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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS 

NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA STANDARDS

NFPA® codes, standards, recommended practices, and guides (“NFPA Standards”), of which the document 
contained herein is one, are developed through a consensus standards development process approved by the 
American National Standards Institute. This process brings together volunteers representing varied viewpoints 
and interests to achieve consensus on fire and other safety issues. While the NFPA administers the process and 
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or 
verify the accuracy of any information or the soundness of any judgments contained in NFPA Standards.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether 
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or 
reliance on NFPA Standards. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of 
any information published herein.

In issuing and making NFPA Standards available, the NFPA is not undertaking to render professional or other 
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent judgment 
or, as appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any 
given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA 
Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with this 
document. Any certification or other statement of compliance with the requirements of this document shall not be 
attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.

REMINDER: UPDATING OF NFPA STANDARDS

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should 
be aware that NFPA Standards may be amended from time to time through the issuance of Tentative 
Interim Amendments or corrected by Errata. An official NFPA Standard at any point in time consists of 
the current edition of the document together with any Tentative Interim Amendment and any Errata 
then in effect.

In order to determine whether an NFPA Standard has been amended through the issuance of 
Tentative Interim Amendments or corrected by Errata, visit the Document Information Pages on NFPA’s 
website. The Document Information Pages provide up-to-date, document specific information including 
any issued Tentative Interim Amendments and Errata.

To access the Document Information Page for a specific NFPA Standard, go to  
http://www.nfpa.org/docinfo to choose from the  list of NFPA Standards or use the search feature 
on the right to select the NFPA Standard number (e.g., NFPA 101). In addition to posting all existing 
Tentative Interim Amendments and Errata, the Document Information Page also includes the option to 
sign-up for an “Alert” feature to receive an email notification when new updates and other information 
are posted regarding the document.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS 

ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Standards 

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be aware that 
these documents may be superseded at any time by the issuance of new editions or may be amended from time to 
time through the issuance of Tentative Interim Amendments or corrected by Errata. An official NFPA Standard at 
any point in time consists of the current edition of the document together with any Tentative Interim Amendments 
and any Errata then in effect. In order to determine whether a given document is the current edition and whether 
it has been amended through the issuance of Tentative Interim Amendments or corrected through the issuance of 
Errata, consult appropriate NFPA publications such as the National Fire Codes® Subscription Service, visit the NFPA 
website at www.nfpa.org, or contact the NFPA at the address listed below.

Interpretations of NFPA Standards

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the 
Development of NFPA Standards 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.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, 
or asserted in connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for 
determining the validity of any such patent rights, as well as the risk of infringement of such rights, and the NFPA 
disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA Standards.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of 
patents in American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant 
to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Standard may 
require use of an invention covered by patent rights. NFPA takes no position as to the validity of any such 
patent rights or as to whether such patent rights constitute or include essential patent claims under the 
ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of 
willingness to grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to 
applicants desiring to obtain such a license, copies of such filed statements can be obtained, on request, from 
NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, 
by the publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of safe practices and methods. By making these documents available for use and adoption by public 
authorities and private users, the NFPA does not waive any rights in copyright to these documents.

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term 
“adoption by reference” means the citing of title, edition, and publishing information only. Any deletions, additions, 
and changes desired by the adopting authority should be noted separately in the adopting instrument. In order 
to assist NFPA in following the uses made of its documents, adopting authorities are requested to notify the NFPA 
(Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning 
adoption of NFPA Standards, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Standards and all requests for information on NFPA 
procedures governing its codes and standards development process, including information on the procedures for 
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to 
NFPA standards during regular revision cycles, should be sent to NFPA headquarters, addressed to the attention 
of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: 
stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be 
viewed at no cost at www.nfpa.org/freeaccess.
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This edition of NFPA 329, Recommended Practice for Handling Releases of Flammable and Com-
bustible Liquids and Gases, was prepared by the Technical Committee on Tank Leakage and
Repair Safeguards. It was issued by the Standards Council on November 11, 2014, with an
effective date of December 1, 2014, and supersedes all previous editions.

This edition of NFPA 329 was approved as an American National Standard on December 1,
2014.

Origin and Development of NFPA 329
This recommended practice began as a report (NFPA 30B), which was published until

1950. A manual on this subject was published in 1959. The manual was rewritten as a recom-
mended practice in 1964, with subsequent revisions in 1965, 1972, 1977, 1983, 1987, 1992,
and 1999.

The 1999 edition of this recommended practice combined the relevant and updated ma-
terial contained in earlier editions of NFPA 329 and of NFPA 328, Recommended Practice for the
Control of Flammable and Combustible Liquids and Gases in Manholes, Sewers, and Similar Under-
ground Structures, into a single document. NFPA 328 was withdrawn in May 1999.

The 2005 edition of NFPA 329 was the result of a major rewrite effort to comply with the
Manual of Style for NFPA Technical Committee Documents and also incorporated amendments to
several defined terms in order to use preferred NFPA definitions.

The 2010 edition of NFPA 329 was amended to ensure that all referenced documents were
correctly listed as pertains to title and edition date. In addition, Figure 5.4.7.1 was revised to
show a grounding connection for the air eductor; an Annex item was added to Section 9.1 to
cross-reference requirements for control of ignition sources, as set forth in NFPA 326, Stan-
dard for the Safeguarding of Tanks and Containers for Entry, Cleaning, or Repair; and errors in the
headings of Table A.4.1.11 were corrected.

In the 2015 edition of NFPA 329, referenced publications have been updated to current
revision dates. In addition, definitions have been revised to better describe the terminology
used in the standard and, where appropriate, to use the preferred definition found in other
NFPA publications.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Standards.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

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

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in the recommendations
sections of this document are given in Chapter 2 and those for
extracts in the informational sections are given in Annex F.
Extracted text may be edited for consistency and style and may
include the revision of internal paragraph references and
other references as appropriate. Requests for interpretations
or revisions of extracted text should be sent to the technical
committee responsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex F.

Chapter 1 Administration

1.1 Scope.

1.1.1 This recommended practice provides methods for re-
sponding to fire and explosion hazards resulting from the re-
lease of a flammable or combustible liquid, gas, or vapor that
can migrate to a subsurface structure.

1.1.2 Although this recommended practice is intended to
address only fire and explosion hazards, other authorities
should be consulted regarding the environmental and health
impacts and other hazardous conditions of such releases.

1.1.3 This recommended practice outlines options for de-
tecting and investigating the source of a release, for mitigating
the fire and explosion hazards resulting from the release, and
for tracing the release back to its source.

1.1.4 The options outlined in this recommended practice are
not intended to be, nor should they be considered to be, all-
inclusive or mandatory in any given situation. If better or more
appropriate alternative methods are available, they should be
used.

1.1.5* The procedures outlined in this recommended prac-
tice can apply to hazardous substances other than flammable
and combustible liquids that might have adverse human
health effects. However, the physical characteristics of the spe-
cific hazardous substance released must be understood before
any action is taken. (See also 1.1.2.)

1.2 Purpose.

1.2.1 The purpose of this recommended practice is to pro-
vide regulatory officials, fire authorities, contractors, and own-
ers of subsurface structures guidance on problems involving
flammable and combustible liquids and gases that might be
found in subsurface structures and other areas.

1.2.2* The responsibility for correct handling of a suspected
release of a flammable or combustible liquid or gas or the
potential hazard from such a release will be shared by various
individuals, organizations, and regulatory agencies.

1.2.2.1 The successful handling of these problems will de-
pend on the best possible cooperation among those individu-
als, organizations, and regulatory agencies.

1.2.2.2 This recommended practice is intended for the infor-
mation of all organizations and persons involved.

1.2.2.3 Owners, operators, or others who become aware of a
hazardous condition should notify the fire department, po-
lice, or other applicable authority.

1.3 Application. (Reserved)

1.4 Retroactivity. The provisions of this recommended prac-
tice reflect a consensus of what is necessary to provide an ac-
ceptable degree of protection from the hazards addressed in
this recommended practice at the time the recommended
practice was issued.

1.4.1 Unless otherwise specified, the provisions of this recom-
mended practice should not apply to facilities, equipment,
structures, or installations that existed or were approved for
construction or installation prior to the effective date of the
recommended practice. Where specified, the provisions of
this recommended practice should be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction should be
permitted to apply retroactively any portion of this recom-
mended practice deemed appropriate.

1.4.3 The retroactive provisions of this recommended prac-
tice should be permitted to be modified if their application
clearly would be impractical in the judgment of the authority
having jurisdiction, and only where it is clearly evident that a
reasonable degree of safety is provided.

1.5 Equivalency. Nothing in this recommended practice is in-
tended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effec-
tiveness, durability, and safety over those prescribed by this
recommended practice.

1.5.1 Technical documentation should be submitted to the
authority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device should be approved for
the intended purpose by the authority having jurisdiction.

1.6 Units and Formulas. (Reserved)

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this recommended practice and
should be considered part of the recommendations of this
document.
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2.2 NFPA Publications.
NFPA 30, Flammable and Combustible Liquids Code, 2015 edi-

tion.

2.3 Other Publications.

2.3.1 API Publications. American Petroleum Institute, 1220
L Street, N.W., Washington, DC 20005-4070.

API Publication 1628, A Guide to the Assessment and Remedia-
tion of Underground Petroleum Releases, 3rd edition, 1996.

API Publication 1629, Guide for Assessing and Remediating
Petroleum Hydrocarbons in Soil, 1st edition, 1993.

2.3.2 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM D 5/D5M, Standard Test Method for Penetration of Bitu-
minous Materials, 2013.

ASTM D 323, Standard Test Method for Vapor Pressure of Petro-
leum Products (Reid Method), 2008.

ASTM D 4359, Standard Test Method for Determining Whether a
Material is a Liquid or a Solid, 2012.

2.3.3 U.S. Environmental Protection Agency Publications.
U.S. Environmental Protection Agency, Washington, DC 20460.

EPA 530/UST-89 1012, Detecting Leaks: Successful Methods
Step-by-Step, 1989.

2.3.4 Other U.S. Government Publications. U.S. Govern-
ment Printing Office, Washington, DC 20402.

Title 40, Code of Federal Regulations, Part 112, “Protection
of Environment.”

2.3.5 Other Publications.
Merriam-Webster’s Collegiate Dictionary, 11th edition,

Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Recommendations Sections.
NFPA 30, Flammable and Combustible Liquids Code, 2015 edi-

tion.
NFPA77, Recommended Practice on Static Electricity, 2014 edition.
NFPA 326, Standard for the Safeguarding of Tanks and Contain-

ers for Entry, Cleaning, or Repair, 2015 edition.
NFPA 921, Guide for Fire and Explosion Investigations, 2014

edition.
NFPA 1500, Standard on Fire Department Occupational Safety

and Health Program, 2013 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter apply
to the terms used in this recommended practice. Where terms
are not defined in this chapter or within another chapter, they
should be defined using their ordinarily accepted meanings
within the context in which they are used. Merriam-Webster’s
Collegiate Dictionary, 11th edition, is the source for the ordi-
narily accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.2 Recommended Practice. A document that is similar in
content and structure to a code or standard but that contains
only nonmandatory provisions using the word “should” to in-
dicate recommendations in the body of the text.

3.2.3 Should. Indicates a recommendation or that which is
advised but not required.

3.2.4 Standard. An NFPAStandard, the main text of which con-
tains only mandatory provisions using the word “shall” to indicate
requirements and that is in a form generally suitable for manda-
tory reference by another standard or code or for adoption into
law. Nonmandatory provisions are not to be considered a part of
the requirements of a standard and shall be located in an appen-
dix, annex, footnote, informational note, or other means as per-
mitted in the NFPA Manuals of Style. When used in a generic
sense, such as in the phrase “standards development process” or
“standards development activities,” the term “standards” includes
all NFPA Standards, including Codes, Standards, Recommended
Practices, and Guides.

3.3 General Definitions.

3.3.1 Bonding. For the purpose of controlling static electric
hazards, the process of connecting two or more conductive
objects together by means of a conductor so that they are at
the same electrical potential, but not necessarily at the same
potential as the earth. [77, 2014]

3.3.2 Combustible Gas Indicator. An instrument that samples
air to indicate whether there are combustible vapors or gases
present and can also indicate the percentage of the lower ex-
plosive limit of the vapor or gas mixture.

3.3.3* Combustible Liquid. Any liquid that has a closed-cup
flash point at or above 37.8°C (100°F), as determined by the test
procedures and apparatus set forth in Section 4.4 of NFPA 30.

3.3.4 Container. For the purpose of handling releases of
flammable and combustible liquids and gases, a device that is
intended to contain an accumulation of hazardous substances
that is too small for human entry or has a capacity that can be
effectively and safely cleaned without human entry.

3.3.5* Flammable Liquid. Any liquid that has a closed-cup
flash point below 37.8°C (100°F), as determined by the test
procedures and apparatus set forth in Section 4.4 of NFPA 30
and a Reid Vapor pressure that does not exceed an absolute
pressure of 276 kPa (40 psi) at 37.8°C (100°F), as determined
by ASTM D 323, Standard Test Method for Vapor Pressure of Petro-
leum Products (Reid Method).

3.3.6 Hazardous Substance. A substance, including combus-
tible and flammable liquids and flammable gases, that is ca-
pable of creating harm to people, the environment, or prop-
erty due to the dangers that can arise from, but are not limited
to, toxicity, reactivity, ignitability, or corrosivity. [326, 2015]

3.3.7 Hot Tapping. The technique of welding and drilling on
in-service tanks or containers that contain flammable, com-
bustible, or other hazardous substances. [326, 2015]

3.3.8 Hot Work. Any work that is a source of ignition, includ-
ing open flames, cutting and welding, sparking of electrical
equipment, grinding, buffing, drilling, chipping, sawing, or
other operations that create hot metal sparks or surfaces from
friction or impact. [326, 2015]

3.3.9 Inert Gas. For the purpose of handling releases of flam-
mable and combustible liquids and gases, a gas that is non-
flammable, chemically inactive, noncontaminating for the use
intended, and oxygen-deficient to the extent required.

3.3.10 Inerting. A technique by which the atmosphere in a
tank or container is rendered nonignitible or nonreactive by
the addition of an inert gas. [326, 2015]
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3.3.11 Liquid. Any material that (1) has a fluidity greater than
that of 300 penetration asphalt when tested in accordance with
ASTM D 5/D5M, Standard Test Method for Penetration of Bituminous
Materials, or (2) is a viscous substance for which a specific melting
point cannot be determined, but that is determined to be a liquid
in accordance with ASTM D 4359, Standard Test Method for Deter-
mining Whether a Material is a Liquid or a Solid. [30, 2015]

3.3.12* Lower Flammable Limit (LFL). That concentration of
a flammable vapor in air below which ignition will not occur.
Also known as the lower explosive limit (LEL). [30, 2015]

3.3.13 Oxygen Indicator. A device capable of detecting and
measuring concentrations of oxygen in the atmosphere.

3.3.14 Purging. For the purpose of handling releases of flam-
mable and combustible liquids and gases, the process of dis-
placing vapors or gases from an enclosure or confined space.

3.3.15 Qualified Person. A person who, by possession of a
recognized degree, certificate, professional standing, or skill,
and who, by knowledge, training, and experience, has demon-
strated the ability to deal with problems related to the subject
matter, the work, or the project. [1500, 2013]

3.3.16 Self-Contained Breathing Apparatus. For the purpose
of handling releases of flammable and combustible liquids
and gases, a portable respiratory device that (1) is designed to
protect the wearer from an oxygen-deficient or other hazard-
ous atmosphere, (2) supplies a respirable atmosphere that is
either carried on, in, or generated by the apparatus, and (3) is
independent of the ambient environment.

3.3.17 Standby Person. A person who is assigned to remain
on the outside of the confined space and to be in communica-
tion with those working inside.

3.3.18 Static Electric Discharge. A release of static electricity
in the form of a spark, corona discharge, brush discharge, or
propagating brush discharge that might be capable of causing
ignition under appropriate circumstances. [77, 2014]

3.3.19 Static Electricity. For the purpose of handling releases
of flammable and combustible liquids and gases, the electrifi-
cation of materials through physical contact and separation
and the various effects that result from the positive and nega-
tive charges so formed.

3.3.20 Subsurface Structure. A structure located belowground,
such as a manhole, sewer, utility conduit, observation well, storm
drain, vault, water line, fuel gas distribution system, electric light
and power conduit, telephone and telegraph communication
line, street-lighting conduit, police and fire signal system, traffic
signal line, refrigeration service line, steam line, petroleum pipe-
line, subway, tunnel, or the substructural areas of a building, such
as a basement or parking garage.

3.3.21 Tank. A stationary or portable device that is intended
to contain an accumulation of hazardous substances.

3.3.22* Toxic Materials, Gases, or Vapors. Any substance
whose properties contain the inherent capacity to produce
injury to a biological system.

3.3.23 Toxicity. The degree to which a substance is harmful
to humans.

3.3.24 Unstable or Reactive Materials. A liquid that, in the
pure state or as commercially produced or transported, will
vigorously polymerize, decompose, undergo condensation re-
action, or become self-reactive under conditions of shock,
pressure, or temperature. [30, 2015]

3.3.25 Vapor. The gas phase of a substance, particularly of
those that are normally liquids or solids at ordinary tempera-
tures. [921, 2014]

3.3.26 Volatile Liquid. A liquid that evaporates readily at nor-
mal temperature and pressure.

3.3.27 Work. Activities performed on tanks and containers in
accordance with this document; including, but not limited to,
safeguarding, repair, hot work, cleaning, change of service,
maintenance, inspection, and transportation.

Chapter 4 Flammable and Combustible
Liquids and Gases

4.1 General.

4.1.1 Releases of flammable and combustible liquids and
gases can result from leaks in tanks, containers, or pipelines,
from surface spills, or from human error.

4.1.2 In most cases, the amount of liquid or gas that is lost is
small and can be dissipated by evaporation or otherwise as-
similated into the environment.

4.1.3 Because of the physical and chemical characteristics of
many flammable and combustible liquids and gases, it is pos-
sible that a release can find its way into a subsurface structure,
such as a basement, utility conduit, sewer, or well.

4.1.4 Whether or not an immediate hazard exists depends on
a number of factors, such as the amount of liquid or gas re-
leased, where it is found, how it is confined, and possible
sources of ignition.

4.1.5 Because a flammable or combustible liquid that is un-
confined in the subsurface can move from place to place, any
indication that such liquids have escaped into the subsurface
must be considered as a potential, if not immediate, hazard.

4.1.6 Flammable vapors in subsurface structures can result
from a release of a flammable or combustible liquid.

4.1.6.1 Examples of these releases include cleaning solvents
and compounds washed down drains by industrial and domes-
tic users or a surface release that enters a sewer or drain.

4.1.6.2 A release can also result from damage to tanks, con-
tainers, and pipelines from corrosion, structural failure, exca-
vation in the area, or fire.

4.1.7 If a flammable or combustible liquid or gas is present in
the soil, as might be produced by decaying organic matter,
there is a likelihood that it will penetrate an adjacent subsur-
face structure.

4.1.8 Particular attention should be paid to landfill sites. Gas
from decomposing material in landfills, primarily methane,
might not have an odor.

4.1.9 Flammable gases or vapors can enter conduits, sewers,
drains, or basements because subsurface structures con-
structed of cement, concrete, brick, or vitreous tile typically
are not built to be impervious to gases or vapors.

4.1.10 Gases or vapors can enter the subsurface sections of
buildings through cracks or around any underground con-
duits that penetrate the subsurface walls or floors.
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4.1.11* The condition created by the releases of liquids and
vapors in subsurface structures can be grouped into the fol-
lowing two classes:

(1) Flammable
(2) Injurious to life

4.1.11.1 The condition of “injurious to life” specified in
4.1.11(2) results from the toxic or suffocating properties of
the gases or vapors. Some of these liquids and gases fall into
both classes. While this publication deals primarily with the
flammable limits associated with liquids and gases, some of
which are listed in Table A.4.1.11, additional precautions
might be required to protect against health hazards. An ex-
ample is benzene; its dangerous breathing concentration is
only a small fraction of the lower flammable limit (LFL).

4.1.12 Flammable and combustible liquids and gases are
commonly stored and handled in locations that are immedi-
ately adjacent to structures, facilities, and people.

4.1.13 Flammable and combustible liquids include but are
not limited to, chemicals, cleaning fluids, gasoline, alternative
fuels, diesel fuel, and heating oil.

4.1.14 Gasoline is the most widely used of these liquids and is
commonly stored aboveground and underground at motor
fuel dispensing facilities and service stations.

4.1.15 Flammable and combustible gases include natural gas,
propane, sewage gases, and refrigerant gases.

4.2 Fires and Explosions.

4.2.1 The probability of an explosion or fire within a subsur-
face space depends on the following two factors:

(1) The atmosphere must contain a mixture of flammable
vapor and air within the flammable range.

(2) There must be a coincident source of ignition.

4.2.2 The severity of an individual explosion or fire and its
consequences depend on various other factors and the possi-
bility that any one explosion might result in a major catastro-
phe is always present.

4.3 Sources of Ignition.

4.3.1 The possibility of ignition of flammable gases or vapors
that collect in subsurface structures is limited by the following
conditions:

(1) The vapor must be mixed with sufficient air to make a
flammable mixture or it must escape into the air at a point
where a flammable mixture can be created.

(2) Heat of sufficient intensity to ignite the particular air–
vapor mixture involved must be present at the place
where the flammable mixture exists.

4.3.2 Flammable mixtures are formed when the concentra-
tion of these gases and vapors in air is between the lower and
upper flammability limits.

4.3.3 Flammable limits of some gases and vapors that have been
found in subsurface structures are listed in Table A.4.1.11.

4.3.4 Potential sources of ignition can be encountered in ev-
eryday operations and include open flames, furnace pilot
lights, automotive and other internal combustion engines, tar
pots, and smoking. Little control can be exerted over these
sources of ignition where flammable vapors are escaping from
or into subsurface structures.

4.3.5 Static electricity can be a source of ignition when it
accumulates to the extent that an ignition-capable spark dis-
charge occurs.

4.3.5.1 The accumulation of a static electric charge is easiest
and greatest in an atmosphere of low humidity.

4.3.5.2 Static electricity can be generated when a liquid un-
der pressure escapes at high velocity from a pipe. Particles of
dust, scale, or rust or liquid droplets inside the pipe can be-
come heavily charged when blown out by gas or vapor and, if
they impinge on an electrically isolated body, that body will
accumulate the charge and a spark discharge can occur.

Chapter 5 Initial Response

5.1 Indicators of a Release. The release of a flammable or
combustible liquid or gas can be indicated by physical discov-
ery of an actual release or by indication of a potential release.

5.1.1 Physical discovery of an actual release of a flammable or
combustible liquid or gas can be indicated by the presence of
the liquid or gas in any of the following:

(1) Normally inhabited subsurface structures, such as base-
ments, subways, or tunnels

(2) Subsurface structures not normally inhabited, such as
manholes, sewers, utility conduits, utility vaults, or obser-
vation wells

(3) Groundwater
(4) Drinking water supplies
(5) Surface water
(6) Seepage from the soil

5.1.2 Potential release of a flammable or combustible liquid,
gas, or vapor can be detected by the following:

(1) Evidence of a spill
(2) Failure of a tightness test
(3) Monitoring equipment
(4) Loss of inventory
(5) Presence of water in a tank
(6) Odor

5.2 Initial Response to Physical Discovery.

5.2.1 Depending on the circumstances of physical discovery,
conditions might exist where a potential hazard to life or
property exists, in which case immediate steps should be taken
to protect the public from the danger of an explosion or fire.

5.2.2* For uninhabited structures, those directly responsible
for the facility should be contacted, such as a municipal sani-
tary, highway, or street department for sewers or the electrical,
telephone, or gas company’s engineering department for util-
ity conduit.

5.2.3 Police should be asked to keep the public clear of any
danger areas.

5.2.4 If necessary, the fire department should assist in fire
control and purging.

5.2.5 Those involved with facilities that store and handle
flammable and combustible liquids that might be the source
of the problem should offer all possible assistance.

5.2.6 Although the presence of flammable gases or vapors in
a building or subsurface structure is typically reported because
of an odor, smell cannot be relied on to determine the type of
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gas or vapor or its concentration. A properly calibrated and ad-
justed instrument such as a combustible gas indicator or photo-
ionization detector should be used to determine the presence
and extent of a flammable gas or vapor concentration.

5.2.7 No one should enter areas where flammable or com-
bustible liquids, gases, or vapors have been discovered, except
as described in Section 5.4.

5.2.7.1 If liquids, gases, or vapors within or above the flam-
mable range are found in a building, the building should not
be entered.

5.2.7.2 Evacuation of building occupants, at least in areas
that are exposed, should be ordered.

5.2.7.3 Building construction, building layout, and building
occupancy are factors that should be considered in ordering
evacuation.

5.2.8 If liquids, gases, or vapors are found in tunnels or
subways, traffic should be stopped until qualified personnel
determine that there is no danger of explosion, fire, or
health hazards.

5.3 Eliminating Sources of Ignition.

5.3.1 Smoking or other sources of ignition should not be
permitted in areas where flammable or combustible liquids,
gases, or vapors have been discovered.

5.3.2* Lights and other electrical switches should not be
turned on or off. Power cords should not be removed from
outlets. Only those switches located well away from the area
should be used to disconnect electrical power.

5.3.3* After the presence of flammable or combustible liq-
uids, gases, or vapors has been verified in a building or
subsurface structure, the electrical and gas services to the
building or structure should be disconnected or shut off
outside the structure.

5.4 Entering the Area.

5.4.1 Due to the risk of toxic exposure, fire, or explosion,
personnel should use caution when entering an area where
there is an undetermined concentration of an unknown gas or
vapor.

5.4.2 Flammable gases or vapors in a sewer or conduit might
not originate from flammable liquids but might be vapors
from overheated insulation, sewer-generated gases, fuel gases,
or industrial gases. In these cases, special instruments, equip-
ment, skills, and procedures (confined space entry) should be
used, as necessary.

5.4.3 The guidance of the owner or operator of the facility
should be solicited and should be followed. Entry should not
be made until the gas or vapor concentration has been
checked by instrument. (See 5.2.6.)

5.4.4 An additional hazard might exist because of the pres-
ence of toxic gases or vapors or because of insufficient oxygen.
If these conditions are suspected, a properly calibrated and
adjusted instrument appropriate to the suspected hazard
should be used to determine the nature and extent of the
hazard.

5.4.5 The gas or vapor concentrations in the affected area
should be checked continuously or at intervals determined by
a qualified person.

5.4.5.1 Where gas or vapor concentrations are above 50 percent
of the LFL, everyone in the affected area should be evacuated.

5.4.5.2 The affected area should be ventilated to remove or
reduce the flammable gas or vapor concentration and thus
reduce the fire or explosion hazard.

5.4.5.3 As soon as the flammable gas or vapor has been re-
duced below 50 percent of the LFL, entry can be made to
locate and eliminate the source.

5.4.5.4 Personnel should wear self-contained breathing appa-
ratus when entering the affected area.

5.4.6 Natural ventilation provided by opening doors and win-
dows and removing manhole covers or other access closures
might be sufficient to remove vapors from the affected area
and should be used.

5.4.7 Where natural ventilation is not capable of removing
vapors from all areas, particularly from low, confined spaces,
grounded and bonded mechanical exhaust ventilating equip-
ment should be used.

5.4.7.1 Fans driven by electric motors that are approved for
Class I, Group D locations, Division 1 or Zone 0 or Zone 1
hand-driven fans, or air eductors should be used to remove
vapors, as shown in Figure 5.4.7.1.

5.4.7.2 Sources of ignition close to the exhaust outlets should
be eliminated.

5.4.7.3 Openings for free entry of fresh air should be pro-
vided, but air should never be forced into the area.

5.4.8 The generation of sewer gas might be stopped or sig-
nificantly reduced by slowly flushing the sewer or conduit with
water.

5.4.9 When the area has been tested and determined to be
safe for entry, entry can be made to remove or control the
source of the flammable or combustible liquids, gases, or
vapors.

Eliminate sources 
of ignition. Provide fresh air 

inlets elsewhere.

Window opening 
to area to be 
ventilated

Air eductor

Air hose to 
compressor

Always suck air out — 
never blow in.

Ensure the air
eductor is grounded.

FIGURE 5.4.7.1 Exhaust Ventilation.
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