for pressures in excess of 15 psi [103.5 kPa(g)] shall be

tested in accordance with the ASME Boiler and Pressure Vessel Code or CSA B51, Boiler, Pressure Vessel and
Pressure Piping Code.

103 kPa is 14.9 psi. 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The proposal is accepted and the metric conversion is changed to be consistent with other
similar conversions in the standard.

_______________________________________________________________________________________________
59A-75     Log #46

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psi [103.5 kPa(g)] shall be

tested in accordance with Section 9.7.

103 kPa is 14.9 psi, 103.5 kPa is 15.0 psi.

Revise text to read as follows:
7.7.5 The outer tank of field-fabricated containers designed for pressures in excess of 15 psig [105 kPag] shall be

tested in accordance with Section 9.7.

The proposal is accepted and the metric conversion is changed to be consistent with other
similar conversions in the standard.

_______________________________________________________________________________________________
59A-76     Log #47

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.2.1 If the temperature of the naturally occurring heat source of an ambient vaporizer exceeds 212°F (100°C), the

vaporizer shall be considered to be a remotely heated vaporizer.
Change matches definition in 3.3.25.2.2.
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_______________________________________________________________________________________________
59A-77     Log #CP15

_______________________________________________________________________________________________
Technical Committee on Liquefied Natural Gas,

Revise 13.8.3 (2) to read:
(2)  Where containers in the dike area are not constructed or protected to prevent failure from spilled LNG and fire in

the dike, the minimum holding of the dike shall be the aggregate volume of the largest container all containers in the
dike.

An error in the code is corrected.

_______________________________________________________________________________________________
59A-78     Log #48

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.4.3.1  The LNG or gas that can accumulate between the valves or other double block-and-bleed systems shall be

piped to an area with no ignition sources having no source of ignition, and where people are not present.
Changes the text to defined text.

_______________________________________________________________________________________________
59A-79     Log #49

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.4.5.2 Add * to section and new annex material as shown.
* Where the heated vaporizer is located less than 50 ft (15 m) from the heat source, it shall have an automatic shutoff

valve in the LNG liquid line located at least 10 ft (3 m) from the vaporizer and shall close when any of the following
occurs:
(1) Loss of line pressure (excess flow)
(2) The occurrence of a fire is detected by an instrument designed for the purpose and located to detect a fire in the

covered area
(3) Low temperature in the vaporizer
A8.4.5.2 Valves meeting this requirement would be designed to meet the testing requirements of API 607, Testing of

Valves - Fire Type - Testing Requirements, or similar test.
Valves designed to close when exposed to a fire should be tested to a standard such as API 607. New

material is to be added to the Annex for guidance.

Add a new A.8.4.5.2 to read:
A.8.4.5.2 Valves meeting this requirement should meet the testing requirements of API 607, Testing of Valves - Fire

Type - Testing Requirements, or similar test.
Accepted with an editorial revision.
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_______________________________________________________________________________________________
59A-80     Log #CP8

_______________________________________________________________________________________________
Technical Committee on Liquefied Natural Gas,

Revise 8.4.5.2 (2) to read:
(2) Fire in the immediate vicinity of the vaporizer.

Revised to be consintent with the committee's action on proposal Log # 53.

_______________________________________________________________________________________________
59A-81     Log #50

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Delete text as follows:
8.4.5.2(2) Remove * from section number and remove annex material
8.4.5.2(2)* The occurrence of a fire is detected by an instrument designed for the purpose and located to detect a fire

in the covered area.
A.8.4.5.2(2) The detector can detect the infrared (IR) or ultraviolet (UV) emission signature from the fire.

Instrumentation used to detect fires is not limited to those listed in the annex material (e.g. heat and
smoke detectors).

_______________________________________________________________________________________________
59A-82     Log #51

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.4.5.2(3)  Low temperature in the vaporizer discharge line.

Clarifies intent.

_______________________________________________________________________________________________
59A-83     Log #52

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.4.6  Add * to section number and new annex material as shown.
* Any ambient vaporizer or a heated vaporizer installed within 50 ft (15 m) of an LNG container shall be equipped with

an automatic shutoff valve in the LNG liquid line.
A8.4.6 Valves meeting this requirement would be designed to meet the testing requirements of API 607, Testing of
Valves - Fire Type - Testing Requirements, or similar test.

Valves designed to close when exposed to a fire should be tested to a standard such as API 607.
Material is added for the reader in Annex "A" to clarify this.

Add a new A.8.4.5.2 to read:
A.8.4.5.2 Valves meeting this requirement should meet the testing requirements of API 607, Testing of Valves - Fire

Type - Testing Requirements, or similar test.
The comment is accepted and the text is revised to use "should" as required for requirements

in NFPA standards.
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_______________________________________________________________________________________________
59A-84     Log #53

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
8.4.6.1(2) Abnormal temperature sensed in the immediate vicinity of the vaporizer (fire) The occurrence of a fire is

detected by an instrument designed for the purpose and located to detect a fire in the covered area.
This text should read the same as 8.4.5.2(2)since the statement is almost identical.

Revise 8.4.6.1 (2) to read:
(2) Fire in the immediate vicinity of the vaporizer.

Accepted with an editorial revision

_______________________________________________________________________________________________
59A-85     Log #170

_______________________________________________________________________________________________
Leon A. Bowdoin, Jr., Weaver’s Cove Energy

Revise Chapter 9 as follows:

***Insert Include Here***

***Insert Include Here***

Revise the following sections of chapter 9 and Annex A:
***Insert 59A_L170_Include_Act***
***Insert 59A_L170_Include_Act_Defs***

Chapter 9 is revised to be consistent with ASME B31.3, and to update it to current the current
level of technology.  The committee invites comments on the revised chapter.
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9.1 Scope. This chapter presents the design, 
construction, installation, and examination inspection 
requirements for piping systems and components. 

ASME B31.3 distinguishes between Inspection & 
Examination. Inspection applies to functions performed 
by the Owner’s Inspector. Examinations apply to 
quality control functions performed by the manufacturer 
(for components), fabricator or erector. 

9.2 General. 

9.2.1 All piping systems except those which are part of 
or within an LNG Container shall be in accordance with 
ASME B 31.3, Process Piping.  Refer to paragraph 
7.1.3 for piping which is part of a tank operating at less 
than 15 psi.  Refer to paragraph 7.4.2.7 and 
paragraph13.14 for piping which is part of a tank 
operating at 15 psi or greater. 
 

 

9.2.1: Change to reinforce that all elements (design, 
fabrication, examination & testing) of ASME B31.3 
normally apply and to address piping that is part of or 
within an LNG container/tank for requirements in 
addition to ASME B31.3. 

 

 

 

*NEW 
 

A.9.2.1  Piping which is "part of or within the LNG 
container"  is all piping within  the storage tank system or 
container and includes piping attached to the tank or 
container out to the first flange, piping out to the first 
connection if threaded and piping out to the first 
circumferential weld where there is no flange.  Annulus 
piping is considered to be within the storage tank 
system. 
Note that the new definitions will use the term storage 
tank system for API 620 and ACI 376 tanks.  Container 
would still apply to ASME Sec VIII storage vessels. 

 

Add to Annex A an explanation of the application of 
process piping versus LNG storage tank piping. 

Explanatory material for Annex A for 9.2.1 above. 

 

This note is needed to clearly delineate demarcations 
between the two codes and to ensure NFPA 59A is 
consistent with API 620 and ACI376. 

 

9.2.1.1 The additional provisions of this chapter 
supplement those in ASME B31.3 and shall apply to 
piping systems and components for flammable liquids 
and flammable gases. 

 

 

9.2.1.1:  To reinforce that ASME B31.3 is the base 
code and the requirements in NFPA 59A supplement 
that code for flammable liquids and flammable gases. 

 

 

 

9.2.1.3 Fire protection system piping shall meet the 
applicable NFPA fire codes referenced in Section 2.2. 

 

New 9.2.1.3: Clarify that fire protection requirements 
are local jurisdictional laws and must comply with the 
applicable NFPA fire code for the type of fire 
suppression system being employed. 

9.2.2.2(3) Category III — All Category III piping shall be 
designed for the design earthquake per ASCE 7, 
Minimum Design Loads for Buildings and Other 
Structures. At maximum, a response modification factor 

Rp of 6 shall be used. The importance value Ip shall be 

taken as 1.0.  
 

Revised to remove response & importance factors but 
to still mandate ASCE 7 be used for earthquake 
design. ASME B31.3 paragraph 301.5.3 requires 
earthquake loading “shall be taken into account” but 
that the ASCE 7 method of analysis may be used to 
comply. B31.3 allows the designer to use other 
methods which is sufficient without mandating specific 
response & importance factors. 

 
 
 
9.3.2.2 Where longitudinal welded or spiral welded pipe 
is used, the weld and the heat-affected zone shall 
comply with Section 323.2.2 of ASME B31.3, Process 
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Piping. 
9.3.2.2 All piping material shall meet the requirements in 
Chapter III of ASME B31.3 except: 
 
(A) Unlisted Materials may be used only if the 
requirements in paragraphs 323.1.2 and 323.2.3 are 
documented in the Engineering Design. 

(B) Unlisted Components may be used only if the 
requirements in paragraphs 326.1.2 and 326.2.2 are 
documented in the Engineering Design. 

 
 
Revised 9.3.2.2 (A) & (B): Reinforce that unlisted 
materials and components need to be evaluated in the 
engineering design for suitability during design phase, 
not after procurement or installation. 
 
 
 
 
 
 
 
 
 

9.3.3.3 Bends. 
 
(A) Bends shall be permitted only in accordance with 
ASME B 31.3, Process Piping, Section 332. 
Field bending shall not be allowed on any 300 series 
stainless steel or other cryogenic containment materials 
or components, except instrument tubing with a 
Minimum Design Temperature less than -20°F (−29°C) 
unless: 
 
(A) Allowed in the Engineering Design. 
(B) Performed using mechanical or hydraulic equipment 

and tools specifically designed for bending pipe. 
(C) The examination requirements of paragraphs 332.1 

and 332.2.1 in ASME B31.3 are verified for each 
bend, and specifically allowed by the Owner. 

 
(1) All bending and forming of piping material shall meet 

the requirements of ASME B31.3 Section 322, 
except that corrugated and creased bends are 
prohibited.* 

 
Add the following to the Annex: 
Piping Fabrication Institute (PFI) Standard ES-24 – 
―PIPE BENDING METHODS, TOLERANCES, 
PROCESS AND MATERIAL REQUIREMENTS” shall 
be used as a guide for all pipe bending. 

 
 
Paragraphs (A) & (B) format revised & revised to limit 
concerns for uncontrolled field bending of austenitic 
stainless steels and other piping materials or 
components. 
 
 
 
 
Mandating that if field bending is used, the engineering 
design shall address suitability. 
 
Reinforcing that suitable equipment specific to bending 
pipe is required for field bending. 
 
Reinforcing the ASME B31.3 Code requirements for 
the examination of bends for Code acceptance. 
 
 
 
Prohibit corrugated & creased bends to eliminate 
potential for stress corrosion cracking due to stress 
raisers as well as difficulty coating & insulating 
corrugations or creases on the OD of piping. 
 
Added reference to PFI ES-24 to provide guidance on 
correct bending methods and good practices. 

 
9.3.4.1 In addition to complying All valves shall comply 
with ASME B 31.3, Process Piping, Section 307, except:  
 
(A) valves shall comply Valves complying with ASME 
B 31.5, Refrigeration Piping; ASME B 31.8, Gas 
Transmission and Distribution Piping Systems; or API 
6D, Specification for Pipeline Valves, may be used if 
suitable for the design conditions. if design conditions 
fall within the scope of those standards. 
 
(B) Unlisted valves may only be used if the 
requirements in ASME B31.3 paragraph 307.1.2 are 
documented in the Engineering Design.  

 
 
Revision is editorial to reinforce that all valves shall 
comply with B31.3. 
 
 
Paragraph (A) new paragraph (B) revision and format 
change is editorial for clarity and [new paragraph (B)] 
to reinforce that unlisted valves/components need to be 
evaluated in the engineering design for suitability 
during design phase, not after procurement or 
installation. 
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9.4 Installation. 
 
9.4.1 Piping Joints. 
 
9.4.1.2 Pipe joints larger than 2 in. (50 mm) nominal 
diameter shall be welded or flanged. 
 
(A) Tubing joints shall be in accordance with 
paragraph 315 in ASME B31.3. 
 
9.4.1.3 - The following pipe joints are prohibited 
 
(A) Expanded Joints per paragraph 313 in ASME B31.3 
(B) Caulked Joints per paragraph 316  in ASME B31.3 
(C) Special Joints per paragraph 318  in ASME B31.3 
 
9.4.1.4 Special Components which are unlisted per 
304.7.2 of ASME B31.3 shall be based on design 
calculations consistent with the design criteria of ASME 
B31.3. Calculations shall be substantiated by one or 
both of the means stated in 304.7.2 (a), (b) or both. 
 

 
 
 
 
 
 
 
New 9.4.1.2(A) to address Team Comments to 
reinforce the ASME B31.3 Code requirements for tube 
connections. 
 
New 9.4.1.3 (A), (B) & (C): Reinforce restrictions on 
expanded joints, caulked joints & special joints as 
currently allowed in ASME B31.3. 
 
 
 
Renumber as required. 
 
 
 
 

9.4.1.6 Dissimilar metals shall be joined by flanges or 
transition joint techniques that have been proven by test 
at the intended service conditions, except dissimilar 
metal structural attachments (clips, lugs, plugs, ears, 
shoes, trunnions, stanchions, skirts, anchors, guides 
etc.) may be welded to process piping. 
 

This revision is to make clear that dissimilar metal 
internal or external attachments to process piping are 
acceptable without the need for a test to prove 
suitability. Carbon, low alloy steel pipe supports or 
attachments may be suitable for austenitic stainless 
steel or 9% nickel steel piping or the use of austenitic 
stainless supports and attachments on 9% nickel steel. 
 

9.4.1.7 Where gaskets are subject to fire exposure, they 
shall be resistant to fire exposure based on the following 
test. 
 
(A) Testing protocol shall follow API 6FB, ―On-shore 
Non-bending,‖ with a test pressure of 1.5 x 100

o
F 

pressure rating of the flange. 
 
Allowable leakage rates shall meet API 6FB. 

Revision is required because the current NFPA 59A 
mandates gaskets be resistant to fire exposure but 
provides no mechanism or rules to show fire 
resistance, does not provide testing protocols or test 
acceptance criteria. Codes can not mandate a 
requirement unless the requirement can be shown to 
be met by calculation, examination, test etc. 

9.4.3 Welding and Brazing. 

 
All pressure containment, B31.3 piping, and component 
welding and brazing in or for any LNG facility shall be in 
accordance to Section IX of the ASME BPV Code. 
 

 
 
New paragraph to reinforce the minimum requirements 
for welding procedure and performance qualifications. 
 

9.4.3.1 Qualification and performance of welders shall 
be in accordance with Section 328.2 of ASME B31.3, 
Process Piping. and 9.4.3.2 of this standard. 
 

9.4.3.1: Revision for clarity.  Chapter V in B31.3 is ALL 
inclusive for welding procedure & welder performance 
qualifications, including the additional B31.3 
requirements over those in ASME Section IX. 
 

9.4.3.2 For the welding of impact-tested materials, 
qualified welding procedures shall be selected to 
minimize degradation of the low-temperature properties 
of the pipe material. 

9.4.3.2: Rules for low temperature impact testing in 
ASME B31.3 is all inclusive.  Can not quantify or 
characterize ―minimize degradation of the low 
temperature properties‖ as meeting the Code notch-
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 toughness requirements does.  Paragraph not needed. 

9.4.3.3 For the welding of attachments to unusually thin 
pipe, procedures and techniques shall be selected to 
minimize the danger of burn-throughs. 
 

Delete language. 
 Cannot quantify or characterize ―selected to minimize 
the danger of burn throughs.‖  Meeting the ASME 
B31.3 joint fit-up, welding and NDE requirements as 
well as the welding procedure & welder performance 
qualification rules will preclude this as the condition will 
not meet Code criteria.  Paragraph not needed. 
 

9.4.3.5 Brazing and Brazed connections which are part 
of components that are separately qualified are 
acceptable when made manufactured in accordance 
with paragraphs 317.2, 333.1, 333.2, 333.3 and 333.4 in 
ASME B31.3. ASME B&PV Sect IX and approved for 
the service environment  
 
Brazed connections which are part of a B31.3 piping 
system shall be qualified per ASME B&PV Section IX 
and are limited to a minimum service temperature of -
20F (-29

0
C) and warmer. The system shall be subjected 

to Appendix G, Safeguarding, of ASME B31.3. Brazed 
connections may be used for service temperatures 
colder than -20F (-29

0
C) if specified in the Engineering 

Design and approved by the Owner. 
 
 

B31.3 currently & has for years, required safeguarding 
for brazed or brazed welded joints used in flammable 
services and requires consideration of the brazing alloy 
melting temperature if exposed to fire. Paragraph 
9.4.3.4 precludes the use of oxy-fuel welding but 
furnace brazed, induction brazed etc. joints are used in 
cold boxes as part of equipment & vessels but needs to 
be restricted for fabrication & installation of cryogenic 
piping as there is no good volumetric examination 
techniques for brazed joints. Thus the mandated 
Engineered Safeguards per Appendix G in B31.3 is 
required.  Note the ―Engineered Safeguards‖ requires 
the use of Section G300.3 of B31.3 in lieu of just 
General Considerations or Safeguarding strictly by 
plant layout & operation. 
 

9.4.4 Pipe Marking. Markings on pipe shall comply with 
the following: 
 
(1) Markings shall be made with a material compatible 
with the pipe material, such as chalk, wax-base 
crayons, or marking inks with organic coloring or with a 
round bottom, low-stress die, interrupted dot-die or 
vibra-etch. 
 
(2)*Materials less than 1⁄4 in. (6.435 mm) in thickness 
shall not be die stamped. 

9.4.4(1): Strictly editorial to allow vibra-etch & 
interrupted dot-die tools. 
 
 
 
 
 
 
 
Editorial to conform with reasonable metric 
conversions. 

9.7 Inspection, Examination and Testing of Piping. 
 
Inspection, Examination and Testing shall be performed 
in accordance with Chapter VI of ASME B31.3 to 
demonstrate sound construction, installation and leak 
tightness.  Unless specified otherwise in the 
Engineering Design, piping systems for flammable 
liquids and flammable gases shall be examined and 
tested per the requirements of ASME B31.3 Normal 
Fluid Service. 
 

9.7: Wording consistent with B31.3. 
 
 
Added new paragraph to make it clear that Normal 
Fluid Service shall be used for examination & testing 
requirements, unless specified otherwise in the 
engineering design. 
 

9.7.1 Pressure Leak Testing. 
 
 

Leak testing is the proper terminology not pressure 
testing. 
 

 
9.7.1.1 Leak testing Pressure tests shall be conducted 
in accordance with ASME B31.3, Process Piping 
Section 345. 
 

 
ASME B31.3 Section 345 requires ―Leak Testing‖ 
which sets requirements for the test pressure based on 
a percentage of the design pressure multiplied by a 
temperature correction factor for hydrostatic or 
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combination hydrostatic – pneumatic test. B31.3 only 
requires ―Leak Testing‖, this testing is not a mechanical 
strength or structural integrity test or a proof test of the 
piping & components.  The only acceptance criterion is 
―No visible Leaks at all joints and connections.‖ The 
B31.3 leak test is not used to ―challenge‖ the structural 
integrity of a piping system. 

9.7.1.2 To avoid possible brittle failure, carbon and low-
alloy steel piping shall be pressure leak tested at metal 
temperatures suitably above their nil ductility transition 
temperature. 

ASME B31.3 Section 345 requires ―Leak Testing‖ 
which sets requirements for the test pressure based on 
a percentage of the design pressure multiplied by a 
temperature correction factor for hydrostatic or 
combination hydrostatic – pneumatic test. B31.3 only 
requires ―Leak Testing‖, this testing is not a mechanical 
strength or structural integrity test or a proof test of the 
piping & components.  The only acceptance criterion is 
―No visible Leaks at all joints and connections.‖ The 
B31.3 leak test is not used to ―challenge‖ the structural 
integrity of a piping system. 

 
9.7.2.1 Records of pressure, test medium temperature, 
and ambient temperature shall be maintained for the 
duration of each test. A record of each leak test shall be 
made per paragraph 345.2.7 in ASME B31.3, and as a 
minimum documenting the test date, test pressure, test 
fluid, the procedure used for the test, the test 
boundaries and certification by the examiner.  

 
9.7.2.1: Mandating a continuous record of the test 
medium or air temperature during leak testing is not 
needed. Paragraph 9.7.1.2 takes care of the brittle 
fracture concern (base metal) so whether the air 
temperature is or the hydro test water or pneumatic 
test gas is at 5

o
C or 25

o
C is superfluous. All that is 

needed is a record that the test was performed at the 
required pressure, for the required minimum duration, 
where the test boundaries are and there were no 
visible leaks. 

9.7.3 Welded Pipe Examinations Tests. 
 

9.7.3: Use consistent verbiage to conform with B31.3. 
 

9.7.3.1 Longitudinal welded pipe that is subjected to 
service minimum design temperatures below −20°F 
(−29°C) shall meet one of the following requirements: 
(1) It shall have a design pressure of less than two-
thirds the mill proof test pressure or subsequent shop or 
field hydrostatic test pressure. 
(2) ItThe longitudinal or spiral weld shall be subjected to 
100 percent radiographic or ultrasonic examination in 
accordance with paragraph 302.3.4 and Table A-1B in 
ASME B31.3 to provide a basic longitudinal weld joint 

Quality Factor Ej of 1.0 or as allowed in Table 302.3.4 

for Ej equal to 1.0. inspection of the longitudinal or spiral 

weld. 
 

9.7.3.1: Clarify the ASME B31.3 rules for longitudinal 
joint efficiency and remove the requirement for 
comparison to mill test pressures as these only have to 
meet the minimum material specification requirements 
(ASTM, ASME etc.) which could vary dramatically in a 
single system due to material changes based on size 
and design conditions and due to different mills testing 
the same specification, grade & wall thickness of pipe 
at different pressures. Same comment for comparisons 
to shop or field leak testing pressures as the ASME 
B31.3 mandates a ―minimum‖ test pressure, thus there 
may be large difference between shop & field leak test 
pressures. 
 

9.7.3.2 All circumferential butt and miter groove welds 
and branch connection welds comparable to Figure 
328.5.4E in ASME B31.3 welds subjected to service 
minimum design temperatures below −20°F (−29°C) 
shall be examined fully by radiographic or ultrasonic 
examination in accordance with Chapter VI Sections 
341 and 344 in ASME B31.3 except as modified by 
paragraphs (A) and (B) below. inspection. 
 

9.7.3.2: Editorial to incorporate B31.3 Code verbiage. 
 

(A) Liquid drain and vapor vent piping with an operating 9.7.3.2(A): Trying to determine hoop stress along the 
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pressure that produces a hoop stress of less than 20 
percent specified minimum yield stress shall not be 
required to be 100% nondestructively tested if it has 
been inspected visually examined, as a minimum, in 
accordance with chapter VI, Sections 341 and 344  in 
ASME B31.3, Process Piping, Section 344.2. 

length of vent/drain piping will be very difficult. In 
addition, there may be different specification & grades 
of pipe material used in the same piping system as well 
as piping components where a calculation of hoop 
stresses may vary wildly. ASME B31.3 uses the term 
―examination‖ and considers nondestructive 
examination to be visual or liquid penetrant, or 
magnetic particle, or radiographic or ultrasonic 
examination. Just stating ―nondestructively tested‖ is 
meaningless so a change was made to require 100% 
visual examination which is adequate for vents & 
drains welds. 
 

(B) Pressure Piping operating with minimum design 
temperature at or above operating above−20°F (−29°C) 
−20°F (−29°C) shall have random 20 percent 
radiographic or ultrasonic examination of circumferential 
butt and miter groove welds and branch connection 
welds comparable to Figure 328.5.4E in accordance 
with Chapter VI, Sections 341 and 344 in ASME B31.3. 
of each day’s circumferentially welded pipe joints 
nondestructively tested over the entire circumference, in 
accordance with ASME B 31.3.  

(B): Chapter VI in ASME B31.3 considers ―NDE‖ to be; 
visual or liquid penetrant, or magnetic particle, or 
radiographic or ultrasonic examination. Just stating 
―nondestructively tested‖ is meaningless. The intent 
was volumetric (RT or UT) examination. ASME B31.3 
NDE is based on Random examination by Lot of 
piping, not each day’s work. If the intent was for 30% of 
each welder’s work for each day, this should have 
been clarified. Random 20% is in line with what B31.3 
requires for Category M Fluid Service (A fluid service 
in which the potential for personnel exposure is 
judged to be significant and in which a single 
exposure to a very small quantity of a toxic fluid, 
caused by leakage, can produce serious 
irreversible harm to persons on breathing or bodily 
contact, even when prompt restorative measures 
are taken).  Random 20% volumetric examination for 
flammable fluids & gases with MDMT at or above 
−20°F (−29°C) is more than sufficient and exceeds 
what has been & is currently being done for flammable 
liquids & gases in oil refineries & chemical plants. 

9.7.3.3 All socket welds and fillet welds, for piping with a 
design minimum temperature below -20°F (−29°C), 
including internal and external attachment welds, shall 
be 100% examined visually and fully by liquid penetrant 
or magnetic particle examination in accordance with 
Chapter VI, Sections 341 and 344, in ASME B31.3 
except for the following: inspection. 
 

9.7.3.3: Socket welds, fillet welds at slip-on flanges & 
internal & external attachments are simple to make. 
Note that for B31.3, if liquid penetrant or magnetic 
particle examinations are mandated, the acceptance 
criterion is ―No cracks.‖ All other surface type defects, 
undercut, surface porosity, exposed slag, incomplete 
penetration that would be seen on MT or PT are only 
picked up by B31.3 visual examination and ignored for 
MT & PT. I corrected this to require 100% visual 
examination as well. 
 

 
(A) All socket welds and fillet welds for Ppiping with 
minimum design temperature at or above −20°F 
(−29°C) shall have all socket and fillet welds, including 
internal and external attachment welds, 100% visually 
examined in accordance with Chapter VI, Sections 341 
and 344 in ASME B31.3. 

 
New paragraph (A) needed to specify the minimum 
NDE to be applied. 100% visual examination is 
sufficient for socket & fillet welds for piping systems 
with an MDMT > −20°F and added the reference to 
attachment welds to be consistent. 

9.7.3.4 All fully penetrated groove welds for branch 
connections, welds not radiographed or ultrasonically 
examined as required by ASME B31.3, Process Piping,                   
Section 328.5.4, shall be fully examined per ASME 
B31.3 Chapter VI, Sections 341 and 344 as follows: 

9.7.3.4: Revision for clarity and the addition of an 
Annex A note to reinforce the ASME B31.3 
requirement that all branch connection welds are to be 
full penetration welds. 
 



                   REVISION   RATIONALE 

 

 59A/L170/Tb/A2011 

 7 

 
(A) For piping with design temperatures below - 20°F 
(−29°C), all branch connections shall be 100% visually 
examined and by liquid penetrant or magnetic particle 
examination. 
 
(B) For piping with design temperatures at or above - 
20°F (−29°C), all branch connections shall be 100% 
visually examined. 
 
by one of the following methods: 
 
(1) By in-process examination in accordance with ASME 
B31.3, Section 344.7 and by liquid penetrant or 
magnetic particle techniques after the final pass of the 
weld 
 (2) By radiographic or ultrasonic techniques where 
specified in the engineering design or specifically 
authorized by the inspector 
[Add the following to Annex A: 
All branch connections shall be attached to the run pipe 
by full penetration groove welds. See paragraph 
328.5.4(d) in ASME B31.3] 

 
Mandating 100% In-Process visual examination is not 
needed for piping systems with MDMT < -20

o
F. With 

the potential number of set-on or set-thru branch 
connections used in chemical plant piping, requiring an 
examiner be present to examine/verify: 

 joint preparation (cutting, machining etc) 

 joint cleanliness, joint fit-up, joint clearances 

 joint alignment, welding position & weld filler, 

 root pass & condition of all other passes 

 document the examinations were performed 
 
is NOT needed. 100% visual + MT or PT on the final 
weld surface is sufficient. 
 
 
For existing paragraph 9.7.3.4(2), only full penetration 
butt welds are deemed to be radiographable in ASME 
B31.3. Set-on or Set-thru branch connections are not 
made using butt weld connections.  Only branch welds 
depicted in Figures 324.5.4E(1) & (2) are deemed 
suitable for RT, those shown in Figures 328.5.4D[(1) – 
(5)] are NOT deemed suitable for examination by RT. 
Revised paragraph 9.7.3.2 takes care of the 
examination of butt welded branch connection. 
 
For piping systems with MDMT > -20

o
F, 100% visual 

examination is adequate when coupled with all other 
Code rules. 

9.7.4 Inspection Examination Criteria. 
 
9.7.4.1 Nondestructive examination methods, limitations 
on defects, and the qualifications of the authorized 
inspector, and the personnel performing and interpreting 
the examinations shall meet the requirements of ASME 
B31.3, Chapter VI, Sections 341 through 344 Process 
Piping, Sections 340, 342, and 344. and the following: 
 
(A) The requirements of Normal Fluid Service shall 

apply as a minimum for examination acceptance 
criteria, unless specified otherwise in the 
Engineering design. 

(B) Personnel performing nondestructive examinations 
shall, as a minimum, be qualified Level I per ASNT 
SNT-TC-1A or an equivalent qualification standard. 

(C) Personnel interpreting nondestructive examinations 
shall, as a minimum, be qualified Level II per ASNT 
SNT-TC-1A or an equivalent qualification standard. 

(D) Nondestructive examinations shall be performed in 
accordance with written procedures meeting all the 
requirements of ASME BPV Code Section V, as 
applicable to the specific NDE method. 

 
 

 

 

 

 

9.7.4: Use correct Code verbiage. 
 
9.7.4.1 Add new paragraphs (A), (B) (C) & (D): Needed 
to add that the personnel ―interpreting‖ examinations 
be addressed. 
 
 
 
 
Reinforcing that normal fluid service criterion shall be 
used as a minimum for examination requirements 
unless specified different in the engineering design.  
 
Standard needs to address the minimum 
qualification/certification requirements for personnel 
performing and interpreting the nondestructive 
examinations, to ensure properly trained and 
competent personnel examine NFPA 59A piping 
installations. 
 
Mandate all NDE shall be performed in accordance with 
written procedures which meet minimum requirements 
for equipment, technique, set-up, calibrations, records, 
and procedure qualifications. 
 
Clarifying the minimum acceptance criteria to be used 
is important.  Applying the acceptance criteria used for 
severe cyclic conditions to try to achieve better quality 
for cryogenic piping will be onerous to fabricators & 
installers.  The severe cyclic condition acceptance 
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criteria should be limited to those piping systems that 
meet the definition in paragraph 300.2 (Severe Cyclic 
Conditions) in ASME B31.3. 
 
 
 
 
 

9.7.4.2 Substitution of in-process examination for 
radiographic radiography or ultrasonic examination, 
ultrasonics as permitted in ASME B31.3, Process 
Piping, paragraph 341.4.1 shall be permitted on a weld-
for-weld basis only if specified in the Engineering 
design, specifically approved by the Owner and 
supplemented by the following additional nondestructive 
examinations: prohibited 
(A) 100% Liquid Penetrant or Magnetic Particle 

examination shall be performed at the lesser of ½ 

the weld thickness or each ½ inch (12.5 mm) of 

weld thickness. 
(B) 100% Liquid Penetrant or Magnetic Particle 

examination shall be performed on all accessible 
final weld surfaces. 

 

9.7.4.2: This removes hardships on installation where 
RT examinations may be restricted due to radioactive 
source limitations, radioactive source restrictions in 
foreign countries as well as personnel radiation safety 
concerns & weld locations. Ultrasonic examination is 
relatively more specialized than other NDE methods & 
in some areas there is difficulty getting qualified 
personnel. The restriction is on a weld-for-weld basis, 
must be specified in the engineering design as an 
allowable substitution, have agreement for its use from 
the Owner and supplement the visual examination with 
other NDE (PT, MT etc.). Added paragraphs (A) & (B) 
to be more prescriptive as to what is meant by 
―additional nondestructive examinations.‖ 
 

9.7.5 Record Retention. 
 
9.7.5.1 Test and examination records and written 
procedures required within this standard and within 
ASME B31.3, Process Piping, paragraphs 345.2.7, and 
346  343 respectively, when conducting nondestructive 
examinations shall be maintained for the life of the 
piping system by the facility Owner or until such time as 
a re-examination is conducted. 
 

9.7.5.1: Clarified that it is the facility Owner’s 
responsibility to obtain & maintain records, not the 
material manufacturers, the spool fabricators or the 
installation forces. Reference is added to the other 
applicable Code paragraph 346. 
 

 
9.7.5.2 Records and certifications pertaining to 
materials, components, and material heat treatment as 
required by ASME B31.3, Process Piping, 
subparagraphs 341.4.1(c) and 341.4.3(d) and Section 
346 shall be maintained by the facility Owner for the life 
of the system. 

 
9.7.5.2: Clarified that it is the facility Owner’s 
responsibility to obtain & maintain records, not the 
material manufacturers, the spool fabricators or the 
installation forces. No need to address Severe Cyclic 
piping as it references 341.4.1(c).  

9.11 Cryogenic Pipe-in-Pipe Installations Systems 
 
9.11.1 General. The design of this cryogenic pipe shall 
address the following issues: 
 
(1) Seismic, geotechnical concerns, installation, and the 
concern that it be designed to perform its function 
without failure 
 
(2) Dynamic loading and static loading conditions of 
both the inner and outer pipes 
 
(3) Specification of the Maximum relative motion 
between the inner and outer pipes 
 
9.11.2 Inner Pipe. The inner pipe assembly shall be 

 
 
9.11.1 Clarification needed in (2) and (3). 
 
 
 
 
 
 
 
 
 
 
 
 
9.11.2:  This is strictly editorial to reinforce that all 
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designed, and fabricated, examined and tested in 
accordance with ASME B31.3, Process Piping., and 
inspection levels shall be specified. 
 
9.11.2.1 As a minimum, Normal Fluid Service 
requirements shall be met, unless specified otherwise in 
the Engineering Design. 
 
9.11.3 Outer Pipe. The outer pipe assembly shall be 
designed, and fabricated, examined and tested in 
accordance with the requirements of ASME B31.3, 
Process Piping. 
 

elements (design, fabrication, examination & testing) of 
ASME B31.3 apply. 
 
 
New 9.11.2.1: New paragraph needed to specify the 
minimum acceptance criteria to be applied. 
 
 
9.11.3:  This is strictly editorial to reinforce that all 
elements (design, fabrication, examination & testing) of 
ASME B31.3 apply to the jacket pipe as well. 
 

9.11.3.1 As a minimum, Normal Fluid Service 
requirements shall be met, unless specified otherwise in 
the Engineering Design. 
 

New 9.11.3.1: New paragraph needed to specify the 
minimum acceptance criteria to be applied. 

 
9.11.4.1 If the outer jacket functions as the secondary 
containment system in a full-containment piping 
system, the outer jacket shall be designed to withstand 
and carry the full inner pipe product and shall be 
designed fabricated, examined and tested in 
accordance with the requirements of ASME B31.3, 
Process Piping. 

 
To clarify that the outer pipe or jacket shall meet the 
design of B31.3. 

 
9.11.8.2 The design life of the expansion joint shall be 
defined and specified based on expected service 
conditions including number of cycles, corrosion and 
environment. 

 
Provide more detail around Expansion Joint design life 
to the owner from the designer. 

9.11.10  Pipe-in-Pipe Integrity 

9.11.10.1 Pipe-in-Pipe designs for underground or 
buried in navigable waterways should address the 
following; 

(1) Pipe when buried on land, shall be buried to a 
minimum of 3ft. of cover. 

(2) Pipe when buried in navigable waterways should be 
buried to minimum depth of 5ft. of cover. 

(3) The engineering design of buried pipe in navigable 
waters shall also consider additional cover to 
minimize the possibility of damage due to anchor 
drop or drag and ship grounding events. 

(4) Buried and submerged pipe should be designed 
with cathodic protection in accordance with NACE 
SP 0169. 

(5) The thermal integrity of the pipe-in-pipe system 
shall be determined by testing after installation. 

(6) The deleterious  effects of salt water, hydrocarbons, 
chlorides, induced current, and corrosion shall be 
considered in determining the integrity and 
effectiveness of the inner pipe, outer pipe, and the 
insulation for the pipe-in-pipe system, 

New section that provides additional detail around 
Pipe-in-Pipe design considerations. 
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Chapter 9 Piping Systems and Components 

9.1 Scope. This chapter presents the design, construction, installation, examination, 
and inspection requirements for process piping systems and components. 

9.2 General. 

9.2.1* All Process piping systems within the scope of ASME B31.3, except those which 
are part of or within an LNG Container shall be in accordance with ASME B 31.3, 
Process Piping.  

9.2.1.1 The additional provisions of this chapter supplement those in ASME B31.3 and 
shall apply to piping systems and components for flammable liquids and flammable 
gases. 
9.2.1.3 Fire protection system piping shall meet the applicable NFPA standards in 
Section 2.2. 
9.2.2.2(3) Category III — All Category III piping shall be designed for the design 
earthquake per ASCE 7, Minimum Design Loads for Buildings and Other Structures. At 
maximum, a response modification factor Rp of 6 shall be used. The importance value 
Ip shall be taken as 1.0.  
9.3.2.2 Where longitudinal welded or spiral welded pipe is used, the weld and the heat-
affected zone shall comply with Section 323.2.2 of ASME B31.3, Process Piping. 
9.3.2.2 All piping material shall either meet the requirements in Chapter III of ASME 
B31.3 or conform with ASME B31.3, paragraphs 323.1.2 and 323.2.3 and be 
documented in the engineering design. 
9.3.2.3 All piping components shall either meet the requirements in Chapter III of ASME 
B31.3 or conform with ASME B31.3, paragraphs 326.1.2 and 326.2.2 and be 
documented in the engineering design. 
9.3.4.1 Valves shall comply with one of the following: 
(1) B31.3, paragraph 307.1.1. 
(2) B31.5, B31.8 or API 6D, where suitable for the design conditions. 
(3) ASME B31.3, paragraph 307.1.2 where documented in the Engineering Design. 
9.4 Installation. 
9.4.1 Piping Joints. 
9.4.1.2 Pipe joints larger than 2 in. (50 mm) nominal diameter shall be welded or 
flanged. 
(A) Tubing joints shall be in accordance with paragraph 315 in ASME B31.3. 
9.4.1.3 – The following pipe joints are prohibited 
1. Expanded Joints per paragraph 313 in ASME B31.3 
2. Caulked Joints per paragraph 316 in ASME B31.3 
3. Special Joints per paragraph 318 in ASME B31.3 
9.4.1.4 Special Components which are unlisted per 304.7.2 of ASME B31.3 shall be 
based on design calculations consistent with the design criteria of ASME B31.3. 
Calculations shall be substantiated by one or both of the means stated in 304.7.2 (a), 
(b) or both. 
9.3.3.3 Bends. 
(A) Bends shall be permitted only in accordance with ASME B 31.3, Process Piping, 
Section 332. Corrugated and creased bends shall be prohibited. 
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(B) Field bending shall not be permitted on any 300 series stainless steel or other 
cryogenic containment materials or components, except instrument tubing with a 
Minimum Design Temperature less than -20°F (−29°C) unless: 
(1) Performed in accordance with the engineering design.  
(2) Performed using mechanical or hydraulic equipment and tools specifically designed 
for bending pipe. 
(3) The examination requirements of paragraphs 332.1 and 332.2.1 in ASME B31.3 are 
used to verify each bend. 
(4) All bending and forming of piping material shall meet the requirements of ASME 
B31.3 Section 332, except that corrugated and creased bends are prohibited.* 
9.4.3 Welding and Brazing. All pressure containment, B31.3 piping, and component 
welding and brazing in or for any LNG facility shall be in accordance to Section IX of 
the ASME Boiler and Pressure Vessel Code. 
9.4.3.1 Qualification and performance of welders shall be in accordance with Section 
328.2 of ASME B31.3, Process Piping. and 9.4.3.2 of this standard. 
9.4.3.2 For the welding of impact-tested materials, qualified welding procedures shall 
be selected to minimize degradation of the low-temperature properties of the pipe 
material. 
9.4.3.3 For the welding of attachments to unusually thin pipe, procedures and 
techniques shall be selected to minimize the danger of burn-through. 
9.4.3.5 Brazing and Brazed connections shall be in accordance with paragraphs 317.2, 
333.1, 333.2, 333.3 and 333.4 in ASME B31.3.  
9.4.3.6 Brazed connections which are part of a B31.3 piping system shall be limited to 
a minimum service temperature of -20F (-290C) and warmer. The system shall be in 
accordance with Appendix G, Safeguarding, of ASME B31.3. Brazed connections used 
for service temperatures colder than -20F (-290C) shall be specified in the engineering 
design and approved by the operator. 
9.4.4 Pipe Marking. Markings on pipe shall comply with the following: 
(1) Markings shall be made with a material compatible with the pipe material. 
(2)*Materials less than 1⁄4 in. (6.435 mm) in thickness shall not be die stamped. 
9.7 Inspection, Examination and Testing of Piping. Inspection, Examination and 
Testing shall be performed in accordance with Chapter VI of ASME B31.3 to 
demonstrate sound construction, installation and leak tightness. Unless specified 
otherwise in the engineering design, piping systems for flammable liquids and 
flammable gases shall be examined and tested per the requirements of ASME B31.3 
Normal Fluid Service. 
9.7.1 Pressure Leak Testing. 
9.7.1.1 Leak testing Pressure tests shall be conducted in accordance with ASME 
B31.3, Process Piping Section 345. 
9.7.1.2 To avoid possible brittle failure, carbon and low-alloy steel piping shall be 
pressure leak tested at metal temperatures above their nil ductility transition 
temperature. 
9.7.2.1 Records of pressure, test medium temperature, and ambient temperature shall 
be maintained for the duration of each test. A record of each leak test shall be made 
per paragraph 345.2.7 in ASME B31.3.  
9.7.3 Welded Pipe Examinations Tests. 
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9.7.3.1 Longitudinal welded pipe that is subjected to service minimum design 
temperatures below −20°F (−29°C) shall meet one of the following requirements: 
(1) It shall have a design pressure of less than two-thirds the mill proof test pressure or 
subsequent shop or field hydrostatic test pressure. 
(2) ItThe longitudinal or spiral weld shall be subjected to 100 percent radiographic or 
ultrasonic examination in accordance with paragraph 302.3.4 and Table A-1B in ASME 
B31.3 to provide a basic longitudinal weld joint Quality Factor Ej of 1.0 or as allowed in 
Table 302.3.4 for Ej equal to 1.0. inspection of the longitudinal or spiral weld. 
9.7.3.2 All circumferential butt and miter groove welds and branch connection welds 
comparable to Figure 328.5.4E in ASME B31.3 welds subjected to service minimum 
design temperatures below −20°F (−29°C) shall be examined fully by radiographic or 
ultrasonic examination in accordance with Chapter VI Sections 341 and 344 in ASME 
B31.3 except as modified by 9.7.3.2 (A) and (B). inspection. 
(B) Pressure Piping with minimum design temperature at or above operating 
above−20°F (−29°C) shall have random 20 30 percent radiographic or ultrasonic 
examination of circumferential butt and miter groove welds and branch connection 
welds comparable to Figure 328.5.4E in accordance with Chapter VI, Sections 341 and 
344 in ASME B31.3. of each day’s circumferentially welded pipe joints nondestructively 
tested over the entire circumference, in accordance with ASME B 31.3.  
9.7.3.3 All socket welds and fillet welds, for piping with a design minimum temperature 
below -20°F (−29°C), including internal and external attachment welds, shall be 100% 
examined visually and fully by liquid penetrant or magnetic particle examination in 
accordance with Chapter VI, Sections 341 and 344, in ASME B31.3 inspection. 
9.7.3.4 All fully penetrated groove welds for branch connections, welds not 
radiographed or ultrasonically examined as required by ASME B31.3, Process Piping, 
Section 328.5.4, shall be fully 100% examined per ASME B31.3 Chapter VI, Sections 
341 and 344 as follows: 
(A) For piping with design temperatures below - 20°F (−29°C), all branch connections 
shall be 100% visually examined and by liquid penetrant or magnetic particle 
examination. 
(B) For piping with design temperatures at or above - 20°F (−29°C), all branch 
connections shall be 100% visually examined. 
by one of the following methods: 
(1) By in-process examination in accordance with ASME B31.3, Section 344.7 and by 
liquid penetrant or magnetic particle techniques after the final pass of the weld 
 (2) By radiographic or ultrasonic techniques where specified in the engineering design 
or specifically authorized by the inspector 
9.7.4 Inspection Examination Criteria. 
9.7.4.1 Nondestructive examination methods, limitations on defects, and the 
qualifications of the authorized inspector, and the personnel performing and interpreting 
the examinations shall meet the requirements of ASME B31.3, Chapter VI, Sections 
341 through 344 Process Piping, Sections 340, 342, and 344. and the following: 
(A) The requirements of Normal Fluid Service shall apply as a minimum for 
examination acceptance criteria, unless specified otherwise in the Engineering design. 
(B) Personnel performing nondestructive examinations shall, as a minimum, be 
qualified Level I per ASNT SNT-TC-1A or an equivalent qualification standard. 
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(C) Personnel interpreting nondestructive examinations shall, as a minimum, be 
qualified Level II per ASNT SNT-TC-1A or an equivalent qualification standard. 
(D) Nondestructive examinations shall be performed in accordance with written 
procedures meeting all the requirements of ASME BPV Code Section V, as applicable 
to the specific NDE method. 
9.7.4.2 Substitution of in-process examination for radiographic radiography or 
ultrasonic examination, ultrasonics as permitted in ASME B31.3, Process Piping, 
paragraph 341.4.1 shall be permitted on a weld-for-weld basis only if specified in the 
Engineering design, specifically approved by the operator and supplemented by the 
following additional nondestructive examinations: prohibited 
(A) 100% Liquid Penetrant or Magnetic Particle examination shall be performed at the 
lesser of ½ the weld thickness or each ½ inch (12.5 mm) of weld thickness. 
(B) 100% Liquid Penetrant or Magnetic Particle examination shall be performed on all 
accessible final weld surfaces. 
9.7.5 Record Retention. 
9.7.5.1 Test and examination records and written procedures required within this 
standard and within ASME B31.3, Process Piping, paragraphs 345.2.7, and 346 343 
respectively, when conducting nondestructive examinations shall be maintained for the 
life of the piping system by the facility operator or until such time as a re-examination is 
conducted.  
9.7.5.2 Records and certifications certification pertaining to materials, components, and 
material heat treatment as required by ASME B31.3, Process Piping, subparagraphs 
341.4.1(c) and 341.4.3(d) and Section 346 shall be maintained by the facility operator 
for the life of the system. 
9.11 Cryogenic Pipe-in-Pipe Systems 
9.11.1 General. The design of this cryogenic pipe shall address the following issues: 
(1) Seismic, geotechnical concerns, installation, and it be designed to perform its 
function without failure. 
(2) Definition or specification of Dynamic loading and static loading conditions of both 
the inner and outer pipes. 
(3) Specification of the Maximum relative motion between the inner and outer pipes. 
9.11.2 Inner Pipe. The inner pipe assembly shall be designed, and fabricated, 
examined and tested in accordance with ASME B31.3, Process Piping., and inspection 
levels shall be specified.As a minimum, Normal Fluid Service requirements shall be 
met, unless specified otherwise in the Engineering Design. 
9.11.3 Outer Pipe. The outer pipe assembly shall be designed, and fabricated, 
examined and tested in accordance with the requirements of ASME B31.3, Process 
Piping.  
9.11.3.1 As a minimum, Normal Fluid Service requirements shall be met, unless 
specified otherwise in the Engineering Design. 
9.11.4.1 9.11.3.2 If the outer jacket functions as the secondary containment system in a 
full-containment piping system, the outer jacket shall be designed to withstand and carry 
contain the full inner pipe product and shall be designed, fabricated, examined and 
tested in accordance with the requirements of ASME B31.3, Process Piping. 
9.11.8.2 The design life of expansion joint shall be defined and specified based on 
expected service conditions including the number of cycles, corrosion and environment. 
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9.11.10 Installation 

9.11.10.1 Pipe when buried on land, shall be buried to a minimum of 3 ft. of cover. 

9.11.10.2 Pipe when buried in navigable waterways should be buried to minimum depth 
of 4 ft. of cover. 

9.11.10.3 The engineering design of buried pipe in navigable waters shall evaluate, and 
where necessary implement additional cover to minimize the possibility of damage due 
to anchor drop or drag and ship grounding events. 
Annex A: 
A.9.1 Refer to paragraph 7.1.3 for piping which is part of a tank operating at less than 
15 psi. Refer to paragraph 7.4.2.7 and paragraph13.14 for piping which is part of a tank 
operating at 15 psi or greater. 
A.9.2.1 Piping which is "part of or within the LNG container" is all piping within the 
storage tank system or container and includes piping attached to the tank or container 
out to the first flange, piping out to the first connection if threaded and piping out to the 
first circumferential weld where there is no flange. Annulus piping is considered to be 
within the storage tank system. 
A.9.3.3.3 Piping Fabrication Institute (PFI) Standard ES-24 – ―PIPE BENDING 
METHODS, TOLERANCES, PROCESS AND MATERIAL REQUIREMENTS‖ can be 
used as a guide for all pipe bending. 
A.9.7.3.4 All branch connections shall be attached to the run pipe by full penetration 
groove welds. See paragraph 328.5.4(d) in ASME B31.3 
Annex A 
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  Definition of terms 

  ALARP/ALARA (“As Low As Reasonably Practicable/Achievable”): This implies 
that the operator must make a demonstration that there are no further risk reduction 
measures which would be reasonably practicable for him/her to implement. A risk 
reduction measure is not reasonably practicable only if the costs of its implementation 
are grossly disproportionate in comparison with the benefits that are realizable. 
  Grossly disproportionate cost: When the cost of implementing a strategy or a 
system to reduce the risk by a unit quantity (i.e., the reducing the annual probability by 
an order of magnitude or reducing the consequence by an order of magnitude) is such 
that the marginal cost increase is higher 5% of the total cost of instituting the plant .  
  Event: An event is the combination of successive outcomes of LNG or other 
hazardous release and its subsequent hazard to persons exposed. 
  Fatality: The death of a person caused as a direct consequence of, and occurring 
within a short period of time after exposure to the hazards of LNG or other hazardous 
materials released from a LNG plant.  
  Individual Risk: The frequency, expressed in number of realizations per year, at 
which an individual, with continuous potential exposure, may be expected to sustain a 
serious or fatal injury. 
  Serious Injury: Any detrimental outcome of an event to a person exposed to or 
affected by the LNG or other in-plant hazardous material release, which results in the 
person requiring first-aid (to preserve life) or being treated and kept in a medical facility 
for at least 24 hours. 
  Societal Risk: is the cumulative risk exposure by all persons sustaining serious or 
fatal injury from an event in the LNG plant and is expressed graphically as a curve of 
the cumulative annual frequency of exposure exceedance vs. the number of people 
exposed, or the Frequency-Number (F-N) diagram. 



Report on Proposals  –  November 2011 NFPA 59A
_______________________________________________________________________________________________
59A-86     Log #150

_______________________________________________________________________________________________
John M. Blanchard, CB&I

Revise text to read as follows:

9.2.1  All piping systems shall be in accordance with ASME B 31.3, Process Piping.
9.4.2.5  The design and installation of an internal valve shall be such that any failure of the penetrating nozzle resulting

from external pipe strain is beyond the shutoff seats of the internal valve itself.

9.2.1  All piping systems except those which are part of or within an LNG container, shall be in accordance with ASME
B 31.3, Refer to  7.3.1.2 for piping which is part of an LNG container.
9.4.2.5 7.3.1.9 The design and installation of an internal valve shall be such that any failure of the penetrating nozzle

resulting from external pipe strain is beyond the shutoff seats of the internal valve itself.

Requirements for piping defined as part of an LNG tank system or an ASME LNG container are
defined by the standard which defines the container structure.
Relocating 9.4.2.5 to section 7.3 places this LNG tank system requirement  in a more logical location in the standard.

Refer to committee action on Proposal 59A-85 (Log #170).
The revised chapter incorporates the intent of the proposal.

_______________________________________________________________________________________________
59A-87     Log #158

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
. . . is exposed only to the low temperature of LNG or refrigerant gas or to the heat of fire . . .

The current wording excludes the isolation and stoppage of flow when carbon steel (and other
materials with a nil ductility transition temperature above -20F) is exposed to low temperatures. This safety standard is
common in LNG facilities.

This subject is already covered in 9.3.1.2

37Printed on  9/23/2010
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_______________________________________________________________________________________________
59A-88     Log #CP13

_______________________________________________________________________________________________
Technical Committee on Liquefied Natural Gas,

Revise text to read as follows:
1. Add a new 9.3.1.4 to read:

In addition to 9.3.1.3, pipe insulation assemblies used in areas where the mitigation of fire exposure is
necessary shall be one of the following:
a. comprised of noncombustible materials per ASTM  E 136 (see definition 3.3.19)
b. covered by an outer protective stainless steel jacket at least 0.02 inches thick
c. covered by an outer aluminum jacket at least 0.032 inches thick
d. determined to meet the conditions of acceptance in Appendix B of NFPA 274, 2009 edition (see Section B.3).
2. Add a new A.9.3.1.4

Pipe insulation assemblies tested in an NFPA 274  pipe chase apparatus are considered acceptable if the
following are all met during the 10-minute test [274:B.3, 2009]:
a. maximum peak heat release rate of 300 kW,
b. maximum total heat release of 83 MJ,
c. maximum total smoke release of 500 m2
d. any flames generated do not extend one (1) foot (0.3m) or more above the top

of the vertical portion of the apparatus at any time
e. Temperature of any of the three thermocouples specified should not exceed

538 °C (1000 °F)
3. Add a new definition of pipe insulation assembly to read:

The set of materials used for insulation of pipes, including the insulation, outer jacket,
vapor barrier and lap-seal adhesives.

The new paragraph add a new fire test which is more appropriate for evaluation of the fire
performance of pipe insulation assemblies in the installed condition.

_______________________________________________________________________________________________
59A-89     Log #54

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.3.2.4.1 Bottom penetration liquid lines on single containment tanks with aluminum inner tanks and cold boxes

utilizing aluminum heat exchangers shall be permitted to use aluminum piping to the point where the thermal distance
piece transitions to stainless steel or other materials meeting the requirements of 9.3.2.4.

The proposed exemption recognizes a common installation where a single containment tank with
aluminum inner tank has aluminum bottom withdrawal piping constructed as part of the tank and stainless steel thermal
distance piece.

38Printed on  9/23/2010
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_______________________________________________________________________________________________
59A-90     Log #55

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.3.2.5(A) Transition joints shall be protected against fire exposure. Thermal distance pieces from storage tanks,

coldboxes, and similar equipment shall not be insulated if insulation will diminish the effectiveness of the thermal
distance piece.

The proposed clarifies that TDP’s by design are not to be covered, insulated as it would minimize the
TDP’s ability to transfer cold from the process piping through the TDP and possibly allow low temperatures to reach
non-low temperature surfaces such as outer carbon steel tank and coldbox surfaces.

_______________________________________________________________________________________________
59A-91     Log #56

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.4.2.6(1) Add * to section number and add new annex material.
*A valve that closes automatically if exposed to fire
A9.4.2.6(1) Valves meeting this requirement would be designed to meet the testing requirements of API 607, Testing of

Valves - Fire Type - Testing Requirements, or similar test.
New material is added to the Annex to provide reader additional understanding of the subject.

_______________________________________________________________________________________________
59A-92     Log #57

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.4.2.9 Where power-operated isolation valves are installed, the closure time shall not produce a hydraulic shock

capable of causing pipe stresses that can result in pipe line or equipment failure.
Revise to include terms from 9.4.2.10, which is otherwise redundant and recommended for deletion.

Refer to committee action on Proposal 59A-85 (Log #170).
Refer to committee statement on Proposal 59A-85 (Log #170).

_______________________________________________________________________________________________
59A-93     Log #58

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.4.2.10 The closing shall not cause pipe stresses that can result in pipe failure.

Delete; concept is included in 9.4.2.9.
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_______________________________________________________________________________________________
59A-94     Log #59

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.4.2.12 Check valves shall be installed in designated one-directional transfer systems to prevent backflow and shall

be located as close as practical to the point of connection to any system from which backflow might occur.
Proposed text clarifies check valve requirements and limits check valve requirement to transfer

systems designed for one flow direction. There are numerous transfer systems which permit flow in either direction
which the original statement would not be able to permit its design.

_______________________________________________________________________________________________
59A-95     Log #159

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Add new text to read as follows:
Add a new paragraph after 9.7.1.2 stating "Where leakage of a flammable gas must be below its lower flammability

limit (LFL) leak detection solution or instrumentation shall be utilized in conjunction with the visual inspection."
The use of leak detection solutions or instrumentation is a common practice in petrochemical facilities.

Stating this requirement within 59A will ensure visual inspections are properly conducted.

The proposed text is not clear, and is not related to leak testing.

_______________________________________________________________________________________________
59A-96     Log #60

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.7.4.1 Nondestructive examination methods, limitations on defects, the qualifications of the authorized inspector, and

the personnel performing the examination shall meet the requirements of ASME B 31.3, Process Piping, Sections 340,
341, 342, and 344.

Recommend adding requirements of section 341 from ASME B31.3 (2004) to original list. Section 341
lists piping examination and acceptance criteria.

Refer to committee action on Proposal 59A-85 (Log #170).
Refer to committee statement on Proposal 59A-85 (Log #170).

40Printed on  9/23/2010
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_______________________________________________________________________________________________
59A-97     Log #61

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.9.1(a) Safety relief systems (piping and valves) shall be designed, installed, and tested in accordance with ASME

B31.3, ASME B31.3 322.6, and this section 9.9 in its entirety.
Add new 9.9.1 and retain, renumber original 9.9.1 through 9.9.3.2 accordingly to follow. The proposed

new text provides improved identification of safety relief system requirements through specific reference to applicable
standards and sections of those standards.

Refer to committee action on Proposal 59A-85 (Log #170).
Refer to committee statement on Proposal 59A-85 (Log #170).

_______________________________________________________________________________________________
59A-98     Log #62

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.10.1 Underground and submerged piping shall be protected and maintained in accordance with the principles of

NACE RP SP 0169, Control of External Corrosion of Underground or Submerged Metallic Piping Systems.
Proposed edit corrects bad reference. NACE RP 0169 was superseded by NACE SP 0169.

_______________________________________________________________________________________________
59A-99     Log #160

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Add new text to read as follows:
Add the following new paragraph after 9.10.1(4).
The effectiveness of pipe-in-pipe insulation shall be determined by testing, for each of the following operating

conditions.
(1) ideal operating conditions without the presence of any contamination.
(2) conditions where the annular space and its insulation are fully saturated with salt water.
(3) the loss of vacuum or blanketing gas.

Empirically determining how pipe-in-pipe insulation may degrade over its life provides designers,
operators, and regulators with invaluable information about the thermal integrity of the pipe-in-pipe system.

The committee does not believe that the testing proposed is needed.  It is noted that there are
no such requirements for other insulation systems.
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_______________________________________________________________________________________________
59A-100     Log #63

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.11.4 If the outer pipe jacket functions as a vacuum-jacketed jacket system, then failure

of the outer pipe jacket shall not damage the inner pipe.
Modified wording to clarify intent of section.

_______________________________________________________________________________________________
59A-101     Log #64

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.11.4.1 If the outer pipe jacket also functions as the secondary containment system in a full-containment piping

system, the outer pipe jacket shall be designed to withstand and carry the full inner pipe product and shall be designed
accordingly.

Wording change to clarify intent of section.

_______________________________________________________________________________________________
59A-102     Log #65

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.11.6.1 If the pipe-in-pipe is vacuum-jacketed has a vacuum jacket, provisions shall be made to allow verification of

vacuum levels and methods of reapplication of vacuum. If the pipe-in-pipe is not vacuum-jacketed, provision shall be
made to allow circulation of inert gas in the annulus.

The revision uses a defined term to describe the designed feature being addressed in this
requirement.

_______________________________________________________________________________________________
59A-103     Log #66

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Add text to read as follows:
9.11.6.1.1 If the vacuum is lost in a pipe-in-pipe vacuum-jacketed piping system, the system shall be evaluated to

determine the cause.
Proposed text adds requirements for evaluation of inner pipe which was not addressed in this

Pipe-in-Pipe section when first published in the 2009 edition of NFPA 59A.

No substantiation in provided to demonstrate the need for this new requirement.
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_______________________________________________________________________________________________
59A-104     Log #67

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
9.11.6.2(A) Where the pipe-in-pipe is a vacuum-jacketed pipe, the temperature of the outer skin of the vacuum jacket

shall be monitored.
Adds hyphen to the defined term vaccum-jacketed.

_______________________________________________________________________________________________
59A-105     Log #68

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Add text to read as follows:
9.11.6.3 If deviations from normal operating conditions are observed during monitoring, the system shall be evaluated

to determine the cause of the deviation and any impact the deviation has on the performance of the system.
Proposed text adds requirements for evaluation of inner pipe which was not addressed in this Pipe in

Pipe section when first published in the 2009 edition of NFPA 59A.

The subject is adequately covered in 14.2.2 (7).

_______________________________________________________________________________________________
59A-106     Log #CP9

_______________________________________________________________________________________________
Technical Committee on Liquefied Natural Gas,

Delete 9.11.8.
The subject is adequately addressed by ASME B31.3, and is not unique to pipe in pipe joints.

_______________________________________________________________________________________________
59A-107     Log #161

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Add new text to read as follows:
The following sentence should be added to the end of paragraph 9.11.8.2.
The design life of expansion joints should be twice the life of the facility, wherever they are inaccessible for visual

inspection.
Expansion joints are the most vulnerable components of a piping system. A factor of safety of two

would be appropriate for the fatigue life of this component, because 1) stresses imposed during the fabrication and
installation of the piping are difficult to quantify and 2) these joints are inaccessible for visual inspection in many
pipe-in-pipe systems.

The subject is already covered 9.11.8.2 and in ASME B31.3.
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_______________________________________________________________________________________________
59A-108     Log #151

_______________________________________________________________________________________________
John M. Blanchard, CB&I

***Insert Table Here for Rec and Sub***

The revisions accepted to Chapter 7 under Proposal Log # 149 cover the subject adequately.

_______________________________________________________________________________________________
59A-109     Log #69

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
10.2.2.3 The requirements of 10.2.1.3 10.2.1.4 shall apply to installations of flammable refrigerants.

This makes the reference consistent with the 2001 and earlier editions for a high-liquid-level flow cutoff
device.

_______________________________________________________________________________________________
59A-110     Log #70

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Instrumentation for liquefaction, storage, and vaporization facilities shall be designed so that, in the event that power or
instrument air failure occurs, the system will proceed to a fail-safe condition that is maintained until the operators can
take action either to reactivate or to secure the system.

Corrected spelling per Websters dictionary.

_______________________________________________________________________________________________
59A-111     Log #71

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
10.7.1 Electrical equipment and wiring shall be in accordance with NFPA 70, National Electrical Code, or CSA C22.1,

Canadian Electrical Code, for hazardous locations.
The entire plant should be wired per NFPA 70 or CSA C22.1 which will include unclassified areas.

These codes will require hazardous location wiring where appropriate as will other sections of NFPA 70 and existing
59A section 10.7.
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Current Text Proposed New Wording Statement of Problem / Substantiation 

10.2   Liquid Level Gauging 

10.2.1  LNG Containers. 
10.2.1.1  LNG containers shall be equipped with two 

independent liquid level gauging devices that compensate 

for variations in liquid density. 

10.2.1.2  Gauging devices shall be designed and installed 

so that they can be replaced without taking the container 

out of operation. 

10.2.1.3  Each container shall be provided with two 

independent high-liquid-level alarms, which shall be 

permitted to be part of the liquid level gauging devices. 

(A) The alarm shall be set so that the operator can stop the 

flow without exceeding the maximum permitted filling 

height and shall be located so that they are audible to 

personnel controlling the filling. 

(B) The high-liquid-level flow cutoff device required in 

10.2.1.4 shall not be considered as a substitute for the 

alarm. 

10.2.1.4  The LNG container shall be equipped with a high 

liquid-level flow cutoff device, which shall be separate 

from all gauges. 

 

Leave text as is. 

 

API 625 includes very similar requirements for level 

gauges, alarming and cutoffs with the exception of the 

remaining text in 10.2.1.3(A).  This section could be 

revised to just refer to API625. 

 

However, there are likely many which could feel 

uncomfortable with missing language.  Thus, consistent 

with many proposal changes drafted in October, 09, we 

will leave this redundancy in the standard. 

 

   

10.3  Pressure Gauging.  
Each container shall be equipped with a pressure gauge 

connected to the container at a point above the maximum 

intended liquid level. 

 

                                                                           

10.3   Pressure Gauging.  

Each container shall be equipped with two a pressure gauges 

connected to the container at a point above the maximum intended 

liquid level.                                                                               

   

 

The addition of a second pressure gage aligns the 

requirement with API 625. 
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Current Text Proposed New Wording Statement of Problem / Substantiation 

10.5  Temperature Indicators.  
Temperature-monitoring devices shall be provided in field-

erected containers to assist in controlling temperatures 

when the container is placed into service or as a method of 

checking and calibrating liquid level gauges. 

10.5.1  Vaporizers shall be provided with indicators to 

monitor inlet and outlet temperatures of LNG, vaporized 

gas, and heating-medium fluids to ensure effectiveness of 

the heat transfer surface. 

10.5.2  Temperature-monitoring systems shall be provided 

where foundations supporting cryogenic containers and 

equipment could be affected adversely by freezing or frost 

heaving of the ground. 

 

                                                                                                                                               

10.5  Temperature Indicators.  

Temperature-monitoring devices shall be provided in field-erected 

containers Tank systems as required in API 625 to assist in 

controlling temperatures when the container is placed into service 

or as a method of checking and calibrating liquid level gauges. 

10.5.1 Vaporizers shall be provided with indicators to monitor 

inlet and outlet temperatures of LNG, vaporized gas, and heating-

medium fluids to ensure effectiveness of the heat transfer surface. 

10.5.2 Temperature-monitoring systems shall be provided  where 

foundations supporting  cryogenic containers and equipment could 

be affected adversely by freezing or frost heaving of the ground.  

Tank systems requirements are defined in API625. 

 

Proposal identifies API 625 for specific temperature 

device and monitoring systems requirements for tank 

systems.  
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_______________________________________________________________________________________________
59A-112     Log #72

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
10.7.2* Move figures from A10.7.2 to 10.7.2. The existing figure 10.7.2(b) should be relabeled figure 10.7.2(f). The

existing appendix figures should be relabeled to figure 10.7.2(b), figure 10.7.2(c), figure 10.7.2(d), figure 10.7.2(e) in the
same order they are currently in.

In the update to the new numbering format, figure 10.7.2(b) was added, but three figures that
previously were in this section were moved to Annex A(figure A.10.7.2(a), figure A.10.7.2(b), and figure A.10.7.2(c)),
and a fourth figure was added in Annex A(figure A.10.7.2(d)). The four figures in the annex deal with LNG tanks and
containment dikes and are referenced by table 10.7.2 (except that figure A.10.7.2(d) isn’t currently referenced and it
needs corrections); however, A.10.7.2 is concerned with tank cars. The four figures from the annex should be brought
into the main document and renumbered, in order to comply with the Manual of Style, 2.3.3.3: "Figures and tables shall
be permitted to appear in the mandatory section of a code and standard only when they are referenced using mandatory
language." Mandatory language is used in 10.7.2: "Fixed electrical equipment and wiring installed within the classified
areas specified in Table 10.7.2 shall comply with Table 10.7.2 and Figure 10.7.2(a) and Figure 10.7.2(b)"; compliance
with all of the figures associated with 10.7.2 is mandatory, and therefore all must be shown in the mandatory text.

_______________________________________________________________________________________________
59A-113     Log #73

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Outdoor aboveground containers (other than small containers):
Open area between a high-type dike and the container wall where dike wall height exceeds distance between dike and

container walls
If we bring Figure A.10.7.2(b) back into core document as figure 10.7.2(C) then this reference needs to

be updated.

_______________________________________________________________________________________________
59A-114     Log #74

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
Within 15 ft (4.5 m) in

all directions from container walls and roof plus area inside a low-type diked or impounding area up to the height of the
dike impoundment wall

If we move figures from Appendix to core document this reference needs to be updated.
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_______________________________________________________________________________________________
59A-115     Log #75

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

Electrical seals and vents specified in 10.6.4 and 10.6.510.7.5 thru 10.7.7
10.6.4 and 10.6.5 don’t exist. In previous versions of 59A this item referenced the information

contained in sections 10.7.5 thru 10.7.7.

_______________________________________________________________________________________________
59A-116     Log #76

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
10.7.5.1 Each seal, barrier, or other means used to comply with 10.7.4 10.7.5 shall be designed to prevent the

passage of flammable fluids through the conduit, stranded conductors, and cables.
Correct reference to seals (as in 2001 version), not to LNG tank interior classification.

_______________________________________________________________________________________________
59A-117     Log #77

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
Transfer Systems for LNG and Refrigerants
Change title from "Transfer of LNG and Refrigerants" to "Transfer Systems for LNG, Refrigerants, and Other

Flammable Fluids".
Chapters 4-12 present equipment-related information. Chapter 14 discusses operation, maintenance,

and personnel training. The revised title refers to the equipment systems, not the operational process of transfer. The list
of materials transferred corresponds to the scope text.

_______________________________________________________________________________________________
59A-118     Log #78

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:

This chapter applies to the design, construction, and installation of systems involved in the transfer of LNG,
refrigerants, flammable liquids, and flammable gases between storage containers or tanks and points of receipt or
shipment by pipeline, tank car, tank vehicle, or marine vessel.

Revise to focus on equipment for transfer; operations and maintenance are discussed in Chapter 14.
Also, add comma in series of fluids covered.
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_______________________________________________________________________________________________
59A-119     Log #79

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
11.2 Remove asterisk on 11.2* and delete Annex entry A.11.2.

A.11.2 Requirements of purging are located in 14.9.2

A.11.2 text duplicates section 11.2.3.

_______________________________________________________________________________________________
59A-120     Log #80

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
11.2.1 All Lloading and unloading areas shall be posted with signs that read "No Smoking."

Requirement appears multiple times in Chapter 11; consolidate with emphasis under General
Requirements. Delete 11.5.2.1 and 11.7.3.

The proposed addition is superfluous.

_______________________________________________________________________________________________
59A-121     Log #81

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

New text to read as follows:
11.3.2 Power-operated isolation valves where installed shall meet the closure requirements of 9.4.2.9 and 9.4.2.10.

Reference to this piping design information is essential to transfer of flammables and LNG refrigerants.

There is no reason to specifically cite requirements of other chapter.

_______________________________________________________________________________________________
59A-122     Log #82

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
11.5.2  Delete title, and relocate revised text to after 14.6.6.4.

Sources of ignition, such as welding, flames, and unclassified electrical equipment, shall not be permitted in the marine
transfer area while transfer is in progress.

Relocating revised text to other operational requirements. Deleted text is no longer needed as a
definition of Sources of ignition has been proposed.
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_______________________________________________________________________________________________
59A-123     Log #83

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Delete text to read as follows:
11.5.2.1 Loading and unloading areas shall be posted with signs that read "No Smoking" and shall be strictly enforced.

Delete 11.5.2.1. Requirement appears in 11.2.1. Enforcement requirement is implied in all
requirements in the standard and is unnecessary.

_______________________________________________________________________________________________
59A-124     Log #84

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
11.5.2.2  Move text of 11.5.2.2 to after section 14.6.6.4 and modify text as shown.
General cargo, other than ships’ stores for the LNG tank vessel, shall not be handled over a pier or dock within 100 ft

(30 m) of the point where connections are regularly made or disconnected for LNG and flammable fluids transfer of
transfer connection while LNG or flammable fluids are being transferred through piping systems.

Operational requirements should appear in Ch. 14. New text replaces undefined text "point of transfer"
with verbiage used in table 10.7.2.

Revise text to read as follows:
11.5.2.2  Move text of 11.5.2.2 to after section 14.6.6.4 and modify text as shown.
General cargo, other than ships’ stores for the LNG tank vessel, shall not be handled over a pier or dock within 100 ft

(30 m) of the point where connections are regularly made or disconnected for LNG and flammable fluids transfer of
transfer connection while LNG or flammable fluids are being transferred through piping systems.

Accepted with an editorial revision.

_______________________________________________________________________________________________
59A-125     Log #162

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
This paragraph should be revised to state ". . . they are not exposed to damage from marine vessels, dredging,

vehicular traffic, or other possible causes of physical damage."
Marine collisions and dredging are significant, potential hazards.

The subject is covered for underwater pipelines in 11.5.3.2.  Paragraph 11.5.3.1 covers piping
on a pier only.
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_______________________________________________________________________________________________
59A-126     Log #163

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
This paragraph shall be revised to state "Isolation valving, overpressure protection, and bleed connections shall be

provided at the loading or unloading manifold for both liquid and vapor return lines so that hoses and arms can be
blocked off, drained or pumped out, and depressurized before disconnecting.

Overpressure protection is required wherever LNG may be trapped during the connection and
disconnection process or pumping conditions exceed the design pressure of the components.

The subject of overpressure protection of piping systems is covered in 9.9.3

_______________________________________________________________________________________________
59A-127     Log #164

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
This subparagraph shall be revised to state ". . . valve shall be protected against operational failure due to a fire

exposure of at least a 10-minute duration and/or cryogenic temperatures."
Cryogenic temperatures from LNG spills may cause actuated valves to fail open, if such valves are not

protected and are not a fail closed design.

The requirements covers both cryogenic and non-cryogenic materials.

_______________________________________________________________________________________________
59A-128     Log #165

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
This subparagraph should be revised to state "Bleeds, safety relief valves, and vents shall discharge to a safe area.

Unloading and loading connections at the marine berth require safety relief valves for overpressure
protection wherever LNG may be trapped or pumping conditions exceed the design pressure of the components. These
safety devices must discharge to a safe area.

The subject is covered in 9.9.3.2.

_______________________________________________________________________________________________
59A-129     Log #166

_______________________________________________________________________________________________
Frank A. Licari, US Department of Transportation

Revise text to read as follows:
This paragraph shall be revised to state ". . . shall have a readily accessible isolation valve located on shore near the

approach to the waterway, dock, or pier."
Some piping systems may be buried beneath or along a navigable waterway where a dock or pier may

not exist.
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Chapter 15 
  Performance (Risk Assessment) Based LNG Plant Siting 

  15.1 Scope of the chapter 
  15.1.1 This chapter includes the calculation of risks to persons outside the 
boundary of a liquefied natural gas (LNG) plant, arising from potential releases of LNG 
and other hazardous substances stored, transferred, or handled in the plant. 
  15.1.2 Where approved, the requirements of this chapter shall be complied with, 
in LNG facility siting and layout analysis, as an alternative to the assessments required 
in Chapter 5 of this code.  
  15.1.3 The provisions of this chapter are applicable to newly proposed facilities, 
and existing facilities, where significant modifications and improvements are proposed. 
Only the modifications and improvements in existing facilities shall be subject to the 
requirements of this chapter.  
  15.1.4 The chapter does not include the assessment of risks from LNG or other 
hazardous materials associated with the plant arising from transportation caused 
releases outside the plant boundary.  
  15.2 General Requirements.  
  15.5.1 LNG plants shall be designed and located in such areas as to not pose 
intolerable risks to the surrounding populations, installations, or property.  
  15.2.2 The requirements of this chapter shall be used to assess the level of risks to 
surrounding population to ensure that the individual risk to a person located near the 
plant and the societal risk do not exceed tolerable levels.  
  15.2.3 If the plant is modified or other conditions change, the plant risk may change. 
Therefore, reassessments of plant risk shall be undertaken at the earlier of: 
  (1) When conditions change as a direct consequence of actions and significant 
modifications undertaken by the plant.  
  (2) Every 5 years. 
  (3) As required by the AHJ 
  15.3 Risk calculations and basis of assessment 
  15.3.1 Both individual risks and societal risk(s) values shall be evaluated in the 
area around the LNG plant by using Quantitative Risk Assessment (QRA) protocol.. The 
generally accepted QRA protocol, specified in any one of the following publications shall 
be used in assessing the risks: 
  (1) “Guidelines for Chemical Process Quantitative Risk Analysis”, published by 
American Institute of Chemical Engineers (AICHE) Center for Chemical Process Safety 
(CCPS), 2000.  
  (2) “Guidelines for Quantitative Risk Assessment, RIVM, The Purple Book “, published 
by TNO, Netherlands, 2005. 
  (3) “Risk Criteria for Land-use Planning in the Vicinity of major Industrial Hazards, 
HMSO, HSE 1989” and “Five Steps to Risk Assessment, INDC 163, rev.1, HSE 1998”, 
published by the Health and Safety Executive (HSE), United Kingdom.  
  (4.)  BSI EN 31010:2010 European Norm Standard, “Risk Management - Risk 
Assessment Techniques”. 
  15.3.2 The selected QRA procedure shall be approved by the AHJ. 
  15.3.3 Individual risks shall be presented in the form of contours of constant 
Individual Risk values. Societal risk shall be presented in the form of a diagram of 
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cumulative annual frequency of casualty exceedance vs.the number of exposed 
population subject to the casualty. (i.e., the F-N plot). Uncertainty values in the 
calculation of the risks (both frequency and casualty) shall be included in the diagram. 
  15.3.4 Risks calculated shall be compared with values of risks to which the population 
in the general vicinity of the proposed/existing plant may be subject due to natural 
causes or from other human activities.  
  15.4 LNG & other hazardous materials release scenarios 
  15.4.1* Catalog of scenarios of release. A spectrum of LNG and other hazardous 
material release scenarios from transfer piping, storage tank(s), vaporizer(s) and other 
vulnerable equipment in the plant shall be developed through the use of Process 
Hazard Analyses (PHAs) , HAZOP or other thorough, systematic, hazard identification 
studies and scenario evaluations acceptable to the AHJ. In addition, the spectrum of 
releases shall include those identified as design spills in Chapter 5.2.3.5. Credible, large 
release scenarios that may pose risks outside the property line shall also be included 
along with their occurrence probabilities. 
  15.4.2 Release specifications. 
  15.4.2.1 The release rates and durations (and when necessary the total release 
quantity) of LNG and other hazardous material releases shall be calculated for the 
scenarios of release identified in Section 15.4.1 
  15.4.2.2 The calculation of the rate of release shall document the following: 
  a) The hole or puncture sizes and upstream conditions consistent with the different 
storage conditions and appurtenances considered in the release scenarios identified in 
Section 15.4.1. 
  b) The thermodynamic condition, including the pressure and temperature, of the fluid 
upstream of the release point 
  15.4.2.3 The thermal and physical characteristics of the substrate exposed to a 
release shall be considered in analyzing the subsequent behavior of the fluid released.  
  15.4.2.4 The spectrum of hazardous behavior of the released fluid due to its 
interaction with the substrate, the environment, and natural tendencies shall be 
considered and documented. These behavior modes that shall be considered include, 
but not limited to, flashing, aerosol formation, liquid jetting, pool formation and flow, 
dispersion of vapors, jet fires, flash fires, explosions, fireballs, pool fires, BLEVES, liquid 
water interaction effects. 
  15.5 Release probabilities and conditional probabilities  
  15.1.1 The annual probability of LNG and other hazardous material releases from 
various equipment, for scenarios identified in Sections 15.4.1 and 15.4.2, shall be based 
on Table 15.5.1. 
   Table 15.5.1: Example Component Failure Database (taken from Reference 
Manual Bevi Risk Assessment version 3.2, Module C) 

   

Component Annual Probability of Failure 

Atmospheric Cryogenic Tanks  

1. Instantaneous failure of primary container 
and outer shell, release of entire contents 
(single containment tank) 

5E-07 

2. Instantaneous failure of primary container 1.25E-08 
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and outer shell, release of entire contents 
(double containment tank) 

3. Instantaneous failure of primary and 
secondary container, release of entire 
contents (full containment tank) 

1E-08 

Pressurized Storage (Containers) - 
instantaneous release of entire contents 

5E-07 

Piping - aboveground  

1. Rupture for nominal diameter <75 mm 1E-06 

2. Rupture for 75 mm < nominal diameter < 
150 mm 

3E-07 

3. Rupture for nominal diameter > 150 mm 1E-07 

Valves - pressure relief - outflow at the 
maximum rate 

2E-05 

Process equipment  

1. Pumps - catastrophic failure 1E-04 

2. Compressors with gasket - catastrophic 
failure 

1E-04 

3. Heat Exchanger - instantaneous release 
of entire contents from plate heat exchanger 

5E-05 

Transfer Equipment - rupture of 
loading/unloading arm  

3E-08 

 
  15.5.2 Site specific modifications to the probability values in Table 15.5.1 shall be 
considered and, if used in subsequent analysis, shall be approved. 
  15.5.3 The conditional probability for each type of hazardous behavior, identified 
pursuant to the requirements in Section 15.4.2.4, shall be obtained from AHJ approved 
conditional probability databases.  
  15.5.4 The details of values of probabilities used in the calculations and the sources of 
data shall be documented. 
  15.6 Environmental conditions and occurrence probabilities 
  15.6.1 Site specific statistics on the environmental conditions shall be gathered either 
by direct measurements at the site for periods of time acceptable to obtain statistically 
meaningful data or from the nearest meteorological station. 
  15.6.2 The frequency of occurrence of different weather and other environmental 
parameters with conditional probabilities of occurrence of 25%, 50%, 75% and 99% 
shall be documented and considered in hazard calculations. These environmental 
parameters shall include wind speed, wind direction, atmospheric temperature, 
atmospheric relative humidity, ground/water substrate temperature (if available). 
  15.6.3 Topographic and structural features in the vicinity of the proposed plant site 
which impact on the consequence of the released fluid shall be considered in the 
assessment of hazards. This includes, but not limited to liquid momentum for dike 
overtopping assessment, aerodynamic roughness of the site and surrounding area for 
dispersion behavior of vapors, congestion due to plants, shrubs and trees and its effect 
on potential vapor explosions. 
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  15.6.4 The location and characteristics of vapor ignition sources in and around the 
plant shall be surveyed and documented.  
  1. The probabilities of ignition sources being active during the dispersion of a vapor 
cloud shall be assessed and approved. 
  2. The probabilities, including conditional probabilities of occurrence of various 
environmental parameters, determined pursuant to the requirements of Sections 15.6.1 
through 15.6.4 shall be documented.  
  15.7 Hazard and consequence assessment 
  15.7.1 The hazard consequences of releases identified pursuant to the requirements 
in Section 15.4 shall be assessed.  
  15.7.2 For each identified scenario of release, type of hazard behavior, weather, 
environmental and other conditions (e.g., time to detect, response time, blow-down, 
ignition of a vapor cloud at different distances, effects of obstructions, effects of passive 
mitigation techniques, etc) impacting the hazard areas or hazard distances shall be 
determined by accepted methods including those identified in Chapters 5.3.3.4 through 
5.3.3.9. 
  15.7.3 The following types of hazards and calculations of extent of hazard shall be 
considered, as a minimum: 
  1. Distance to limit concentration levels arising from gas/vapor dispersion  
  2. Distance to limit heat flux or heat dosage levels arising from pool fire exposures 
  3. Distance to limit heat flux or heat dosage levels arising from vapor fires 
  4. Distance to limit heat flux or heat dosage levels arising from fireballs 
  5. Distance to limit overpressure levels arising from explosions  
  6. Distances to other hazards from RPT, toxic releases, etc. 
  15.7.3.1 Potential cascading damages from primary release scenarios identified in 
section 15.4.1 within the plant boundaries shall be considered and evaluated. If the 
assessment identifies significant hazards from cascading in-plant failures or external 
out-of-plant events, the risk calculation shall include the cascading effects.  
  15.7.4 The distances to various types of hazards shall be calculated using 
mathematical models as follows.  
  15.7.4.1 Distances to safe levels of radiant heat fluxes and modified thermal dosage 
values specified in Table 15.7.4.1 and Table 15.7.4.2 shall be calculated with model 
that: 
  (1) Takes into account the physical phenomena observed in, and has been validated 
with available experimental data, including applicable experimental LNG fire published 
in the literature  
  (2) Has been published in an archival, peer reviewed scientific journal in the related 
scientific/engineering disciplines including, but not limited to, fluid dynamics, heat 
transfer, combustion, or fire science  
  (3) Has been verified to accurately represent the physics 
  (4) Has a scientific assessment of the details of the physics, analysis and execution 
process 
  (5) Has been approved by the AHJ 
    
  Table 15.7.4.1: Radiant heat flux and thermal dosage outside the plant boundary  
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Maximum 
heat flux 

level 
(kW/m2) 

Maximum 
Modified 

Dosage Unit 
  ([kW/m2]4/3 t) 

Consequences 

5.0 500 

At least 10 persons would 
suffer 2nd degree skin burns 
on at least 10% of each of 

their bodies within 30 
second of exposure to the 

fire. 

5.0 300 

At least one person inside 
the building would suffer 2nd 

degree skin burns on at 
least 10% of each of the 
body within 30 second of 

exposure to the fire. 

32 N/A 

Loss of strength of structural 
steel exposed to the fire to 
an extent that its primary 
load bearing capacity is 

reduced significantly when 
exposed to over the duration 
of LNG fire being analyzed. 
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  Table 15.7.4.2: Criteria for Property Damage due to Radiant Heat from Fires 

   

Exposed structure 
Type of 

construction/occupancy Threshold damage criteria 

Adjacent LNG container Reinforced concrete 

1) Temperature of no part of 
the exposed concrete outer 
surface of the container 
structure exceed 570 oF (300 
oC) over the duration of the 
fire. 
  2) Temperature of steel 
reinforcements in pre-
stressed concrete shall not 
exceed 1000o F (540o C) over 
the duration of the fire 

Steel Structures  
Temperature shall not exceed 
1000o F (540o C) over the 
duration of the fire. 

Wooden structures  

Net heat flux into the structure 
shall not exceed 25.6 kW/m2 for 
unpiloted ignition or 14.7 kW/m2 
for piloted ignition. 

 
  15.7.4.2 Distances to vapor dispersion to concentrations equal to lower flammability 
limit (volume concentration value 5%) shall be calculated using a model that is 
acceptable for use by the AHJ or one that has been evaluated by an independent body 
using the Model Evaluation Protocol facilities published by the NFPA Research 
Foundation report, entitled “Evaluating Vapor Dispersion Models for Safety Analysis of 
LNG,” 2007. Alternatively, distances to the occurrences of ignition of a vapor cloud shall 
be calculated using a methodology that is acceptable by the AHJ. 
  15.7.4.3 Hazard distances for damage criteria specified in Table 15.7.4.3 for scenarios 
of vapor cloud explosions shall be based on mathematical models approved by the 
AHJ. 
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Table 15.7.43 Blast damage criteria 
   

Overpressure damage category 
Reflected damage over-pressure 

  (N/m2) 

 Lower Limit Upper Limit 

Window glass damage 250 4,000 

Damage to doors, and cladding and persons 5,000 10,000 

Severe structural damage to buildings  15,000 20,000 

Severe injury to people 25,000 50,000* 

*Complete demolition of a building 
  15.7.4.4 RPT and other phenomena hazard distances shall be determined with models 
approved by the AHJ. 
  15.7.5 For each identified scenario of release and type of hazard identified in Section 
15.4 and hazard distances or areas evaluated in this section, the total number of 
persons located within the hazard distance or area shall be enumerated using public 
demographic or census data or other methodology approved by the AHJ. 
  15.7.6 Other hazard criteria for people exposure and property damage from 
potential exposures to different types of hazards indicated in Annex A shall be used as 
a guide in the hazard assessment required under this section.  
  15.7.7 The values of the hazard criteria used and the scientific justification or 
source of information shall be documented. 
  15.8 Risk result presentation 
  15.8.1 Risk contours of constant individual risks:  
  15.8.1.1 The individual risk values for various combinations of release scenarios, 
materials released, environmental and substrate conditions shall be combined with the 
various event occurrence probabilities to calculate the risk posed to an individual inside 
the plant boundary and outside the plant boundary. 
  15.8.1.2 Individual risk values shall be calculated for various distances in different 
compass directions from the event location.  
  15.8.1.3 Contours of constant individual risks shall be developed. 
  15.8.1.4 The uncertainty in calculating the individual risks shall be enumerated and 
presented. 
  15.8.2 Societal risks on F-N diagrams  
  15.8.2.1 The potential number of exposed persons that may occur as a result of an 
event and combination of other parameters shall be determined using the approved 
local demographic data and the calculated hazard distances or areas. 
  15.8.2.2 The societal risk values shall be presented in the form of cumulative annual 
frequency of exceedance of a specified number of fatalities vs. number of casualties 
(fatalities). 
  15.8.2.3 Estimated error values in the calculation of both the cumulative annual 
frequency of specified casualty exceedance and the number of casualties shall be 
indicated on the F-N plots. The details of the error estimations shall be documented.  
  15.9 Risk tolerability criteria 
  15.9.1* Individual risk acceptability criteria specified in Table 15.9.1 shall be used. 
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  15.9.2 The societal risk acceptability criteria specified in Table 15.9.2 and illustrated in 
Figure 15.9.2 shall be used. 
  15 9.3 The acceptability criteria used in sections 15.9.1 and 15.9.2 shall be suitably 
modified taking into consideration the geographic location of the site and other local risk 
acceptability norms, if any.  
  15.9.4 The criteria used for the Tolerable Individual Risk and the Societal Risk, as 
modified, shall be approved. 
  Table 15.9.1: Criteria for tolerability of Individual Risk (IR) from Injury due to 
Exposure to Dangerous Dose or Higher 

   

Criterion 
  Annual 

probability Remarks 

Zone 1 
   IR ≤ 10-5 

Not permitted – Residential, office 
and retail 
  Permitted: Occasionally occupied 
developments (ex., pump houses, 
transformer stations, etc). 

Zone 2 
  10-6 ≤ IR ≤ 10-5 

Not permitted: Shopping centers, 
large scale retail outlets, 
restaurants, etc  
  Permitted: Work places, retail 
and ancillary services, residences 
in areas of 28 to 90 persons/ha 
density. 

Zone 3 
  3 x10-7 ≤ IR ≤ 10-

6 

Not permitted: Churches, schools, 
hospitals, other major public 
assembly areas and other 
sensitive establishments. 
  Permitted: All other structures 
and activities 

 
  Table 15.9.2: Criteria for tolerability of Societal (injury) Risks 

   

Criterion 
  Annual 

probability Remarks 

F = 10-4, N = 10 
  Slope = - 1 

Unacceptable above the line in the 
previous column 

F = 10-6, N = 10 
  Slope = - 1 

Broadly acceptable below the line 
in the previous column 

ALARP 
Acceptable with AHJ review in the 
region between the two lines 
above 

   (F= Annual probability of experiencing N or more injuries) 
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  15.10 Risk mitigation approaches 
  15.10.1 In the case that the calculated risks are in the unacceptable region or lie in 
regions between the lower and upper bound acceptable ranges, reduction of risks to 
tolerable levels shall be considered by implementing additional mitigation measures.  
  15.10.2 Mitigation measures shall include, but not limited to, incorporation latest 
technology and instruments in plant design, improved equipment layout design, use of 
upgraded equipment, improved spill notification and emergency response procedures, 
and operational changes. 
  15.10.3 Mitigation measures proposed shall be approved.  

  Annex A 
  A.15.7.4.2 Distance to the lower flammability limit (LFL) should take into consideration 
the validation results in the model evaluation protocol (MEP), but distances to the LFL 
should not be adjusted to less than the predicted distance to the LFL of the model 
   The Societal Risk Acceptability Criteria used by various jurisdictions in different parts 
of the world are indicated in the form of a F vs N diagram in Figure A 15.9.2 
  ***Insert Figure A-15.9.2 here*** 
  A 15.10.1 When mitigation measures are being chosen, the application of the 
principles of inherent safety have been proved to be the most effective means of 
reducing risk to persons outside the boundary of the facility. Inherent safety is the use of 
mitigations that avoid the hazard rather than attempt to control the hazardous event or 
process. Kletz 1991 – Plant Design for Safety: A User friendly Approach. New York: 
Hemisphere Publishing Corp, states the basic principles of inherent safety as follows: 
  These principles are based upon a hierarchy starting with intensification and ending 
with administrative controls and procedures. This hierarchy is explained further below. 
  Intensification: Small inventories of hazardous substances reduces the 
consequences of hazardous events associated with those substances. 
  Substitution: Using safer material in place of a hazardous one will decrease the need 
for added protective equipment 
  Attenuation: Carry out hazardous reactions or processes in les hazardous conditions.  
  Limitation of effects: The effects of failures should be reduced through the reduction 
of inventory sizes and process conditions. This should be accomplished through 
equipment design rather than by adding protective equipment 
  Simplification: Complexities provide the potential for error, simplification of facility 
design reduces the potential for failure. 
  Change early: Identification of hazards and hazardous scenarios early in the design 
process minimizes the need for changes after the design is complete, and minimizes 
the potential for sometimes complicated integration of changes late in the design cycle. 
  Avoid Knock on effects: Care should be taken to ensure that as far as reasonably 
practical on failure should not initiate additional hazardous scenarios and subsequent 
escalation of effects. 
  Making Status clear: Equipment in the facility should be located so that observation 
of the equipment is easy and convenient, additionally the design of equipment should 
allow for the status of the equipment to be easily observed, for example, valves open or 
closed, pump running or secured. 
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  Making incorrect assembly impossible: As far as possible components should be 
selected so that improper installation or construction cannot occur.  
  Tolerance: the Design of the process should be such that it will tolerate some amount 
of improper operation, installation or process upset. 
  Ease of Control: The use of added on protective equipment to manage risks should 
be avoided.  
  Administrative Controls / Procedures: Human error is one the most common 
initiator of hazardous events according the use of procedural controls to manage risk 
should be the last option and only when other options are not possible. 
  A15.10.2 With regard to the reduction of risk to persons outside of the boundaries of 
the facility the basic principles illustrated above can be simplified into the 3 tier hierarchy 
as noted below.. 
  Tier 1 
  Remove the hazard. This first tier of mitigation should focus on providing additional 
separation distance between the LNG or gas containing portions of the facility. Revision 
of the plant layout and orientation should be considered to increase the separation 
distance. When considering changes to the plant layout one should also consider the 
potential effect of prevailing winds and topography. Care should be given to avoiding 
the potential for dense clouds to form in valleys and troughs as these clouds will remain 
in place for longer periods of time thereby increasing the risk of ignition. 
  Tier 2 
  Reduce the amount of hazardous substance/Prevent the release. Consideration 
should also be given to reducing the amount of LNG or gas that can be released during 
an event. The effect of reducing inventory sizes is that size of the liquid pool or the 
length and duration of the jet plume will be reduced and the effects of the ignited pool 
ignited jet will be reduced. In this regard the use multiple process trains and smaller 
tanks will be an effective way or reducing the impact to the general public from the 
facility. 
  Tier 3  
  Additional procedures or controls to mitigate the risk. Where it is not possible to 
remove the hazard, prevent or reduce the hazardous effects pf a release additional 
procedures or controls to may be used to mitigate the risk: As previously stated human 
error and failure of control devices are the initiators to the majority of hazardous 
scenarios, according these elements should be the last choice when selecting mitigation 
measures to reduce risk.  
  A15.10.3 Some examples of mitigation measures are provided below: 
  Tier 1 Remove the Hazard 
  (a) plant spacing and layout 
  (b) spill containment 
  Tier 2 Reduce the amount of hazardous substance / Prevent the release 
  (a) design of equipment, including PRV design, redundancy, etc 
  (b) valve arrangements 
  (c) safety instrumented systems, including changes to safety integrity levels, ESD 
logic, alarm management, etc. 
  (d) fire and gas systems, including system reliability, F&G logic, response time, 
detector coverage, and alarm management 



12 

  59A/L142/Include/act 
   

  (e) fire protection equipment, including passive and active mitigation techniques 
  Tier 3 Additional procedures or controls to mitigate the risk 
  (a) maintenance and operating procedures 
  (b) security procedures and equipment 
  (c) emergency response actions 
  A15.10.4 Advance modeling techniques. The use of advanced modeling techniques 
such as computational fluid dynamics (CFD) may be useful when trying to better define 
the consequences of an event. particularly in cases where the site has varying 
topography or unique environmental conditions.  
  A15.10.5 The risk analysis shall be redone with appropriate changes to include, but 
not be limited to, the installation or implementation of the risk mitigation measures as 
stated in 10.3 and 10.4. When these methods are employed the software and methods 
shall be approved to the satisfaction of the AHJ.  
  A 15.12. Other Explanatory Notes. In this chapter, we use the concept of „risk 
tolerance‟ rather than „risk acceptance‟, adopting the philosophy of the UK Health and 
Safety Executive (HSE). In discussing the tolerability of risk, the UK HSE has written: 
“…‟tolerable‟ does not mean „acceptable‟. It refers instead to a willingness by society as 
a whole to live with a risk so as to secure certain benefits in the confidence that the risk 
is one that is worth taking and that it is being properly controlled. However, it does not 
imply that…everyone would agree without reservation to take this risk or have it 
imposed on them” (HSE 2001). Thus, there are various risk tolerance criteria around the 
world, as shown in Figure A-9.3. Tolerable individual and societal risk criteria shall then 
be subject to the approval of the AHJ.    
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59A-181     Log #142

_______________________________________________________________________________________________
Francis J. Katulak, Distrigas of Massachusetts, LLC

Add text to read as follows:
1 Move the entire contents of Annex E " Performance-Based Alternative Standard for Plant Siting" to a new Chapter 15

within the mandatory part of the 59A document.
2 Implement all corrections and modifications proposed by Phani Raj on Annex E and submitted as a proposal to

NFPA 59A Committee [log # 71].
3 Include all revisions and corrections approved by the Committee
4 Make the following additional corrections to Chapter 15.

This annex is not a part of the requirements of this NFPA document unless specifically adopted by the jurisdiction:
The requirements of this annexChapter form: anthe risk-based alternative standards-to the certain

prescriptive requirements of Chapter 5. shall be used as part of this NFPA document only when adopted by the AHJ.
This annex provides The requirements in this chapter shall be used at the discretion of the user, in lieu of the
hazard-assessment-based siting requirements specified in Section 5.3.3 through and including Section 5.3.3.7, and
Section 5.3.3.10 through and including Section 5.3.4.4. All other requirements of Chapter 5 and other chapters shall be
compliedan alternative approach to siting.

Use of Risk-based regulations for siting LNG facilities, both on-shore and off-shore, are in effect in a
large number of countries, except the U.S. Many US companies that conduct LNG business, especially related to siting,
are experiencing considerable difficulties in having to perform simultaneous analyses conforming to risk based
regulations and prescriptive regulations. In addition, several jurisdictions, who like certain parts of NFPA's LNG
Standard, require companies to conduct assessments partially using NFPA 59A prescriptive standard and other parts
with risk based calculations.
It is worthwhile noting that even the US DOT/ PHMSA has officially indicated its regulatory objectives (Federal Register

Notification, v 74, n 126, p31675, July 2, 2009 - Docket No. I'l l PHMSA–2008–029I ) as "PHMSA 's strategy to become
a more (emphasis and italics added). Also, in the past year the Boards of both
the National Association of Regulatory Utilities Commissioners (NARUC) and the National Association of State Fire
Marshals have recommended to the US DOT to

Last, but not the least, the objectives of NFPA to develop globally applicable
standards will be inhibited if a fully mandatory risk-based standard is not included in the 59A LNG Standards document.
It is, therefore, prudent and necessary for NFPA to be pro-active and include a risk-based LNG Facility Siting Standard

in the 59A LNG Standard document.

1 Delete the entire Annex E , “Performance based Alternative Standard for Plant Siting,” in the current (2008)
edition of NFPA 59A,
2 Add a new “Chapter 15 - Performance (Risk Assessment) Based LNG Plant Siting,” to read:
3 Add to Chapter 3, the following definitions  associated with the requirements in the new Chapter 15, to read:
***Insert 59A_L142_Include_act here***

The new risk chapter represents the development of a mandatory chapter 15 on
Risk/Performance Based Siting of LNG facilities. This chapter, while modeled on Annex E material, is based on a
detailed review of the requirements in Annex E and represents a substantial modification and addition to the
requirements in Annex E. The deletion of Annex E is recommended.

The new mandatory chapter 15 is an optional chapter and its use is subject to the approval of the AHJ. It does not
conflict with the prescriptive requirements in the existing Standard in that either the existing requirements or the
requirements of the new chapter can be used in siting analysis.
This Risk Analysis chapter allows a more realistic and comprehensive consideration of possible release scenarios and

their effects. The siting risk criteria specified are reasonable and provide for modifications, based on local norms, subject
to AHJ approval.

74Printed on  9/23/2010



Report on Proposals  –  November 2011 NFPA 59A
_______________________________________________________________________________________________
59A-182     Log #128

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
E.6.2(3) Include the effect of sources of ignition ignition sources to ignite the dispersing vapor. The Sources of ignition

sources of sufficient strength to ignite a methane-air vapor cloud of concentrations in the flammable range present in the
areas adjacent to the plant, within 33 ft (10 m) above the ground level, shall be classified and enumerated, statistically or
by actual site surveys.

Modified wording to use newly defined text

_______________________________________________________________________________________________
59A-183     Log #129

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
F.1.2.2
American Petroleum Institute, 1220 L Street, NW, Washington, DC 20005-4070. API 620, Design and Construction of

Large, Welded, Low-Pressure Storage Tanks, 1990 2008 with 2009 addendum.
API RP 651, Cathode Protection of Aboveground Petroleum Storage Tanks, 1997 2007.
API RP 2003, Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents, 1991 2008.

Update latest versions of API 620, RP 651, RP 2003

_______________________________________________________________________________________________
59A-184     Log #130

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
F.1.2.3
American Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, VA 20191-4400.
ASCE 7, Minimum Design Loads for Buildings and Other Structures, 19932006.
ASCE 56, Subsurface Investigation for Design and Construction of Foundation for Buildings, 1976.

Update to latest version of ASCE7

_______________________________________________________________________________________________
59A-185     Log #131

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
F.1.2.4
American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990.
ASME Boiler and Pressure Vessel Code, 1992 2007.
ASME A 13.1, Scheme for the Identification of Piping Systems, 1981 2007.

Update to the latest versions of ASME Pressure Vessel Code and ASME A13.1

75Printed on  9/23/2010



Report on Proposals  –  November 2011 NFPA 59A
_______________________________________________________________________________________________
59A-186     Log #132

_______________________________________________________________________________________________
Philip Bennett, American Gas Association

Revise text to read as follows:
F.1.2.8
NACE International, 1440 South Creek Drive, Houston, TX 77084-4906.
NACE RP SP 0169, Control of External Corrosion on Underground or Submerged Metallic Piping Systems, 20027.

Update to the latest version of RP 0169 and update new NACE standard designation.
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