
ANSI/NFPA 59A An American National Standard February 11, 1994 

I I l I l l l I I l l l l 

/ NFPA 59A 
i Standard for the 
i 

i 

Production, Storage, 
- and Handling of 

i 

m 

_Liquefied Natural Gas 
(LNG) 

i 1994 Edition 
i 

/ 

m 

i 

i 

i 

i NFPA 

National Fire Protection Association, 1 Batterymarch Park, PO Box 9101, Quincy, MA 02269-9101 

i 



N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document, write to the Secretary, Standards Council, National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Governing 
Committee Projects shall not be considered the official position of NFPA or any of its Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products 
of combustion in a fire environment. The Board has, therefore, asked all NFPA technical committees to review the 
documents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion. 

Licensing Provision--This document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Reference--Publ ic  authorities and others are urged to reference this document in laws, 
ordinances, regulations, administrative orders, or similar instruments. Any deletions, additions, and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" means 
the citing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers only upon 
written notice to the NFPA (Attention: Secretary, Standards Council), will  be granted a royalty-free license to 
print and republish this document in whole or in part, with changes and additions, if  any, noted separately, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of law, provided that: (I) 
due notice of NFPA's  copyright is contained in each law and in each copy thereof; and (2) that such printing and 
republication is l imited to numbers sufficient to satisfy the jurisdiction's  lawmaking or rule-making process. B. 
Once this NFPA Code or Standard has been adopted into law, all  printings of this document by public authorities 
with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its contents 
as adopted by the jurisdiction in whole or in part, in any form, upon written request to NFPA (Attention: Secretary, 
Standards Council), will  be granted a nonexclusive license to print, republish, and vend this document in whole 
or in part, with changes and additions, if  any, noted separately, provided that due notice of NFPA's copyright is 
contained in each copy. Such license shall be granted only upon agreement to pay NFPA a royalty. This royalty 
is required to provide funds for the research and development necessary to continue the work of NFPA and its vol- 
unteers in continually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rule-making powers may apply for and may receive a special royalty where the public interest will  
be served thereby. 

3. Scope of License G r a n t m T h e  terms and conditions set forth above do not extend to the index to this 
document. 

(For further explanation, see the Policy Concerning the Adoption, Printing, and Publication of NFPA 
Documents, which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, or for the 
completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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T e n t a t i v e  I n t e r i m  A m e n d m e n t  

N F P A  59A 

Production, Storage, and Handling of Liquefied 
Natural Gas (LNG) 

1994 Edition 

Reference: 2-2.3.4 
TIA 94-1 (NFPA 59A) 

Pursuant to Section 4 of the NFPA Regtdations Governing Committee Projects, the National 
Fire Protection Association has issued the tbllowing Tentative Interim Amendment to NFPA 
59A, Standard for the Production,  Storage, and  Handl ing  o f  Liquefied Natm~d Gas (LNG), 
1994 edition. The T1A was processed by the Liquefied Natural Gas Committee and was 
issued by the Standards Council on October 13, 1994, with an efliective date of November 2, 
1994. 

A Tentative Interim Amendment is tentative because it has not been processed through the 
entire standards-making procedures. It is interim because it is efl~ective only between editions 
of tile standard. A TIA automatically becomes a proposal of the proponent [or tile next edi- 
tion of the standard; as such, it then is subject to all of the procedures of the standards- 
making process. 

1. A d d  a new 2-2.3.4 to read as fidh>ws: 

2-2.3.4 Containers with an aggregate storage of 70,000 gal (265 m :~) or less on one site shall 
be permitted to be installed in accordance with Table 2-2.4.1 when the containers are 
equipped with the |ollowing: 

(a) All connections, except relief valve and instrumentation connections, shall be equipped 
with automatic |all-safe valves. These automatic valves shall be designed to close on occur- 
rence of any of the |ollowing conditions: 

1. Fire detection 

2. Excess flow of LNG from the container 

3. Gas detection in tile vicinity of flammable gas piping 

4. Manual operation fl'om a local and remote location. 

(b) Connections used only tot tiow into the container shall be permitted to be equipped 
with two backflow check valves, in series, in lieu of the above requirements. The appurte- 
nances shall be installed as close to the container as practical and so that a break resulting 
ti'om external strain shall occur on the piping side of tile appurtenance while retaining intact 
the valve and piping on the container side of the appurtenance. The type, quantity, and 
location of the detection devices shall be in accordance with the requirements of Chapter 9. 

C,quright  © 1994 All Rigllt~ Reserved 
N.VI'I()N.\I. FIRE PR()'II-CTI()N .\SS()(:I.\TI()N 
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NFPA 59A 

Standard for the 

Production, Storage, and Handling of 
Liquefied Natural Gas (LNG) 

1994 Edition 

This edition o~" NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied 
Natural Gas (LNG), was prepared by the Technical Committee on Liquefied Natural Gas 
and acted on by the National Fire Protection Association, Inc. at its Fall Meeting held 
November 15-18, 1993, in Phoenix, AZ. It was issued by the Standards Council on Jan- 
uary 14, 1994, with an effective date of February 11, 1994, and supersedes all previous 
editions. 

The 1994 edition of this document  has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin of the pages 
on which they appear. These lines are included as an aid to the user in identifying 
changes from the previous edition. 

Origin and Development of  NFPA 59A 

A committee of the American Gas Association began work on a standard for liquefied 
natural gas circa 1960. In the au tumn of 1964, a draft was submitted to the NFPA with 
the request that it be considered as the basis for an NFPA standard. The Sectional Com- 
mittee on Utility Gas prepared a standard that was adopted tentatively at the 1966 
Annual  Meeting at the recommendation of the Committee on Gases. 

With the formation of the Committee on Fuel Gases in the summer of 1966, this stan- 
dard was assigned to that committee and its Subcommittee on Utility Gas Plants. The 
first official edition was adopted at the 1967 Annual  Meeting under  the sponsorship of 
the Committee on Fuel Gases. 

By early 1969, it was apparent  that the usage of LNG was being broadened consider- 
ably beyond the utility gas plant applications covered by the 1967 edition. The American 
Petroleum Institute suggested that its standard 2510A be used to help develop a stan- 
dard having a broader scope. The Committee on Liquefied Natural Gas was established 
to accomplish this. The 1971 edition was the first edition developed under  the broad- 
ened scope. Subsequent editions were adopted in 1972, 1975, 1979, 1985, and 1990. 



5 9 A - 2  LIQUEFIED NATURAL GAS (LNG) 

T e c h n i c a l  C o m m i t t e e  o n  Liquef ied Natural  Gas 

James H. Stannard, Chair 

Stannard & Co., NJ 

Theodore C. Lemoff, Nonvot ing Secretary 

National Fire Protection Association, MA 

Robert Arvedlund, U.S. Federal Energy Regulatory 
Commission, DC 
George B. Auchy, Distrigas of Massachusetts Corp., MA 

Rep. American Gas Assn. 
Christopher Bourne, Mass Dept. of Public Utilities, MA 
Leonard 17,. Devanna, Commonwealth Energy Services Co., 
MA 

Rep. American Gas Assn. 
Elisaheth M. Drake, Massachusetts Inst. of Technology, MA 
P. E. Duus, CBI Technical Services Co., IL 

Rep. Steel Plate Fabricators Assn. Inc. 
Thomas J. Felleisen, U.S. Coast Guard, DC 
James J. Gaughan, American Bureau of Shipping, NY 

William G. Haesloop, Cryodynamics Division Ebara Int'l 
Corp., CA 
Richard Henderson, Centra Gas Ontario Inc., ON 
Richard A. Hoffmann, Hoffmann & Feige Inc., NY 
Nicholas A. Legatos, Preload Technology Inc., NY 

Rep. American Concrete Inst. 
Francisco N. Nazario, Exxon Research & Engr., NJ 

Rep. American Petroleum Inst. 
Robert W. Nelson, Industrial Risk Insurers, CT 

Rep. Industrial Risk Insurers 
James J. Regan, Starr Technical Risks Agency Inc., IL 
Michael F. Schmidt, Ansul Fire Protection, WI 

Rep. Fire Equipment Manufacturers' Assn. Inc. 
Shinichi Shimizu, Tokyo Gas Co. Ltd., Japan 

Alternates 

John A. Davenport, Industrial Risk Insurers, CT 
(Alt. to R. W. Nelson) 

Dale R. Edlbeck, Ansul Fire Protection, WI 
(Air. to M. F. Schmidt) 

Raymond J. Georges, Consolidated Natural Gas Co., PA 
(Alt. to F. N. Nazario) 

Michael 1L Schuller, Pitt-Des Moines, Inc., PA 
(Ah. to P. E. Duus) 

Nonvoting 

William 1L Brunt, Horton CBI, Ltd., ON 
Rep. CSA Comm. on LNG 

Theodore C. Lemoff, NFPA Staff Liaison 

This list represents the membership at the tzme the Commzttee was balloted on the text of this editzon. Since that time, changes 
m the membership may have occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the Associa- 
tion or any document developed by the Committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for documents on safety and related 
aspects in the liquefaction of natural gas and the transport, storage, vaporization, transfer, and use of lique- 
fied natural gas. 
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59A-4 LIQUEFIED NATURAL GAS (LNG) 

NFPA 59A 

Standard for the 

Production, Storage, and Handling of 

Liquefied Natural Gas (LNG) 

1994 Edit ion 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on referenced publications can be found in 
Chapter 10 and Appendix B. 

Foreword 

This standard outlines basic methods of equipment  fab- 
rication and installation as well as operating practices for 
protection of persons and property and provides guidance 
to all persons concerned with the construction and opera- 
tion of equipment  for the production, storage, and han- 
dling of liquefied natural  gas (LNG). 

At sufficiently low temperatures, natural gas liquefies. At 
atmospheric pressure,  natural  gas can be liquefied by 
r e d u c i n g  its t e m p e r a t u r e  to a p p r o x i m a t e l y  -260°F  
(-162°C). 

Upon release from conta inment  to the atmosphere,  
LNG will vaporize and release gas that, at ambient temper- 
ature, will have about 600 times the volume of the liquid 
vaporized. Generally,  at tempera tures  below approxi-  
mately -170°F (-112°C), this gas is heavier than ambient 
air at 60°F (15.6°C). However, as its temperature rises, it 
then becomes lighter than air. 

NOTE: The -170°F (-112°C) temperature value is for 
methane. If other constituents are present, see definition of 
Liquefied Natural Gas. 

Chapter 1 Introduct ion  

1-1 General. 

1-1.1 Alternate Materials and Procedures. It is recog- 
nized that advancements  in engineer ing  and improve- 
ments in equipment  may result in equipment  fabrication 
methods and operating practices that differ from those 
specifically called for in this standard. Yet, such deviations 
or improvements might provide desirable safety and com- 
patible operation that meet the intent of this standard. 
Such deviations may be accepted when the authority hav- 
ing jurisdiction has made a special investigation of all fac- 
tors and, based on sound experience and engineer ing  
judgment ,  concludes that the proposed deviations meet the 
intent of this standard. 

1-1.2 Retroactivity. Where existing plants, equipment,  
buildings, structures, and installations meet the applicable 
design, fabrication, or construction layout provisions of the 
edition of this standard in effect at the time of installation, 
they may be continued in use, provided they do not consti- 
tute a distinct hazard to life or adjoining property. 

1-1.3 Training.  In the interest of safety, it is important 
that persons engaged in handling LNG understand the 
properties of this product and that they be trained thor- 
oughly in safe practices for its handling. 

1-1.4 Metric Practices. Metric units in this standard are 
based upon ASTM E380, Standard Practice for the Use of 
International System of Units (SI). Where clearance distances 
are to be determined, the conversion from English to met- 
ric units shall be calculated to the nearest one-half meter. 
Alternate usage of English and metric units on a single 
project shall not be used to lessen clearance distances. 

1-2 Scope. 

1-2.1 This standard applies to the design, location, con- 
struction, and operation of facilities at any location for the 
liquefaction of natural gas and the storage, vaporization, 
transfer, handling, and truck transport of liquefied natural 
gas (LNG). 

1-2.2 This standard covers all containers for the storage 
of liquefied natural gas containers. 

Exception: Frozen ground containers. 

1-3 Definitions. 

Approved. Acceptable to the authority having jurisdiction. 

NOTE: The National Fire Protection Association does not 
approve, inspect, or certify any installations, procedures, 
equipment, or materials; nor does it approve or evaluate test- 
ing laboratories. In determining the acceptability of installa- 
tions, procedures, equipment, or materials, the authority hav- 
ing jurisdiction may base acceptance on compliance with 
NFPA or other appropriate standards. In the absence of such 
standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization concerned with product evaluations that is in a 
position to determine compliance with appropriate standards 
for the current production of listed items. 

Authority Having Jurisdiction. The organizat ion,  
office, or individual responsible for approving equipment, 
an installation, or a procedure. 

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner, since jurisdictions 
and approval agencies vary, as do their responsibilities. 
Where public safety is primary, the authority having juris- 
diction may be a federal, state, local, or other regional 
department or individual such as a fire chief; fire marshal; 
chief of a fire prevention bureau, labor department, or 
health department; building official; electrical inspector; or 
others having statutory authority. For insurance purposes, 
an insurance inspection department, l~ating bureau, or 
other insurance company representative may be the 
authority having jurisdiction. In many circumstances, the 
property owner or his or her designated agent assumes the 
role of the authority having jurisdiction; at government 
installations, the commanding officer or departmental offi- 
cial may be the authority having jurisdiction. 

Barrel. A unit  of volume. One barrel equals 42 U.S. gal 
or 5.615 ft :~ (0.159 m'3). 

Bunkering. The loading of a ship's bunker  or tank 
with fuel oil for use in connection with propulsion or aux- 
iliary equipment. 
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Cargo Tank Vehicle; Tank Vehicle. A tank truck or 
trailer designed to t ransport  liquid cargo. 

Container. A vessel for storing liquefied natural  gas. 
Such a vessel may be above, partially below, or  totally 
below ground and may consist of an inner  and outer  tank. 

Container, Frozen Ground. A container in which the 
maximum liquid level is below the normal  sur rounding 
grade and that is constructed essentially of natural  materi- 
als, such as earth and rock, and that is dependen t  upon the 
freezing of  water-saturated ear th materials with appropr i -  
ate methods for its tightness or impervious nature.  

Container, Prestressed Concrete. A concrete container 
is considered to be prestressed where the stresses created by 
the different loads or loading combinations do not exceed the 
allowable stresses provided for in this standard. Either cir- 
cumferential prestressing or both circumferential and vertical 
prestressing may be required to meet these provisions. 

Deriming. D e r i m i n g ,  which is s y n o n y m o u s  with 
defrosting or deicing, refers to the removal, by heating and 
evaporation,  sublimation, or solution, of accumulated con- 
stituents that form solids, such as water, carbon dioxide, 
etc., from the low-temperature  process equipment.  

Design Pressure. The pressure used in the design of 
equipment ,  a container,  or a vessel for the purpose  of 
de termining  the minimum permissible thickness or physi- 
cal characteristics of its different parts. Where applicable, 
static head shall be included in the design pressure to 
determine  the thickness of  any specific part.  

Dike. A structure used to establish an impounding area. 

Failsafe. Design features that provide for the mainte- 
nance of safe operating conditions in the event of  a malfunc- 
tion of control devices or an interruption of an energy source. 

Fired Equipment. Any equipment  in which the com- 
bustion of fuels takes place. These can include fired boilers, 
fired heaters, internal combustion engines, certain integral 
heated vaporizers,  the pr imary  heat  source for remote  
heated vaporizers, gas-fired oil foggers, fired regenerat ion 
heaters, and flared vent stacks. 

Flame Spread Rating. The  flame spread  ra t ing of  
materials as de te rmined  in accordance with NFPA 255, 
Standard Method of Test of Surface Burning Characteristics of 
Building Materials. 

G. The  normal  or s tandard constant of gravity. At sea 
level, "G" equals approximately  32.2 ft/s/s (9.81 m/s/s). 

Ignition Source. Any item or  substance capable of  an 
energy release of type and magni tude sufficient to ignite 
any flammable mixture of gases or vapors that could occur 
at the site. 

Impounding Area. An a rea  tha t  may be de f ined  
through the use of  dikes or  the topography at the site for 
the purpose  of containing any accidental spill of  LNG or 
flammable refrigerants. 

Liquefied Natural Gas. A fluid in the liquid state com- 
posed predominant ly  of methane and which may contain 
minor  quantities of ethane,  propane,  nitrogen, or o ther  
components  normally found in natural  gas. 

LNG. An abbreviation for "liquefied natural  gas." 

Maximum Allowable Working Pressure. The  maxi- 
mum gauge pressure permissible at the top of completed 
equipment,  a container,  or  a vessel in its operat ing position 
for a design temperature .  

Primary Component. Primary components, as referred 
to in Chapter 4, include those which may be stressed to a sig- 
nificant level, those whose failure would permit leakage of  the 
LNG being stored, those exposed to a temperature between 
-60°F (-51°C) and -270°F (-168°C), and those subject to 
thermal shock. Primary components include, but are not lim- 
ited to, the following parts of a single-wall tank or of the inner 
tank in a double-wall tank: shell plates, bottom plates, roof 
plates, knuckle plates, compression rings, shell stiffeners, 
manways,  and  nozzles, inc luding  re in forcement ,  shell 
anchors, pipe, tubing, forging, and bolting. 

Process Plant.  All systems required to condition, liq- 
uefy, or vaporize natural  gas in all areas of application as 
identified under  the scope of this standard.  

Psia. Pounds per  square inch absolute. 

Psig. Pounds per  square inch gauge. 

Secondary Components. Secondary  components ,  as 
referred to in Chapter  4, include those that will not be 
stressed to a significant level, those whose failure will not 
resul t  in leakage of  the LNG be ing  s tored,  or  those 
exposed to the boiloff gas and that have a design metal 
t empera ture  o f -60° F  (-51°C) or higher.  

Shall. Indicates a mandatory  requirement.  

Should. Indicates a recommendat ion or that which is 
advised but  not required.  

Transfer Area. That  port ion of an LNG plant  contain- 
ing piping systems where LNG, flammable liquids, or flam- 
mable refrigerants are introduced into or removed from 
the facility, such as truck loading or ship unloading areas, 
or  where p ip ing  connections are connected or discon- 
nected routinely. Transfer  areas do not include product  
sampling devices or pe rmanent  plant  piping. 

Transition Joint. A connector  fabricated of  two or  
more metals used to effectively jo in  piping sections of  two 
different materials that are not amenable to usual welding 
or jo in ing techniques. 

Chapter 2 General Plant Considerations 

2-1 Plant Site Provisions. 

2-1.1 General .  Factors to be considered in selection of 
plant  site locations include: 

(a) Accessibility to the plant; at least one all-weather 
vehicular road shall be provided.  

(b) The  degree to which the plant can, within the limits 
of practicality, be protected against forces of  nature.  

(c) Other  factors applicable to the specific site that could 
have a bear ing on the safety of plant  personnel  and the 
s u r r o u n d i n g  public.  The  review of  such factors shall 
include an evaluation of potential incidents and appropr i -  
ate safety measures incorporated in the design or  opera-  
tion of the facility. 
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2-1.2 Site prepara t ion  shall include provisions for reten- 
tion of  spilled LNG, flammable refrigerants,  and flamma- 
ble liquids within the limits of plant  proper ty  and for sur- 
face water drainage.  

2-2 Major Site Provisions for Spill and Leak Control. 

2-2.1 General. 

2-2.1.1 Provisions shall be made to minimize the possibil- 
ity of accidental  d ischarge of  LNG at containers  from 
e n d a n g e r i n g  ad jo in ing  p r o p e r t y  or  impor t an t  process  
equipment  and structures or from reaching waterways (see 
2-2.1.3) in accordance with one of  the following methods: 

(a) An impounding  area sur rounding  the container(s) 
formed by a natural  barr ier ,  dike, impounding  wall, or  
combination thereof  complying with 2-2.2 and 2-2.3, or  

(b) An impounding  area  formed by a natural  barr ier ,  
dike, excavation, impounding  wall, or combination thereof  
complying with 2-2.2 and 2-2.3 plus a natural  or man- 
made drainage system sur rounding  the container(s) that 
complies with 2-2.2 and 2-2.3, or  

(c) Where  the container is constructed below or  partially 
below the sur rounding  grade,  an impounding  area formed 
by the excavation complying with 2-2.2 and 2-2.3. 

] 2-2.1.2 The  following areas shall be graded,  drained,  or 
provided with impoundmen t  in a manner  that will mini- 
mize the possibility of  accidental  spills and  leaks from 
endanger ing  impor tant  structures, equipment ,  or adjoin- 
ing proper ty  or from reaching waterways (see 2-2.1.3): 

(a) Process areas 

(b) Vaporization areas 

(c) Transfer  areas for LNG, flammable refrigerants, and 
flammable liquids 

(d) Areas immediately sur rounding  flammable refriger- 
ant and flammable liquid storage tanks. 

If  impounding  areas also are required in o rder  to com- 
ply with 2-1.2, such areas shall be in accordance with 2-2.2 
and 2-2.3. 

2-2.1.3 In certain installations, the provisions of 2-1.2, 
2-2.1.1, and 2-2.1.2 that apply to adjoining proper ty  or 
waterways shall be permitted to be waived or altered at the 
discretion of the authority having jurisdiction where the change 
does not constitute a distinct hazard to life or property or con- 
flict with applicable federal, state, and local regulations. 

2-2.1.4 Flammable liquid and flammable refr igerant  stor- 
age tanks shall not be located within an LNG container 
impounding  area. 

2-2.2 Impounding Area and Drainage System Design and 
Capacity. 

2-2.2.1 Impound ing  areas serving LNG containers shall 
have a minimum volumetric holding capacity, "V," includ- 
ing any useful holding capacity of  the drainage area and 
with allowance made for the displacement of snow accumu- 

I lation, o ther  containers,  and equipment ,  in accordance 
with the following: 

(a) For impounding  areas serving a single container:  

V = Total volume of liquid in the container,  assuming 
the container is full. 

(b) For impounding  areas serving more than one con- 
tainer with provision made to prevent  low tempera ture  or  
fire exposure  resulting from leakage from any one con- 
tainer served from causing subsequent leakage from any 
other  container served: 

V = Total  volume of liquid in the largest container 
served, assuming the container is full. 

(c) For impounding  areas serving more than one con- 
t a i n e r  w i t h o u t  p r o v i s i o n  m a d e  in a c c o r d a n c e  with 
2-2.2.1 (b): 

V = Total volume of liquid in all containers served, 
assuming all containers are full. 

2-2.2.2 Impounding areas, if provided to serve only vapor- 
ization, process, or LNG transfer areas, shall have a minimum 
volumetric capacity equal to the greatest volume of LNG, 
flammable refrigerant, or flammable liquid that can be dis- 
charged into the area during a 10-minute period from any 
single accidental leakage source or a lesser time period based 
upon demonstrable surveillance and shutdown provisions 
acceptable to the authority having jurisdiction. 

2-2.2.3 Enclosed drainage channels for LNG shall be 
prohibited.  

Exception: Container downcomers used to conduct spilled LNG 
away from critical areas rapidly may be enclosed, provided that an 
adequate drainage rate is achieved. 

2-2.2.4 Dikes, impounding walls, and drainage systems for 
LNG and flammable refrigerant containment shall be of com- 
pacted earth, concrete, metal, and/or other suitable materials. 
They shall be permitted to be independent  of the container, 
or they shall be permitted to be mounded integral to, or con- 
structed against, the container. They, and any penetrations 
thereof, shall be designed to withstand the full hydrostatic 
head of impounded LNG or flammable refrigerant, the effect 
of rapid cooling to the temperature of the liquid to be con- 
fined, any anticipated fire exposure, and natural forces, such 
as earthquake, wind, and rain. Where the outer shell of a 

I double wall tank complies with these requirements, it shall be 
permitted to be considered as the impounding area for pur- 
poses of determining the siting area distances in 2-2.3. Where 
the containment  integrity of  such an outer  shell can be 
affected by an inner  tank failure mode,  an addi t ional  
impounding area that otherwise satisfies the requirements of 
2-2.1.1 shall be provided. 

2-2.2.5 Dikes, impounding walls, and drainage channels for 
flammable liquid containment shall conform to NFPA 30, 
Flammable rout Combustible Liquids Code. 

2-2.2.6" The  dike or  impounding  wall height and dis- 
tance from containers operat ing at 15 psi (100 kPa) or less 
shall be de te rmined  in accordance with "Figure 2-2.2.6. 

2-2.2.7 Provision shall be made to clear rain or other  
water from the impounding  area. Automatically controlled 

I sump pumps shall be permit ted if equipped with an auto- 
matic cutoff device that  prevents  their  operat ion when 
exposed to LNG temperatures.  Piping, valves, and fittings 
whose failure could pe rmi t  liquid to escape from the 
impounding  area shall be suitable for continuous exposure  
to LNG temperatures.  I f  gravity drainage is employed for 
water removal,  provision shall be made to prevent  the 
escape of  LNG by way of the drainage system. 
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Maximum 

T 
Y Container Y 

h 
Dike or impounding wall 

Figure 2-2.2.6 Dike or impounding wall proximity to containers. 

Notes to Figure 2-2.2.6 

[ NOTE 1: Dimension "X" shall equal or exceed the sum of 
dimension "Y" plus the equivalent head in LNG of the pres- 
sure in the vapor space above the liquid. 

Exception: Where the height of the dike or impounding wall is 
l equal to or greater than the maximum liquid level, "X" shall be 

permitted to have any value. 

NOTE 2: Dimension "X" is the distance from the inner 
wall of the container to the closest face of the dike or 
impounding wall. 

NOTE 3: Dimension "Y" is the distance from the maxi- 
mum liquid level in the container to the top of the dike or 
impounding wall. 

2-2,2.8 Insulation systems used for impounding  surfaces 
shall be, in the installed condition, noncombustible and 
suitable for the intended service considering the antici- 
pated thermal and mechanical stresses and loads. If flota- 
tion is a problem, mitigating measures shall be provided. 
Such insulation systems shall be inspected as appropriate 
for their intended service. 

2-2,3 Impounding  Area Siting. 

2-2.3.1 Thermal  radiation protection distances shall be 
determined in accordance with the following requirements: 

(a) Provision shall be made to prevent a radiation flux that 
could result from ignition of a design spill (as defined in 

2 2 2-2.3.3) from exceeding 1600 Btu/hr/ft (5000 W/re') at a 
property line that can be built upon when atmospheric con- 
ditions are zero wind speed, 70°F (21°C) temperature, and 
50 percent relative humidity. This provision shall be permit- 
ted to be complied with by means of a separation distance 
determined by Formula l(a). 

where 

d I = 

A! = 

F o r m u l a  l (a)  

d I = 3 ~¢/A l 

Distance, in ft (m), from the nearest edge of the 
applicable design spill to a property line that can be 
built upon. 
Surface area, in ft" (m z) of LNG, resulting from the 
applicable design spill. 

(b) Provision shall be made to prevent a radiation flux 
from a fire over an LNG impounding  area from exceeding 

1600 Btu/hr/ft 2 (5000 W/m 2) at the nearest point of a place 
outside the owner's property line that, at the time of plant 
siting, is used for outdoor assembly by groups of 50 or more 
persons when atmospheric conditions are zero wind speed, 
70°F (21°C) temperature, and 50 percent relative humidity. 
This provision shall be permitted to be complied with by 
means of a separation distance determined by Formula l(b). 

F o r m u l a  l (b)  

m 

d, 2 = 3 N/A 2 

where 

d 2 = Distance, in ft (m), from the edge of impounded LNG 
to the nearest point of the place of assembly. 

A 2 = Surface area, in ft 2 (m2), of impounding area is filled 
with a volume, V, determined in accordance with 
2-2.2.1. 

(c) Provision shall be made to prevent a radiation flux 
from a fire over an LNG impounding  area from exceeding 
3000 Btu/hr/ft 2 (9000 W/m 2) at the nearest point of a build- 
ing or structure outside the owner's property line in exist- 
ence at the time of plant siting and used for occupancies 
classified by NFPA I01 ®, Life Safety Code ~, as assembly, 
educational, health care, detention and correction, or resi- 
dential when atmospheric conditions are zero wind speed, 
70°F (21°C) temperature, and 50 percent relative humidity. 
This provision shall be permitted to be complied with by 
means of a separation distance determined by Formula l(c). 

F o r m u l a  l ( c )  

d.~ = 2 N/A:~ 

where 
d 3 = Distance, in fi (m), fl'om the edge of impounded LNG 

to the nearest point of the building or structure. 
A 3 = Surface area, in ft 2 (m2), of impounded LNG when the 

impounding area is filled with a volume, V, deter- 
mined in accordance with 2-2.2.1. 

(d) Provision shall be made to prevent a radiation flux 
from a fire over an LNG impounding area from exceeding 
10,000 Btu/hr/fl 2 (30,000 W/m 2) at a property line that can 
be built upon when ambient atmospheric conditions are 
zero wind speed, 70°F (21°C) temperature, and 50 percent 
relative humidity. This provision shall be perinitted to be 
complied with by means of a separation distance deter- 
mined by Formula l(d). 

F o r m u l a  l (d)  

d 4 = 0.8 v;A 4 

where 
d 4 = Distance, in ft (m), from the edge of impounded LNG 

to a property line that can be built upon. 
A 4 = Surface area, in ft ~ (m~), o[ impounded LNG when 

the impounding  area is filled with a volume, V, 
determined in accordance with 2-2.2.1. 

(e) As an alternative for irregularly shaped areas (such as 
trenches), the distances specified in Formulas l(a) through 
l(d) shall be permitted to be computed using a suitable 
model acceptable to the authority having jurisdiction. 
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2-2.3.2 Provision shall be made to minimize the possibil- 
ity of a flammable mixture of  vapors from a "design spill," 
as defined in 2-2.3.3(a) through (d), as appropr ia te ,  from 
reaching a proper ty  line that can be built upon at an ele- 
vation above grade that would result in a distinct hazard. 
Flammable mixture  dispersion distances shall be deter-  
mined in accordance with 2-2.3.2(a) through (e). 

(a) Distances shall be computed  in accordance with a 
suitable model. 

(b) The method used could be based on applicable parts 
I of the mathematical model specified in "Evaluation of LNG 

Vapor Control Methods," American Gas Association, or other 
method acceptable to the authority having jurisdiction. 

(c) The  method used shall be based upon the combina- 
tion wind speed and atmospheric  stability that could occur 
simultaneously and result in the longest predictable down- 
wind dispersion distance that is exceeded less than 10 per- 
cent of  the time, or, as an alternate, Pasquill-Gifford stabil- 
ity Category F with a 4.5 mph (2 m/sec) wind speed may be 
assumed and used. 

(d) The  method used shall be based upon the actual liq- 
uid characteristics and the maximum vapor outflow rate 
from the vapor containment  volume (the vapor generation 
rate plus the displacement due to liquid inflow). 

(e) Methods for detaining the vapor formed as a result 
of spills or otherwise mitigating the hazard (e.g., impound-  
ing surface insulation, water curtains, or o ther  suitable 
methods) shall be permit ted  to be considered, provided 
there exist demonstrable  surveillance and functional provi- 
sions acceptable to the authori ty having jurisdiction. 

2-2.3.3 The  "design spill" shall be de te rmined  in accor- 
dance with the following: 

(a) For impounding  areas serving LNG containers that 
have penetrat ions below the liquid level without internal 
valves, the design spill shall be defined as flow through an 
assumed opening at and equal in area to that penetration 
below the liquid level that would result in the largest flow 
from an initially full container. The flow, as determined by 
Formula 2, shall be assumed to continue until the differential 
head acting on the opening is zero. For impounding areas 
serving more than one container, the design spill shall be 
applied to the container that results in the largest flow. 

(b) For impounding  areas serving LNG containers with 
"over-the-top" fill and withdrawal connections and that 
have no tank pene t ra t ions  below the liquid level, the 
design spill shall be defined as the largest flow from any 
single line that could be p u m p e d  into the impounding  area 
with the container withdrawal pump(s) considered to be 
delivering full rated capacity. The  durat ion of  the design 
spill shall be 10 minutes, provided demonstrable  surveil- 
lance and shutdown provisions acceptable to the authori ty 
having jurisdict ion exist; otherwise, the durat ion shall be 
the time needed for the initially full container to empty. 

(c) For impounding areas serving LNG containers that 
have all penetrations below the liquid level fitted with inter- 
nal shutoff valves in accordance with 6-3.3.3, the design spill 
shall be defined as flow through an assumed opening at, and 
equal in area to, that penetration below the liquid level that 
could result in the largest flow from an initially full container. 
The flow shall be the maximum computed from Formula 2 

with the flow, "q," lasting for 1 hour, provided demonstrable 
surveillance and shutdown provisions acceptable to the author- 
ity having jurisdiction exist; otherwise, the duration shall be the 
time needed for the initially full container to empty. 

Formula  2 

4 d2 x /h -  q = - ~  

where 
q = Flow rate, in cubic feet per  minute, of liquid 
d = Diameter,  in inches, of  tank penetrat ion below the liq- 

uid level 
h = Height,  in feet, of  liquid above penetrat ion in the con- 

tainer when the container is lull. 

(d) For impound ing  areas serving only vaporization,  
I process, or LNG transfer areas, the design spill shall be 

defined as flow for 10 minutes from any single accidental 
leakage source or for less time, based upon demonstrable  
surveillance and shutdown provisions acceptable to the 
authori ty having jurisdiction. 

2-2.3.4 LNG container impounding  areas shall be located 
such that the heat flux from a fire over the impounding  
area shall not cause major structural damage to any LNG 
marine carrier  that could prevent  its movement.  

2-2.3.5 In no case shall the distance from the nearest  
edge of impounded  liquid to a proper ty  line that may be 
built upon, or the near edge of a navigable waterway as 
defined by federal regulations, be less than 50 ft (15 m). 

]2 -2 .3 .6  T h e  p rov i s ions  of  2-2.3 shall  not  a p p l y  to 
impounding  areas serving only transfer areas at the water's 
edge of marine terminals. 

2-2.4 Container Spacing. 

2-2.4.1 LNG containers and tanks containing flammable 
refrigerants not covered by Section 3-3 shall be sited in 
accordance with Table 2-2.4.1. 

2-2.5 Vaporizer Spacing. (See Chapter 5 for vaporizer 
classification.) 

2-2.5.1 Unless the intermediate heat transfer fluid is non- 
flammable, vaporizers and their pr imary heat  sources shall 
be located at least 50 ft (15 m) from any other source of 
ignition. In multiple vaporizer  installations, an adjacent 
vaporizer  or pr imary heat source is not considered to be a 
source of ignition. 

Process heaters or other  units of fired equipment  are not 
considered to be sources of ignition with respect to vapor- 
izer siting, provided they are interlocked so that they can- 
not be operated while a vaporizer is operat ing or while the 
piping system serving the vaporizer is either cooled down 
or being cooled down. 

] 2-2.5.2 Integral  heated vaporizers shall be located at least 
100 ft (30 m) from a proper ty  line that can be built upon 
(see 2-2.5.4) and at least 50 ft (15 m) from: 

(a) Any i m p o u n d e d  LNG, f lammable refr igerant ,  or  
flammable liquid (see 2-2.4), or the paths of travel of such 
fluids between any other  source of accidental discharge 
and the impounding  area. 
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Table 2-2.4.1 Container Spacing 

Minimum Clear Distances 

From Container 
to Property Between 
Line Which Any Two 

Water Capacity May Be Adjacent 
per Container Built Upon Containers 

Less than 125 gal (473 L) ~ None None 

1')5 to 250 gal (473 to 946 L) l0 ft (3 in) None 

251 to 500 gal (950 to 1892 L) 10 ft (3 m) 3 fi (1 m) 

501 to 2,000 gal (1.9 t6 7.6 m '~) 25 ft (7.6 in) 3 fi (1 m) 

2,001 to30,O00gal(7.6 + to l13m '~) 50ft(15m) 5ft(l .5m) 

30,001to70,00Ogal(l13+to265m :~) 75ft(23m) 10fi(3m) 

Greater than 70,000 gal (265 m ~) 0.7 times the con- 1/4 of sum of 
tainer diameter diameters of the 
but not less than two adjacent con- 
100 ft (30 in). tainers but not 

less than 25 ft 
(7.6 m). 

~If the aggregate water capacity of a multiple container installation is 
501 gal (1.9 m '~) or greater, the minimum distance shall comply with the 
appropriate portion of this table, applying the aggregate capacity rather 
than the capacity per container. If more than one installation is made, each 
installation shall be separated from any other installation by at least 25 ft 
(7.6 Ill). Do not apply the minimum distances between adjacent containers 
to such installations. 

(b) LNG,  f l ammable  l iquid,  f l ammable  r e f r ige ran t  o r  
f lammable  gas s torage conta iners  or  tanks, unf i red  process 
e q u i p m e n t  conta in ing  such fluids, o r  loading and unload-  
ing connect ions  used in the t ransfer  of  such fluids. 

(c) Cont ro l  buildings,  offices, shops, and  o the r  occupied 
or  impor t an t  plant  s tructures.  

Exception." Vaporizers used in conjunction with LNG containers 
having a capacity of 70,000 gal (265 m 3) or less as provided in 
the exception to 2-2.5.4. 

2-2.5.3 Hea te r s  or  hea t  sources of  r emote  hea ted  vapor-  
izers shall comply  with 2-2.5.2. 

Exception: I f  the intermediate heat transfer liquid is nonflamma- 
ble, the property line clearance and 2-2.5.2(c) shall not apply. 

2-2.5.4 Remote  heated,  ambient ,  and  process vapor izers  
shall be located at least 100 ft (30 m) f rom a p rope r ty  line 
that  can be buil t  upon.  Remote  hea ted  and ambient  vapor-  
izers may be located within an i m p o u n d i n g  area. 

Exception: Vaporizers used in conjunction with LNG containers 
having a capacity of 70,000 gal (265 m 3) or less shall be located 
with respect to the property line in accordance with Table 2-2.4.1, 
considering the vaporizer as a container with a capacity equal to 
the largest container to which it is connected. 

2-2.5.5 In  mul t ip le  hea ted  vapor ize r  installations, a clear- 
ance of  at least 5 ft (1.5 m) shall be main ta ined  be tween  
vaporizers .  

2-2.6 Process  E q u i p m e n t  Spac ing .  

2-2.6.1 Process e q u i p m e n t  conta in ing  LNG, refr igerants ,  
f lammable  liquids, o r  f lammable  gases shall be located at 
least 50 ft (15 m) f rom sources o f  ignit ion,  a p rope r ty  line 
that  can be built  upon ,  control  rooms,  offices, shops, and 
o the r  occupied  structures.  

Exception: Control rooms shall be permitted to be located in a 
building housing flammable gas compressors where the building 
construction complies with 2-3.1.1. 

2-2.6.2 Fi red  e q u i p m e n t  and o the r  sources of  igni t ion 
shall be located at least 50 ft (15 m) f rom any i m p o u n d i n g  
area  or  conta iner  d ra inage  system. 

2-2.7 L o a d i n g  and U n l o a d i n g  Faci l i ty  Spacing .  

2-2.7.1 A pier  or  dock used for p ipel ine  t ransfer  of  LNG 
shall be located so that  any mar ine  vessel be ing  loaded or  
un loaded  is at least 100 ft (30 m) f rom any br idge  crossing 
a navigable waterway. T h e  loading or  un load ing  manifold  
shall be at least 200 ft (61 m) f rom such a bridge.  

2-2.7.2 L N G  and  f l a m m a b l e  r e f r i g e r a n t  l o a d i n g  and  
un load ing  connect ions  shall be at least 50 ft (15 m) f rom 
uncon t ro l l ed  sources  o f  igni t ion,  process  areas, s torage  
conta iners ,  con t ro l  bui ld ings ,  offices, shops,  and  o t h e r  
occupied  or  impor t an t  p lant  structures.  This  r e q u i r e m e n t  

[ shall not  apply to s t ructures  or  e q u i p m e n t  directly associ- 
a ted with the t ransfer  opera t ion .  

2-3 B u i l d i n g s  and Structures.  

2-3.1 Buildings or  s t ructural  enclosures  in which LNG, 
f lammable  refr igerants ,  and f a m m a b l e  gases are  hand led  
shall be of  l ightweight ,  noncombust ib le  cons t ruc t ion  with 
non- load-bear ing  walls. 

2-3.1.1 I f  rooms  conta in ing  LNG and f lammable  fluids 
are  located within or  a t tached to bui ldings in which such 
fluids are  not  hand led  (e.g., control  rooms,  shops, etc.), the  
c o m m o n  walls shall be l imited to no more  than  two, shall 
be des igned  to withstand a static pressure  o f  at least 100 psf  
(4.8 kPa), shall have no doors  or  o the r  c o m m u n i c a t i n g  
openings ,  and shall have a fire resistance ra t ing  of  at least 
1 hour .  

2-3.2 T h e  bui ldings or  s t ructural  enclosures  cited in Sec- 
tion 9-3 shall be vent i la ted to min imize  the possibility of  
hazardous  accumulat ions  o f  f l ammable  gases o r  vapors  in 
accordance  with 2-3.2.1 t h r o u g h  2-3.2.3. 

I 2-3.2.1 Venti lat ion shall be pe rmi t t ed  to be by means  of: 

(a) A cont inuously  ope ra t ing  mechanica l  vent i la t ion sys- 
tem, o r  

(b) A combina t ion  gravity vent i la t ion system and nor-  
mally off  mechanical  vent i la t ion system that  is energ ized  by 
suitable combust ible  gas detectors  in the even t  combust ible  
gas is detected,  or  

(c) A dual  rate  mechanica l  vent i la t ion system with the 
high rate energ ized  by suitable gas detectors  in the even t  
f l ammable  gas is detected,  or  

(d) A gravity vent i la t ion system composed  of  a combina-  
tion of  wall open ings  and  roo f  ventilators.  I f  there  are  
b a s e m e n t s  o r  d e p r e s s e d  f loor  levels ,  a s u p p l e m e n t a l  
mechanica l  vent i la t ion system shall be p rov ided .  

2-3.2.2 T h e  venti lat ion rate shall be at least 1 cfm of  air 
pe r  ft 2 (5 L/s pe r  m 2) of  f loor area. 

2-3.2.3 I f  vapors  heavier  than air can be present ,  a suit- 
able por t ion  of  the vent i la t ion must  be f rom the lowest 
level exposed  to such vapors.  
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2-3.3 Buildings or structural enclosures not covered by 
2-3.1 and 2-3.2 shall be ei ther located, or provision other-  
wise made, to minimize the possibility of entry of  flamma- 
ble gases or  vapors. (See 9-4.1.) 

2-4 Designer and Fabricator Competence. 

2-4.1 Designers and fabricators of  LNG facilities shall 
have competence in the design or  fabrication of  LNG con- 
tainers, process equipment ,  refr igerant  storage and han- 
dling equipment ,  loading and unloading facilities, fire pro- 
tection equipment ,  and other  components  of the facility. 

I 2-4.1.1 Supervision shall be provided for the fabrication 
and for all acceptance tests of  thcility components  to the 
extent  necessary to ensure that they are structurally sound, 
suitable for the service, and otherwise in compliance with 
this s tandard.  

2-4.1.2 Sufficient soil and general  investigations shall be 
made to de termine  the adequacy of the in tended site for 
the facility. 

I NOTE: See ASCE 56, Subsurface Investigation for Design and 
Construction of Foundation for Buildings, and API 620, Design 
and Construction of l~rge, Welded, Low-Pressure Storage Tanks, 
Appendix C, for further information. 

2-5 Soil Protection for Cryogenic Equipment. 

2-5.1 LNG containers (see 4-1.7), cold boxes, piping and 
pipe supports ,  and o ther  cryogenic appara tus  shall be 
designed and constructed proper ly  to prevent  damage to 
these structures and equipment  due to freezing or frost 
heaving in the soil, or suitable means shall be provided to 
prevent  damaging  forces fi'om developing. 

NOTE: Soil movement due to freezing of water is of two 
general types: (1) The freezing of in situ water causes volu- 
metric expansion of a moist soil; (2) frost heave is caused by 
migration of water to a zone of freezing and a continual 
growth of ice lenses. 

2-6 Falling Ice and Snow. 

2-6.1 Where  a p p r o p r i a t e ,  suitable measures  shall be 
taken to protect  personnel  and equipment  from falling ice 
or snow that has accumulated on high structures. 

2-7 Concrete Materials. 

2-7.1 Concrete used for construction of LNG containers 
shall be in accordance with Section 4-3. 

2-7.2 Concrete structures that will be in normal  or peri- 
odic contact with LNG shall be designed to withstand the 
design load, applicable environmental  loadings, and antic- 
ipated tempera ture  effects. Such structures include, but  
are not limited to, foundations for cryogenic equipment.  
They shall comply with the following: 

(a) Design of  the structures shall be in accordance with 
appropr ia te  provisions of  4-3.2. 

(b) Materials and construction shall be in accordance 
with the appropr ia te  provisions of 4-3.3. 

2-7.3 Pipe supports  shall comply with Section 6-4. 

2-7.4 All other  concrete structures shall be investigated 
for the effects of  potential  contact with LNG. If  failure of  

these structures would create a hazardous condition or  
worsen an existing emergency condition by exposure  to 
LNG, the structures shall be suitably protected to minimize 
the effects of  such exposure,  or  they shall comply with 
2-7.2(a) or  (b). 

2-7.5 Concrete for incidental nonstructural  uses, such as 
slope protection and impounding  area paving, shall con- 
form to ACI 304R, Guide for Measuring, Mixing, Transporta- 
tion and Placing of Concrete. Reinforcement shall be a mini- 
mum of  0.5 percent  of  the cross-sectional area of  concrete 
for crack control in accordance with ACI 344R-W, Design 
and Construction of Circular Wire and Strand Wrapped Pre- 
stressed Concrete Structures, 2-2.1. 

2-7.6 Concrete that is not constantly exposed to LNG but 
has been subjected to sudden and unexpected exposure to 
LNG shall be inspected and repaired,  if necessary, as soon 
as practical after it has re turned  to ambient  temperature .  

Chapter 3 Process  Systems 

3-1 General. 

3-1.1 Process system equipment  containing LNG, flam- 
mable refrigerants, or  flammable gases shall be: 

(a) Installed outdoors  for ease of operat ion to facilitate 
manual  fire fighting and to facilitate dispersal of acciden- 
tally released liquids and gases, or  

(b) Installed indoors in enclosing structures complying 
with 2-3.1 and 2-3.2. 

3-2 Pumps and Compressors. 

3-2.1 Pumps and compressors  shall be constructed of  
materials suitable for the tempera ture  and pressure condi- 
tions that might be encountered.  

3-2.2 Valving shall be installed so that each pump or com- 
pressor can be isolated for maintenance. Where pumps or 
centrifugal compressors are installed for operation in parallel, 
each discharge line shall be equipped with a check valve. 

3-2.3 Pumps and compressors shall be provided with a 
pressure-re l ieving device on the discharge to limit the 
pressure to the maximum safe working pressure of  the cas- 
ing and downstream piping and equipment,  unless these 
are designed for the maximum discharge pressure of the 
pumps and compressors.  

3-2.4 Each pump shall be provided with an adequate vent 
or relief valve, or both, that prevents overpressuring the 
pump case during the maximum possible rate of cool-down. 

3-2.5 The  foundations and sumps for cryogenic pumps 
shall be designed and constructed to prevent  frost heaving. 

3-2.6 Pumps used for transfer of liquids at temperatures  
below -20°F (-29°C) shall be provided with means for pre- 
cooling to ensure that the pumps will not be damaged  or  
made temporari ly  or permanent ly  inoperable.  

3-2.7 Compression equipment  that handles f lammable 
gases shall be provided with vents from all points, including 
distance pieces, where gases normally can escape. Vents shall 
be piped outside of  buildings to a point of safe disposal. 

1994 Edition 



STATIONARY LNG STORAGE CONTAINERS 59A-11 

3-3 Flammable Refrigerant and Flammable Liquid Storage. 

3-3.1 Installation of  storage tanks for flammable refriger- 
ants and liquids shall comply with NFPA 30, Flammable and 
Combustible Liquids Code, NFPA 58, Standard for the Storage 
and Handling of Liquefied Petroleum Gases, or NFPA 59, 
Standard for the Storage and Handling of Liquefied Petroleum 
Gases at Utility Gas Plants, or API 2510, Design and Construc- 
tion of Liquefied Petroleum Gas (LPG) Installations, as appro-  
priate, or with Section 2-2 of this s tandard.  

3-4 Process Equipment. 

3-4.1 Process eetuipment shall be sited in accordance with 
Section 2-2. 

3-4.2 Boilers shall be designed and fabricated in accor- 
dance with ASME Boiler and Pressure Vessel Code, Section I, 
and pressure vessels shall be designed and fabricated in 
accordance with the ASME Code, Section VIII ,  Division 1 
or  Division 2, and shall be Code-stamped.  

3-4.3 Shell and tube heat  exchangers shall be designed 
and fabricated in accordance with the Standards of the 
Tubula r  Exchanger  Manufacturers  Association (TEMA). 
The  shells and internals of  all exchangers shall be pressure 
tested, inspected,  and s tamped in accordance with the 
ASME Boiler Pressure Vessel Code, Section VIII ,  Division 1 or 
Division 2, when such components  fall within the jurisdic- 
tion of this Code. 

3-4.4 Installation of  internal combustion engines or gas 
] tu rb ines  not exceeding 7500 horsepower  per  unit shall 

conform to NFPA 37, Standard for the Installation and Use of 
Stationary Combustion Engines and Gas Turbines. 

NOTE: For information on internal combustion engines 
or gas turbines exceeding 7500 horsepower per unit, see 
NFPA 850, Recommended Practice for Fire Protection for Electric 
Generating Plants. 

3-4.5 A boiloff and flash gas handl ing system separate 
from container relief valves shall be installed for the safe 
disposal of vapors generated in the process equipment  and 
LNG containers.  Boiloff and flash gases shall discharge 
safely into the a tmosphere  or into a closed system. The  
boiloff venting system shall be designed so that it cannot 
normally inspirate air dur ing  operation.  

3-4.6 If  internal vacuum conditions can occur in any pip- 
ing, process vessels, cold boxes, or other equipment, the facil- 
ities subject to vacuum shall be designed to withstand the 
vacuum conditions or provision made to prevent develop- 
ment in the equipment of a vacuum that might create a haz- 
ardous condition. If  gas is introduced to obviate this problem, 
it shall be of such composition or  so introduced that it does 
not create a flammable mixture within the system. 

] 3-4.7* Equipment Depressurizing. 

3-4.7.1 Emergency controls to effect the depressurization 
shall be marked conspicuously with their designated function, 
and they shall be accessible under emergency conditions. 

3-4.7.2 The  discharge of  flammable gases or liquids from 
relief devices shall be directed into a closed system or to a 

] point  of  safe disposal. Flammable gases shall be permit ted 
to be discharged directly to atmosphere.  (See Section 4-8.) 

3-4.8 A cold box structure and its contents shall be con- 
structed of  materials that do not suppor t  combustion. 

3-4.8.1 Cold boxes shall be purged  in accordance with 
Section 4-6, treating the cold box as a container.  If  a flam- 
mable mixture is detected within the cold box at any time, 
purge gas shall be introduced until the mixture is outside 
of  the flammable range. 

3-4.9 Salt bath heaters shall be installed within curbed areas 
or other means provided to retain spillage of  molten salt. 

3-5 Air Injection. In those cases where air  may have 
been injected into the plant inlet natural  gas stream, pro- 
vision shall be made to prevent  a flammable mixture from 
occurring under  any operat ing condition. 

3-6 Relief Devices. 

3-6.1 Process equipment  that can be overpressured shall 
be protected by safety relief valve(s) providing sufficient 
rate of  discharge to prevent  pressures exceeding those 
allowed by the governing code, giving p roper  consider- 
ation to fire exposure,  process upsets, or  loss of utilities. 

3-7 Process Equipment Supports. 

3-7.1 Where  the structural stability of process equipment  
is essential to plant  safety, the supports  for the equipment  
shall be resistant to or protected against fire exposure  or 
cold liquid, or both, if they are subject to such exposures. 

Chapter 4 Stationary LNG Storage Containers 

4-1 General. 

4-1.1 Inspection. 

4-1.1.1 Pr ior  to initial opera t ion ,  conta iners  shall be 
l inspected  to ensure  compl iance  with the e n g i n e e r i n g  

design and material, fabrication, assembly, and test provi- 
sions of  this standard.  The  opera tor  shall be responsible for 
this inspection. 

4-1.1.2 The  opera tor  shall be permit ted  to delegate per- 
formance of any part  of the inspection to inspectors who 
are employees of the operator ' s  own organization, an engi- 
neer ing or scientific organization, or a recognized insur- 
ance or inspection company. Inspectors shall be qualified 
in accordance with the code or s tandard applicable to the 
container and as specified in this standard.  

4-1.2 Basic Design Considerations. 

4-1.2.1 The  opera tor  shall specify the maximum allow- 
l able working pressure,  which shall include a suitable mar- 

gin above the operat ing pressure,  and the maximum allow- 
able vacuum. 

4-1.2.2 Those parts of LNG containers that normally will 
be in contact with LNG and all materials used in contact 
with LNG or cold LNG vapor [vapor at a t empera ture  
below -20°F (-29°C)] shall be physically and chemically 
compatible with LNG and suitable for service at -270°F 
(-168°C). 

4-1.2.3 All piping that is a part  of  an LNG container shall 
be in accordance with Chapter  6. This container piping 
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shall include all p ip ing internal  to the container,  within 
insulation spaces, within void spaces, and external  piping 
attached or connected to the container up to the first cir- 
cumferential  external  jo int  of the piping. Iner t  gas purge 
systems wholly within the insulation spaces are exempt  
from this provision. 

4-1.2.4 All LNG containers shall be designed to accom- 
modate  both top and bot tom filling unless o ther  positive 
means are provided to prevent  stratification. (See 8-1.3.) 

4-1.2.5 Any port ion of the outer  surface area of  an LNG 
container that accidentally could be exposed to low tem- 
peratures  resulting from leakage of LNG or cold vapor 
from flanges, valves, seals, or  other  nonwelded connections 
shall be suitable for such temperatures  or otherwise pro- 
tected from the effects of  such exposure.  

4-1.2.6 Where  two or  more containers are sited in a com- 
mon dike, the container  foundations shall be capable of 
wi ths tand ing  contact  with LNG or  shall be p ro tec t ed  
against contact with an accumulation of LNG that might 
endanger  structural integrity. 

4-1.2.7 The density of the liquid shall be assumed as the 
actual weight per  cu ft (cu m) at the min imum storage 
t empera tu res ,  except  that  in no case will the densi ty  
assumed be less than 29.3 lb/ft 3 (470 kg/m3). 

4-1.2.8 The  design shall consider the requirements  for 
removing the LNG container  from service. 

4-1.3 Seismic Design. 

4-1.3.1" Seismic loads shall be considered in the design. 
The operator  shall perform a site investigation to determine 
the seismic potential and resulting response spectra for all 
installations except those provided for in 4-1.3.8. Investiga- 
tions shall be conducted to obtain per t inent  geotechnical 
information concerning the geologic and seismic characteris- 
tics of the LNG facility and the surrounding region. 

4-1.3.2 The  investigation shall include: 

(a) The  detection and identification of surface faulting, 
as appropr ia te ,  at the specific site and the potential  for 
such faulting. 

(b) The characteristics of the materials underlying the 
site as they relate to the transmission of  vibratory motion 
f rom b e d r o c k  t h r o u g h  the soil if  the  facil i ty is not  
g rounded  on rock, as well as the potential for soil liquefac- 
tion and degradat ion.  

(c) Determinat ion of  vertical and horizontal  response 
spectra correlat ing the acceleration, velocity, and displace- 
ment  with the seismic characteristics of  the soil and damp-  
ing factors of  the structural systems in the range of antici- 
pated natural  periods of vibration. 

4-1.3.3 The  investigation shall de termine  the Safe Shut- 
down Earthquake (SSE) and Opera t ing  Basis Earthquake 
(OBE), which shall be defined as follows: 

(a) Probabi l is t ical ly ,  as those tha t  p r o d u c e  g r o u n d  
motions with a mean recurrence interval of 10,000 years 
for the SSE and 475 years for the OBE, or 

(b) Deterministically in regions where the uncertainties 
are difficult to quantify because of the lack of geological 
data, where the SSE is the event that produces the maxi- 
mum credible ground  motion at the site based upon the 
seismology, geology, and seismic and geologic history of  
the site and region, and where the ground  motions for the 
OBE shall be one-half  those de termined for the SSE. 

4-1.3.4 The  following structures and systems shall be 
designed to comply with 4-1.3.3: 

(a) An LNG container and its impounding  system 

(b) System components  required to isolate the LNG con- 
tainer and maintain it in a safe shutdown condition 

(c) Fire protection systems. 

4-1.3.5 An LNG container shall be designed for the OBE 
and a stress limit check made for the SSE. Stresses under  
the OBE shall be in accordance with the code or  s tandard 
applicable to the container as specified in this s tandard.  
Stresses under  the SSE shall be subjected to the following 
limits: 

(a) In metal containers, stresses shall not exceed yield 
for the tensile condition and critical for the buckling con- 
dition when including the effect of liquid pressure on buck- 
ling stability. 

(b) In prestressed concrete containers, axial hoop stresses 
from unfactored loads shall not exceed the modulus of rup- 
ture for the tensile condition and 60 percent of the specified 
28-day compressive strength for the compressive condition. 
Extreme fiber stresses from combined axial and bending 
hoop forces from unfactored loads shall not exceed the mod- 
ulus of rupture for the tensile condition and 69 percent of the 
specified 28-day compressive strength for the compressive 
condition. Hoop tensile stresses shall not exceed the yield 
stress in non-prestressed reinforcement and 94 percent of  the 
yield stress in prestressed reinforcement, with the assumption 
of a cracked section. 

The  LNG container shall be designed to remain opera-  
ble dur ing  and after an OBE. Similarly, the design shall be 
such that dur ing  and after an SSE there shall be no loss of  
containment  capability, and it shall be possible to isolate 
and maintain the LNG container. 

After the SSE event, the container shall be emptied and 
inspected prior to resumption of container-filling operations. 

4-1.3.6 The impounding system shall, as a minimum, be 
designed to withstand the SSE while empty and the OBE 
while holding the volume, "V," as specified in 2-2.2.1. After 
the SSE, there shall be no loss of  containment capability. 

4-1.3.7" The  dynamic analysis of the LNG container and 
associated structural components  shall include the effects 
of liquid sloshing and restrained liquid. Tank flexibility, 
including shear deformation,  shall be included in determi-  
nation of the significant tank frequencies. For containers 
suppor ted  by pile caps, the flexibility of the pile system 
shall be considered. 

4-1.3.8 Shop-built  containers designed and constructed 
in accordance with the ASME Boiler and Pressure Vessel Code, 
and their suppor t  system, shall be designed in accordance 
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Table 4-1.3.8 Seismic Accelerations for Shop-built Containers 

Zone %G 

0 2 
1 7 
2 15 
3 28 
4 As determined by investigation in accordance 

with 4-1.3.1 and 4-1.3.2 

with the horizontal seismic accelerations in Table 4-1.3.8 
and the vertical accelerations of two-thirds of these values. 
Zones shall be determined from ASCE 7, Building Code 
Requirements for Minimum Design Loads in Buildings and Other 
Structures. 

4-1 .4  W i n d  and  S n o w  Loads .  

4-1.4.1 The wind and snow loads for the design of LNG 
storage containers shall be determined using the proce- 
dures outlined in ASCE 7, Building Code Requirements for 
Minimum Design Loads in Buildings and Other Structures. 
Where a probabilistic approach is appropriate, a 100-year 
mean occurrence interval shall be used. 

4-1 .5  C o n t a i n e r  I n s u l a t i o n .  

4-1.5.1 Any exposed insulation shall be noncombustible, 
shall contain or inherently shall be a vapor barrier, shall be 
water-free, and shall resist d is lodgement  by fire hose 
streams. Where an outer shell is used to retain loose insu- 
lation, the shell shall be constructed of steel or concrete. 
Exposed weatherproofing shall have a flame spread rating 
not greater than 25. (See definition of Flame Spread Rating.) 

4-1.5.2 The space between the inner  tank and the outer 
tank shall contain insulation that is compatible with LNG 
and natural  gas and is noncombustible.  The insulation 
shall be such that a fire external to the outer tank will not 
cause significant deterioration to the insulation thermal 
conductivity by melting, settling, etc. 

The load-bearing bottom insulation shall be designed 
and installed in such a manner  that cracking from thermal 
and mechanical stresses does not jeopardize the integrity of 
the container. 

Exception: Materials used between the inner and outer tank 
[ bottoms (floors) only shall not be required to meet the combustibil- 

ity requirements if the material and the design of the installation 
comply with all of the following: 

1. The flame spread rating of the material shall not exceed 25, 
and the material shall not support continued progressive combus- 
tion in air, and 

2. The material shaZ1 be of such composition that surfaces that 
would be exposed by cutting through the material on any plane 
shall have aflame spread rating not greater than 25 and shall not 
support continued progressive combustion, and 

3. The combustion properties of the material shall be shown by 
test to not increase significantly as a result of long-term exposure 
to LNG or natural gas at the anticipated service pressure and 
temperature, and 

4. The materials in the installed condition shall be demon- 
strated to be capable of being purged of natural gas. The natural 
gas remaining after purging shall not be significant and shall not 
increase the combustibility of the material. 

4-1 .6  F i l l i n g  V o l u m e .  

4-1.6.1 The maximum filling volume of an LNG container 
shall be in accordance with Figure 4-1.6.1. The liquid capac- 
ity is the volume of liquid to its maximum permissible level. 

NOTE 1: After filling a container, the gas pressure may be 
less than the maximum allowable working pressure. Expan- 
sion of the liquid occurs when the liquid subsequently 
warms and the pressure rises to the maximum allowable 
working pressure. The operator shall limit the maximum 
filling volume as indicated by Figure 4-1.6.1 to avoid over- 
filling when this expansion occurs. 

NOTE 2: For containers with maximum allowable work- 
ing pressures less than approximately 2 psig (approxi- 
mately 14 kPa), the correction for maximum filling voluine 
is negligible and can be omitted. 
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Figure 4-1.6.1 Maximum filling volume for pressure containers. 

E x a m p l e :  A container designed for a maximum allowable 
working pressure of 65 psig has the relief valve set at 65 psig. 
After filling, the gas pressure at the top is 20 psig. From the 
chart, the maximum filling volume is 94.3 percent of the liq- 
uid capacity. 

4-1 .7  F o u n d a t i o n s .  

4-1.7.1" LNG containers shall be installed on suitable foun- 
dations designed by a qualified engineer and constructed in 
accordance with recognized structural engineering practices. 
Prior to the start of design and construction of the founda- 
tion, a subsurface investigation shall be conducted by a qual- 
ified soils engineer to determine the stratigraphy and physi- 
cal properties of the soils underlying the site. 
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4-1.7.2 The  bot tom of  the outer  tank shall be above the 
ground  water table or otherwise protected from contact 
with g round  water at all times, and the material  in contact 
with the bottom of  the outer  tank shall be selected to min- 
imize corrosion. 

4-1.7.3 Where  an outer  tank is in contact with the soil, a 
heating system shall be provided to prevent  the 32°F (0°C) 
isotherm from penet ra t ing  the soil. The  heating system 
shall be designed so as to permit  functional and perfor- 
mance monitoring,  which shall be done, at a minimum, on 
a weekly basis. Where  there is a discontinuity in the foun- 
dation, such as for bot tom piping, careful attention and 
separate t reatment  shall be given to the heating system in 
this zone. Heat ing systems shall be installed so that any 
heating element  or  t empera ture  sensor used for control 
can be replaced. Provisions shall be incorporated to protect  
against the detr imental  effects of moisture accumulation in 
the conduit,  which could result in galvanic corrosion or 
o ther  forms of deter iorat ion within the conduit  or  heating 
element. 

4-1.7.4 If  the foundation is installed to provide adequate 
air circulation in lieu of  a heating system, then the bottom 
of the outer  tank shall be of  a material  suitable for the tem- 
peratures  to which it will be exposed. 

4-1.7.5 A tank bot tom tempera tu re  moni tor ing system 
capable of measuring the tempera ture  on a p rede te rmined  
pat tern over the entire surface area so as to monitor  the 
performance of  the bot tom insulation and the tank founda- 
tion heating system (if provided) shall be installed. This 
system shall be used to conduct  a tank bottom, tempera ture  
survey annually,  following 6 months after the tank has 
been placed in service, after an Opera t ing  Basis Earth- 
quake (OBE) (see 4-1.3.3), and after the indication of an 
abnormally cool area. 

4-1.7.6 The  LNG container  foundat ion shall be moni- 
tored periodically for sett lement dur ing  the life of the facil- 
ity, including construction,  hydrostat ic testing, commis- 
sioning, and operation.  Any settlement in excess of that 
anticipated in the design shall be investigated and correc- 
tive action taken if appropr ia te .  

4-2 Metal Containers. 

4-2.1 Containers Designed for Operation at 15 Psig 
(103 kPa) and Less. 

4-2.1.1 Welded containers designed for not more than 
15 psig (103 kPa) shall comply with API 620, Design and 
Construction of Large, Welded, Low-Pressure Storage Tanks. 
API 620, Appendix  Q, shall be applicable ibr LNG with the 
following changes: 

(a) In paragraph  Q-7.6.5, change "twenty-five percent" 
to "all." 

(b) In paragraphs  Q-7.6.1 through Q-7.6.4, 100 percent  
radiographic  inspection of all vertical and horizontal butt  
welds associated with the container wall shall be required.  

Exception: The shell-to-bottom welds associated with a flat bottom 
container are exempt from this radiographic inspection requirement. 

(c) API 620, C-11, shall be considered a manda to ry  
requirement.  

4-2.2 Containers Designed for Operation at More than 
15 Psig (103 kPa). 

4-2.2.1 Containers shall be double-walled with the inner 
tank holding the LNG sur rounded  by insulation contained 
within the outer  tank. The insulation shall be evacuated or 
purged.  

[ 4-2.2.2 The  inner tank shall be of welded construction 
and shall conform to the provisions of the ASME Boiler and 
Pressure Vessel Code, Section VIII ,  Division 1, and shall be 
s tamped and registered with the National Board of Boiler 
and Pressure Vessel Inspectors. 

(a) Any of the materials authorized for -270°F (-168°C) 
service by the ASME Code shall be acceptable. 

(b) In the case of vacuum insulation, the design pres- 
sure shall be the sum of the required working pressure,  
15 psig (103 kPa) for vacuum allowance, and the hydro- 
static head of LNG. In the case of nonvacuum insulation, 
the design pressure shall be the sum of the required work- 
ing pressure and the hydrostatic head of  LNG. 

(c) The inner  tank shall be designed for the most critical 
combination of loadings resulting from internal pressure as 
the tank expands after an in-service period,  the purging 
and operat ing pressure of  the space between the inner and 
outer  tanks, and seismic loads. 

4-2.2.3 The  outer  tank shall be of  welded construction. 

(a) Any of  the carbon steels authorized in the ASME 
] Boiler and Pressure Vessel Code, UCS, shall be acceptable if 

suitable for the lowest anticipated ambient  temperatures.  

(b) In the case of vacuum insulation, the outer  tank shell 
shall be designed by the procedures  outlined in the ASME 
Code, UG-28, UG-29, and UG-30, using an external pres- 
sure of not less than 7.5 psi (52 kPa) (differential). Spun 
heads that meet the tolerance provision of the ASME Code, 

] UG-81, shall be permit ted  to be designed by the proce- 
dures outl ined in the ASME Code, UG-33, using an exter- 
nal pressure of not less than 7.5 psi (52 kPa). Heads and 
spherical outer  tanks that are formed in segments and 
assembled by welding shall be designed using an external 
pressure of 15 psig (103 kPa). 

(c) The outer tank shall be designed for the most critical 
combination of loadings resulting from the structural support  
of the inner tank and its contents, the static insulation pres- 
sure, the insulation pressure as the tank expands after an 
in-service period, the pressure from wind forces and the roof 
loading, the purging and operating pressure of the space 
between the inner and outer tank, and seismic forces. 

(d) The  outer  tank shall be equipped with a relief device 
or other device to release internal presst~re. The  discharge 
area shall be at least 0.00024 in.2/lb (0.0034 cmZ/kg) of the 
water capacity of  the inner  tank, but the area need not 

2 exceed 300 in. (2000 z cm ). Such a device shall function at 
a pressure not exceeding the internal design pressure of 
the outer  tank, the external  design pressure of the inner  
tank, or 25 psi (172 kPa), whichever is less. 

(e) Where it is possible that the outer  tank tempera ture  
can go below its design tempera ture  because of  conduction 
from cold lines, thermal  barriers  shall be provided between 
the lines and the outer  tank. 
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(f) Saddles and legs shall be designed in accordance with 
recognized structural engineer ing practices. Considerat ion 
shall be given to shipping loads, erection loads, seismic 
loads, wind loads, and thermal  loads. 

(g) Foundations and supports  shall be protected to have 
a fire resistance rat ing of not less than 2 hours. If  insula- 
tion is used to achieve this requirement ,  it shall be resistant 
to dis lodgement  by fire hose streams. 

4-2.2.4 Stress concentrat ions from the suppor t  system 
shall be minimized by the use of pads, load rings, etc. Con- 
sideration shall be given to the expansion and contraction 
of  the inner  tan~, and  the suppor t  system shall be so 
designed that resulting stresses impar ted  to the inner and 
outer  tanks are within acceptable limits. 

4-2.2.5 Internal  lines (those between the inner tank and 
the outer  tank and within the insulation space) shall be 
designed for the pressure rating of  the inner  tank with 
allowance for the thermal stresses created by the -270°F 
(-168°C) temperature ,  including both line contraction and 
contraction movement  of  the inner  tank. Bellows shall not 
be permit ted  within the insulation space. 

Lines shall  be of  mate r ia l s  sat isfactory for -270°F 
(-168°C) as de te rmined  by the ASME Boiler Pressure Vessel 
Code. No liquid line external  to the outer  tank shall be of 
a luminum or copper  or  a copper  alloy unless protected 
against a 2-hour fire exposure.  Transit ion joints shall be 
permit ted to be used. 

4-2.2.6 The inner  tank shall be suppor ted  essentially con- 
centrically within the outer  tank by either a metallic or a 
nonmetallic system that is capable of  sustaining the maxi- 
mum loading as follows: 

(a) For shipping loads, the supports  shall be designed 
for the m a x i m u m  n u m b e r  of  Gs (see definition) to be 
encountered  mult ipl ied by the empty weight of  the inner  
tank. 

(b) For opera t ing  loads, the supports  shall be designed 
for the total weight of the inner  tank and its contents. 
Appropr ia te  seismic factors shall be included. The weight 
of contained liquid shall be based upon the maximum den- 
sity of the specified liquid within the range of operat ing 
temperatures ,  except that the min imum density shall be at 
least 29.3 lb/ft 3 (470 kg/m3). 

4.2.2.7 The allowable design stress in inner  tank support  
m ember s  shall  be the lesser  of  o n e - t h i r d  the  tensi le  
strength or  five-eighths of the yield strength at room tem- 
perature.  For threaded members,  the minimum area at the 
root of the threads shall be used. 

4-3 Concrete Containers. 

4-3.1 Scope. This section applies to the design and con- 
struction of prestressed concrete containers for any operat-  
ing pressure,  whether  externally or internally insulated, 
and for prestressed concrete protective walls sur rounding  
any type of  container.  

4-3.2 Container Structure. 

4-3.2.1 Design of concrete containers shall comply with 
American Concrete Institute, ACI 318, Building Code 

Requirements for Reinforced Concrete, and shall be in accor- 
dance with 4-3.2.2, 4-3.2.3, and 4-3.2.4. 

NOTE: For additional information, see AC1 344R-W, 
Design and Construction of Circular Wire and Strand Wrapped 
Prestressed Concrete Structures. 

4-3.2.2 Allowable stresses for normal design considerations 
shall be based upon room temperature strength values. 

4-3.2.3 Tensile stresses (exclusive of direct t empera ture  
and shr inkage effects) in carbon steel re inforcing bars 
when exposed to LNG temperatures  under  design condi- 
tions shall be limited to the following allowable stresses: 

#4 and smaller -- 12,000 psi (82.7 MPa) 
#5, #6 and #7 -- 10,000 psi (68.9 MPa) 
#8 and larger -- 8,000 psi (55.2 MPa) 

Tensi le  stresses inclusive of  direct  t e m p e r a t u r e  and 
shrinkage effects shall not exceed the yield strength of the 
reinforcement.  

4-3.2.4 Steel wire or strands as specified in 4-3.3.4 and 
used as unstressed reinforcement  shall be designed with a 
maximum allowable stress as follows: 

Crack control applications -- 30,000 psi (206.8 MPa) 
Other applications -- 80,000 psi (552 MPa) 

4-3.2.5 External forces imposed upon the container by 
backfill restraint  dur ing  warm-up shall be considered. 

4-3.3 Materials Subject to LNG Temperature, 

4-3.3.1 Concrete shall be as specified by ACI 304 R, Guide 
for Measuring, Mixing, Transportation and Placing of Concrete, 
and ACI 318, Building Code Requirements for Reinforced Con- 
crete, concerning construction requirements,  specifications, 
and tests. 

Tests shall be carried out for the compressive strength 
and for the coefficient of  contraction of the concrete at the 
projected low tempera ture  unless pr ior  test data on these 
propert ies  are available. 

4-3.3.2 Aggregate shall be as specified by ASTM C33, 
Standard Specification for Concrete Aggregates. Aggregate shall 
be dense and physically and chemically sound to provide a 
high strength and durable  concrete. 

4-3.3.3 Pneumatic mor tar  shall be as specified in ACI 
506R, Guide for Shotcreting. 

4-3.3.4 High tensile s t rength elements for prestressed 
concrete shall be as specified by ASTM A227, Specification 
for Steel Wire, Hard Drawn for Mechanical Springs, ASTM 
A416, Standard Specification for Steel Strand, Uncoated Seven- 
Wire for Prestressed Concrete, ASTM A421, Standard Specifica- 
tion for Uncoated Stress-Relieved Wire for Prestressed Concrete, 
and ASTM A82 t, Standard Specification for Steel Wire, Hard 
Drawn for Prestressed Concrete Tanks by Redrawing. In addi- 
tion, any materials acceptable for service at LNG tempera-  
ture, such as those materials specified for "pr imary compo- 
nents" in API 620, Design and Construction of Large, Welded, 
Low-Pressure Storage Tanks, or any materials shown by test 
to be acceptable for LNG service shall be used. 

Material for pe rmanent  end anchorages shall be suitable 
for service at LNG temperatures.  
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4-3.3.5 Reinforcing steel for reinforced concrete shall be 
as specified in ASTM A82, Standard Specification for Steel 
Wire, Plain, for Concrete Reinforcement, ASTM A185, Standard 
Specification for Welded Steel Wire, Fabric, Plain, for Concrete 
Reinforcement, and ASTM A615, Standard Specification for 
Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 
(Grades 40 and 60 only). 

4-3.3,6 Nonstructurai  metallic barr iers  incorpora ted  in 
and functioning compositely with prestressed concrete in 
direct contact with LNG dur ing  normal  operations shall be 
of a metal classified for ei ther "pr imary components"  or 
"secondary components"  in API 620, Design and Construc- 
tion of Large, Welded, Low-Pressure Storage Tanks, Appendix  
Q, provided that the composite section is prestressed such 
that no significant tensile stresses are developed under  any 
design loading condition. 

4-3.3.7 Nonstructural  metallic barr iers  incorpora ted  in 
and functioning compositely with prestressed concrete and 
serving primari ly as moisture barriers  for internally insu- 
lated tanks shall be of metal classified for either "pr imary 
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 A366, 
Standard Specification for Steel, Sheet, Carbon, Cold-Rolled, 
Commercial Quality, provided that the composite section is 
prestressed so that no significant tensile stresses are devel- 
oped under  any design loading condition. 

4-3.4 Construction, Inspection, and Tests. 

4-3.4.1 Concrete LNG containers shall be built in accor- 
dance with the applicable provisions of  ACI 318, Building 
Code Requirements for Reinforced Concrete, and ACI 344R-W, 
Design and Construction of Circular Wire and Strand Wrapped 
Prestressed Concrete Stractures. 

4-3.4.2 Concrete LNG containers shall be inspected in 
accordance with ACI 311.4R, Guide for Concrete Inspection, 
and Section 4-5. 

4-3.4.3 Metal components  shall be constructed and tested 
in accordance with the applicable provisions in API 620, 
Design and Construction of Large, Welded, Low-Pressure Storage 
Tanks, Appendix  Q. 

4-3.4.4 Other  materials used in the construction of con- 
crete LNG containers shall be subjected to suitable inspec- 
tion and tests. 

4-4 Marking of LNG Containers. 

4-4.1 Each container shall be identified by the at tachment  
of a nameplate  in an accessible place marked with the fol- 
lowing information: 

(a) Builder's name and date built 

(b) Nominal liquid capacity (barrels, gallons, or cubic 
meters) 

(c) Design pressure in appropr ia te  units for methane 
gas at top of container 

(d) Maximum permissible density of liquid to be stored 

(e) Maximum level to which container may be filled with 
stored liquid (see 4-1.6.1) 

(f) Maximum level to which container may be filled with 
water for test, if applicable 

(g) Minimum t empera tu re  in degrees  Fahrenhe i t  or  
Celsius for which the container was designed. 

4-4.2 S torage  conta iners  shall have all pene t r a t i ons  
marked with the function of  the penetrat ion.  Markings 
shall be visible if frosting occurs. 

4-5 Testing of LNG Containers. 

4-5.1 LNG containers shall be leak tested by a method 
appropriate  to the design, construction, and operating pres- 
sure of the container and in accordance with the governing 
construction code or standard. All leaks shall be repaired. 

4-5.1.1 Inspection shall be per formed in accordance with 
the inspection and tests section of  the applicable construc- 
tion code. 

NOTE: If no specific single code is applicable, the equiva- 
lent of API 620, Deszgn and Construction of Large, Welded, 
Low-Pressure Storage Tanks, should be applied for containers 
designed for 15 psig (103 kPa) and under and of the ASME 
Boiler and Pressure Vessel Code for containers designed for 
over 15 psig (103 kPa) design pressure. 

4-5.1.2 Shop fabricated and tested LNG containers shall 
be leak tested to a minimum of the design pressure after 
installation and pr ior  to filling the container with LNG. 

4-5.1.3 For vacuum insulation,  the inner  tank, ou te r  
tank, and internal lines shall be tested for vacuum leaks by 
an appropr ia te  procedure.  

4-5.2 After acceptance tests are completed,  there shall be 
no field welding on the LNG containers except on saddle 
plates or  brackets provided for the purpose,  unless such 
repairs or modifications comply with the code or  s tandard 
u n d e r  which the con ta ine r  was fabr ica ted  or iginal ly .  
Retesting by a method appropr ia te  to the repair  or modi- 
fication shall be required only where the repair  or modifi- 
cation is of such a nature that a retest actually tests the ele- 
m e n t  af fec ted  and  is necessa ry  to d e m o n s t r a t e  the  
adequacy of the repair  or modification. 

[ 4-6* Container Purging Procedures. 

4-6.1 Prior to placing an LNG container into service, the 
air shall be displaced by an approved inert ing procedure.  

4-6.2 Prior to taking a container out of  service, the natu- 
] ral gas in the container shall be purged  from the container 

in a safe manner  by an acceptable inerting procedure.  

NOTE: Many insulating materials that have had pro- 
longed exposure to natural gas or methane retain apprecia- 
ble quantities of the gas within their pores or interstitial 
spaces. 

4-6.3 During purging operations,  the oxygen content of 
the con ta ine r  shall  be d e t e r m i n e d  by the use of  an 

[ approved oxygen analyzer. 

4-7 Cool-down Procedure. 

4-7.1 Cool-down of an LNG container shall be limited to a 
rate and distribution pattern that will assure thermal stresses 
are within allowable limits during the cool-down period. 
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4-7.2 Dur ing  initial cool-down of  the tank, par t icular  
attention shall be given to tank penetrat ions to ensure 
p roper  performance of expansion bends or joints. 

4-8 Pressure  and  V a c u u m  Control .  

4-8.1 Provision shall be made to maintain the internal 
pressure and vacuum of LNG containers within the limits 
set by the design specifications by releasing or  admit t ing 
gas as needed.  Factors that shall be considered in sizing 
such pressure control means shall include: 

(a) For pressure: 

(1) Loss of refrigeration. 

(2) Operat ional  upset, such as failure of a control 
device. 

(3) Vapor displacement and flash vaporization dur-  
ing filling, as a result of filling, and as a consequence of  
controlled mixing of LNG of different compositions (which 
can result from weathering) or temperatures ,  or both. 

(4) Drop in barometric  pressure.  

(5) Flash vaporization resulting from pump 
recirculation. 

(b) For vacuum: 

(1) Withdrawal of liquid at the maximum rate. 

(2) Withdrawal of vapor  at the maximum compres- 
sor suction rate. 

(3) Rise in barometr ic  pressure. 

(4) Reduction in vapor  pressure resulting from the 
introduction of  subcooled LNG into the vapor space. 

4-8.2 Provision for admission and release of gas required 
in 4-8.1 shall be by any means compatible with the gas- 
handl ing facilities in the plant. 

4-8.3 In addit ion to the pressure control means provided 
for in 4-8.1, LNG containers shall be equipped with ade- 
quate direct acting pressure relief valves and vacuum relief 
valves (vacuum breakers)  communicat ing directly with the 
a tmosphere  and having capacities calculated for any likely 
combination of  the factors listed in 4-8.1(a) and (b). The  
option of gas admission through the vacuum relief valves 
p rov ided  in API 620, Design and Construction of Large, 
Welded, Low-Pressure Storage Tanks, 6.02.3, shall not be per- 
mitted. Pressure rel ief  valves also shall consider discharge 
that can accompany fire exposure.  As a minimum, 4-8.3.1, 
4-8.3.2, and 4-8.3.3 shall apply. 

4-8.3.1 When a container is exposed to an open fire, heat 
is t ransferred to the stored liquid. Addit ional  heat is trans- 
ferred simultaneously through the parts of the container 
not exposed to fire due to the high difference between the 
normal ambient  tempera ture  and the stored liquid temper-  
ature. The minimum total heat influx dur ing  a possible fire 
exposure of an insuloted container shall be computed by 
the formula: 

H = 1560 CI A082 + H'q 

where 

H = Total heat influx (Btu per  hour) 

C 1 = Conductance of the insulation (Btu/ft 2 - -  hr  - -  °F) 
[The value of  C increases with temperature ,  and a 

mean value for the range from -260°F to + 1660°F 
(-162°C to +904.4°C) should be used.] 

A = Total exposed wetted surface area (ft u) 

H~ = Total  normal  heat gain to the stored liquid without 
fire exposures and at maximum ambient  tempera-  
tures (Btu per  hour). 

4-8.3.2 If  the insulation system, including any jacketing 
material, is such that it will disappear,  deteriorate,  or dis- 
lodge in an exposure fire, a higher heat gain will occur. 
This requires special consideration, depending  upon the 
extent  of loss of the insulating propert ies.  If  only a part  of 
the insulation is lost, the heat gain may be estimated by the 
following formula: 

H = (34,500 - 360 C2) A 0'82 + H~q 

In this case, the value of Cz should be the mean value for 
the range from -260°F to + 100°F (-162°C to +37.7°C). 

4-8.3.3 The required relief valve capacity shall be com- 
puted by the following formula: 

= 3 . o 9  Z 

Q~ = Required flow capacity of air [ft 3 per hour at 60°F (16°C) 
and 14.7 psia (101 kPa)] 

H = Total  heat influx (Btu per  hour) from the formula in 
4-8.3.1 or  4-8.3.2 

L = Latent heat of vaporization of the stored liquid (Btu 
per  lb) 

T = Absolute tempera ture  of  the gas at the relief valve 
inlet (°R) 

M = Molecular weight of  the gas. 

4-8.4 Each pressure and vacuum safety relief valve for 
LNG containers shall be able to be isolated from the con- 
tainer for maintenance or other purposes by means of  a 
manual  full opening stop valve. This stop valve (or valves) 
shall be lockable or sealable in the full open position. Suf- 
ficient pressure and vacuum relief valves shall be installed 
on the LNG container to allow each relief valve to be iso- 
lated individually for testing or maintenance while main- 
taining the full capacities de te rmined  in 4-8.3. When only 
one relief device is required,  a full por t  opening  three-way 

I valve shall be used under  the relief device and its required 
spare in lieu of individual valves beneath each relief device. 

4-8.4.1 Stop valves under  individual safety relief valves 
shall be locked or  sealed when opened and shall not be 
opened  or closed except by an authorized person. 

4-8.4.2 No more than one stop valve shall be closed at 
one time, thus maintaining the relief capacity of 4-8.3. 

4-8.5 Safety relief valve discharge stacks or  vents shall be 
des igned and instal led to p reven t  an accumulat ion  of  
water, ice, snow, or  other  foreign matter  and, if a r ranged 
to discharge directly into the atmosphere,  shall discharge 
vertically upwards.  
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Chapter 5 Vaporizat ion Facil it ies 

5-1 Classification of Vaporizers. 

5-1.1 Heated Vaporizers. Hea ted  vapor izers  shall be 
classified as those vaporizers that derive their heat  from 
the combustion of fuel, electric power, or waste heat, such 
as from boilers or  internal  combustion engines. 

5-1.1.1 Integral Heated Vaporizers. In tegra l  hea ted  
vaporizers shall be classified as those heated vaporizers in 
which the heat source is integral to the actual vaporizing 
exchanger. This classification includes submerged combus-  
tion vaporizers. 

5-1.1.2 Remote Heated Vaporizers. Remote  hea t ed  
vaporizers shall be classified as those heated vaporizers in 
which the pr imary heat source is separated fi'om the actual 
vapor iz ing exchanger ,  and  an in te rmedia te  fluid (e.g., 
water, steam, isopentane,  glycol, etc.) is used as the heat 
t ransport  medium. 

5-1.2 Ambient Vaporizers. Ambient  vaporizers shall be 
classified as those vaporizers that derive their heat from nat- 
urally occurring heat sources, such as the atmosphere, sea 
water, or geothermal waters. If  the naturally occurring heat 
source  is s e p a r a t e d  f rom the ac tua l  vapo r i z ing  hea t  
exchanger and a controllable heat transport  medium is used 
between the heat source and the vaporizing exchanger, the 
vaporizer shall be considered to be a remote heated vaporizer 
and the provision for heated vaporizers shall apply. 

5-1.3 Process Vaporizers. Process vaporizers shall be clas- 
sified as those vaporizers that derive their heat from another 
thermodynamic or chemical process or in such a fashion as to 
conserve or utilize the refrigeration from the LNG. 

5-2 Design and Materials of Construction. 

5-2.1 Vapor i ze r s  shall  be des igned ,  fabr ica ted ,  and  
inspected in accordance with the ASME Boiler and Pressure 
Vessel Code, Section VIII ,  Division 1. Because these vapor- 
izers ope ra te  over  a t e m p e r a t u r e  range  o f - 2 6 0 ° F  to 
+ 100°F (-162°C to + 37.7°C), the rules of  the ASME Code, 
Section I, Part PVG, are not applicable. 

5-2.2 Vaporizer  heat  exchangers shall be designed for a 
working pressure at least equal to the maximum discharge 
pressure of the LNG pump or pressurized container sys- 
tem supplying them, whichever is greater.  

5-3 Vaporizer Piping and Intermediate Fluid Piping and 
Storage. 

5-3.1 Manifolded vaporizers shall have both inlet and dis- 
charge block valves at each vaporizer.  

5-3.2 The  discharge valve of each vaporizer,  piping com- 
ponents,  and relief valves installed upstream of that valve 
shall be sui table for o p e r a t i o n  at LNG t e m p e r a t u r e s  
[-260°F (-  162°C)]. 

5-3.3 Suitable automatic equipment  shall be provided to 
prevent  the discharge of ei ther LNG or  vaporized gas into 
a distr ibution system at a t empera tu re  ei ther  above or 
below the design temperatures  of the sendout  system. Such 
automatic equipment  shall be independen t  of all other  flow 

control systems and shall incorporate  a line valve(s) used 
only for emergency purposes. 

5-3.3.1 Isolation of  an idle manifolded vaporizer to prevent 
leakage of LNG into that vaporizer shall be accomplished 
with two inlet valves, and a safe means shall be provided to 
dispose of the LNG or gas that may accumulate between the 
valves. Ambient vaporizers having inlets 2 in. in size or less 

[ shall not be required to comply with this provision. 

5-3.4 Each heated vaporizer  shall be provided with a 
means to shut off the heat  source from a location at least 
50 ft (15 m) distant from the vaporizer. The  device also 
shall be operable at its installed location. 

5-3.5 A shutoff valve shall be installed on the LNG line to 
a heated vaporizer at least 50 ft (15 m) from the vaporizer 
except where the vaporizer  is closer than 50 ft (15 m) to 
the container from which it is supplied (see 2-2.5.4), in 
which case the provisions of 5-3.6 apply. If  the vaporizer  is 
installed in a building, the shutoffvalve shall be installed at 
least 50 ft (15 m) from the building. This shall be permit-  
ted to be the valve provided for in 6-3.3.2. 

5-3.5.1 This shutoff valve shall be operable  either at its 
installed location or  from a remote location, and the valve 
shall be protected from becoming inoperable due to exter- 
nal icing conditions. 

5-3.6 Any ambient vaporizer or a heated vaporizer installed 
within 50 ft (15 in) of an LNG container shall be equipped 
with an automatic shutoff valve in the liquid line. This valve 
shall be located at least 10 ft (3 m) from the vaporizer and 
shall close when loss of line pressure (excess flow) occurs, 
when abnormal  tempera ture  is sensed in the immediate 
vicinity of the vaporizer (fire), or when low temperature in 
the vaporizer discharge line occurs. At attended facilities, 
remote operation of this valve from a point at least 50 ft 

] (15 m) from the vaporizer shall be permitted. 

5-3.7 If  a flammable intermediate  fluid is used with a 
remote heated vaporizer,  shutoff valves shall be provided 
on both the hot and cold lines of the intermediate fluid 
system. The  controls for these valves shall be located at 
least 50 ft (15 m) from the vaporizer.  

5-4 Relief Devices on Vaporizers. 

5-4.1 Each vaporizer shall be provided with a safety relief 
valve(s) sized in accordance with the following requirements: 

(a) The relief valve capacity of heated or process vaporiz- 
ers shall be such that the relief valve(s) will discharge 110 
percent of rated vaporizer natural gas flow capacity without 
allowing the pressure to rise more than 10 percent above the 
vaporizer maximum allowable working pressure, or 

(b) The  relief valve capacity for ambient  vaporizers shall 
be such that the relief valve(s) will discharge at least 150 
percent  of  rated vaporizer  natural  gas flow capacity (as 
stated for s tandard operat ing conditions) without allowing 
the pressure to rise more than 10 percent  above the vapor- 
izer maximum allowable working pressure.  

5-4.2 Relief  valves on hea ted  vapor izers  shall be so 
located that they are not subjected to temperatures  exceed- 
ing 140°F (60°C) dur ing  normal operat ion unless designed 
to withstand higher  temperatures.  
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5-5 Combustion Air Supply. 

5-5.1 Combustion air required for the operat ion of inte- 
gral heated vaporizers  or the p r imary  heat  source for 
remote heated vaporizers shall be taken from outside a 
completely enclosed structure or  building. 

5-6 Products of Combustion. 

5-6.1 Where  integral heated vaporizers or the pr imary 
heat source for remote heated vaporizers are installed in 

[ buildings, provisions shall be made to prevent  accumula- 
tion of  hazardous products  of  combustion. 

Chapter 6 Piping Systems and Components  

6-1 General .  

6-1.1 All piping systems shall be in accordance with ANSI 
B31.3, Chemical Plant and Petroleum Refinery Piping. The 
addit ional provisions of this chapter  shall apply only to 
pressur ized  p ip ing  systems and componen t s  for LNG, 
flammable refrigerants,  flammable liquids, and flammable 
gases and unpressurized or low pressure piping systems, 
including vent lines and drain  lines, that handle LNG, 
flammable refrigerants, f lammable liquids, and flammable 
gases with service temperatures  below -20°F (-29°C). 

6-1.2 Seismic loads shall be considered in the p ip ing  
design. Results of the seismic study of  4-1.3 or the acceler- 
ations in Table 4-1.3.8, as applicable,  shall be used to 
determine  the forces that would be applicable to the piping 
design. The  longitudinal stresses that are developed in this 
analysis shall meet the requirements  of ANSI B31.3, Chem- 
ical Plant and Petroleum Refinery Piping, 302.3.6(a). Con- 
tainer associated piping up to and including the first con- 
tainer shutoff valve in LNG lines shall be designed to meet 
the provisions of 4-1.3.4(b). 

6-1.3 Piping systems and components  shall be designed 
to accommodate the effects of fatigue resulting from the 
thermal  cycling to which the systems will be subjected. Par- 
ticular consideration shall be given where changes in pipe 
size or wall thickness occur between pipes, fittings, valves, 
and components.  

6-1.4 Provision for expansion and contraction of piping 
and piping joints due to tempera ture  changes shall be in 
accordance with ANSI B31.3, Chemical Plant and Petroleum 
Refinery Piping, 319. 

6-2 Materials of Construction. 

6-2.1 General. 

6-2.1.1 All piping materials, including gaskets and thread 
compounds,  shall be suitable for use with the liquids and 
gases handled throughout  the range of  temperatures  to 
which they will be subjected. The  tempera ture  limitations 
for pipe materials shall be as specified in ANSI B31.3, 
Chemical Plant and Petroleum Refinery Piping. 

6-2.1.2 Piping that can be exposed to the cold of an LNG 
or  refr igerant  spill or the heat of an ignited spill dur ing  an 
emergency where such exposure  could result in a failure of 
the piping that would significantly increase the emergency 
shall be: 

(a) Made of material(s) that is suitable for both its nor- 
mal operat ing tempera ture  and the ext reme tempera ture  
that it might be subjected to dur ing  the emergency, or 

(b) Protected by insulation or other  means to delay fail- 
ure due to such ext reme tempera tures  until corrective 
action may be taken by the operator ,  or  

(c) Capable of being isolated and flow stopped in piping 
that would be exposed only to the heat of an ignited spill 
dur ing  the emergency. 

6-2.1.3 Piping insulation used in areas where the mitigation 
of fire exposure is necessary shall be made of material(s) that 
will not propagate fire in the installed condition and shall main- 
tain any properties that are necessary during an emergency 
when exposed to fire, heat, cold, or water, as applicable. 

6-2.2 Piping. 
6-2.2.1 Furnace  lap-weld and furnace but t -weld p ipe  
shall not be used. Where  longitudinal or spiral weld pipe is 
used (welded with or  without filler metal), the weld and 
heat-affected zone shall comply with ANSI B31.3, Chemical 
Plant and Petroleum Refinery Piping, 323.2.2. (See 6-6.3, 
6-6.4, 6-6.5, and 6-6.6.) 

6-2.2.2 Threaded  pipe shall be at least Schedule 80. (See 
6-3.2.1 and 6-3.2.2.) 

6-2.2.3 A liquid line on a storage container,  cold box, or 
other  major item of  insulated equipment  external  to the 
outer  shell or  jacket,  whose failure can release a significant 
quantity of  flammable fluid, shall not be made of alumi- 
num, copper  or copper  alloy, or other  material  that has 
low resistance to flame tempera tures ,  unless pro tec ted  
against fire exposure.  This shall not apply to loading arms 
and hoses. Transit ion joints shall be permit ted to be used 
if protected against fire exposure.  

6-2.2.4 Cast, malleable, and ductile iron pipe shall not 
be used. 

6-2.3 Fittings. 
6-2.3.1 Threaded  nipples shall be at least Schedule 80. 

6-2.3.2 Cast, malleable, and ductile iron fittings shall not 
be used. 

6-2.3.3 Bends are permitted only in accordance with ANSI 
B31.3, Chemical Plant and Petroleum Refinery Piping, 332. 

6-2.3.4 Solid plugs or bull plugs made of at least Sched- 
ule 80 seamless pipe shall be used for threaded plugs. 

6-2.3.5 Compress ion- type  couplings shall not  be used 
where they will be subjected to temperatures below -20°F 
(-30°C) unless such couplings meet the requirements  of 
ANSI B31.3, Chemical Plant and Petroleum Refinery Piping, 318. 

I 6-2.4* Valves. 
6-2.4.1 In addit ion to complying with ANSI B31.3, 
Chemical Plant and Petroleum Refinery Piping, 307, valves 
shall comply with ANSI B31.5,  Refrigeration Piping, or 
ANSI B31.8, Gas Transmission and Distribution Piping Systems, 
or API 6D, Specification for Pipeline Valves, if design condi- 
tions fall within the scope of these standards.  

6-2.4.2 Cast, malleable, and ductile iron valves shall not 
be used. 
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6-3 Installation. 

6-3.1 Bolted Connections. 

6-3.1.1 Care shall be taken to ensure the tightness of all 
bolted connections. Spring washers or other  such devices 
designed to compensate for the contraction and expansion 
of bolted connections dur ing operat ing cycles shall be used 
where required. 

6-3.2 Piping Joints. 

I 6-3.2.1 Pipe joints of 2 in. nominal d iameter  or less shall 
be threaded,  welded, or flanged. Pipe joints larger  than 
2 in. nominal diameter  shall be welded or  flanged, except 

I that joints of 4 in. nominal d iameter  or  less shall be permit-  
ted to be threaded where necessary for special connections 
to equipment  or components,  provided that such special 
connection is not subject to fat igue-producing stresses. 

6-3.2.2 The number  of  threaded or  flanged joints shall be 
kept to a minimum and used only where necessary, such as 
at material transitions, inst rument  connections, or where 
required for maintenance. I f  th readed  joints are unavoid- 
able, they shall be seal-welded or  sealed by other  means 
proven by test. 

6-3.2.3 Metals shall be permit ted  to be jo ined  for cryo- 
genic service by silver brazing. Silver brazing shall be per- 
mitted to be used in jo in ing  copper  to itself, to copper  
alloys, and to stainless steel. Dissimilar metals shall be 
jo ined by flanges or transition jo int  techniques that have 
been proven by test. 

6-3.2.4 The  selection of gasket material  shall include the 
consideration of  exposure  to fire. 

6-3.3 Valves. 

6-3.3.1 Extended bonnet valves shall be installed with pack- 
ing seals in such a position as to prevent leakage or malfunc- 
tion due to freezing. If  the extended bonnet in a cryogenic 
liquid line is installed at an angle greater than 45 degrees 
from the upright  vertical position, evidence of satisfactory 
service in the installed position shall be demonstrated. 

6-3.3.2 Shutoff valves shall be provided  on container ,  
tank, and vessel connections. 

Exception No. 1: Relief vah,e connections. [Shutoff vah,es are 
permitted only at connections for relief valves in accordance with 
the ASME Boiler and Pressure Vessel Code, Section VIII, Divi- 
sion 1, UG-125(d), and Appendix M, M-5 and M-6.] 

Exception No. 2: Connections for liquid level alarms as required 
by 7-1.1.2. 

Exception No. 3: Connections that are blind flanged or plugged. 

I Shutoff valves shall be located as close as practical to 
such containers,  tanks, and vessels and shall be located 
inside the impounding  area. 

6-3.3.3 The  design and installation of an internal valve 
shall be such that any failure of  the penetra t ing nozzle 
resulting from external  pipe strain will be beyond the shut- 
off seats of the internal valve itself. 

6-3.3.4 The number  of shutoff valves installed shall be kept 
to the minimum required for efficient and safe operation. 

6-3.3.5 In the design of the piping system, consideration 
shall be given to the installation of shutoff or block valves 
as a means of limiting the contained volume that could be 
discharged in the event of a piping system failure. The  fol- 
lowing valving shall be provided:  

(a) Sufficient valves, that can be opera ted  both at the 
installed location and from a remote location, to permit  
shutting down the process and transfer systems by systems, 
areas, or totally in the event of an emergency. 

(b) In addition to the provisions of 6-3.3.2, container 
connections larger than 1 in. in size and through which 
liquid can escape shall be equipped with at least one of the 
following: 

(1) A valve that closes automatically if exposed to fire 

(2) A remotely controlled, quick-closing valve that 
shall remain closed except dur ing  the operat ing per iod 

(3) A check valve on filling connections. 

6-3.3.6 Valves and valve controls shall be designed to 
permit  operat ion under  icing conditions if such conditions 
can exist. 

6-3.3.7 Powered operators shall be provided for emergency 
shutoff valves that would require excessive time to operate 
during an emergency or if the valve is 8 in. or larger in size. 
Means for manual operation shall be provided. 

6-3.4 Welding. 

6-3.4.1 Qualification and performance of  welders shall be 
in accordance with ANSI B31.3, Chemical Plant and Petro- 
leum Refinery Piping, 328.2, and 6-3.4.2 of this s tandard.  

6-3.4.2 When welding impact-tested materials, qualified 
welding procedures  shall be selected to minimize degrada-  
tion of  the low tempera ture  propert ies  of the pipe material. 

When welding attachments to unusually thin pipe, pro- 
cedures and techniques shall be selected to minimize the 
danger  of burn-throughs.  

6-3.4.3 Oxygen-fuel gas welding shall not be permitted on 
piping for service temperatures below -20°F (-29°C). Electric 
arc or inert gas-shielded welding shall be permitted. 

6-3.5 Pipe Marking. 

[ 6-3.5.1 Markings on pipe shall comply with the following: 

(a) Markings shall be made with a material compatible 
with the basic material or with a round-bottom, low-stress die. 

Exception." Materials less than 1/4 in. (6.35 mm) in thickness 
shall not be die-stamped. 

(b) Marking materials that are cori'osive to the pipe 
material shall not be used. Under  some conditions, mark- 
ing materials containing carbon or heavy metals can cause 
corrosion of  aluminum. Marking materials containing chlo- 
ride or  sulfur compounds cause corrosion of  some stainless 
steels. Chalk, wax-base crayons,  or mark ing  inks with 
organic coloring are satisfactory. 

6-4 Pipe Supports. 

6-4.1 Pipe supports ,  including any insulat ion systems 
used to suppor t  pipe whose stability is essential to plant 
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safety, shall be resistant to or protected against fire expo- 
sure or  escaping cold liquid, or both, if they are subject to 
such exposure.  

6-4.2 Pipe supports  for cold lines shall be designed to 
prevent  excessive heat transfer, which can result in piping 
restraints caused by ice formations or  embri t t lement  of  
suppor t ing steel. Design of support ing elements shall con- 
form to ANSI B31.3, Chemical Plant and Petroleum Refinery 
Piping, 321. 

6-5 Piping Identification. 

6-5.1 Piping shall be identified by color-coding, painting, 
or labeling. Any existing company color code scheme for 
the identification of piping systems shall be permit ted  to be 
used. 

NOTE: For information on identification of piping sys- 
tems, see ANSI A13.1, Scheme for the Identification of Piping 
Systems. 

6-6 Inspection and Testing of Piping. 

6-6.1 Pressure tests shall be conducted in accordance with 
ANSI B31.3, Chemical Plant and Petroleum Refinery Piping, 
345. To avoid possible brittle failure, carbon and low alloy 
steel piping shall be pressure tested at metal temperatures  
suitably above their nil ductility transition temperature .  

6-6.2 Records of pressure,  test medium temperature ,  and 
ambient  tempera ture  shall be maintained for the dura t ion 
of each test, and these records shall be maintained for the 
life of the facility or until such time as a retest is conducted.  

6-6.3 Welded Pipe Tests. 

6-6.3.1 Longitudinal  or spiral welded pipe that will be 
subjected to service t empera tu res  below -20°F (-29°C) 
shall have a design pressure of less than two-thirds of  the 
mill proof  test pressure or subsequent shop or field hydro-  
static test pressure. 

Exception: Pipe that has been subjected to 100 percent radio- 
graphic or ultrasonic inspection of the longitudinal or spiral weld. 

6-6.3.2 All circumferential  butt-welds shall be fully exam- 
ined by radiographic  or ultrasonic inspection. 

Exception: Liquid drain and vapor vent piping with an operat- 
ing pressure that produces a hoop stress of less than 20 percent 
specified minimum yield stress shall not be required to be nonde- 
structivel~ tested, provided it has been inspected visually in accor- 
dance wiih ANSI B31.3, Chemical Plant and Petroleum Refinery 
Piping, 344.2. 

6-6.3.3 All socket welds and fillet welds shall be fully exam- 
ined by liquid penetrant  or magnetic particle inspection. 

6-6.3.4 All fully penet ra ted  groove welds for branch con- 
nections (as r e q u i r e d  by ANSI B31.3, Chemical Plant and 
Petroleum Refinery Piping, 328.5.4) shall be fully examined 
by in-process examination in accordance with ANSI B31.3, 
344.7, plus examination by liquid penet rant  or magnetic 
particle techniques after the final pass of the weld. 

Exception: I f  specified in the engineering design or specifically 
authorized by the inspector, examination by radiographic or ultra- 
sonic techniques shall be permitted to be substituted for the exami- 
nations required by 6-6.3.4. 

6-6.4 Nondestruct ive examinat ion methods,  l imitations 
on defects, qualifications of the authorized inspector, and 
personnel  pe r fo rming  the examinat ion  shall meet  the 
requirements  of ANSI B31.3, Chemical Plant and Petroleum 
Refinery Piping, 344. 

Exception: Substitution of in-process examination for radiogra- 
] phy or ultrasonics as permitted in ANSI B31.3, 341.4.1, shall be 
prohibited. 

6-6.5 Test records and written procedures  required when 
conduct ing nondestruct ive examinat ions shall be main- 
tained for the life of  the piping system or until such time as 
a reexamination is conducted. 

6-6.6 Records and certifications pertaining to materials, 
components ,  and heat t rea tment  as requi red  by ANSI 
B31.3, Chemical Plant and Petroleum Refinery Piping, 
341.4. l(c) and 341.4.3(d), shall be maintained for the life of 
the system. 

6-7 Purging of Piping Systems. 

6-7.1 Systems shall be purged of air or gas in a safe manner. 

NOTE: ANSI B31.8, Gas Transmission and Distribution Pip- 
ing Systems, 841.275, may be used as a guide. 

6-7.2 Blow-down and purge connections shall be pro- 
vided to facilitate purging of all process and flammable gas 
piping. 

6-8 Safety and Relief Valves. 

6-8.1 P r e s s u r e  r e l i ev ing  safety devices shall  be so 
a r ranged  that the possibility of damage to piping or appur-  
tenances is reduced to a minimum. The means for adjust- 
ing relief valve set pressure shall be sealed. 

6-8.2 A thermal expansion relief valve shall be installed as 
required to prevent  overpressure in any section of a liquid 
or cold vapor pipeline that can be isolated by valves. 

6-8.2.1 A thermal expansion relief valve shall be set to 
discharge above the maximum pressure normally expected 
in the line but  less than the rated test pressure of the line 
it protects. 

6-8.2.2 Discharge from such valves shall be directed to 
minimize hazard to personnel  and other equipment. 

6-9 Corrosion Control. 

6-9.1 Unde rg round  and submerged piping shall be pro- 
tected and maintained in accordance with the principles of 
the National Association of Corrosion Engineers RP-01-69, 
Control of External Corrosion of Underground or Submerged 
Metallic Piping Systems. 

6-9.2* Austenit ic stainless steels and a luminum alloys 
] shall be protected to minimize corrosion and pitting from 

corrosive a tmospher ic  and industrial  substances dur ing  
storage,  construct ion,  fabrication, testing, and service. 
Tapes or  other  packaging materials that are corrosive to 
the pipe or piping components shall not be used. Where 
insulation materials can cause corrosion of a luminum or 
stainless steels, suitable inhibitors or waterproof  barr iers  
shall be utilized. 
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Chapter 7 Instrumentation and Electrical 
Services 

7-1 Liquid Level Gauging. 

7-1.1 LNG Containers. 

7-1.1.1 LNG containers shall be equipped  with two inde- 
pendent  liquid level gauging devices. Density variations 
shall be considered in the selection of  the gauging devices. 
These gauges shall be replaceable without taking the tank 
out of operation.  

7-1.1.2 The  conta iner  shall be provided  with a high- 
liquid-level alarm. The  alarm shall be set so that the oper-  
ator will have sufficient t ime to stop the flow without 
exceeding the max imum permissible filling height  and  
shall be located so that it is audible to personnel  controlling 
the filling. A high-liquid-level flow cutoff device, if used, 
shall not be considered as a substitute for the alarm. 

7-1.1.3 The  LNG conta iner  shall be equ ipped  with a 
high-liquid-level flow cutoff device, which shall be separate 
from all gauges. 

7-1.1.4 Containers with a capacity of 70,000 gal (265 m s) or 
less, if at tended during the filling operation, shall be permit- 

I ted to be equipped with liquid trycocks in lieu of  the high- 
liquid-level alarm, and manual flow cutoff shall be permitted. 

7-1.2 Tanks for Refrigerants and/or Flammable Process 
Fluids. 

7-1.2.1 Each storage tank shall be equipped with a liquid 
level gauging device. I f  it is possible to overfill the tank, as 
in cases where the refr igerant  or  intermediate  fluids system 
is a par t  of  the l iquefaction system, a high-liquid-level 
alarm shall be provided in accordance with 7-1.1.2. 

7-1.2.2 Paragraph 7-1.1.3 shall apply to such installations. 

7-2 Pressure Gauge. 

7-2.1 LNG Containers. 

7-2.1.1 Each container shall be equipped with a pressure 
gauge connected to the container  at a point  above the max- 
imum intended liquid level. 

7-2.2.2 Liquefaction Systems. 

NOTE: It is recommended that pressure gauges or taps 
be placed upstream and downstream of process equipment 
where trace contaminants in the feed stream may deposit as 
an aid to the scheduling of deriming operations. 

7-3 Vacuum Gauge. 

7-3.1 Vacuum-Jacketed Equipment. 

7-3.1.1 Vacuum-jacketed equipment  shall be equipped  
with instruments or  connections for checking the absolute 
pressure in the annular  space. 

7-4 Temperature Indicators. 

7-4.1 LNG Containers. 

7-4.1.1 T e m p e r a t u r e  moni tor ing  devices shall be pro-  
vided in field erected containers to assist in controlling 

temperatures  when placing the container into service or  as 
a method of checking and calibrating liquid level gauges. 

7-4.2 Vaporizers. 

7-4.2.1 Vaporizers shall be provided with indicators to 
monitor  inlet and outlet temperatures  of LNG, vaporized 
gas, and heat ing-medium fluids to ensure effectiveness of  
the heat transfer surface. 

7-4.3 Liquefaction Systems. 

NOTE: It is recommended that temperature indicators be 
located upstream and downstream of process equipment 
where trace contaminants in the feed stream may deposit as 
an aid to the scheduling of deriming operations. 

7-4.4 Heated Foundations of Cryogenic Containers and 
Equipment. 

7-4.4.1 Tempera tu re -mon i to r ing  systems shall be pro-  
vided where foundations suppor t ing cryogenic containers 
and equipment  could be adversely affected by freezing or 
frost heaving of  the ground.  

7-5 Emergency Shutdown. 

7-5.1 General Failsafe Requirement. 

7-5.1.1 To the extent  possible, instrumentat ion for lique- 
fact ion,  s to rage ,  and  v a p o r i z a t i o n  facil i t ies shall  be 
designed so that, in the event that power or instrument  air 
failure occurs, the system will go into a failsafe condition 
that can be maintained until the operators  can take appro-  
priate action either to reactivate or to secure the system. 

7-6 Electrical Equipment. 

7-6.1 Electrical equipment and wiring shall be of the type 
specified by and shall be installed in accordance with NFPA 70, 
National Electrical Code ® . 

7-6.2 Fixed electrical equipment and wiring installed within 
the classified areas specified in Table 7-6.2 shall comply 
with Table 7-6.2 and shall be installed in accordance with 
NFPA 70, National Electrical Code, for hazardous locations. 

Exception: For the purpose of designing electrical equipment, the 
interior of an LNG container shall be permitted to be unclassified 
when the following conditions are met: 

1. Electrical equipment cannot be energized until the con- 
tainer is purged of air, and 

2. Electrical equipment is deenergized prior to allowing air 
into the container, and 

3. The electrical system is designed and operated to deenergize 
the equipment automatically when the pressure in the container is 
reduced to atmospheric pressure. 

7-6.3 Each interface between a flammable fluid system 
and an electrical conduit  or  wiring system, including pro- 
cess instrumentat ion connections, integral valve operators,  
foundation heating coils, canned pumps,  and blowers, shall 
be sealed or  isolated to prevent  the passage of  flammable 
fluids to another  port ion of the electrical installation. 

7-6.4 Each seal, barrier, or other means used to comply with 
7-6.3 shall be designed to prevent the passage of flammable 
fluids through the conduit, stranded conductors, and cables. 
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Table 7-6.2 

Equipment Shall Be Suitable 
for NEC (NFPA 70) Class I 

Part Location Group D, Division ~ Extent of Classifed Area s 

A LNG Storage Containers with Vacuum 
Breakers 
Ins ide  of  conta iners  2 Entire conta iner  interior.  

B LNG Storage Container Area 

Indoors  1 Entire room.  

Otktdoor, a b o v e g r o u n d  containers .  
(Other  than  small ' containers)" 

O p e n  area between a h igh- type  dike and  con- 
tainer  wall where  dike wall he igh t  exceeds 
distance between dike and  conta iner  walls. 
[See F~gure 7-6.2(c).] 
Within 15 ft (4.5 m) in all directions from con- 
tainer walls and roof, plus area inside a low- 
type diked or impound ing  area up  to the  
height  of  the dike i m p o u n d m e n t  wall. 
[See Fzgure 7-6.2(b).] 

Outdoor ,  below g r o u n d  1 Within any open  space between conta iner  
containers ,  walls and  s u r r o u n d i n g  grade  or  dike. 

[See Figure 7-6.2(d).] 
Within 15 ft (4.5 m) in all directions fi 'om 
roof  and  sides. [See Figure 7-6.2(d).] 

Nonfired LNG Process Areas 
Containing Pumps, Compressors, 
Heat Exchangers, Pipelines, 
Connections, Small Containers, etc. 

Indoor s  with adequate  ventilation. 3 Entire room and an}' adjacent room not sepa- 
rated by a gastight partition, and  15 ft (4.5 m) 
beyond  any wall or roof  ventilation discharge 
vent  or  louver. 

Ou tdoo r s  in open  air at or  above 2 Within  15 ft (4.5 m) in all directions f rom this 
grade,  equ ipmen t ,  and  within the  cylindrical vo lume 

between the  horizontal  equa tor  of  the  sphere  
and  grade.  [See Figure 7-6.2(a).] 

D Pits, Trenches, or Sumps Located in 1 Entire pit, t rench,  or  sump.  
or Adjacent to Divis ion 1 o r  2 Areas 

E Discharge from Relief Valves 1 Within direct  pa th  of  relief valve discharge.  

F Operational Bleeds, Drips, Vents or 
Drains 

Indoors  with adequa te  ventilation. :~ 1 Within  5 ft (1.5 m) in all directions f rom 
point  o f  discharge.  

2 Beyond 5 ft (1.5 m) and  entire room and 
15 fi (4.5 m) beyond  any wall or  roof  ventila- 
tion d ischarge  vent  or  louver. 

Ou tdoo r s  in open  air at or  above 1 Within  5 ft (1.5 in) in all directions f rom 
grade,  point  o f  discharge.  

2 Beyond 5 ft (1.5 m) but  within 15 ft (4.5 m) 
in all directions f rom point  of  discharge.  

G Tank Car, Tank Vehicle, and Con- 
tainer Loading and Unloading 4 

Indoors  with adequa te  ventilation. 3 Within  5 ft (1.5 nl) in all directions f rom con- 
nect ions regularly made  or d i sconnec ted  for 
p roduc t  transfer.  

Beyond 5 ft (1.5 m) and  ent i re  r oom  an d  
15 ft (4.5 m) beyond  any wall or  roof  ventila- 
tion d ischarge  vent  or  louver.  

(continued) 
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Table  7-6.2 (continued)  

Equipment  Shall  Be Suitable 
for NEC (NFPA 70) Class  I 

Part Locat ion Group D, Div is ion  I Extent  of  Classif ied Area 2 

Out doo r s  in open  air at or  above 1 Within 5 ft (1.5 m) in all directious 
grade,  f rom connect ions  regular ly  m ad e  or 

d isconnected  for p roduc t  transfer .  

2 Beyond 5 ft (1.5 m) bu t  within 15 ft 
(4.5 m) in all directions f rom a point  
where  connect ions  are  regular ly  m a d e  
or disconnected,  and  within the  cylin- 
drical vo lume between the hor izontal  
equa tor  o f  the  sphe re  and  grade.  
[See Figure 7-6.2(a).] 

H Electrical  Seals and Vents  Specif ied in 2 
7-6.3,  7-6.4,  and 7-6.5 

Within 15 ft (4.5 m) in all directions 
f rom the e q u i p m e n t  and  within 
the  cylindrical vo lume between 
the horizontal  equa tor  of  the  
sphe re  and  grade.  

See Article 500--"Hazardous (Classified) Locations" in NFPA 70, National Electrical Code, for definitions of classes, groups, and divisions. Most of the flamma- 
ble vapors and gases found within the facilities covered by this standard are classified as Group D. Ethylene is classified as Group C. Much available electrical 
equipment for hazardous locations is suitable for both groups. 
The classified area shall not extend beyond an unpierced wall, roof, or solid vaportight partition. 

'{ Ventilation is considered adequate where provided in accordance with the provisions of this standard. 
4 When classifying the extent of the hazardous area, consideration shall be given to possible variations in the spotting of tank cars and tank vehicles at the 

unloading points and the effect these variations might may have on the point of connection. 
Small containers are those that are portable and of less than 200 gal (760 L) capacity. 

Sphere having radius 
of 15 ft (4.5 m)- 
Division 2 

Horizontal 
equator of 
sphere / [ ~ : : : ~ ' , [ ' ~  

Grade 
level 

\ / 

z 

Cylindrical volume- 
Division 2 [includes 
bottom half of 15 ft 
(4.5 m) radius sphere] 

Sphere having 
radius of 5 ft 

/ (1.5 m)-Division 1 

" Point of connection 
or source of 
excessive release 
of liquid or gas 

Figure 7-6.2(a) (See Table 7-6.2.) 

Area within 5 ft (1.5 m) 
of relief valve ~ - ,  ,:"~,,,'-~ ,b, \~ ,"",.--~ j , 1 5  ff (4.5 m) 

I" x ,7:2Y k ,. . . . . . . . . .  ~:~,  Container i,,?.,;.,x . . . . .  'l ~ ._  

! 1  D i v i s i o n ~  
Belowgrade pit or trench 

Division 2 

Figure 7-6.2(b) Dike height less than distance from container to dike (H 
less than X). 

Area within 5 ft (1.5 m) 
of relief valve , :,-,, • 15 ft (4.5 m) 

..i__ ~ ~ )  ~ Division i t  ~''~? ,,d :, , , ," d~,, "., 

Container _ l . ~  ~ Division 2 

--I x F-- 
Figure 7-6.2(c) Dike height less than distance from container to dike (H 
greater than X). 

Area within 5 ft (1.5 m) 
of relief valve ~ , ~ , i ~ : f  ~ ,~,  , ~ 15 ft (4.5 m) 

~ - - ~  ~-'~,,/~,~, ...... Grade 

/ [ Container I 
/ Di el I ~ Division1 

/ I I " ~ Division 2 

Figure 7-6.2(d) Container with liquid level below grade or top of dike. 

7-6 .5  A p r i m a r y  sea l  sha l l  be  p r o v i d e d  b e t w e e n  t h e  f l a m -  
m a b l e  f lu id  s y s t e m  a n d  t h e  e l ec t r i ca l  c o n d u i t  w i r i n g  sys-  
t e m .  I f  t h e  f a i l u r e  o f  t h e  p r i m a r y  sea l  w o u l d  a l low t h e  p a s -  
s a g e  o f  f l a m m a b l e  f l u id s  to a n o t h e r  p o r t i o n  o f  t h e  c o n d u i t  
o r  w i r i n g  s y s t e m ,  a n  a d d i t i o n a l  a p p r o v e d  seal ,  b a r r i e r ,  o r  
o t h e r  m e a n s  sha l l  be  p r o v i d e d  to p r e v e n t  t h e  p a s s a g e  o f  
t h e  f l a m m a b l e  f l u id  b e y o n d  t h e  a d d i t i o n a l  d e v i c e  o r  m e a n s  
i f  t h e  p r i m a r y  sea l  fails. 
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NOTE: Examples of such "other means" may include a 
physical interruption of the conduit run and of the 
stranded conductor(s) through the use of an adequately 
vented junction box containing terminal strip or busbar 
connections; an exposed section of MI cable using suitable 
fittings; or an exposed section of single conductor(s) that is 
incapable of transmitting gases or vapors. [See NFPA 70, 
National Electrical Code, 501-5(a) through (d).] 

7-6.6 Each primary seal shall be designed to withstand 
the service conditions to which it may be exposed. Each 
additional seal or barrier and interconnecting enclosure 
shall meet the pressure and temperature requirements of 
the condition to which it could be exposed in the event of 
failure of the primary seal unless other approved means 
are provided to accomplish the purpose. 

7-6.7 Unless specifically designed and approved for the 
purpose, the seals specified in 7-6.3, 7-6.4, and 7-6.5 are not 
intended to replace the conduit seals required in NFPA 70, 
National Electrical Code, 501-5(a) through (d). 

7-6.8 Where primary seals are installed, drains, vents, or 
other devices shall be provided for monitoring purposes to 
detect flammable fluids and leakage. 

7-6.9 The venting of a conduit system shall be done in a 
manner  that will minimize the possibility of damage to per- 
sonnel and equipment  considering the properties of the 
liquid or gas and the potential for ignition. 

7-7 Electrical Grounding and Bonding. 

7-7.1 General. 
7-7.1.1 Electrical grounding and bonding shall be pro- 
vided in accordance with NFPA 77, Recommended Practice on 
Static Electricity, Section 5-4 and 6-1.3, and as required by 
NFPA 70, National Electrical Code. 

7-7.2 Bonding. 
[ 7-7.2.1 Static protection shall not be required where tank 

cars, tank vehicles, or marine equipment  are loaded or 
unloaded by conductive or nonconductive hose, flexible 
metallic tubing, or pipe connections through or from tight 
(top or bottom) outlets where both halves of metallic cou- 
plings are in contact. 

7-7.3 Stray or Impressed Currents. 
[ 7-7.3.1 If stray currents can be present or if impressed 

currents are used on loading and unloading systems (such 
as for cathodic protection), protective measures to prevent 
ignition shall be taken in accordance with API RP 2003, 
Protection Against Ignitions Arising Out of Static, Lightning and 
Stray Currents. 

7-7.4 Lightning Protection. 
7-7.4.1 Lightning protection shall not be required on 
LNG storage containers. 

Exception: Lightning protection ground rods shall be provided 
for tanks supported on nonconductive foundations for personnel 
and foundation protection. 

NOTE: For information on lightning protection, see 
NFPA 780, Lightning Protection Code, and API RP 2003, Pro- 
tection Against Ignitions Arising Out of Static, Lightning and 
Stray Currents. 

Chapter 8 Transfer of LNG and Refrigerants 

8-1 General. 

[ 8-1.1 This chapter shall apply to the transfer of LNG 
refr igerants ,  f lammable liquids, and f lammable gases 
between storage containers or tanks and points of receipt 
or shipment by pipeline, tank car, tank vehicle, or marine 
vessel. 

8-1.2 Transfer facilities shall comply with the appropriate 
provisions of this standard, such as those applying to siting, 
piping systems, and instrumentation, as well as the specific 
provisions of this chapter. 

8-1.3 When making bulk transfers into stationary storage 
containers, the LNG being transferred shall be: 

(a) Compatible in composition or temperature and den- 
sity with that already in the container, or 

[ (b)* When the composition or temperature and density 
are not compatible, means shall be taken to prevent strati- 
fication, which might result in "roll over" and an excessive 
rate of vapor evolution. If a mixing nozzle or agitation sys- 
tem is provided, it shall be designed so as to have sufficient 
energy to accomplish its purpose. 

8-2 Piping System. 

8-2.1 Isolation valves shall be installed so that each trans- 
fer system can be isolated at its extremities. When power- 
operated isolation valves are installed, an analysis shall be 
made to determine that the closure time will not produce a 
hydraulic shock capable of causing line or equipment  fail- 
ure. If excessive stresses are indicated by the analysis, 
increase of valve closure time or other methods shall be 
taken to reduce the stresses to a safe level. 

8-2.2 A piping system used for periodic transfer of a cold 
fluid shall be provided with suitable means for precooling 
before use. 

8-2.3 Check valves shall be provided as required in trans- 
fer 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. 

8-3 Pump and Compressor Control. 

8-3.1 In addition to a locally mounted device for shut- 
down of the pump or compressor drive, a readily accessi- 
ble, remotely located device shall be provided a min imum 
of 25 ft (7.6 m) away from the equipment  to shut down the 
pump or compressor in an emergency. Remotely located 
pumps and compressors used for loading or unloading 
tank cars, tank vehicles, or marine vessels shall be provided 
with controls at the loading or unloading area and at the 
pump or compressor site for stopping. Controls located 
aboard a marine vessel shall be considered as in accor- 
dance with this provision. 

8-3.2 Signal lights shall be provided at the loading or 
unloading area to indicate when a remotely located pump 
or compressor used for loading or unloading is idle or in 
operation. 
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8-4 Marine Shipping and Receiving. 

8-4.1 Design, construction, and operation of piers, docks, 
and wharves shall comply with requirements of the author- 
ities having jurisdiction. 

NOTE: For information on operation of piers, docks, and 
wharves, see NFPA 30, Flammable and Combustible Liquzds 
Code. 

8-4.2 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 of transfer connection while LNG 
or flammable fluids are being transferred through piping sys- 
tems. Ship bunkering shall be permitted to be done, pro- 
vided that bunkering is from a pipeline rather than a barge. 

8-4.3 Vehicle traffic shall be prohibited on the pier or 
dock within 100 ft (30 m) of the loading and unloading 
manifold while transfer operations are in progress. Suit- 
able warning signs or barricades shall be used to indicate 
that transfer operations are in progress. 

8-4.4 Pipelines shall be located on the dock or pier so that 
they are not exposed to damage from vehicular traffic or 
other possible cause of physical damage. Underwater pipe- 
lines shall be located or protected so that they are not 
exposed to damage from marine traffic, and their location 
shall be posted or identified in accordance with federal 
regulations. 

8-4.5 Isolation valving 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. Liquid isolation valves, regardless of 
size, and vapor valves 8 in. and larger in size shall be 
equipped with powered operators in addition to means for 
manual  operation. Power-operated valves shall be capable 
of being closed from a remote control station located at 
least 50 ft (15 m) from the manifold area as well as locally. 
Unless the valve will automatically fail closed on loss of 
power, the valve actuator and its power supply within 50 ft 
(15 m) of the valve shall be protected against operational 
failure due to a fire exposure of at least 10 minutes dura- 
tion. Valves shall be located at the point of hose or arm 
connection to the manifold. Bleeds or vents shall discharge 
to a safe area. 

8-4.6 In addition to the isolation valves at the manifold, 
each vapor return and liquid transfer line shall be provided 
with a readily accessible isolation valve located on shore near 
the approach to the pier or dock. Where more than one line 
is involved, the valves shall be grouped in one location. 
Valves shall be identified as to their service. Valves 8 in. and 
larger in size shall be equipped with powered operators. 
Means for manual operation shall be provided. 

8-4.7 Pipelines used for liquid unloading only shall be 
provided with a check valve located at the manifold adja- 
cent to the manifold isolation valve. 

8-4.8 Marine terminals used for loading ships or barges 
shall be equipped with a vapor return line designed to 
connect to the vessel's vapor return connections. 

8-4.9 Prior to transfer, the officer in charge of vessel 
cargo transti~r and the person in charge of the shore termi- 
nal shall inspect their respective facilities to ensure that 

transfer equipment  is in proper operating condition. Fol- 
lowing this inspection, they shall meet and determine the 
transfer procedure,  verify that adequate ship-to-shore 
communications exist, and review emergency procedures. 

8-5 Tank Vehicle and Tank Car Loading and Unloading 
Facilities. 

8-5.1 T r a n s f e r  shall be made  only  in to  tank  cars 
approved for the specific service. 

8-5.1.1 Tank vehicles and tank cars under  the jurisdiction 
of the U.S. Department of Transportat ion (DOT), includ- 
ing those in interstate commerce, shall comply with regu- 
lations and specifications of that federal agency. 

8-5.1.2 Tank vehicles not under  the jurisdiction of the 
DOT shall comply with the following standards: 

(a) LNG Tank Vehicles --  CGA-341, Standard for Insu- 
lated Cargo Tank Specification for Cryogenic Liquids 

(b) LP-Gas Tank Vehicles -- NFPA 58, Standard for the 
Storage and Handling of Liquefied Petroleum Gases 

(c) Flammable Liquid Tank Vehicles -- NFPA 385, Stan- 
dard for Tank Vehicles for Flammable a~M Combustible Liquids. 

8-5.2 A rack structure, if provided, shall be constructed of 
noncombustible material, such as steel or concrete. 

8-5.3 A tank vehicle loading and unloading area shall be 
of sufficient size to accommodate the vehicles without 
excessive movement or turning. 

8-5.4 Transfer piping, pumps, and compressors shall be 
located or protected by suitable barriers so that they are 
safe from damage by rail or vehicle movements. 

8-5.5 Isolation valving 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 of liquid, and depressured before dis- 
connecting. Bleeds or vents shall discharge to a safe area. 

8-5.6 In addition to the isolation valving at the manifold, 
an emergency valve shall be provided in each liquid and 
vapor line at least 25 ft (7.6 m) but not more than 100 ft 
(30 m) from each loading or unloading area. These valves 
shall be readily accessible for emergency use. A single valve 

] shall be permitted to be installed in a common line to mul- 
tiple loading or unloading areas. 

In installations where the loading or unloading area is 
closer than 25 ft (7.6 m) to the sending or receiving con- 
tainer, a valve that can be operated remotely from a point 
between 25 ft and 100 ft (7.6 m and 30 m) from the area 

I shall be permitted to be used. 

8-5.7 Pipelines used for liquid unloading only shall be 
provided with a check valve at the manifold adjacent to the 
manifold isolation valve. 

8-6 Pipeline Shipping and Receiving. 

8-6.1 Isolation valves shall be provided at all points where 
transfer systems connect into pipeline systems. 

8-6.2 Provisions shall be made to ensure that transfers 
into pipeline delivery systems will not exceed the pressure 
or temperature limitations of the pipeline system. 
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8-7 Loading or Unloading Operations. 

8-7.1 General.  

8-7.1.1 At least one qualified person shall be in constant 
attendance while loading or unloading is in progress. 

8-7.1.2 Written procedures shall be available to cover all 
transfer operations and shall cover emergency as well as nor- 
mal operating procedures. They shall be kept up-to-date and 
available to all personnel engaged in transfer operations. 

8-7.1.3 Sources of ignition, such as welding, flames, and 
unclassified electrical equipment,  shall not be permitted in 
loading or unloading areas while transfer is in progress. 

8-7.1.4 Loading and unloading areas shall be posted with 
"No Smoking" signs. 

8-7.1.5 Where multiple products are loaded or unloaded 
at the same location, loading arms, hoses, or manifolds 
shall be identified or marked to indicate the product or 
products to be handled by each system. 

8-7.1.6 Prior to transfer, gauge readings shall be obtained 
or inventory established to ensure that the receiving vessel 
will not be overfilled. Levels shall be checked dur ing trans- 
fer operations. 

8-7.1.7 The transfer system shall be checked prior to use 
to see that valves are lined up properly. Transfer opera- 
tions shall commence slowly, and if any unusual  variance in 
pressure or temperature occurs, transfer shall be stopped 
until the cause has been determined and corrected. Pres- 
sure and temperature conditions shall be observed dur ing 
the transfer operation. 

8-7.1.8 Bleed or vent connections shall be provided so 
that loading arms and hoses can be drained and depressur- 
ized prior to disconnecting. These bleeds or vents shall dis- 
charge to a safe area. 

8-7.1.9 If vented to a safe location, gas or liquid is permit- 
ted to be vented to the atmosphere to assist in transferring 
the contents of one container to another. 

8-7.1.10 No significant repair shall be done on the trans- 
fer system while transfer is taking place. 

8-7.2 Tank Car or Tank Vehicle. 

8-7.2.1 While tank car or tank vehicle loading or unload- 
ing operations are in progress, rail and vehicle traffic shall 
be prohibited within 25 ft (7.6 m) of LNG facilities or 
within 50 ft (15 m) of refrigerants whose vapors are heavier 
than air. 

8-7.2.2 Prior to connecting a tank car, the car shall be 
chocked and the brakes set, the derailer or switch properly 
positioned, and warning signs or lights placed as required. 
They shall not be removed or reset until transfer is com- 
pleted and the car disconnected. 

8-7.2.3 Unless required for transfer operations, truck vehi- 
cle engines shall be shut off. Brakes shall be set and wheels 
chocked prior to connecting for unloading or loading. The 
engine shall not be started until the truck vehicle has been 
disconnected and any released vapors have dissipated. 

8-7.2.4 Prior to loading LNG into a tank car or tank vehi- 
cle that is not in exclusive LNG service, a test shall be made 
to determine the oxygen content in the container. If a tank 

car or tank vehicle in exclusive LNG service does not con- 
tain a positive pressure, it shall be tested for oxygen con- 
tent. If the oxygen content in either case exceeds 2 percent 
by volume, the container shall not be loaded until purged 
to below 2 percent oxygen by volume. 

8-7.2.5 A tank vehicle shall be positioned prior to loading 
or unloading so that it can exit the area without backing 
when the transfer operation is complete. 

8-7.2.6 Where required by NFPA 77, Recommended Practice 
on Static Electrici(~, tank cars and tank vehicles that are top- 
loaded through an open dome shall be bonded electrically to 
the fill piping or grounded prior to opening the dome. 

8-8 Hoses and Arms. 

8-8.1 Hoses or arms used for transfer shall be suitable for 
the temperature  and pressure conditions encountered.  
Hoses shall be approved for the service and shall be 
designed for a bursting pressure of not less than five times 
the working pressure. 

8-8.2 Flexible metallic hose or pipe and swivel joints shall 
be used where operating temperatures will be below -60°F 
(-51°C). 

8-8.3 Loading arms used for marine loading or unload- 
ing shall be provided with alarms to indicate that the arms 
are approaching the limits of their extension envelopes. 

8-8.4 Provisions shall be made for adequately supporting 
the loading hose or arm. Counterweights shall take into con- 
sideration any ice formation on uninsulated hoses or arms. 

8-8.5 Couplings used for connection of a hose or arm 
shall be suitable for operating conditions and shall be satis- 
factory for frequent coupling and uncoupling conditions. 

8-8.6 Hoses shall be tested at least annually to the maxi- 
mum pump pressure or relief valve setting and shall be 
inspected visually before each use for damage or defects. 

8-9 Communications and Lighting. 

8-9.1 Communications shall be provided at loading and 
unloading locations so that the operator can be in contact 
with other remotely located personnel who are associated 
with the loading or unloading operation. Communication 
shall be permitted to be by means of telephone, public 
address systems, radio, or signal lights. 

8-9.2 All transfer areas shall be illuminated in accordance 
with API RP 540, Electrical Installations in Petroleum Process- 
ing Plants. 

Chapter  9 Fire Protec t ion ,  Safety, and Securi ty  

9-1 General. 

9-1.1 This chapter covers equ ipment  and procedures 
designed to minimize the consequences from released LNG, 
flammable refrigerants, flammable liquids, and flammable 
gases in facilities constructed and arranged in accordance 
with this standard. These provisions augment the leak and 
spill control provisions provided for in other chapters. This 
chapter also includes basic plant security provisions. 
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9-1.2 Fire protection shall be provided for all LNG facili- 
ties. The extent of  such protection shall be determined by 
an evaluation based upon sound fire protection engineer- 
ing principles, analysis of  local conditions, hazards within 
the facility, and exposure to or from other property. The 
evaluation shall determine, as a minimum: 

(a) The type, quantity, and location of  equipment neces- 
sary for the detection and control of  fires, leaks, and spills 
of LNG, flammable refrigerants, or flammable gases. 

(b) The type, quantity, and location of equipment neces- 
sary for the detection and control of  potential nonprocess 
and electrical fires. 

(c) The methods necessary for protection of the equip- 
ment and structures from the effects of  fire exposure. 

(d) Fire protection water systems. (See Section 9-5.) 

(e) Fire extinguishing and other fire control equipment. 
(See Section 9-6.) 

(f) The equipment  and processes to be incorporated 
within the Emergency Shutdown (ESD) system (see Section 
9-3), including analysis of subsystems, if any, and the need 
for depressurizing specific vessels or equipment during a 
fire emergency. 

(g) The type and location of sensors necessary to initiate 
automatic operation of the ESD system or its subsystems. 

(h) The availability and duties of  individual plant per- 
sonnel and the availability of external response personnel 
during an emergency. 

(i) The  protect ive equ ipmen t  and special t ra ining 
needed by individual plant personnel for their respective 
emergency duties. 

9-1.3 The wide range in size, design, and location of LNG 
facilities covered by this standard precludes the inclusion 
of detailed fire protection provisions completely applicable 
to all facilities. 

9-1.4 A detailed emergency procedure manual shall be 
prepared to cover the potential emergency conditions that 
may develop whether or not a fire has occurred. Such pro- 
cedures shall include but not necessarily be limited to the 
following: 

(a) Shutdown or isolation of  various portions of  the 
equipment and other applicable steps to ensure that the 
escape of gas or liquid is cut off promptly or reduced as 
much as possible, 

(b) Use of fire protection facilities, 

(c) Notification of public authorities, 

(d) First aid, and 

(e) Duties of  personnel. 

9-1.4.1 The emergency procedure manual shall be kept 
readily available in the operating control room, and it shall be 
updated as required by changes in equipment or procedures. 

9-1.4.2 All personnel shall be trained in their respective 
duties contained in the emergency manual. Those person- 
nel responsible for the use of fire protection or other plant 
emergency equipment shall be trained in the use of  that 
equipment. Refresher training shall be conducted at least 
on an annual basis. 

I NOTE: For information on fire brigades, see NFPA 600, 
Standard on Industrial Fire Brigades. 

9-1.5 The planning of effective fire control measures shall 
be coordinated with the authority having jurisdiction and local 
emergency handling agencies, such as fire and police depart- 
ments, who are expected to respond to such emergencies. 

] 9-1.6 Normally, gas fires (including LNG fires) shall not 
be extinguished until the fuel source has been shut off. 

9-2 Ignition Source Control. 

9-2.1 Smoking and nonprocess ignition sources within 
the protective enclosure shall be prohibited, except in 

I accordance with the following: 

(a) Smoking shall be permitted only in designated and 
properly signposted areas. 

(b) Welding, cutting, and similar operations shall be con- 
ducted only at times and in places specifically authorized, and 
in accordance with the provisions of NFPA 51 B, Standard for 
Fire Prevention in Use of Cutting and Welding Processes. 

9-2.1.2 Vehicles and other mobile equipment that consti- 
tute potential ignition sources shall be prohibited within 
impounding areas or within 50 ft (15 m) of containers or 
equipment containing LNG, flammable liquids, or flamma- 
ble refrigerants except when specifically authorized and 
under  constant supervision or when at loading or unload- 
ing facilities specifically for the purpose. 

9-3 Emergency Shutdown Systems. 

9-3.1 Each LNG facility shall incorporate an Emergency 
Shutdown (ESD) system or systems that, when operated, will 
isolate or shut off a source of LNG, flammable liquids, flam- 
mable refrigerant, or flammable gases, and shut down equip- 
ment whose continued operation could add to or continue an 
emergency. Any equipment, such as valves or control sys- 
tems, that is specified in another chapter of this standard 
shall be permitted to be used to satisfy the requirements of an 
ESD system, except where otherwise indicated (e.g., 5-3.3). 

9-3.1.1 If  equipment shutdown will introduce an addi- 
tional hazard or result in substantial mechanical damage to 
equipment, the shutdown of such equipment or its auxilia- 
ries shall be permitted to be omitted from the ESD system, 
provided that the effects of continued release of flammable 
or combustible fluids are controlled. 

9-3.2 Vessels containing liquids that are subject to metal 
overheating and catastrophic failure from fire exposure 
and not otherwise protected shall be depressurized by the 
ESD system. 

9-3.3 The ESD system, or systems, shall be of failsafe 
design or otherwise installed, located, or protected so as to 
minimize the possibility that it may become inoperative in 
the event of an emergency or failure at the normal control 
system. ESD systems that are not of failsafe design shall 
have all components that are located within 50 ft (15 m) of 
the equipment to be controlled either: 

(a) Installed or located where they will not be exposed 
to a fire, or 

(b) Protected against failure due to a fire exposure of at 
least 10 minutes duration. 

1994 Edition 



FIRE PROTECTION, SAFETY, AND SECURITY 59A-29 

9-3.4 Initiation of  the ESD system, or systems, shall either 
be manual, automatic, or both manual and automatic, 
depending upon the results of  the evaluation performed in 
accordance with 9-1.2. Manual actuators shall be located in 
an area accessible in an emergency, at least 50 ft (15 m) 
from the equipment they serve, and shall be marked dis- 
tinctly and conspicuously with their designated function. 

9-4 Fire and Leak Control. 

9-4.1 Those areas, including enclosed buildings, that have a 
potential for flammable gas concentrations, LNG or flammable 
refrigerant spills, and fire shall be monitored as appropriate. 

9-4.2 Continuously monitored low-temperature sensors 
or flammable gas detection systems shall sound an alarm at 
the plant site and at a constantly attended location if the 
plant site is not attended continuously. Flammable gas 
detection systems shall sound this alarm at not more than 
25 percent of the lower flammable limit of the gas or vapor 
being monitored. 

9-4.3 Fire detectors shall sound an alarm at the plant site 
and at a constantly attended location if the plant site is not 
continually manned. In addition, if so determined by an eval- 
uation in accordance with 9-1.2, fire detectors shall be per- 
mitted to activate appropriate portions of the ESD system. 

9-4.4 The detection systems determined in 9-1.2 shall be 
designed, installed, and maintained in accordance with 
NFPA 72, National Fire Alarm Code, or NFPA 1221, Standard 
for the Installation, Maintenance, and Use of Public Fire Service 
Communication Systems, as applicable. 

9-5 Fire Protection Water Systems. 

9-5.1 A water supply and a system for distributing and 
applying water shall be provided for protection of expo- 
sures; cooling containers, equipment, and piping; and con- 
trolling unignited leaks and spills, unless an evaluation in 
accordance with 9-1.2 indicates the use of  water is unnec- 
essary or impractical. 

9-5.2 The design of fire water supply and distribution 
systems, if provided, shall provide for the simultaneous 
supply of those fixed fire protection systems, including 
moni to r  nozzles, at their design flow and pressure ,  
involved in the maximum single incident expected in the 
plant plus an allowance of  1000 gpm (63 L/s) for hand hose 
streams for a period of  not less than 2 hours. 

9-5.3 Fire protection water systems shall be designed, 
installed, and maintained in accordance with the following 
NFPA standards, as applicable: 

(a) NFPA 13, Standard for the Installation of Sprinkler Systems 

(b) NFPA 14, Standard for the Installation of Standpipe and 
Hose Systems 

(c) NFPA 15, Standard for Water Spray Fixed Systems for 
Fire Protection 

(d) NFPA 20, Standard for the Installation of Centrifugal 
Fire Pumps 

(e) NFPA 22, Standard for Water Tanks for Private Fire 
Protection 

(t) NFPA 24, Standard for the Installation of Private Fire 
Service Mains and Their Appurtenances 

(g) NFPA 26, Recommended Practice for the Supervision of 
Valves Controlling Water Supplies for Fire Protection 

(h) NFPA 1961, Standard for Fire Hose 

(i) NFPA 1962, Standard for the Care, Use, and Service Test- 
ing of Fire Hose Including Couplings and Nozzles 

(j) NFPA 1963, Standard for Fire Hose Connections. 

9-6 Fire Extinguishing and Other Fire Control Equipment. 

9-6.1 Portable or wheeled fire extinguishers recommended 
by their manufacturer for gas fires shall be available at strate- 
gic locations, as determined in accordance with 9-1.2, within 
an LNG facility and on tank vehicles. These extinguishers 
shall be provided and maintained in accordance with NFPA 
10, Standard for Portable Fire Extinguishers. 

I NOTE: Extinguishers of the dry chemical type usually are 
preferred. 

9-6.2 Fixed fire extinguishing and other fire control sys- 
tems may be appropriate for the protection of specific haz- 

l ards as determined in accordance with 9-1.2. If  fixed fire 
extinguishing and other fire control systems are provided, 
such systems shall be designed, installed, and maintained in 
accordance with the following NFPA standards, as applicable: 

(a) NFPA 11, Standard for Low Expansion Foam 

(b) NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems 

(c) NFPA 12, Standard on Carbon Dioxide Extinguishing 
Systems 

(d) NFPA 12A, Standard on Halon 1301 Fire Extinguishing 
Systems 

(e) NFPA 12B, Standard on Halon 1211 Fire Extinguishing 
Systems 

(t) NFPA 16, Standard on the Installation of Deluge Foam- 
Water Sprinkler and Foam-Water Spray Systems 

(g) NFPA 17, Standard for Dry Chemical Extinguishing Systems. 

9-6.3 If  provided, automotive and trailer-mounted fire 
apparatus shall not be used for any other purpose. Fire 
trucks shall conform to applicable portions of  NFPA 1901, 
Standard for Pumper Fire Apparatus. 

9-6.4 Plant assigned automotive vehicles shall be pro- 
vided with a minimum of one portable dry chemical extin- 
guisher having a capacity of not less than 20 lb (9 kg). 

9-7 Maintenance of Fire Protection Equipment. 

9-7.1 Facility operators shall prepare and implement a 
maintenance program for all plant fire protection equipment. 

9-8 Security. 

9-8.1 The facility operator shall provide a security system 
with controlled access that shall be designed to minimize 
entry by unauthorized persons. 

9-8.2 At LNG facilities, there shall be a protective enclo- 
sure including a peripheral fence, building wall, or natural 
barrier enclosing major facility components, such as: 

(a) LNG storage containers. 

(b) Flammable refrigerant storage tanks. 
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(c) Flammable liquid storage tanks. 

(d) Other  hazardous materials storage areas. 

(e) Outdoor  process equipment  areas. 

(t) Buildings housing process or control equipment.  

(g) Onshore loading and unloading facilities. 

] 9-8.3 The  provisions of 9-8.2 shall be permit ted to be met 
by either one continuous enclosure or  several independent  
enclosures. Where  the enclosed area exceeds 1250 ft 2 
(116 m2), at least two exit gates or doors shall be pro-  
vided for rapid  escape of personnel  in the event of  an 
emergency. 

9-8.4 LNG facilities shall be i l luminated as necessary in 
the vicinity of protective enclosures and in other  areas to 
promote  the security of the facility. 

9-9 Personnel  Safety. 

9-9.1 Personnel shall be advised of the serious danger  
from frostbite that can result upon  contact with LNG or 
cold refrigerants. 

9-9.1.1 Suitable protective clothing and equipment  shall 
be available. 

9-9.2 Those employees who will be involved in emer-  
gency activities, as de te rmined  in accordance with 9-1.2, 
shall be equipped  with the necessary protective clothing 
and equ ipment .  Protective c lothing shall comply with 
NFPA 1971, Standard on Protective Clothing for Structural Fire 
Fighting, and have an impermeab le  outer  shell. Those  
employees requir ing such protective clothifig also shall be 
equipped with hehnets, face shields, gloves, and boots suit- 
able for the in tended exposure.  

9-9,3 Self-contained breath ing appara tus  shall be pro-  
vided tor those employees who may be required to enter 
an a tmosphere  that could be injurious to health dur ing  an 
emergency. Such apparatus  shall comply with NFPA 1981, 
Standard on Open-Circuit Self-Contained Breathing Apparatus 
for Fire Fighters, and be maintained in accordance with the 
manufacturer 's  instructions. 

9-9.4 Because natural  gas, LNG, and hydrocarbon refrig- 
erants within the process equipment  usually are not odor-  
ized and the sense of  smell cannot be relied upon to detect 
their presence, a portable  flammable gas indicator shall be 
readily available. 

[ 9-10" Other Operations.  

NOTE: Ifa liquefaction plant is designed to operate unat- 
tended, it is recommended that alarm circuits be provided 
that will transmit an alarm to the nearest manned company 
facility, indicating abnormal pressure, temperature, or 
other symptoms of trouble. 

9-10.1 Purging procedures  shall be developed that will 
minimize the presence of a combustible mixture in plant  
p iping or  equipment  when a system is being placed into or 
taken out  of  operat ion.  

9-10.2" Manual emergency depressur ing means shall be 
provided where practical. Portions of  the plant  that can be 
isolated from storage tanks or  other  sources of  supply can 
be depressured  by venting to the a tmosphere  th rough  
upward-point ing vent stacks. 

9-10.3 Taking an LNG container out of service shall not 
be r e g a r d e d  as a no rma l  ope ra t ion  and shall not  be 
attempted on any rout ine basis. All such activities shall 
require the prepara t ion  of  detailed procedures.  

C h a p t e r  10 R e f e r e n c e d  P u b l i c a t i o n s  

10-1 The  following documents  or port ions thereof  are 
referenced within this s tandard and shall be considered 
par t  of  the requirements  of this document.  The edition 
indicated for each reference is the current  edition as of the 
date of  the NFPA issuance of this document.  

10-1.1 NFPA Publ icat ions .  National Fire Protec t ion  
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 10, Standard for Portable Fire Extinguishers, 1990 
edition. 

NFPA 11, Standard for Low Expansion Foam, 1994 edition. 

NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems, 1994 edition. 

NFPA 12, Standard on Carbon Dioxide Extblguishing Sys- 
tents, 1993 edition. 

NFPA 12A, Standard on Halon 1301 Fire Extinguishing 
Systems, 1992 edition. 

NFPA 12B, Standard on Halon 1211 Fire Extinguishing 
Systems, 1990 edition. 

NFPA 13, Standard for the Installation of Sprinkler Systems, 
1994 edition. 

NFPA 14, Standard for the Installation of Standpipe and 
Hose Systems, 1993 edition. 

NFPA 15, Standard for Water Spray Fixed Systems for Fire 
Protection, 1990 edition. 

NFPA 16, Standard on the Installation of Deluge Foam-Water 
Sprinkler and Foam-Water Spray Systems, 1991 edition. 

NFPA 17, Standard for Dry Chemical Extinguishing Systems, 
1990 edition. 

NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps, 1993 edition. 

NFPA 22, Standard for Water Tanks for Private Fire Protec- 
tion, 1993 edition. 

NFPA 24, Standard for the Installation of Private Fire Ser- 
vice Mains and Their Appurtenances, 1992 edition. 

NFPA 26, Recommended Practice for the Supervision of Valves 
Controlling Water supplies for Fire Protection, 1988 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 1994 edition. 

NFPA 51B, Standard for Fire Prevention in Use of Cutting 
and Welding Processes, 1994 edition. 

NFPA 58, Standard for the Storage and Handling of Lique- 
fied Petroleum Gases, 1992 edition. 

NFPA 59, Standard for the Storage and Handling of Lique- 
fied Petroleum Gases at Utility Gas Plants, 1992 edition. 

NFPA 70, National Electrical Code, 1993 edition. 

NFPA 72, National Fire Alarm Code, 1993 edition. 
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NFPA 77, Recommended Practice on Static Electricit'~, 1993 
edition. 

NFPA 101, Code for Safety to Life from Fire in Buildings and 
Structures, 1994 edition. 

NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials, 1990 edition. 

NFPA 385, Standard for Tank Vehicles for Flammable and 
Combustible Liquids, 1990 edition. 

NFPA 1221, Stmutard for the Installation, Maintenance, and 
Use of Public Fire Service Communication Systerm, 1991 edition. 

NFPA 1901, Standard for Pumper Fire Apparatus, 1991 
edition. 

NFPA 1961, Standard for Fire Hose, 1992 edition. 

NFPA 1962, Standard for the Care, Use, and Service Testing 
of Fire Hose Including Couplings and Nozzles, 1993 edition. 

NFPA 1963, Standard for Fire Hose Connections, 1993 
edition. 

NFPA 1971, Standard on Protective Clothing for Structural 
Fire Fighting, 1991 edition. 

NFPA 1981, Standard on Open-Circuit Self-Contained 
Breathing Apparatus for Fire Fighters, 1992 edition. 

10-1.2 Other Publications. 

10-1.2.1 ACI Publications. American Concrete Institute, 
P.O. Box 19150, Redford Station, Detroit, MI 48219. 

ACI 304R-1989, Guide for Measuring, Mixing, Transporta- 
tion and Placing of Concrete. 

ACI 311.4R- 1988, Guide for Concrete Inspection. 
ACI 318-1992, Building Code Requirements for Reinforced 

Concrete. 
ACI 344R-W, 1988, Design and Construction of Circular 

Wire and Strand Wrapped Prestressed Concrete Structures. 

AC I 506R- 1990, Guide for Shotcreting. 

10-1.2.2 API Publications.  American Petroleum Insti- 
tute, 1220 L Street N.W., Washington, DC 20005. 

API 6D- 1991, Specification for Pipeline Valves. 
API RP 540-1991, Electrical Installations in Petroleum Pro- 

cessing Plants. 
API 620-1990, Design and Construction of Large, Welded, 

Low-Pressure Storage Tanks. 
API RP 2003-1991, Protection Against Ignitions Arising Out 

of Static, Lightning and Stray Currents. 

API 2510-1989, Design and Construction of Liquefied Petro- 
leum Gas (LPG) Installations. 

10-1-2.3 ASCE Publication.  American Society of Civil 
Engineers ,  Uni ted  Engineer ing  Center ,  345 East 47th 
Street, New York, NY 10017. 

ASCE 7-1988, Building Code Requirements for Minimum 
Design Loads in Buildings and Other Structures. 

10-1.2.4 ASME/ANSI Publications. American Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ASME Boiler and Pressure Vessel Code, 1992 edi t ion,  
including Addenda and applicable Code In te rpre ta t ion  
Cases. 

ANSI B31.3-1993, Chemical Plant and Petroleum Refinery 
Piping. 

ANSI B31.5-1992, Refrigeration Piping. 
ANSI B31.8-1992, Cas 7)ansmis.sion and Distribution Pip- 

ing Syste~m. 

10-1.2.5 ASTM Publications. American Society for Testing 
and Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM A82-1990, Standard Specification for Steel Wire, 
Plain, for Concrete Reinforcement. 

ASTM A185-1990, Standard Specification for Welded Steel 
Wire, Fabric, Plain, for Concrete Reinforcement. 

ASTM A227-1991, Specification.for Steel Wire, Hard Drawn 
for Mechanical Springs. 

ASTM A366-1991, Standard Specification for Steel, Sheet, 
Carbon, Cold-Rolled, Commercial Quality. 

ASTM A416-1990, Standard Specification for Steel Strand, 
Uncoated Seven-Wire for Prestressed Concrete. 

ASTM A421-1991, Standard Specification for Uncoated 
Stress-Relieved Wire for Prestressed Concrete. 

ASTM A615-1992, Standard Specification for Deformed and 
Plain Billet-Steel Bars for Concrete Reinforcement. 

ASTM A821-1990, Standard Specification for Steel Wire, 
Hard Drawn for Prestressed Concrete Tanks by Redrawing. 

ASTM C33-1992, Standard Specification for Concrete 
Aggregates. 

ASTM E380-1991, Standard Practice for the Use of Interna- 
tional System of Units (SI). 

10-1.2.6 CGA Publication, Compressed Gas Association, 
Inc., 1235 Jefferson Davis Highway, Arlington, VA 22202. 

CGA 341-1987, Standard for h~sulated Cargo Tank Specifi- 
cation for Cryogenic Liquids. 

10-1.2.7 NACE Publication. National Association of Corro- 
sion Engineers, 2400 West Loop South, Houston, TX 77027. 

NACE RP-01-69-1992, Control of External Corrosion of 
Underground or Submerged Metallic Piping System~. 

10-1.2.8 TEMA Publications,  TEMA standards are avail- 
able from the Tubular  Exchange Manufacturers Associa- 
tion, 331 Madison Avenue, New York, NY 10017. 

10-1.3 Referenced Organizations. 

National Board of Boiler and Pressure Vessel Inspec- 
tors, 1055 Cruppe r  Avenue, Columbus, OH 43229. 

A p p e n d i x  A E x p l a n a t o r y  Mater ia l  

This Appendix is not a part of the requirements of this NFPA document, 
but is included for informational purposes only. 

A-2-2.2.6 To assure that any accidentally discharged liq- 
uid stays confined within an area enclosed by a dike or 
impounding  wall and yet to provide a reasonably wide 
margin for area configuration design. 

A-3-4.7 Considerat ion should be given to provisions for 
depressurizing equipment  containing gases and liquids in 
case of  fire or failure of the equipment.  (See 9-1.2 and Sec- 
tion 9-10.) 
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A-4-1.3.1 For further information, see Nuclear Reactors 
and Earthquakes, Chapter 6, "Dynamic Pressure on Fluid 
Containers." 

A-4-1.3.7 For the background theory on the response of 
fluid containers to seismic loads, see Nuclear Reactors and 
Earthquakes, Chapter 6, "Dynamic Pressure on Fluid 
Containers." 

This document also may be used to calculate the slosh- 
ing height of the liquid surface. 

A-4-1.7.1 For further information, see ASCE 56, Subsur- 
face Investigation for Design and Construction of Foundation for 
Buildings, and API 620, Design and Construction of Large, 
Welded, Low-Pressure Storage Tanks, Appendix C. 

A-4-6 There are several methods used for purging large 
vessels into and out of service. This standard does not 
restrict constructors or operators to any one technique but 
cautions that only experienced and qualified personnel 
may be responsible for such activities. 

There are several references covering the purging of 
large vessels, two of which are the American Gas Associa- 
tion's Gas Engineer's Handbook and Purging Principles and 
Practice. 

A-6-2.4 Extended bonnet valves with or without bellows 
seals should be used for service temperatures below -50°F 
(-46°C). 

A-6-9.2 These substances include, but are not limited to, 
chlorides and compounds of  sulphur or nitrogen. 

A-8-1.3(b) Stratification may be prevented by means such 
as introducing the denser liquid above the surface of the 
stored liquid, introducing the lighter LNG into the bottom 
of the container, mechanical agitation, or introducing the 
LNG into the container through an inlet nozzle designed 
to promote mixing. 

A-9-10 Where gas must be released intermittently or in 
an emergency, a discharge directed upward at high veloc- 
ity will safely dissipate the gas. Separate release points may 
be preferable to collecting the discharge from several relief 
valves in a common header, An ignited flare is permitted in 
LNG facilities if local conditions warrant. 

I A-9-10.2 Lever-operated relief valves often can be used 
for this purpose. 

A p p e n d i x  B Referenced  Publ icat ions  

B-I The following documents or portions thereof are ref- 
erenced within this standard for informational purposes 
only and thus are not considered part of  the requirements 
of this document. The edition indicated for each reference 
is the current edition as of  the date of the NFPA issuance 
of  this document. 

B-I . I  NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 70, National Electrical Code, 1993 edition. 

NFPA 600, Standard on Industrial Fire Brigades, 1992 
edition. 

NFPA 780, Lightning Protection Code, 1992 edition. 

NFPA 850, Recommended Practice for Fire Protection for 
Electric Generating Plants, 1992 edition. 

B-1.2 Other Publications. 

B-1.2.1 ACI Publication. American Concrete Institute, 
P.O. Box 19150, Redford Station, Detroit, MI 48219. 

ACI 344R-W-1988, Design and Construction of Circular 
Wire and Strand Wrapped Prestressed Concrete Structures. 

B-1.2.2 AGA Publications. American Gas Association, 
1515 Wilson Boulevard, Arlington, VA 22209. 

"Evaluation of LNG Vapor Control Methods," Report to 
AGA by Arthur D. Little, Inc., October 1974. 

Gas Engineer's Handbook, 1965 edition. 
Purging Principles and Practice, 1975 edition. 

B-1.2.3 API Publications. American Petroleum Institute, 
1801 K Street N.W., Washington, DC 20006. 

API 620-1990, Design and Construction of Large, Welded, 
Low-Pressure Storage Tanks. 

API RP 2003-1991, Protection Against Ignitions Arising Out 
of Static, Lightning and Stray Currents. 

B-1-2.4 ASCE Publication. American Society of  Civil 
Engineers, United Engineering Center, 345 East 47th 
Street, New York, NY 10017. 

ASCE 56-1976, Subsurface Investigation for Design and 
Construction of Foundation for Buildings. 

B-1.2,5 ASME/ANSI Publications, American Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ASME Boiler and Pressure Vessel Code, 1992 edition, 
including Addenda and applicable Code Interpretation 
Cases. 

ANSI A13.1-1981, Scheme for the Identification of Piping 
Systems. 

ANSI B31.8-1992, Gas Transmission and Distribution Pip- 
ing Systems. 

B-1-2.6 NTIS Publication. National Technical Informa- 
tion Service, U.S. Dept. of Commerce, 5285 Port Royal 
Road, Springfield, VA 22151. 

TID-7024-1963, Nuclear Reactors and Earthquakes. 
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I N D E X  5 9 A - 3 3  

I n d e x  

© 1 9 9 4  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n ,  All  R i g h t s  R e s e r v e d .  

T h e  c o p y r i g h t  in  t h i s  i n d e x  is s e p a r a t e  a n d  d i s t i n c t  f r o m  t h e  c o p y r i g h t  i n  t h e  d o c u m e n t  w h i c h  i t  i n d e x e s .  T h e  l i c e n s i n g  p r o v i s i o n s  se t  f o r t h  
f o r  t h e  d o c u m e n t  a r e  n o t  a p p l i c a b l e  to  t h i s  i n d e x .  T h i s  i n d e x  m a y  n o t  b e  r e p r o d u c e d  i n  w h o l e  o r  in  p a r t  b y  a n y  m e a n s  w i t h o u t  t h e  e x p r e s s  
w r i t t e n  p e r m i s s i o n  o f  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n ,  I n c .  
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T e n s i l e  s t r e s s e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 3 . 2 . 3  
T e s t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 3 . 3 . 1 ,  4 - 3 . 4  

Containers . . . . . . . . . .  see  a l s o  C o n c r e t e  c o n t a i n e r s ;  M e t a l  c o n t a i n e r s  

C o o l - d o w n  p r o c e d u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 7  
D e f i n i t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
D e s i g n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 2  to  4 - 1 . 3 . 1  

E x p o s u r e ,  l ow t e m p e r a t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 2 . 5  
F i l l i n g  v o l u m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 6  
F i r e  e x p o s u r e ,  h e a t  i n f l u x  c a l c u l a t i o n s  . . . . . . . . . .  4 - 8 . 3 . 1 ,  4 - 8 . 3 . 2  
F o u n d a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 7 ,  A - 4 - 1 . 7 . 1  

F r o z e n  g r o u n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 -2 .2  
G a u g e s  a n d  i n d i c a t o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-1 to  7 - 4 .4 .1  

I n s p e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 -1 .1  
I n s u l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 5  

M a r k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 4  
M e t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 2  
O u t - o f - s e r v i c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 1 0 . 3  

P r e s s u r e  a n d  v a c u u m  c o n t r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 8  
P u r g i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 -6 ,  A - 4 - 6  
R e t e s t i n g  a f t e r  r e p a i r s / m o d i f i c a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 5 . 2  

S e i s m i c  d e s i g n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 3 ,  4 - 1 . 3 . 1 ,  A - 4 - 1 . 3 . 1  
S h o p - b u i h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 3 . 8  
S p a c i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 2 . 4  

S t a t i o n a r y  s t o r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C h a p .  4 

T e s t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 5  
W i n d  a n d  s n o w  l o a d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 4  

Cool-down procedure, containers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 7  
Corrosion control, piping systems . . . . . . . . . . . . . .  6 -9 ,  6 - 9 . 2 ,  A - 6 - 9 . 2  

Cryogenic equipment 
Soi l  p r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -5  
T e m p e r a t u r e  i n d i c a t o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 - 4 . 4  

Currents, stray or impressed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 - 7 . 3  

-D-  
D e f i n i t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 

Depressurizing 
E m e r g e n c y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 1 0 . 2 ,  A - 9 - 1 0 . 2  

E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 4 . 7 ,  A - 3 - 4 . 7  

Deriming (definition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
Design pressure (definition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
Design spill, impounding area . . . . . . . . . . . . . . . . . . . . . .  2 - 2 . 3 . 2 ,  2 - 2 . 3 . 3  

Designer and fabricator competence . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 4  
Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 4 . 3  

Dikes 
D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
h n p o u n d i n g  a r e a  . . . . . . . . . . . . . . . . . . . .  2 - 2 . 2 . 4  to  2 - 2 . 2 . 6 ,  A - 2 - 2 . 2 . 6  

Docks, marine shipping/receiving . . . . . . . . . . . . . . . . . . . .  8 -4 .1  to  8 - 4 . 9  

Drainage system, design and capacity . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 2 . 2  

-E- 
Earthquakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see  S e i s m i c  d e s i g n  

Electrical equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -6  
Electrical grounding/bonding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -7  
Electrical services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C h a p .  7 
Emergency equipment depressurizing . . . . . . . . . . . . . . . . . . . . . . .  3 -4 .7 .1  

Emergency procedure manual . . . . . . . . . . . . . . . . . . . . . . . . .  9-1.4, 9-1.4.1 
Emergency Shutdown (ESD) system . . . . . . . . . . . . . .  7-5 ,  9-1.2(1"), 9 -3  

Equipment depressurizing 
D i s c h a r g e  o f  f l a m m a b l e  g a s e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 4 . 7 . 2  
E m e r g e n c y  c o n t r o l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 4 . 7 . 1  

Extended bonnet v a l v e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 - 3 . 3 . 1 ,  A - 6 - 2 . 4  

-F- 
Fabricator competence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 4  

Failsafe 
D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
R e q u i r e m e n t s ,  g e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 -5 .1  

F i l l i n g  v o l u m e ,  c o n t a i n e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 6  

Fire and leak control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 4  
Fire exposure, heat influx calculations . . . . . . . . . . . .  4 - 8 . 3 . 1 ,  4 - 8 . 3 . 2  

Fire extinguishing equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 6  

A u t o m o t i v e / t r a i l e r - m o u n t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 6 . 3  
M a i n t e n a n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 -7  
P o r t a b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 -6 .1  

F i r e  p r o t e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  C h a p .  9 

Fired equipment (definition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 

Flame spread rating 
D e f i n i t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
I n s u l a t i o n  m a t e r i a l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 1 . 5 . 2  

F l a m m a b l e  gas indicators, portable . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 - 9 . 4  
F l a m m a b l e  l i q u i d s ,  storage of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 -3 ,  7 - 1 . 2  

F l a m m a b l e  m i x t u r e  dispersion distances . . .  2 - 2 . 3 . 2 ( a )  to  2 - 2 . 3 . 2 ( e )  

Flash gases, handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 4 . 5  
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