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Strategies for Today’s
Environmental Partnership

API ENVIRONMENTAL, HEALTH AND SAFETY MISSION
AND GUIDING PRINCIPLES

The members of the American Petroleum Institute are dedicated to continuous efforts to
improve the compatibility of our operations with the environment while economically
developing energy resources and supplying high quality products and services to consum-
ers. We recognize our responsibility to work with the public, the government, and othersto
develop and to use natural resourcesin an environmentally sound manner while protecting
the health and safety of our employees and the public. To meet these responsibilities, API
members pledge to manage our businesses according to the following principles using
sound science to prioritize risks and to implement cost-effective management practices:

« To recoghize and to respond to community concerns about our raw materials, prod-
ucts and operations.

« To operate our plants and facilities, and to handle our raw materials and productsin a
manner that protects the environment, and the safety and health of our employees
and the public.

« To make safety, health and environmental considerations a priority in our planning,
and our development of new products and processes.

. To advise promptly, appropriate officials, employees, customers and the public of
information on significant industry-related safety, health and environmental hazards,
and to recommend protective measures.

« To counsel customers, transporters and othersin the safe use, transportation and dis-
posal of our raw materials, products and waste materials.

o To economicaly develop and produce natural resources and to conserve those
resources by using energy efficiently.

« To extend knowledge by conducting or supporting research on the safety, health and
environmental effects of our raw materials, products, processes and waste materials.

« To commit to reduce overall emissions and waste generation.

« Towork with others to resolve problems created by handling and disposal of hazard-
ous substances from our operations.

. To participate with government and others in creating responsible laws, regulations
and standards to safeguard the community, workplace and environment.

. To promote these principles and practices by sharing experiences and offering assis-
tance to others who produce, handle, use, transport or dispose of similar raw materi-
als, petroleum products and wastes.
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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, locd, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or
federal laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any APl publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued asinsuring anyone against liability for infringement of letters patent.

A catalog of API publications and materials is published annually and updated quarterly
by API, 1220 L Street, N.W., Washington, D.C. 20005. An on-line interactive version of the
API catalog is accessible at http://www.api.org.

This study is published to facilitate the broad availability of proven, sound engineering
and operating practices. It is not intended to obviate the need for applying sound engineering
judgment regarding when and where these standards should be utilized. The formulation and
publication of APl standards is not intended in any way to inhibit anyone from using any
other practices.

All rights reserved. No part of thiswork may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W,, Washington, D.C. 20005.

Copyright © 1998 American Petroleum Ingtitute
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FOREWORD

This document is intended to provide the reader with an understanding of the fire preven-
tion and suppression issues related to the storage of flammable and combustible liquids in
large aboveground atmospheric storage tanks. This document was prepared by Loss Control
Associates, Inc., under the guidance of the API Fire Protection Program Group. The study is
based on areview of alimited amount of data on firesin tanks over 100-foot diameter and/or
storage capacities of 80,000 barrels or greater. Data was provided by industry sources, AP
member companies, reports of fires available in printed media, and literature. The historical
data used for this study are not inclusive of the fire experience of all storage tanks, since
small fires are likely not to be reported and not all APl members provided information on
their fire experience in large tanks. Due to these limitations, statistics in this report are based
only on the data reviewed and should not be interpreted to be representative of all storage
tanks over 100 feet in diameter. However, the data do represent fire experience and may be
useful to determine what to consider when planning fire protection measures for a storage
tank facility.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Ingtitute to assure the accuracy and reliability of the data contained in them; however, the
I nstitute makes no representation, warranty, or guarantee in connection with this publication
and hereby expresdy disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the director of the Health and
Environmental Affairs Department, American Petroleum Institute, 1220 L Street N.W.,
Washington, D.C. 20005.
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Interim Study—Prevention and Suppression of Fires in Large Aboveground
Atmospheric Storage Tanks

1 General
1.1 SCOPE AND PURPOSE

This publication was prepared by the Large Aboveground
Tank Fire Resource Team of the American Petroleum Ingtitute.
The members of this resource team included representatives
from petroleum refining, pipeine, and tank manufacturing
companies, as well as consultants and vendors. This publica-
tion applies to the storage of flammable and combustible lig-
uids only in large aboveground atmospheric storage tanks. For
purposes of this study, these tanks are defined as vertical atmo-
spheric storage tanks having diameters of 100 feet or larger
and/or storage capacities of 80,000 barrels (bbl) or greater.

The purpose of this publication is to provide an understand-
ing of thefire prevention and suppression issuesrelating to the
storage of flammable and combustible liquids in large above-
ground atmospheric storage tanks. During the devel opment of
this document, historical data on large tank fires were solic-
ited. Reports on tank fires were received from team members,
and fire records in national and international databases were
examined for relevant incidents. While the data received were
extensive, this study is not inclusive of al fire-related eventsin
large atmospheric storage tanks. Particularly excluded from
this study are events that were minor in nature. For example,
rim seal fire incidents on floating-roof tanks that were easily
extinguished without any appreciable fire damage are often
not recorded in databases. The statisticsin thisreport are based
on an analysis of known fire events reported to the resource
team. The discussion on applicable concepts and strategies for
successful extinguishment of fires involving large above-
ground storage tanks includes an analysis of thefire data.

Because the data available on fires that did not result in
appreciable fire damage involving large aboveground stor-
age tanks are very limited, the statistical data contained in
this publication should be used carefully. Readers of this
study are invited to report information concerning fires
involving tanks meeting the scope of this publication. Such
reports would be appreciated and should be submitted to the
American Petroleum Institute using the form included in
Appendix A. The information should include as much of the
following data as possible:

a Dateof fire.

Tank design and size.

Tank contents.

Cause of thefire.

Extent of fire upon discovery.

. Extent of the fire and damage upon extinguishment or
burnout.

0. Route of fire spread if more than one tank was involved.

~o Q0T

h. Tactics and equipment used to attempt extinguishment
(provide simple line diagram of initid fire response on tank).
i. Typeof facility.

j- Country.

The guidance and information provided within this publi-
cation supplement other publications of the American Petro-
leum Ingtitute (APl) on the safe storage of flammable and
combustible liquids in aboveground storage tanks. As such,
this publication discusses only those matters and practices
that are of particular importance to the use of large above-
ground storage tanks.

1.2 A SYSTEMATIC APPROACH TO
CONTROLLING FIRES IN LARGE
ABOVEGROUND STORAGE TANKS

Fires involving large aboveground storage tanks can be
costly in terms of property damage, businessinterruption, and
environmental impact. Furthermore, the extinguishment of
these fires, particularly full surface fires, may require a far
greater commitment of human resources, firefighting equip-
ment, extinguishing agents, and other resources than similar
fires involving smaller tanks. In order to properly protect
large aboveground storage tanks and ensure that available
resources are alocated effectively, it is essentia that the fol-
lowing be considered:

a. Requirements of codes and regulations.

b. Risk assessments considering exposure to the public and
adjacent tanks and facilities, business impact, effects of pub-
lic perception of risk, and industry practice.

Many operators have included the following four elements
of fire control in the design of large aboveground storage tanks:

e Fireprevention.

* Firedetection systems.

» Firesuppression systems.
e Manua firefighting.

A complete fire protection program should address all four
of these elements to some degree. However, the emphasis
placed on each of the four elements may vary between oper-
ating companies and even between facilities under the same
ownership. This may be due to factors such as siting, nature
of operations, facility manning, access to the site, available
water supplies, and fire suppression resources.

The fire prevention element has the greatest potential
impact on reducing fire control costs and is by far the most

important of the four elements from theﬁ@%ﬁ Fﬁﬁ“ﬁis
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2 API| PusLIcATION 2021A

safety. The fire prevention element includes items such as
tank design, construction and maintenance, facility siting
and layout, and safe operating practices. Those items of
particular importance to large aboveground storage tanks
are discussed in further detail in Section 3, “Fire Preven-
tion and Design.”

APl Standard 2610 provides basic guidelines for the safe
operation of facilities using large aboveground storage tanks.

The three remaining €l ements—fire detection, fire suppres-
son systems, and manua fire fighting—should aso be
addressed in a fire control program. The emphasis placed on
each of these elements will vary depending on company pref-
erences, the importance of the site, property and business
interruption costs, and site specific factors. Site specific factors
may include topography, layout, off-site exposures, climate,
nature of operations, manning levels, local regulatory require-
ments, and availability of personne equipment and resources
for firefighting. The importance of each of these elementsin
relation to large aboveground storage tanks is discussed in
Section 4, “Fire Detection and Fire Suppression.”

In utilizing the four-element approach to fire contral, it is
essential to maintain a cost effective balance between the ele-
ments that meet the needs of the site. This ensures that an
adequate level of protection is provided and that available
funds are not wasted unnecessarily on one el ement.

1.3 HOWTO USE THIS PUBLICATION

This publication does not provide specific recommenda
tions on how to protect large aboveground storage tanks from
fire. The fire experience data used as the basis of this study
are not extensive, which restricts a precise determination of
effective or best methods for fire control and extinguishment
of fires in fully involved large storage tanks. Instead, this
study provides the user with the genera information needed
to make decisions concerning fire prevention and protection
of large aboveground storage tanks. The primary reference on
procedures and practices for control and extinguishment of
storage tank firesisAPI Publication 2021. Fire preventionisa
proven technique for protection of large tanks, and the pri-
mary share of resources should be dedicated to fire prevention
utilizing proven techniques (see Section 3).

When using this document, the user may wish to:

a. Review corporate, regulatory, and consensus standards
typically used for planning the protection of aboveground
storage tanks.

b. Review this publication to identify those areas in which
industry experience and practice indicate a possible need for
variances from the typically used standards.

c. Utilizethe tatistics and experience described in this publi-
cation to determine the relative importance of the variances
between typical practice and that discussed in this publication.

d. Implement the variances from typical standards and prac-
tices if the assessment of the information provided in this
document warrants it.

2 References

2.1 TANK DESIGN, CONSTRUCTION, SAFE WORK
AND OPERATING PRACTICES

Tank design, construction, safe work and operating prac-
tices are addressed in the following API publications:

AP

Publ 2009 Safe Welding and Cutting Practices in
Refineries, Gasoline Plants, and Petro-
chemical Plants

Publ 2021 Fighting Fires In and Around Flammable
and Combustible Liquid Atmospheric
Petroleum Sorage Tanks

Publ 2026 Safe Descent Onto Floating Roofs of Tanks
in Petroleum Service

Publ 2027 Ignition Hazards Involved In Abrasive
Blasting of Atmospheric Storage Tanks in
Hydrocarbon Service

Publ 2207 Preparing Tank Bottoms for Hot Work

RP 500 Classification of Locations for Electrical
Installations at Petroleum Facilities

RP 651 Cathodic  Protection of Aboveground
Petroleum Sorage Tanks

RP 652 Lining of Aboveground Petroleum Storage
Tank Bottoms

RP 2003 Protection Against Ignitions Arising Out of
Satic, Lightning, and Sray Currents

Std 620 Design and Construction of Large, Welded,
Low-Pressure Sorage Tanks

Std 650 Welded Sed Tanksfor Oil Storage

Std 653 Tank Inspection, Repair, Alteration, and
Reconstruction

Std 2015 Safe Entry and Cleaning of Petroleum
Sorage Tanks

Std 2350 Overfill Protection for Petroleum Storage
Tanks

Std 2610 Design, Construction, Operation, Mainte-
nance & Inspection of Terminal and Tank
Facilities

NFPAL

NFPA 11 Sandard for Low-Expansion Foam

NFPA 30 Flammable and Combustible Liquids Code

NFPA 25 Inspection, Testing and Maintenance of
Water-Based Fire Protection Systems

NFPA 77 Satic Electricity

NFPA 780 Lightning Protection Code

INational Fire Protection Association, 1 Batterymarch Park, Quincy,

Massachusetts 02269, http://www.nfpa.org.
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3 Fire Prevention and Design
3.1 GENERAL

Every case history reviewed during this study resulted in
expenses in terms of property damage, product loss, business
interruption, and/or extinguishment costs. The primary means
to eliminate and minimize these expensesisto follow appro-
priate measures to prevent the ignition and the spread of fire.

This section does not provide specific recommendations on
measures that are contained in APl Standard 2610 and other
API publications. This section focuses on those aress of fire
prevention related to tank design, construction, spill contain-
ment, and control precautions against boilover. These areas
are especially important when considering fire prevention for
large aboveground storage tanks.

3.2 LARGE ABOVEGROUND TANKS

Aspects of tank design and construction that could help
minimize the potential for fires and fire spread in large above-
ground storage tanks are listed below.

3.2.1 Type of Roof

Anaysis of the database used for this report shows that
externa floating-roof tanks are most likely to experience a
rim seal fire and not likely to be involved in afull surfacefire.
Because extinguishing full surface fires involving large
aboveground storage tanks is difficult, the probability of such
a fire occurring should be considered when selecting a tank
roof design.

3.2.2 Floating-Roof Construction

Full surface fires involving sunken floating roofs are usu-
ally more difficult to extinguish than full surface fires involv-
ing cone-roof tanks (Figure 1). Therefore, the following
precautions against roof sinking (both pre- and post-fire)
should be considered:

a Use sealed pontoon roofsin lieu of pan roofs.

b. Secure pontoon inspection hatchesin place.

c. Arrange pontoon vents to prevent the entry of firefighting
water.

d. Provide ampleroof drains.

e. Use properly arranged foam dams.

f. Usefloating-roof drains controlled from ground level (that
is, open a the roof) to help drain excess water from the roof
to prevent inadvertent roof sinking during firefighting efforts
or after heavy rains.

3.2.3 Precautions Against Lightning

In the storage tank fires examined for this study, lightning
was the leading cause of fires involving external floating-roof
tanks and aso the leading cause of simultaneous ignition of

Weak seam

Vapor space

Figure 1—Cone-Roof Tank

multiple tank fires. As such, precautions against lightning-
caused fires, such as the bonding of floating roofs to the tank
shell, should be given particular attention during tank design,
congtruction, and maintenance. For additional information
about lightning hazard see APl Recommended Practice 2003
and NFPA 780.

3.2.4 Foam Application to Prevent Fire

Tank design should consider safe methods for foam applica
tion to secure exposed liquids if a floating roof was to sink or
be partidly covered with liquid. Foam chambers or other
means for gentle foam application are proper safeguardsto pre-
vent ignition by static eectricity. See NFPA 11, Appendix A-3,
for precautions.

Additional information on preventive design and operating
practices for fire prevention is contained in Appendix F.

Fire suppression should be considered during the design of
an atmospheric storage tank facility (see Section 4).

3.3 SPILL CONTAINMENT AND CONTROL

Ground fire was found to be one of the predominant causes
of all tank fires as well as one of the principal means of fire
spread between tanks. APl Standard 2610 provides general
guidance for the arrangement of dikes, berms, and waste water
removal systems. Additional precautions that may reduce the
probability of tank fire ignition and spread by ground fire
include those listed below.

3.3.1 Impounding Arrangement

In new tank farms, the use of remote impounding, arranged
in accordance with NFPA 30, is a highly effective measure to
minimize spill fire exposure to any storage tank. The use of
remote impounding is effective because it directs all liquid
spills away from tankage toward aremote location. Individual
impounding around tanks can be utilized to prevent ground

fires from exposing muitiple tanks. TofrgERjHIEtS
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farm facilities should be diked using the guidance in NFPA
30 for dike construction and arrangement.

3.3.2 Dike Drainage

Dike drainage systems should be sized and arranged so that
water from firefighting operations can be readily removed to a
safe location. Dike drain valves should be located outside of
dike areas and kept closed at all times (except to drain water).
Drainage patterns should be arranged so that burning liquids
will be directed away from exposures, such as pipeways and
buildings, and should not require dike areas to be drained
through adjacent dike aress.

3.3.3 Dike Floor Grading

Dike floors should be graded so that spills quickly flow
away from tankage. In addition, the likelihood of tank draw
and fill piping being damaged by ground fire may be reduced
by constructing low berms beneath the piping and fittings to
prevent direct flame impingement and restrict formation of
pools of liquid beneath the piping.

3.3.4 Pumps and Other Equipment

High leak potential equipment such as pumps, strainers,
and manifolds should be located outside of tank dikesto min-
imize the potential for liquid releases within the diked area.

3.3.5 Maintenance and Inspection

Dike floors, berms, dike walls, impounding basins, and
dike drainage systems should be periodicaly inspected to
ensure that ground settlement, wind and water erosion, modi-
fications, and vehicular and personnd traffic have not atered
their designed drainage patterns and impounding capacities.

3.4 PRECAUTIONS AGAINST BOILOVER

Although boilovers rarely occur, they are of particular con-
cern because of the potential for rapid and extensive fire
spread, which poses an extreme danger to personnel in the
vicinity of the burning tank. See Appendix D for further
details on boilover.

4 Fire Detection and Fire Suppression
4.1 DETECTION

Of the 72 cases reported where the extinguishment efforts
were successful, there was only one case where a fire detec-
tion system was in place and activated. Even though fire
detection systems were not used, tank fires were not reported
to propagate rapidly as supported by the following:

a. Inthe one case where a multiple tank fire occurred from a
seal fire, the roof sank during firefighting operations and,
after an extended period, radiant heat from wind-blown

Floating roof

o S —

Fuel

Figure 2—Open-Top Floating-Roof Tank

flames ignited a seal on an exposed open-top floating-roof
tank (Figure 2).

b. Inone additional case, thefire originated as a sedl fire and
propagated to afull surfacefire.

c. At least one sedl fire is known to have burned for over
three months without propagating to afull surfacefire.

d. The immediate cooling of adjacent tanks does not appear
to be essential to preventing the propagation of fire between
large aboveground storage tanks (see 4.4).

e. The outcome of most multiple tank fires would probably
not have been influenced by the rapid intervention of emer-
gency responders. This is because propagation of fire
between tanksin most of the reported fireincidents was either
immediate (simultaneous ignition) or fire conditions were so
overwhelming that even the best available fire suppression
equipment or fire departments would have been highly chal-
lenged by theinitia fire.

4.2 FIRE SUPPRESSION
4.2.1 General

As noted above, the primary reference on procedures and
practices for control and extinguishment of storage tank fires
is APl Publication 2021. Many of the practices and proce-
dures discussed in APl Publication 2021 have proven to be
effective in the suppression of sed fires. Because of the large
resources required to fight large tank fires and their very low
frequency, companies are exploring the use of portable equip-
ment and mutualized aid to provide adequate rapid response.

4.2.2 Fixed and Semifixed Foam Fire Suppression
Systems

The primary reference source for the design and installa
tion of foam fire suppression systemsis NFPA 11.

4.2.3 Seal Fires

Foam fire suppression systems designed in accordance

with NFPA 11 are effective in seal fire exti nwéeﬁuiﬁﬁ*\ts
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systems can be utilized with a minimum of manpower and
effort. They are particularly useful for fire control and extin-
guishment in the seal area of interna floating-roof tanks,
where access is limited. A full surface fire can result when a
roof sinks, and theinitial seal fire has not been extinguished.

A magjor factor in sedl fire control isaproperly designed and
installed foam dam arranged in accordance with NFPA 11.
The lack of afoam dam can result in insufficient application of
foam on the sed fire. In some instances, foam and water
applied for fire control flooded and sank the floating roof,
spreading fire to the full surface area. Foam dams may need to
be modified when secondary seals or weather shields areretro-
fitted onto a floating roof to ensure that the height of the foam
dam exceeds the height of the seals or shields.

4.2.4 Full Surface Fires

There are no case histories suitable to evaluate the effec-
tiveness of foam fire suppression systems on full surface fires
involving large aboveground storage tanks. The primary limi-
tation on their use for large aboveground storage tanks is
known to be the limited ability of a foam blanket to spread
out completely over the burning fuel. Tests conducted by the
NFPA, oil companies, and vendors, as well asfire experience,
indicate that the maximum distance that a foam blanket can
spread from its point of application on the surface of a burn-
ing liquid is 100 feet.

Based on this limitation, the largest full surface fire in
which extinguishment can reasonably be expected with tradi-
tional shell-mounted foam chambers is approximately 200
feet. Three options are currently available for protecting tanks
larger than 200 feet: (1) subsurface injection, (2) semisubsur-
faceinjection, and (3) projecting foam applicators.

4.2.4.1 Subsurface Injection

The subsurface method will distribute a continuous blanket
of foam across the entire surface of a burning liquid, provid-
ing the foam injection points are strategically located to main-
tain required foam travel distances within the 100-foot range.
The use of this method of foam delivery is most applicable to
cone-roof tanks, where obstructions do not interfere with the
dispersion of the foam blanket. The only limits on the size of
the tank that could be extinguished by this subsurface method
of foam application are the logistics of providing foam at the
required application rate.

The use of product piping for subsurface injection into a
large aboveground storage tank is serioudly limited, unless
there are an unusually large number of piping nozzles along
the periphery of the tank, and the piping inlets were placed
with subsurface foam injection in mind (that is, to keep foam
travel distancesin the range of 100 feet).

NFPA 11 does not recommend the use of subsurface injec-
tion for floating-roof tanks due to concerns over the improper
distribution of foam over the burning liquid surface. However,

the successful use of subsurface foam injection has been
reported on afew incidents involving smaller (less than 100-
foot diameter) interna floating-roof tanks. In addition, sub-
surface foam injection was successfully used in combination
with over-the-top foam delivery to extinguish afireinvolving
a 100-foot-diameter internal floating-roof tank with a sunken
floating roof.

4.2.4.2 Semisubsurface Method

One foam equipment vendor provides a semisubsurface
foam injection system that utilizes a buoyant hose at each
foam outlet to deliver the foam directly to the liquid surface.
The hoses of these systems are released from storage com-
partments at the bottom of the tank shell when foam flows
into the system. Thistype of subsurface foam delivery hasthe
advantage of reduced foam flow requirements and alows
injection for control of firein liquidsthat are foam destructive.

4.2.4.3 Projecting Foam Applications

One method of fixed system foam application proposed for
tanks of 200 feet or more diameter is the use of projecting
foam applicators. This foam ddivery system uses shell-
mounted nozzles designed to apply a foam stream into the
center of the burning tank instead of foam chambers. It is esti-
mated that this system can be utilized on tanks as large as 300
feet, based on stream reach and foam travel. The projecting
foam applicators may be used in conjunction with traditional
shell-mounted foam chambers and may be utilized on any
type of tank. To date, thistype of system hasbeen installed in
only onetank, a 250-foot-diameter interna floating-roof tank.

It must be noted that no fire experience is available to ver-
ify extinguishment or fire control through the use of semisub-
surface methods or the projecting foam nozzle method of
foam delivery for a full surface fire in a large aboveground
storage tank.

4.3 MANUAL FIREFIGHTING USING PORTABLE
AND MOBILE EQUIPMENT

The primary reference source for planning the manual
application of firefighting foam to achieve tank fire extin-
guishment isNFPA 11.

4.3.1 Seal Fires

Manual extinguishment of seal fires is effective on fires
involving external floating-roof tanks and on internal floating-
roof tanks where the seal area can be accessed. The following
practices and design options may improve the probability of
success:

a Instal foam dams where recommended by NFPA 11.
Foam dams reduce the need to access externd floating roofs

to open the secondary seals or weather Sl]yefc um ents
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b. Ensure that foam dams are higher than the weather shields
or secondary seals. Where the shields or seals have been
installed on the tank roof as part of a retrofit, care should be
taken to ensure that existing foam dams remain effective.

c. Provide melt-away panelsin weather shields or secondary
seals to alow foam application onto the liquid surface or the
primary sedl.

d. Provide one or more foam standpipes to an external roof
tank stair platform or wind girder to minimize hose and man-
power requirements. Readily available hose with nozzles and
fire extinguishers may be considered by installation on the
gauging platform.

e. Oninternal floating-roof tanks, provide removable or melt-
away brow vent weather shields to improve accessto seals.

f. Ingtal hand rails or other fal restraint systems along the
wind girder of an externa floating-roof tank to prevent fire-
fighter injury.

4.3.2 Full Surface Fires

In 11 attempts to extinguish full surface fires, seven foam
applications were successful. (23 full surface fires were
reported.)

The greatest single factor contributing to the relatively low
success rate of manual extinguishment of full surface firesis
limited foam stream access. Voids formed by collapsing fixed
roofs or partially sunken floating roofs blocked application of
foam across the entire liquid surface. Other factors that con-
tributed to these failures were the following:

a. Attempting extinguishment before a sufficient quantity of
foam concentrate was presented to ensure an uninterrupted
fire attack.

b. Failing to develop the foam flow rates required to achieve
extinguishment as recommended in NFPA 11.

The data used for this study show that firesin tanks up to
150 feet in diameter can be extinguished using manual
foam extinguishing equipment and techniques. As the
diameter of atank increases beyond 150 feet, the likelihood
of success may decrease, primarily from reduced access to
the liquid surface. Another factor is the added logistics to
provide sufficient foam concentrate and an adequate water
supply. The limited ability of foam to flow across a burning
liquid surface (approximately 100 feet from point of con-
tact) also hampers extinguishing efforts as the tank diame-
ter increases.

Currently, some parties are advocating an over-the-top
foam delivery technique for 200-foot-diameter and larger
tanks that varies from the NFPA 11 approach. This tactic,
referred to as big guns, utilizes strategically placed portable
or mobile foam monitors having discharge capacities ranging
from 2,000 to 12,000 gallons per minute (gpm). The portable
foam monitors are aimed so that foam falls in an oval pattern

(foot print) on the liquid surface. The edge of the foam blan-
ket should be no more than 80 feet from the tank shell. There
isagreat dea of difficulty in properly aiming a correct foam
stream and achieving a proper foam pattern when visibility is
obscured by smoke and flame from a burning fuel surface.

Foam delivery requirements are usually determined based
on the square footage of the burning surface area, which is
multiplied by foam density requirements. (Refer to NFPA 11
for appropriate rates.) The big gun tactic does not use this
method of determining foam delivery requirements for over-
the-top applications. The big gun tactic foam discharge
requirements are based on the number and size (flow rating)
of foam monitors needed to achieve tota coverage of the
burning liquid surface. The flow rating is based on providing
sufficient foam to create afoam foot print pattern on the burn-
ing liquid so that the maximum foam travel distance across
the liquid surface will be no greater than 80 feet from the
edge of the foot print.

It must be noted that no live-fire testing or experience is
available to verify that the big gun foam delivery technique
will extinguish a full surface fire involving a large above-
ground storage tank. In addition, this approach may encoun-
ter problems associated with gaining access to the liquid
surface and can increase the extent of required logistics to
fight afireinvolving alarge-diameter storage tank.

Often the most effective fire control measure is to pump
out the contents of the tank to an alternate storage tank, pipe-
ling, or similar location. In order to provide adequate pump-
out facilities, the following options may be considered:

1. Locate pumps outside of dike areas and drainage paths.

2. Protect pump power sources from fire exposure or provide
a back-up power source.

3. Provide redundant pump-out facilities.

4. Protect the inlet of tank pump-out connections from
obstruction (particularly if atank lining is present).

4.4 FIXED WATER SPRAY SYSTEMS AND
EXPOSURE PROTECTION SYSTEMS

Fixed water spray systems, installed on tanks to cool the
tank shell, will reduce the heat effects from interna fires and
from the radiant heat of exposing fires. In addition, fixed or
oscillating fire water monitors have been installed in some
locations in lieu of, or to reinforce, water spray systems. The
use of these systems, is debatable, and not widespread in the
petroleum industry.

Based on the case history review, radiant heat exposure of
adjacent tanks is not a critical factor for large aboveground
storage tanks and manual water cooling is sufficient in most
cases. Thisis supported by the following:

a. Radiant heat exposure was reported to be the means of fire

spread in two of the nine case histories |%Iw|fﬁiéhts
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more storage tanks. However, radiant heat was reported as
only one of many factorsthat contributed to the spread of fire.
b. Of the 107 fires reviewed, 95 were contained to a single
tank, despite the fact that the use of fixed water spray systems
was reported in only three cases (two of which were multiple
tank incidents).
¢. The use of fixed water spray systems to protect exposed
tanks would have had no effect on at least 7 of the 12 fires
involving multiple tanks. The means of fire spread in these
incidents were;

1. Simultaneous ignition (four cases).

2. Boilover (two cases).

3. A combination of simultaneous ignition, boilover, and

ground fire (one case).

In addition, the effectiveness of a water spray system
againgt the other leading means of fire spread between tanks
and ground fire (three cases) is aso questionable.

The use of fixed water spray systems to cool the shells of
burning large aboveground tanks also appears to be of little
benefit. This is supported by the factors listed above and by
the following:

« A magority of cases where fire extinguishment was
attempted did not involve the use of fixed water spray
systems. Water spray was reported in only three cases
(two of which were multiple tank fires).

»  Extinguishment was successful on 58 out of 61 floating
roof seal fires. Two of the seal fires escalated to full sur-
face fires, despite the use of fixed water spray systems
in one of the two incidents.

In general, the use of fixed water spray systems increases
the required fire water supply and may overtax the drainage
system.

Although it may not be appropriate in many cases, the
installation of fixed water spray systems may be considered
in those specia cases where manpower is limited or when
recommended shell-to-shell tank separation distances cannot
be met.

4.5 FIRE SUPPRESSION CONSIDERATIONS

API Publication 2021 is the primary reference source for
planning and organizing firefighting for a storage tank fire.

45.1 Extinguishment Costs

The cost of extinguishing a fire involving a large above-
ground storage tank may be high, particularly if the incident
involves a full surface fire. Operators of large aboveground
storage tank facilities should estimate the magnitude of poten-
tial expensesfor fire extinguishment prior to the occurrence of
afire. In doing so, the following costs should be considered:

a. Extinguishing agent—foam concentrate.
b. Water (if ametered municipal supply is used).

c¢. Labor, including on-site personnel, emergency responders,
and contractors.

d. Fire apparatus and equipment costs, including fuel, wear
and tear, and damage.

e. Heavy equipment operating costs.

f. Emergency shipping and delivery costs.

0. Medsand refreshments for long-term operations.

h. Security.

When evaluating these costs, it should not be assumed that
fire extinguishment will be free of charge if a municipal fire
service is used. It is probable that the municipality providing
the fire suppression services will seek reimbursement for
extraordinary extinguishment costs. In many cases, this will
be done under the state or municipality’s laws governing cost
recovery for hazardous materials incident mitigation. One
must also be cognizant of the fact that the extinguishment
effort may fail, providing little or no monetary return.

The estimated cost of extinguishment should be weighed
againgt potential property damage and business interruption
costs (including loss of business due to bad press), liability
claims, and fines to determine the largest size tank where
extinguishment will be attempted.

Where potential extinguishment costs exceed company
resources, several long-term alternatives may be implemented:

a. Avoid the use of cone-roof and internal floating-roof tanks
to minimize the possibility of full surface fires and firefight-
ing difficulties.

b. Take extra precautions to ensure the stability of floating
roofs to minimize the possibility of afull surfacefire.

c. Ensure that adequate and redundant pump-out facilities
are provided.

d. Work closely with emergency responders to ensure that
they understand your cost constraints and intentions. This is
particularly true if outside emergency responders are to be
used, and it is your intention to pump out the tank and alow
thefire to burn out.

4.5.2 Water Supply

Water supply is a critical factor that must be considered
during the development of a fire control plan. Even a well
prepared emergency response organization will be severely
hampered by an inadequate water supply system. Therefore,
companies must closely match their intended tactics to their
water supply, or vice versa. Table 1 summarizes the estimated
water supply requirements for foam application a a fire
involving the full surface area of a 250-foot-diameter tank.

The flow requirements listed in this table do not include
water for cooling the tank shell or adjacent tanks or supple-
mental foam hose streams (as recommended by NFPA 11).

When planning water supplies for fighting a large above-
ground storage tank fire, it isimportant to consider the amount

of ‘manpower, apparatus, equipment, IRARTINYERtS
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Table 1—Typical Water Supply Requirements for Foam
Application (250-Foot-Diameter Tank)

Water
Reqguirements
Fire Scenario and Tactics (gpm)2

Sedl fire

Hoselines 100-200

Fixed foam system 450
Full surface fire topside application?

Over-the-top foam delivery using large foam 11,600

monitors

Full surface fire—subsurface® 4,900

(oneroof tank)

3Egtimated water supply requirements do not include cooling water
(supplemental hose stream).

BAnticipates use of theoretical, untested extinguishment methods
described in 4.3.2.

CRequires ingtallation of distribution piping inside tank, may not be
effective with floating or sunken roofs.

needed to establish the water supply. Consideration should
also be given to using al available water sources, including
private water supply systems, municipal water supply systems,
and static water supplies (lakes, rivers, and so forth). These
sources may be used individually or in combination.

4.5.3 Prefire Planning

Prefire planning is an essential requirement for any large
aboveground storage tank facility. As discussed above, the
financia constraints of the company, suppression strategies,
and water supplies should be identified prior to the occur-
rence of a fire. In addition, the prefire plans should address
thelogistics of supporting afirefighting operation of the mag-
nitude that may occur where large aboveground storage tanks
are involved. The logistics of the operations involved for fire
control require the following procurement, handling, and
management considerations.

a. Extensive personnel-hours spanning a number of days
involving multiple foam attacks and product pump-out opera-
tions, or both.

b. Extensive firefighting resources, which could include over
100 firefighters and numerous pieces of fire apparatus.

¢. Useof contractorsthat specializein tank fire extinguishment.
d. The procurement, delivery, and handling of tens of thou-
sands of gallons of foam concentrate (and potentially thousands
of pounds of auxiliary dry chemical extinguishing agents).

e. Foam concentrate consumption rates of hundreds gallons
per minute.

f. Estimated water consumption rates of up to 10,000 gallons
per minute are not uncommon.

g. Thefabrication of equipment such as foam wands and pip-
ing to siphon out tank product.

h. The use of heavy equipment, material handling equip-
ment, and portable or mobile pumps.

The primary lesson from this case is to illustrate the value
of prefire planning and training as a means to reduce the cost
and minimize the complexity of tank fire control efforts.

4.5.4 Firefighting Access

The arrangement of drainage and containment systems can
serioudly restrict firefighting access. The distance between the
shell of alarge-diameter storage tank and its surrounding dike
walls may be substantial. This distance may hinder firefight-
ing operations if the dike areafills up with water or product,
or both. The practices in 4.5.4.1 through 4.5.4.3 may be
employed to aleviate this problem.

4.5.4.1 Permanent Landings

Provide at least one permanent landing that extends to
within 50 to 70 feet of the tank shell in each dike area. The
landing(s) should be located on the predominant upwind side
of the tank, equal in height to the dike walls, accessible from
a roadway, and wide enough to accommodate expected fire-
fighting operations. The landings may be of earthen or other
suitable noncombustible construction.

4.5.4.2 Temporary Landings

Where earth-moving equipment and soil is readily avail-
able, it may be feasible to plan for the construction of land-
ings on an as-needed basis. This practice may aso be used as
abackup to permanent landings.

45.4.3 Remote Impounding

The use of remote impounding will eiminate the firefight-
ing access problem because it reduces the distance between
the dike wall and the tank shell. However, the use of remote
impounding will generally diminate access to the tank from
at least one direction.
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