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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, 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 fed-
eral 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 API 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 as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the Standardization Manager [telephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the Standardization Manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the gen-
eral manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work 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 © 2001 American Petroleum Institute
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FOREWORD

Although there are more than one hundred thousand petroleum storage tanks in service in
all phases of petroleum operations, only a very small percentage of tanks ever experience a
fire. Consequently, relatively few people have had direct experience with fighting tank fires.
This guide was prepared to help provide a basic understanding of tank fire suppression. The
information presented is based primarily upon experience in the petroleum industry over a
number of years. It is not intended to exclude or limit the use of other approaches of compa-
rable merit.

API strongly supports the principles of fire prevention as the most effective means of
ensuring personnel and property protection. Many API publications such as Std. 2610
Design, Construction, Operation, Maintenance and Inspection of Terminal and Tank Facili-
ties provide guidance for reducing the probability of fire. The information provided in this
document emphasizes planning and preparation as additional steps to protect people and
property in those infrequent situations where fires occur.

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly 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 Standardization Manager
at the American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005.

No reproduction or networking permitted without license from IHS Not for Resale
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Management of Atmospheric Storage Tank Fires

1 General 2510A) and nonmetallic tanks. Detailed discussion of types
of fire protection equipment and maintenance are also outside
11 PURPOSE the scope of this publication. They are covered in publications
This recommended practice provides experience-basedtch as API Publ 2001, NFPA 11, NFPA 30 and the NFPA
information to enhance the understanding of fires in atmo-Fire Protection Handbogkfurther references are noted in
spheric storage tanks containing flammable and combustibleSection 2.
materials. It presents a systematic management approach There may be situations in which it may not be possible,
which can assist tank fire prevention. If fires do occur, this or appropriate, to mount an aggressive attack to extinguish a
information can help responders optimize fire suppressionfire (as noted in 6.6). In most cases, if sufficient resources are
techniques to reduce the severity of an incident and reduceéwvailable, extinguishing tank fires is conceptually simple.
the potential for escalation. When enough of an appropriate extinguishing agent (fire-
fighting foam) is properly applied to the burning fuel surface,
the fire goes out. If the foam blanket is maintained until the
. i i i fuel and tank metal are sufficiently cooled, the fire stays out.
Any provisions in this recommended practice _relgted to Accomplishing these conceptual goals involves both art and
desp_n are intended fPr rfaferenc;e use \{vhen des'gn'”g N ience—and provides a significant logistical challenge in
facilities or when considering major revisions or expansions. o y4ition to the fire suppression challenge. This publication

Itis not _intended thgt the recqm_menda_lt.ic.)ns in t_his puk_)lic"’,‘tionprovides guidance to assist understanding and systematically
be applied retroactively to existing facilities. This publication addressing these challenges.

should provide useful guidance when there is a need or desire While this publication provides guidance for fighting tank

to review programs or facilities. fires, in considering tank fire issues it is prudent to review

12 SCOPE prev_ention of such _fires. Preventing 'Fank fire; is prefergble to
' fighting them. Section 5 and Appendix | provide brief discus-
This recommended practice provides information to assistsions of fire prevention issues. Appendix O briefly reviews

management and fire suppression personnel to manage thgersonal protective equipment for firefighters in the tank fire

needs associated with safely fighting fires in above groundenvironment.

atmospheric storage tanks. The discussion includes planning,

preparation, suiiression, investigation and follow-up activi- 2 Referenced Publications

ties as shown in Figure 1. g ,
If a liquid at a petroleum facility can burn and is stored in 1€ most recent editions of each of the following stan-

an unheated tank at atmospheric pressure, it fits the scope §fa"ds, codes, and publications are referenced in this publica-

this publication. Fires can be fueled by flammable or combus-tion as useful sources of information. Additional information

tible liquids ranging from gasoline to lube oil, asphalt or also may be available from the cited Internet World Wide

crude oil. Some chemicals used in the petroleum industry fit Veb Sites.

this scope. Heated tanks are not addressed in this publicatioryp)

but are the supjegt ofAPI 2023. . . Spec 12B
This publication is based on industry experience. It

1.1.1 Retroactivity

Bolted Tanks for Storage of Production

. . . . . Liquids
emphgsmes pIanmng and preparatlon.along'wn.h practlgal Publ 327 Aboveground Storage Tank Standards: A
tank fire suppression strategy and tactical guidelines. Guid- Tutorial

ance and precautions address developing and implementing
fire suppression plans for fighting fires in and around flamma-
ble and combustible liquid atmospheric storage tanks. A
review of fire suppression agents is provided; emphasis is on
firefighting foam, with dry chemical agents discussed for seal
fires and vents. It should be understood that this document

Publ 340 Liquid Release Prevention and Detection

Measures for Aboveground Storage

Facilities

API 570 Piping Inspection Code: Inspection,
Repair, Alteration, and Rerating of In-Ser-

provides basic guidelines. Its application must remain flexible

to relate to changing technology, philosophy and regulations. RP 574

Appendix N provides “Lessons Learned” information orga-

nized in the same general categories shoyn in Figure 1.
This publication specifically excludes fighting fires in

tanks containing pressurized gases (see API Publs 2510 and RP 576

1

RP 575

Copyright American Petroleum Institute
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Inspection of Atmospheric and Low-Pres-
sure Storage Tanks
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API PUBLICATION 2021

Std 620

Std 650
Std 653

RP 750
RP 760

Std 2000

RP 2001
RP 2003

Publ 2021A
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Figuring out what will
need to be done.

Arranging access to needed
resources & training

Putting the plan and
resources into action

Root cause(s) and response
effectiveness

[
[
[
[

Use investigation for planning
and corrective action

Pre-Incident Planning
for «—Section 6
Tank Fire Management
Prepfg:nng Section 7
—>
Tank Fire Management
Implementing ,
Tank Fire Management Section 8 )
Y
Investigating _
Tank Fires Section 9
Appendix E
Y
FO"e(l?t\é\rI-Up Section 9
Tank Fires

Figure 1—Overview of Management of Atmospheric Storage Tank Fires

Design and Construction of Large, Welded,
Low Pressure Storage Tanks

Welded Steel Tanks for Oil Storage

Tank Inspection, Repair, Alteration and
Reconstruction

Management of Process Hazards

Model Risk Management Plan Guidance
for Petroleum Refineries—Guidance  for
Complying with EPA’s RMP Rule (40
Code of Federal Regulations 68)

Venting Atmospheric and Low-Pressure
Storage Tanks: Nonrefrigerated and
Refrigerated

Fire Protection in Refineries

Protection Against Ignitions Arising Out of
Static, Lightning, and Stray Currents
Interim Study—Prevention and Suppres-
sion of Fires in Large Aboveground
Atmospheric Storage Tanks

No reproduction or networking permitted without license from IHS

RP 2023

Publ 2210
Std 2350
Std 2510

Publ 2510 A

Std 2610

AIChE (CCPS}
Guidelines for
Guidelines for

Guide for Safe Storage and Handling of
Heated Petroleum-Derived Asphalt Prod-
ucts and Crude Oil Residue

Flame Arresters for Vents of Tanks Storing
Petroleum Products RP

Overfill Protection for Petroleum Storage
Tanks

Design and Construction of Liguefied
Petroleum Gas Installations (LPG)

Fire Protection Considerations for the
Design and Operation of Liquefied Petro-
leum Gas (LPG) Storage Facilities

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

Engineering Design for Process Safety
Hazard Evaluation Procedures

1Center for Chemical Process Safety, 345 East 47th Street, New
York, New York 10017 www.aiche.org/docs/ccps

Not for Resale



MANAGEMENT OF ATMOSPHERIC STORAGE TANK FIRES 3

for Technical for On-Site
Emergencies

Guidelines for Investigating Chemical Process Incidents

Guidelines Planning

ANSI2
B31.3 Chemical Plant and Petroleum Refinery
Piping
ASTM3
D 323 Standard Method of Test for Vapor Pres-

sure of Petroleum Products (Reid Method)

Bureau of Mine$

Bull. 503 Limits of Flammability of Gases and
Vapors
Bull. 627 Flammability Characteristics of Combusti-
ble Gases and Vapors
NFPA>

Fire Protection Handbook
Flammable and Combustible Liquids Code Handbook

10 Portable Fire Extinguishers

11 Low-Expansion Foam

11A Medium and High-Expansion Foam
Systems

11C Mobile Foam Apparatus

12A Halon 1301Fire Extinguishing Systems

15 Water Spray Fixed Systems for Fire
Protection

17 Dry Chemical Extinguishing Systems

20 Installation of Centrifugal Fire Pumps

22 Water Tanks for Private Fire Protection

24 Installation of Private Fire Service Mains
and Their Appurtenances

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

30 Flammable and Combustible Liquids Code

58 LP-Gas Code

77 Static Electricity

201 Fire Flow Testing and Marking of
Hydrants

325 Fire Hazard Properties of Flammable
Liquids, Gases, and Volatile Solids

600 Industrial Fire Brigades

704 Identification of Hazards of Materials for

Emergency Response

2American National Standards Institute, 1430 Broadway, New York,
New York 10018. www.ansi.org

780 Installation of Lightning Protection
Systems

1081 Industrial Fire Brigade Member Profes-
sional Qualifications

1561 Fire Department Incident Management
System

1962 Care, Use and Service Testing of Fire
Hose, Including Couplings and Nozzles

1971 Standard on Protective Ensemble for
Structural Fire Fighting

2001 Clean Agent Fire Extinguishing Systems

OSHAS

1910.38 Employee Emergency Plans and Fire Pre-
vention Plans

1910.119 Process Safety Management of Highly
Hazardous Chemicals

1910.120 Hazardous Waste Operations and Emer-
gency Response

1910.132 Personal Protective Equipment

1910.156 Subpart L—Fire Brigades

3 Definitions

Terms especially relevant to tank fire suppression are
defined in 3.1 through 3.42. Definition of terms which are
in general use in the petroleum industry are found in
Appendix A.

3.1 advanced exterior fire fighting:  As defined in
NFPA 600 is “offensive fire fighting performed outside an
enclosed structure when the fire is beyond the incipient stage”
which “often requires fire brigade members to contain, con-
trol, and extinguish exterior fires involving site-specific haz-
ards such as flammable and combustible liquid spills”.

3.2 aqueous-film-forming foam (AFFF) concen-

trates: Based on fluorinated surfactants plus foam stabiliz-
ers. The foam formed acts as a barrier to exclude air or
oxygen and develops an aqueous film on some fuel surfaces
that suppresses the evolution of fuel vapors (see Appendix H).

3.3 alcohol resistant foam concentrates: Specifi-

cally designed to be effective on fires involving liquid fuels,
such as polar solvents, which can cause some foams to be
ineffective.

3.4 base injection: An alternate term for sub-surface

injection.

3.5 class of a fire: Determined by what type of fuel is

3American Society for Testing and Materials, 1916 Race Street,involved in the fire. Class A fires involve ordinary combusti-

Philadelphia, Pennsylvania 19103. www.astm.org
4U.S. Bureau of Mines [part of NIOSH/CDC], Pittsburgh Research

Laboratory, P.O. Box 18070, Pittsburgh, Pennsylvania 15236.

www.cdc.gov/niosh/pit/welcome.html
SNational Fire Protection Association, Batterymarch Park, Quincy,
Massachusetts 02269. www.nfpa.org

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

bles such as wood, cloth, paper, and rubber. Class B fires
involve flammable or combustible liquids and gases.
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3.6 control: Considered a reduction in fire intensity of tial for sinking the roof by avoiding unnecessary foam water
approximately 90%. solution on the roof (see NFPA 11).

3.7 extinguishment: The elimination of all flames from  3.17 foam expansion value: The ratio of final foam
the fuel surface and adjacent areas. volume to the volume of the original foam solution before
adding air. The reciprocal of the foam expansion value is the

3.8 film-forming fluoroprotein (FFFP) foam con- specific gravity of the foam.

centrate: A foam concentrate composed of a combination of
protein and film-forming surfactants. The foam formed acts 3.18 foam quality: A measure of a foam’s physical char-
as a barrier to exclude air or oxygen and develops an agueouscteristics, expressed as the foam's 25% drain time, expan-
film on some fuels that suppresses the evolution of fuelsjon ratio, and burn-back resistance.

vapors (see Appendix H).
3.19 foam solution: A mixture of foam concentrate in

3.9 fixed systems: Complete permanent installations \yater at a concentration recommended by the concentrate

(typically not used on tanks in the USA) in which the foam is gypplier (typically from 1% to 6%) before being mixed
piped from a central station to fixed delivery devices perma-iih air.
nently installed to protect the hazard. These systems include
all piping, pumps and foam concentrate storage. (More self3.20 frangible roof seam: On a fixed roof tank a frangi-
contained than semi-fixed systems.) ble roof seam is a weak roof-to-shell attachment designed to
_ .. fail preferentially to any other joint and thus vent excessive
3.10 floating roof: A cover that floats on the tank liquid ,osqire without liquid loss if the tank becomes over-pressur-
surface_ar_ld MOVES up a”‘?' d(_)W” with changes in tank INVeNized for any reason, including fire (see APl 650). Studies
tory. It limits the exposed liquid surface to the small fraction ¢ " that tanks built to the applicable requirements of API
in the '_seal area around the periphery. The safest floating roof%50 are frangible at diameters of 35 ft or greater; for tanks
have "inherent buoyancy”. under 35 ft in diameter it is possible for the tank to fail in

3.11 fluoroprotein (FP) foam concentrate: A foam other modes.
concentrate with a protein base and a synthetic fluorinate
surfactant additive. In addition to an air-excluding foam blan-
ket, it may also deposit a vaporization-preventing film on the
surface of a liquid fuel (see Appendix H). 3.22 hazard: An inherent chemical or physical property
with the potential to do harm (flammability, toxicity, corrosiv-
ity, stored chemical or mechanical energy).

d3.21 full surface (or fully involved) fire:  One in which
all of the cross-sectional area of the tank is burning.

3.12 foam: A stable aggregate of small bubbles of air in a
water-based foam solution resulting in a lower density than
either oil or water. It flows over a liquid surface and forms an 3 23 hose stream heat test: As used by experienced

flammable vapors. when sprayed on potentially heat-affected equipment no fur-

3.13 foam application rate: A measure of the quantity ~ ther cooling is needed.

of foam applied per unit of time per unit pf area. Itis Usu- 354 |ncident Command System (ICS): The combina-

ally based on the amount of foam solution (in gallons or oy, of facilities equipment, personnel, procedures, and com-
liters) per unit of time (in minutes) per unit of area (in hications operating with a common organizational

square feet or square meters); for example, gallons Pelstructure, with responsibility for the management of assigned
minute per square foot. resources to effectively accomplish stated objectives pertain-
3.14 foam chamber: A foam discharge outlet attached to iNg to an incident. Incident Management System (IMS) is an
the periphery of a tank shell to introduce foam. integrated system incorporating elements of ICS with other

management systems, including Fire Command (NFPA/
3.15 foam concentrate: A liquid foaming agent as  phoenix FD).

received from the manufacturer.
3.25 inherent buoyancy: Based on a steel roof con-

3.16 foam dam: A steel plate at least 12 in. high (and at girycted to the applicable requirements of API 650 Appendix

least 2 in. higher than the seal) installed as a concentric walls oy H with closed top annular pontoons or a double deck.
attached to the floating roof at a distance 1 to 2 ft inside the

tank wall. Along the bottom of the foam dam are drain slots 3.26 overhaul: The process of ascertaining that the fire is

of specified minimum (to drain rain water) and maximum (to extinguished, securing the tank contents from reignition, and
retain foam) dimensions. Foam dams are intended to keep theascovering or disposing of the unburned liquid, foam and
foam where it is needed in the seal area while reducing poteneombustion products.

Copyright American Petroleum Institute
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MANAGEMENT OF ATMOSPHERIC STORAGE TANK FIRES 5

3.27 minimum application rate for foam: The rate 3.40 type | discharge outlet: A device that conducts
sufficient to cause extinguishment and demonstrate satisfacand delivers foam onto the burning surface of a liquid without
tory stability and resistance to burn-back (see NFPA 11). submerging the foam or agitating the surface; for example, a
foam trough. These are generally considered obsolete
because nearly all current foams are suitable for use with type
Il discharge outlets.

3.28 polar solvent: A flammable liquid partially or
totally miscible with water. Alcohols, ethers, ketones and
aldehydes are common organic polar solvents.

) , o 3.41 type Il discharge outlet: A device that delivers
3.29 protein foam concentrates: ~ Consist primarily of  ty3m onto the burning liquid, partially submerges the foam,

products from a hydrolyzed protein plus stabilizing additives 5nq produces restricted agitation of the surface: for example,
and inhibitors (see Appendix H). a foam chamber.

3.30 red tag drill: An emergency response exercise in 342 type Il discharge outlet: A device that delivers
which facility operating personnel respond to a hypothetical foam so that it falls directly onto the surface of the burning
emergency in which a red tag indicates the site and nature Ofiquid in a manner that causes general agitation; for example,
the problem. lobbing with a foam nozzle. Note: this term no longer appears

3.31 rim fire: Burning occurs only at an annular surface in NFPA 11.

around the periphery of an internal or external floating roof .
tank where the roof seals against the tank's vertical wall. 4 Units of Measurement

Values for measurements used in this document are gener-
ally provided in both U.S. customary and S| (metric) units. To
avoid implying a level of precision greater than intended, the
3.33 securing: The prevention of reignition of a liquid second cited value may be rounded to a more appropriate
fuel by maintaining a covering of foam on the liquid surface number. Where specific code or test criteria are involved, an
until overhaul is complete. exact mathematical conversion is used. Appendix B provides

o . _ information on conversion factors. The unit “gallon” refers to
3.34 semi-fixed systems: Similar to fixed systems but the US gallon

are not self-contained. Foam discharge devices are perma-

nentl_y attached to the _tank and are connectec_i to piping wh|cl15 Tank Fire Prevention

terminates at a safe distance from the potential fire site. Nec-

essary foam producing equipment and supplies are brought to While this publication provides guidance for fighting tank

the scene and connected after a fire starts. fires, in considering tank fire issues it is prudent to review
L o prevention of such fires. Experience shows that a large pro-

3.35 subsurface injection: A method of fighting  portion of tank fires can be attributed to design (including

hydrocarbon tank fires in which fuel-resistant aspirated of design), operation, maintenance and environmental fac-

foam at expansion ratios typically between 2 and 4:1 iStors AP| and other industry bodies have addressed storage

injected into the base of a burning tank above any wateriany fagilities in a number of standards. API Std 2610 dis-
bottoms and below the surface of the burning fuel. The ¢ sges design and operation of tank facilities.

foam rises through the fuel to the surface to effect extin- e risk reduction methods addressed in other publications
guishment by cooling and blanketing the fuel vapor at the j,qude:

3.32 risk: A measure of the probability and severity of
harm or adverse effects resulting from exposure to a hazard.

surface; also called base injection. « control of spills and protecting against overfill (API RP
3.36 thermal protective clothing (bunker gear): A 235_0)- o ] .
special ensemble of protective clothing constructed in accor- * €nvironmental ignition factors such as lightning, espe-
dance with NFPA 1971 for used by personnel entering hot cially relevant to open floating roof storage tank seal
and warm zones as defined in NFPA 600. fires (API RP 2003 and NFPA 780).

. o _ * maintenance of tank integrity (API Publ 653).
3.37 topside application: A method of foam discharge « proper arrangement and spacing of tanks (NFPA 30).

in which the foam is applied to the surface of the burning fuel. . pro\/iding fire, control and extinguishment equipment
and systems (APl RP 2001 and NFPA 11) may help

3.38 top pourer set: An alternate term for a foam . L
prevent small fires from escalating into large ones.

chamber. . . " .

« mechanical design, fabrication, and nondestructive
3.39 twenty-five-percent drain time: The time examination of storage tanks, and protective systems
required for 25% of the liquid contained in the foam to drain; (API Stds 620 and 650).
this is an indication of the water retention ability and fluidity =+ safe cleaning of storage tanks (APl Std 2015 and RP
of the foam. 2016).
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» proper operation of vacuum trucks (API Publ 2219). 6 Planning for Tank Fire Management

It is not within the scope of this document to discuss all
of the issues impacting fire prevention which are covered6'1 GENERAL PLANNING PROCESS
in detail by these referenced standards. However, some The planning phase starts with a scenario analysis for the
aspects of tank design are addressed which specificallyspecific facility to determine “what might happen” and “what
impact fire protection, safety of fire protection personnel, would need to be done”. Based on the planning phase, subse-
and assessment of risk. guent activities involve advance preparation (Section 7, mak-

Both environmental protection and fire prevention share ing sure that fire fighting resources will be available) and, if
common goals. If the flammable or combustible material is necessary, actual fire suppression (Section 8) which activates

kept in the tank and associated piping system, the probabilitthe incident management system to implement plans using
of either an environmental or fire incident is greatly reduced. resources identified during preparation. :
A number of documents oriented toward prevention of envi- The typical steps |nvolved in planning for tank fire sup-
ronmental releases (such as APl 327 and API 340) may alSgyression are shownlin Figuré 2. These are: developing an inci-
be applicable background for fire prevention. dent management orgamzanon/system, surveying the facility
Process safety management concepts, such as Manageg assess factors related to fire potential; identifying the types
ment of Change (MOC), can be applied to prevention of of fires that can occur at the facility; developing a fire protec-
tank incidents. Changes with recognizable potential tion/suppression philosophy for each type of fire; developing
impact include: specific pre-fire plans for each tank with a fire risk and devel-
* Operational revisions (changes in volatility or chemical oping a plan to meet the logistics needs.

composition of material stored, rate of filling, or tank  These steps are discussed in the following sections:
storage or run-down temperatures).

* Changes in piping or valving arrangements. 6.2 INCIDENT MANAGEMENT SYSTEM

¢ Conducting mamtenance and hot work. PLANNING

» Changes to venting or vapor recovery systems.

* Maodifications to the tank itself. Every facility needs an Incident Management System

¢ Weather. (IMS) to cover the range of possible emergency events that

Changes with impacts that are less evident in naturecould occur. Facility management, through existing knowl-
include: edge or survey, should determine if there is a potential for a

* Soil subsidence. tank fire which should be addressed (see 6.3.1 for assistance

« Installation of environmental controls (such as activated in determining tank fire potential). If there is, then the first

carbon drums used for vapor capture). planning action should confirm that an appropriate IMS is in

* Low level gauging of floating roof tanks. place and can accommodate tank fire emergencies. An IMS

Any activity containing the key word “temporary” should comes first because it will be needed in the event a tank fire
trigger at least an informal MOC review. occurs before planning and preparation are finished.

Conventional wisdom advocates applying a protective The logistics associated with major tank fire incidents
foam blanket on pools of hydrocarbon which have not can be complex. The Incident Command System (ICS) is
ignited. This has been done successfully many times and conwell suited for managing such incidents. ICS planning for
tinues to be a prudent choice for environmental emission con-a resource intensive tank fire emphasizes logistics, effec-
trol and fire prevention. There has been contrary experiencagive manpower control and coordination, and communica-
in a very few situations with sunken-roof tanks. In these iso-tion of information both internally and externally. ICS
lated cases ignition of the in-depth hydrocarbon pool hasprovides a structure for coordinating facility personnel and
been attributed to static charges generated during the applicasperations, local fire departments, mutual aid organiza-
tion of foam. The European oil companies’ organization for tions, and equipment responding to an emergency. Coordi-
environment, health and safety “CONCAWE” detailed this nation of incident management concepts and procedures
experience and follow-up laboratory experiments in their with potential industrial and public mutual aid responders’
October 1997 journal publicatioBONCAWE ReviewThe plans is highly recommended.
article and recommendations to prevent ignition, developed  Training and education is necessary for ICS to function
as a result of their experiments and experience, are reproeffectively. This need includes all personnel (including man-
duced in Appendix I. agement) who will assume ICS roles.

Firefighting is only one aspect of handling a major tank fire
incident. An Emergency Operations Center is frequently used
to provide a physical location for coordinating the wide range
of related emergency activities associated with a highly visi-
ble, resource intensive tank fire incident.
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Appendix C presents more detailed information on inci-

Will existing incident
management system do OK
for tank fires?

What is nature of tanks, their
contents and location?

Incident potential based on
tank type, roof design, and
fuel properties

Systems equipment &
supplies personnel

Develop firefighting
philosophy for the storage
tank facility

Develop plan specific to each
tank or set of tanks

Establish type. quantity &
delivery e.g. water, foam

N N YN YN YN 7Y

) Plan Section
Incident Management System 6.2
Survey Facility _
« Tank contents Section
« Tank condition 6.3
* Tank type & size
* Tank location
Review Potential Section
Incident Types 6.4
o N _
. _Review Existing Section
Fire Suppression Capability 6.5
Develop Fire Protection & Section
Firefighting Philosophy 6.6
Develop Tank-Specific Section
Tank Fire Plans 6.7
(Does this fire need to be put out?)
Section
Develop Suppression Agent 6.7,6.8
P &gns g Appendix F

Figure 2—Planning for Storage Tank Fire Management

An initial survey of the facility should determine whether

dent management systems, including ICS and IMS. Thisatmospheric tanks at the facility contain flammable or com-
RP is not an IMS tutorial; it provides guidance and sugges-bustible liquids. This review should document tank contents
tions for some elements particularly relevant to tank fire which are potential fuels, the tank types and sizes, and their
emergency management for consideration within whateverlocation. Using this information the various types of potential

incident management system a facility may use.

6.3 FACILITY SURVEY AND HAZARD
ASSESSMENT

6.3.1 Survey
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Initial Tank Survey Information
Tank Name, Number or Designation: Tank Data Reference
Tank Location or Area Designation
Name of Material Stored in Tank Section 6.3.2
Type of Tank Vertical or Horizontal? Section 6.3.3
Fixed Roof? Appendix E
Frangible Roof Seam?Yes__ No __
Internal or External Floating Roof?
Inherently buoyant? Yes_ No ___
Tank Diameter
Tank Full Surface Area
Tank Height
Tank High Gauge ft Barrels Capacity
Type of Tank Vents Normal? Emergency?
Type of Floating Roof (if any) Steel? __ Aluminum? __ Plastic? __ Appendix E
Steel Pan? __ Open topped Steel? Appendix F
Tank Siting relative to ignition sources or Section 6.3.4
vulnerable occupancies API 2001
NFPA -30
Permanently Attached Fire Protection? Yes Type No Sections 8.5.6-8
Access for Subsurface Injection? Yes Where? No Section 8.5.7.3
NFPA-11

Figure 3a—Tank Specific Pre-Incident Contingency Planning Sheet

ops. Tanks in similar service might be grouped for “tank-spe-these materials. If the storage temperature for the material
cific” planning. This overview survey provides data which typically exceeds its flash point then there can be the potential
begins to quantify “what do we have” and “what might hap- presence of an ignitable quantity of flammable vapors. If the
pen”. The later, more detailed tank-specific fire contingency expected temperatures for the material are typically lower
planning (see 6.7) seeks to answer the question “how will wethan its flash point then an ignitable quantity of flammable

address a fire situation” and will document this information in vapors is less likely to be present.

the second half of the tank-specific contingency planning
sheet.

At many facilities significant parts of the needed planning
data already exists for environmental regulatory compliance
or operations needs, thus providing a “head start” for fire con-
tingency planning.

6.3.3 Types and Size of Storage Tanks

The API has addressed design and management of storage
tank facilities in a number of standards. API Standards 620,
Design and Construction of Large, Welded, Low Pressure
Storage Tanksand 650Welded Steel Tanks for Oil Storage,
are key references for refinery and terminal tank design. API
Spec 12BBolted Tanks for Storage of Production Liquids,

The characteristics of a tank’s contents directly affect the covers bolted steel tanks used in oil production. Other publi-
potential for a fire in that tank. \olatile materials generate cations referenced in Section 5 address methods for manage-
more flammable vapor at a given temperature than less volament of tank facilities to reduce fire risk. While this
tile materials. The volatility of concern is most easily charac- publication specifically addresses atmospheric tanks, typical
terized by flash point, but also can involve the overall Storage areas may also contain pressurized tankage. Other
distillation curve for the material. standards, such as APl 2510, APl 2510A and NFPA 58,

Materials with flash points higher than their maximum &ddress this more specialized storage.
storage, ambient and rundown temperatures are typically con-  Tank types which will be considered in this publication are:
sidered low fire risk§. Table| 1 provides a listing of materials * Fixed roof tanks.
frequently stored in tanks at petroleum facilities, their fire ¢ Vertical, low-pressure tanks without frangible roof
hazard based on flash point, and special hazards inherent with seams.

6.3.2 Storage Tank Contents Hazard Assessment
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Detailed Tank Planning Information

Tank Name, Number or Designation: Tank Data Reference
Foam Type to be Used Appendix H
NFPA-11
Access for Rim Seal Fire Platform, Wind Girder with Railings; Section 8.5.6
Elevated Nozzles, Semi-Fixed or Other
Systems
Foam Application Rate for Seal Fire g/miAffi'min-m?) Appendix L
Foam Application Rate for full surface g/min/f2 (I/min-m?) Appendix K
Foam Chambers NFPA-11
Subsurface
Over-the-Top
Time duration for foam application Minutes for: Seal Appendix K, L
Full Surface NFPA 11
Minimum & Total quantity of foam required Appendix K, L
and Type NFPA 11
Foam Supply Available Appendix K, L
¢ On-site NFPA 11

e From mutual aid (time)
« From Manufacturer (time)

Physical Properties of Material in Tank Attach MSDS
Special Hazard Considerations le 1 & Appendix G Section 6.3.2; 6.7.10
e.g. Toxicity, Reactivity, Boilover) Appendix G
Tank Accessibility for Suppression Section 6.3.4; 6.7
API 2001, Appendix N
Water Supply Section 7.4.3
« Needed, g/min Appendix M
« Permanent, piped to area
e Available using temporary supply
« Not Available from any source
Personnel for Contingency Plan Identify means of notification and responge Section 7.4.7

¢ Needed time
« Available from Facility
¢ Available via Mutual Aid

Other Resources Required/Available Mutual Aid or Contract Assistance

aIn many incidents the final total amount of foam concentrate used has been greater than the NFPA minimum.

Figure 3b—Tank-Specific Pre-Incident Contingency Planning Sheet

» Horizontal fixed roof tanks. 6.3.4 Tank Location Relating to Hazard

* Bolted tanks. Assessment

* Internal (or covered) floating-roof tanks. The location of storage tanks is significant in several

* Open top floating-roof tanks. respects. Proximity to ignition sources such as flares or fur-

 Domed (or covered) external floating-roof tanks. naces influences probability for ignition if there is a release of

Detailed discussion of tank type and construction appearsnaterial from storage. Poor “housekeeping” provided a
in Appendix E. means for fire escalation in a “classic” incident in the UK

Size is a Signiﬁcant factor for p|anning emergency when oil on floating roofs was ignited from wind-borne cin-
response to tank fire incidents. Large diameter tank firesders, resulting in a multi-tank fire scenario.
are challenging and resource intensive. Smaller tank roofs Distance to fence lines is significant in respect to potential
may not separate at a frangible seam and thus present hammpact of a tank fire incident if there are relevant exposures of
ards associated with rupture or separation at the shell-to-concern; proximity to the fence line also increases the poten-
bottom seam. tial for mischief originating from off-site. NFPA-30 provides
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Table 1—Tank Content Characteristics and Potential Special Hazards

Tank Contents

Flash Point

Material Characteristics

Potential Special Hazards &
Characteristics
(See Appendix G)

Petroleum Materials

Broad Boiling Range

Gasoline, Naphtha

ca —40°F; —-40°C

Low flash point, volatile

1%

Middle distillates minimum Combustible Low conductivity & static igni-
Kerosene, jet fuel 100°F; 38°C tion. Potential flammable tank
Diesel fuel vapor space if tank temperatur:
Home heating oil (#2 oil) is above flash point.

Crude oil Typically low, \olatile to viscous containing a| Boilover, frothover, slopover;

below ambient

heavy, high molecular weight
fraction

Pyrophoric iron sulfide forma-
tion possible with sour crude

Heavy residual products
(Asphalt, #6 oil, bunker fuel)

Typically high
(Unless “cut back” or contami-
nated)

Frequently stored at elevated
temperature; may be “cut back]
(blended) with lighter hydrocar:
bons

Frothover, slopover boilover
potential if blended with light
product such as middle distillate

“Pure” chemicals

FP = Flash Point
BP = Boiling Point

Have single boiling point

High vapor pressure and evolu-
tion possible as boiling point is
approached

MTBE
(Methyl Tertiary Butyl Ether)

FP = -22°F; -30°C
BP = 131°F; 55°C

Low flash point,
High volatility

High volatility,
Low surface tension

Methanol (methyl alcohol)

Ethanol (ethyl alcohol)

FP =52°F; 11°C
BP =147°F;64°C

FP =54°F;12°C
BP =174 °F; 79°C

Low flash point,
High volatility,
Wide flammable range

Water solubility,
Low luminescence flames

Refining chemicals
eg. “spent” acid (HSOy),
phenol

FP =175 °F; 79°C
BP =358 °F; 181°C

Flammable if contaminated by
hydrocarbons

Corrosivity, reactivity and toxic
hazards

Process chemicals Varied Long Term Health Effects
Benzene, FP =12°F; -11°C (Benzene)
BP =176°F; 80°C Exothermic Reactions
Styrene FP =90°F; 32°C (Including Heat-Induced Poly-
BP =295°F;146°C merization)
Methyl methacrylate FP =50°F; 10°C
BP =214°F; 101°C
Lead alkyl antiknock Toxic Detonation Possible at Elevated

Compounds TML

TEL

FP = 89°F; 32°C

FP = >245°F;
>118°C

Flammable or combustible
Reactive

Temperatures 212 to 300°F
Toxicity of Compounds and
Combustion Products

Metal alkyl catalysts

Below ambient

Highly reactive

Violent Reactivity with Water
Pyrophoric due to Moisture in
Air

HSIOpSH
Waste water
Sour water

Varied

Flammable (due to potential
contamination by light hydro-
carbons); low probability if no
flammable materials are at the

facility

Pyrophoric Iron Sulfide Forma-
tion Possible with Sour or Sul-
fur Containing Materials

Note: Appendix G contains additional information on hazards; the MSDS for the specific product can also be consulted.
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Table 2—Tank Types and Fire Potential

Tank Type @

Potential Type(s) of Fire

Comments

Fixed (Cone) Roof Tanks

Vent Fire
Overfill Ground Fire
Unobstructed Full Liquid Surface Area

Obstructed Full Liquid Surface Fire if fran
gible roof remains partially in tank

For volatile liquids, the rich vapor space ty
ically prevents ignition within the tank.

storage of Class | flammable liquids in
larger fixed roof tanks

Environmental regulations typically prevent

p_

Vertical, Low-Pressure Fixed Roof Tanks
without Frangible Roof Seams

Vent Fire

Overfill ground fire

Tank Explosion and failure with subseque|
ground fire

Rich vapor space inside of tank typically
prevents ignition within tank.

ntLack of frangible roof seam can result in
failure of tank at bottom or side, resulting
significant or total loss of tank integrity, an
or launching of tank.

25

Internal (or Covered)
Floating-Roof Tanks

Vent Fire
Overfill ground fire
Obstructed Rim Seal Fire

Obstructed Full Liquid Surface Fire

Many fires in this type of tank occur as a
result of overfilling.

Tank will be extremely difficult to extin-
guish if entire liquid surface becomes
involved.

Fires in tanks with pan type covers can be
expected to develop into obstructed full lig
uid surface fires.

Domed (or covered)
External Floating-Roof Tanks

Vent Fire
Overfill ground fire
Obstructed Rim Seal Fire

Obstructed Full Liquid Surface Fire

Fires in this type of tank most often occur
a result of overfilling.

Tank will be extremely difficult to extin-
guish if entire liquid surface becomes
involved.

AS

Open Floating-Roof Tanks

Rim Seal Fire
Overfill ground fire
Obstructed Full Liquid Surface Fire
Unobstructed Full Surface Fire

Application of fire water to the roof area
should be carefully controlled to prevent
overloading and sinking the roof when figh
ing a rim seal fire.

—
v

Horizontal Tanks

Vent Fire
Overfill ground fire
Tank Explosion and failure with subseque|
ground fire

Rich vapor space inside of tank typically
prevents ignition within tank.

ntExplosion of vapor/air mixture in tank can
result in catastrophic failure, with tank end

travelling significant distances.
Exposure of unwetted surface of tank to fire
can result in a Boiling Liquid Expanding
Vapor Explosion (BLEVE).

2 Appendix E provides pictures and information for various types of storage tank.

guidance for some minimum distances which should be used When the term “tank fire” appears in the media and statisti-
with knowledge of the social environment surrounding the cal summaries, it can mean many different things. While the
facility. In case of a fire, the distance to firewater supplies will term evokes visions of a fully involved full surface fire requir-
affect flow and pressure. ing extensive resources, it also describes events which involve

Access to tank areas to bring in equipment and supplies idow risk, damage and resource use, such as rim seal fires or
significant. Some facilities have dikes wide enough for equip- vent fires.
ment to reach a fire scene; others may provide raised staging The planning process “scenario analysis” should address
pads alongside the dikes on two sides of tanks for setting URsach potential type of fire (and the resources required) for the
large ground monitors. tanks and materials stored at the facility. Table 2 provides an
overview of fire types associated with different types of tank.
The following sections lists these types of fire in general
order of increasing resource intensity.

Suppression methods vary as a function of roof construc-
tion, type of fire and product stored. Section 8 provides more
extensive tank suppression information.

6.4 TYPES OF TANK FIRES AND GENERAL
SUPPRESSION STRATEGIES

6.4.1 General
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6.4.2 TankVent Fires from the tank shell. Sometimes the roof will lift into the air
and fall back into the tank. On other occasions, only pieces of
the separated roof may remain intact on top of the tank. The
resulting fire usually involves the entire surface area of the
tank except where obstructed by the remaining roof. There
a?nay be fire “hiding” below roof segments (6.4.5).
When the tank contains a conventional hydrocarbon, extin-
guishing options include both topside application and subsur-
_ face injection of foam. The foam type must be compatible
6.4.3.1 Rim Seal Fires in External Floating Roof with both the fuel and the application technique. If a fire
Tanks involves polar solvent with high water miscibility, the extin-
) ) _ o i ) _ guishing technique is limited to topside application. For plan-
Rim seal fires comprise the majority of fires involving hing hyrposes the approach to be used should be determined
external floating roof tanks. Lightning provides the igni- pageq on the installed equipment on the tank, the material

tion source for most rim seal fires. In many cases this iSgyqreq in the tank and the suppression philosophy. Then, the
attributed to an induced charge without a direct lightning o< rces needed can be determined.

hit. Success in extinguishing rim seal fires approaches
100% if there is no associated damage (such as a pontoo
explosion) and if suppression efforts don't sink the roof
through excessive use of water.

Semi-fixed equipment for seal fires is described generally Full surface fires with a full or partially sunken roof can
in Section 8.5.6.1 and in detail in NFPA 11. If permanently occur where tanks have fixed roofs, internal floating roofs
attached foam protection for the seal is not provided, it will or external floating roofs. The roofs of internal and exter-
be necessary to fight the fire with equipment which can benal floating roof tanks can sink for a variety of reasons.
brought to the scene. Pre-incident planning and preparationVhere the roof is internal, gas or vapor can cock the roof
can reduce delays and address potential personnel hazardswusing it to buckle and sink or allowing liquid to overflow

Vent fires on fixed roof tanks typically are attributed to
lightning. If addressed properly they can usually be extin-
guished with minimal damage and low risk to personnel
using dry chemical or by reducing the pressure in the tank
discussed in 8.5.5.

643 Rim Seal Fires

8.4.5 Obstructed Full Liquid Surface Fires with
(Wholly or Partially) Sunken Roofs

when manual extinguishment is required. the rim. Since this introduces flammable material into the

ventilated air space between the fixed and floating roofs,

6.4.3.2 Rim Seal Fires in Internal Floating Roof the result can be an explosive mixture in the vapor space
Tanks below the fixed roof. If this is ignited the fixed roof may

stay intact or it may separate in one of the scenarios

Extlngu!shment of fim seal fires in mter_nal ﬂ_oatlng rpof described for fixed roof tanks without internal floating
tanks provides a special challenge, especially if there is no

roofs. Also, if the tank seals are not vapor tight, during fill-
permanently attached foam system. The only access to appl

; . . Yng the vapor space in an internal floating roof can be in
a suppression agent is through small vent openings at the toﬂwe flammable range. If lightning strikes during this time
of the tank, which typically have protective screens.

an explosion can result. Filling operations should be con-
ducted with caution or avoided when a lightning storm is
imminent in the vicinity. Vapor recovery systems may

reduce the ignition hazards associated with lightning.

Extinguishment of full liquid surface fires where there is  External floating roofs can sink due to flotation failure
not a sunken roof is relatively simple in smaller tanks, but caused by pontoon or double deck leakage, malfunction,
presents a major challenge in large tanks because of size aniechanical failure or by excessive weight from snow, rainwa-
resources required. These usually involve fixed roof tankster or firewater. There is reduced likelihood of sinking the
where the roof has totally separated at a frangible (weak)roof and escalating to a full surface fire should fire fighting
seam leaving the total surface uncovered. operations flood the roof, if the tank is equipped with a roof

Fixed roof tanks have a vapor space between the liquid surthat has “inherent buoyancy” (a double deck or annular pon-
face and the underside of the roof. If the vapor space is in théoon roof).
flammable range at the time an ignition source is introduced, Irrespective of the sinking cause, the roof forms a barrier
an explosion will occur. If the tank is constructed in accor- between the bottom of the tank and the surface of the burning
dance with API Std 650, the roof should separate from thefuel. In such cases, subsurface foam injection should be con-
shell at the frangible seam joint. The roof usually separates irsidered a “last resort”. The roof impedes or prevents foam
one piece. Depending on the severity of the internal pressurfrom reaching the burning fuel surface. Fire suppression
ization or explosion the roof will vary from a “fishmouth” a efforts using top-side foam application are most appropriate.
few feet long to a fixed roof which is blown completely away Difficulty will be experienced if a portion of the roof

6.4.4 Unobstructed Full Liquid Surface Fires
Without Sunken Roofs
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obstructs full access to the burning surface. Extended foantrucks or portable fire pumps. However, planning should
application may be required to seal the obstructed area andote that this not only requires access to the hoses, but is
prevent burn-back and reignition. This may require much also labor intensive and time consuming.

more foam concentrate use than the minimum amount calcu-  Along with the water, a source for supplies of an appropri-

lated in accordance with NFPA 11. ate foam concentrate in sufficient quantity should be identi-
_ fied. This often includes both on-site storage as well as
6.4.6 Ground Fires Around Tanks supplies from mutual aid participants and/or suppliers.

Ground fires in tank areas can result from tank or piping  Finally, the expanded foam/water solution must reach the
leakage or overflow. AP 2350 outlines the principles for pre- Purning surface. The review should determine how the foam
venting tank overfills. If the tank area conforms to NFPA 30, Will be applied and whether the appropriate equipment will
and drain valves are closed, the fuel for a potential fire should?€ available on-site or be brought to the incident scene.
be confined within dikes. If tanks are not on fire the primary ~ An essential factor is time. If the fire can burn unabated
objective should be to keep them from igniting. This becomes(such as a seal fire) without creating further problems (such
especially significant when more than one tank shares theds boilover in crude oil tanks) or exposures to vulnerable
diked area. equipment (such as LPG spheres), then more time is safely

In case of a ground fire in a tank area, high emphasisavailable. If it is inappropriate to delay before starting aggres-
should be placed on exposures which could raise temperasive suppression efforts with foam application, then water,
tures of tanks not on fire. This can result in greater vaporfoam concentrate and the means to apply them need to be
release or heat-triggered reactions of some chemicals. Direcinore readily available.
flame impingement normally receives highest priority with
radiant heating concerns following. This priority might be 6.6 REVIEW, REVISE OR DEVELOP FIRE
reversed if the material stored in an affected tank is especially PROTECTION AND SUPPRESSION
heat sensitive. Tanks containing heat sensitive products PHILOSOPHY
should be identified in the survey and planning process. Fire

suppression should be addressed with vulnerable areas After t_he f|_re risks at the site hayg been identified, and
receiving the first attention. the existing fire suppression capability has been evaluated,

a decision can be made regarding the fire suppression

6.5 REVIEW EXISTING FIRE SUPPRESSION strategy that will be used for each type of fire that may
' CAPABILITY occur in each tank.

. _ _ Basically, three general strategies may be used for a tank
The capability for suppressing a fire relates to understand-ire: passive, defensiva offensive
ing the resources required and then being able to apply them 5 hasqjve(or evacuation) strategy involves no fire fighting
to problem resolution. Before a fire suppression philosophy 5 qiities: the fire will be allowed to burn out and the area

can be developed for a storage tank facility, the firefighting o\ acyated if necessary for personnel safety (such as concerns
resources and capabilities in place should be evaluated. for potential boilover of a crude oil tank).

The basic fire-suppression resource needed for most non- . o

X : A o The following are examples of situations that suggest

pressurized hydrocarbon fires is firefighting foam. This in : . i
. . adoption of a passive strategy:

turn requires water, foam concentrate and the means of deliv- N h | and ials (f q
ering an expanded foam solution to the right location, in the ot eno'lljgbl p(;,-rsonnefan (;naterlals (foam anc ;/]vater)
right quantity, for the required duration. In most cases, deliv- are avara eh ora ;ale acr; complete extinguishment
ery capability involves equipment, consumables and person- a“eml?t (.suc X as in isolate areas.). ]
nel. Meaningful “delivery” must be to the burning fuel » There is imminent danger of a boilover, tank failure, or
surface at the proper rate for sufficient time to achieve extin- other life-threatening occurrence, requiring immediate
guishment. evacuation of the area.

NFPA 11 provides guidance on minimum foam flow to ~ Without fire suppression mitigation, a boilover should be
be applied to a burning tank. The facility capability review considered a realistic probability for full surface fires in crude
should determine the actual water flow rate and pressuredil tanks. No one can predict with precision if, or when, a
which can be delivered to the specific tank. This value is boilover will occur in these situations. Appropriate contin-
then compared to the required flow. If there is not suffi- gency plans should be developed. If a reliable means of mon-
cient water available from on-site firewater systems, anditoring the progress of the heat wave is available it may help
fire suppression is planned, then alternate water source$see Appendix G.2). :
should be evaluated. Some facilities or mutual aid groups Locations where a passive fire protection philosophy migh
can establish supplemental water supplies using largebe adopted include remote storage facilities and facilities
diameter hose with additional pumping from pumper without an adequate firewater supply.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



14 API PUBLICATION 2021

A defensivestrategy protects personnel and exposed equip- frame to give a reasonable probability of safely extin-
ment and allows the fire to burn out. guishing the fire.

A defensive strategy should be considered when tank con- An offensive strategy should be the first option consid-
ditions (such as a sunken roof obstructing large portions ofered whenever adequate resources are present and there is
the fuel surface) or lack of resources preclude a successfuh reasonable chance of successful fire extinguishment.
offensive strategy, and: Examples of situations where an offensive strategy is typi-

 The incident could be contained with available cally employed are vent fires, ground fires, rim seal fires,

resources without jeopardy to life or further jeopardy and unobstructed full liquid surface fires in small to
to property. (A controlled burn can be maintained medium size tanks.
while minimizing losses by operations such as

pumping fuel from the tank and protecting exposures 6.7 TANK-SPECIFIC PLANNING
to prevent escalation.)

« Potential flame impingement or radiation on adjacen

tanks may require immediate action to prevent the  ap jnitial survey such as described in 6.1.1 can identify
involvement of additional tanks. Protective co0ling anys at the facility which may be most susceptible to fires.
strea_ms and transfer of products to safe tanks should be1’he type of information described in 6.4 can help identify the
considered. o o ) types of fire each tank potentially might experience. The

* The scope of the incident does not justify the risk asso-tank-specific planning process uses this information to char-
ciated with an aggressive attack. (For some incidentsgcterize fire suppression needs, based on the hazards associ-
[sometimes referred to as plot limit incidents] risk con- 516 with each tank (or group of similar tanks) and the facility
siderations dictate that fire-fighting efforts should cen- fire suppression philosophy. Some facilities integrate this

ter_on p_r(_aventmg further losses and_salvagmg aSSGtsplanning into emergency response training or assign an
until additional resources become available.) employee task force to perform this task

Managgment has accgpted a loss control philosophy A portion of the needed tank-specific planning information
that exU_ngwshment will not be attem_pt_ed_ but expo- typically exists in environmental inventory databases. The :
f&“i’igglgiig?ﬁgﬁl;@ ;%Sc‘jeﬁirgn;g“;?gi-n(irzzrr: “Tank-specific Pre-Incident Contingency Planning Sheet”
- ; -(Figure 3:) provides an example of the types of information
g‘riéﬁgl?;OndogfplSiqsngthoeufT/erijznl(hgngo\gth %tfe\f/ierz; @also serves .as a guide. to sections of this publicg?ion
suppression.) which may be helpful in completing the survey. The specific
L. . . . . planning includes methods and fire suppression agents (foam
* Mutual aid is not immediately a\:allala_le. A d_efe”nswe_ type) needed to extinguish a tank fire. This in turn depends on
s}rategé/ ShOUIdI b% used as .3 h?jlg.'r.'g alctlon until the product involved (light or heavy hydrocarbon, polar or
'Fl)'r?:Zfratgjl;}ltjr?er?lshi?tzrlop;?\\/é)ﬁeer?sivétlr%r;%eresourceS. reactive liquid—see 6.3.2) the construction of the tank roof
2 ) ' (see Appendices E and F) and any special hazards which may
Examples of situations where a defensive strategy may bg,q jnolved (see Appendix G). Application methods in terms
adopted include large diameter obstructed full liquid surface j¢ )¢ ob<triction and product types are covered in 6.7.2

fir.es Wi.th no boilovgr potential. For tanks containing fue!s through 6.7.8. Tank-specific planning should address whether
Wlth boilover potennal, plans should be developed recogniz- more than one scenario needs to be considered. For each sce-
ing that pote_nt|al. ] ) nario, the planning sheet should indicate the type of foam to

An offensivestrategy is an aggressive attack to attempt {0 pe 5ed and should calculate and record the flow rate of water

extinguish the tank fire. and total quantity of foam concentrate required for the appli-

An offensive strategy should be considered in the fol- cation method chosen. This should be based on the minimum

lowing situations: quantities recommended in NFPA 11 or alternate values cho-

« If life is in imminent jeopardy, then a focused aggres- sen in the planning phase. This is a significant planning value
sive fire suppression action should support rescue if thesince before foam is applied to a tank during suppression this
risks are consistent with the potential for a successful minimum quantity should be available on-site. Assurance of
rescue and the offensive firefighting action is faster thandelivery of off-site material is sometimes included, but
rescue or evacuation. increases the risk of running out of foam. Since the NFPA 11

» Probable exposure to non-involved facilities could sig- values are “minimum” quantities, consideration should be
nificantly increase hazards if they became involved.  given to a situation where more than the minimum may be

* When adequate resources (personnel, equipment andequired. Where necessary, the length of hose lays and access
materials) are available within an acceptable time required for specific tanks should be reviewed.

t 6.7.1 Tank-Specific Planning—Overview
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6.7.2 Fixed Roof Tank Fire Suppression Planning in other sections of this publication, depending on the type of

) ) . fire. However, access can be difficult because of proximity.
Fixed roof (cone roof) tanks may be subject to vent fires

(6.4.2), unobstructed full surface fires where the roof has com-, . ; - -
pletely separated (6.4.4), or obstructed full surface fires with6'7'4 Horizontal Tank Fire Suppression Planning
the roof partially intact or in the tank (6.4.5). Tank-specific ~ Tank-specific planning for this type of tank should recog-
planning should integrate the facility’s generic fire fighting nize that these tanks do not have a frangible seam. They
emergency response strategy into the needs for specific tanksequire supplemental cooling if subject to flame impingement
their contents, and the resources available. or high radiant heat loads. If venting is not sufficient to main-
Combustible liquids (for example, liquids with flash points tain low pressure, a vessel failure could forcibly propel the
greater than 100°F (38°C) such as diesel fuel) are material$ank or pieces a considerable distance with inherent life-
typically stored in fixed roof tanks. However, liquids with safety concerns for personnel in the area. If there is extended
lower flash points, including crude oils, polar solvents, and fire exposure of unwetted tank surface, and the tank does not
contaminated combustible liquids, may also be stored in fixedvent sufficiently, there is potential for a BLEVE.
roof tanks. According to NFPA 11, “Fixed foam systems shall not be
If the vapor space between the liquid surface and theused to protect horizontal or pressure tanks”. Tank-specific
underside of the roof is in the explosive range when an igni_planning for horizontal fixed roof tanks should include fuel
tion source is introduced, an explosion will occur. In a large Source isolation and cooling when necessary to maintain tank
tank, the roof normally separates from the tank shell resultingintégrity. Cooling can be provided by directing hose streams
in a fire which involves the entire surface area of the tank.at the point of flame impingement. Water spray from a fire
When the product involved is a light hydrocarbon (such as hose “power cqne” pattern can be used to cool areas affected
gasoline), there are two options for extinguishing the fire: top-BY @ heavy radiant heat load.
side application or subsurface injection of foam. The roof
may not separate completely resulting in partial obstruction6.7.5 Bolted and Riveted Seam Tank Fire
of the tank surface. Suppression Planning

~Tank-specific planning for this type of tank should con-  Bojted tanks can be a special fire hazard because they typi-
sider whether there is a boilover hazard (such as withca|ly do not have frangible roofs and when a fire occurs the

crude oil). sealing between shell plates is dependent on rubber or elasto-
meric material which can melt (Figure E-4). Riveted tanks
6.7.3 Fire Suppression Planning for Vertical Fixed may or may not have a frangible roof depending on whether
Roof Tanks without Frangible Roof Seams they were modified sometime in their lives. A retrofitted roof

is often made frangible. Whether or not the roof is frangible

¢ L(t)vé pressure i tanks S';Jhcllfls St:jo?z Odesign_e(tj ac?d d (]ionéhould be documented in pre-fire plans. Information on how
structed in accordance wi , aré intendea 10ty o ajyate roof frangibility can be found in API Std 650.

operation with metal temperatures not exceeding 93°C When a fire occurs in a bolted or riveted tank, fuel leaking
(200°F) with pressures up to 15 psi (1 kgfnires involv- from the seams may burn and run down the tank shell. If 3D

ing these tanks are often attributable to leaks or spread of ﬁreﬁres involve light products, they can be extinguished with dry

from other sources. If an internal explosion should Occurchemical' if leaking heavy material is involved in a 3D fire it
(which is rare), the tank ruptures at its weakest point. This can ' 9 vy

be at the bottom-to-shell seam and can cause the tank tmay be quenched with water. It will be necessary to secure

o ) ﬂwe area against reignition if leakage continues after extin-
rocket out of the area, resulting in a severe flash fire followed_ S L .
guishment. Tanks initially built with no frangible roof seam

by a large ground fire. Tank-specific planning should include

consideration of this factor so that fire fighters can be alertedh ave the potential to fail and leave their initial position with

L . . the same life-safety concerns as horizontal tanks. Protection
and injuries prevented. This becomes a particularly relevant

consideration when tanks without frangible roof seams arefor these tanks typically includes fuel source isolation. Tank-

. . C o L L specific planning for bolted and riveted-seam tanks should
impacted by another fire (especially if there is direct impinge- . : T . .

) include cooling when necessary to maintain tank integrity as
ment such as from a ground fire).

) i well as identifying roof type (whether frangible or not).
Tanks with nonfrangible roofs or no emergency vents

should be identified in the tank-specific prefire plan and ong -6
the tank in the field. In tank farms, vertical low-pressure fixed
roof tanks without frangible roof seams are often close
together. While this is in accordance with NFPA 30, it does Covered or internal floating-roof tanks are cone-roof tanks
make them especially vulnerable to pool fires. The fire-fight- with a weak roof-to-shell joint and an internal floating roof or
ing principles and practices for such tanks are similar to thosepan. Many are easily identified from the exterior by the vents

Internal Floating—Roof Tank Fire
Suppression Planning
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located around the tank shell, usually just beneath the roofand 6.4.5 for full surface fires with wholly or partially
joint. Some are vented on the roof, and others use both typesunken roofs should be used. Large crude tanks are typi-
of vent. Because of this venting, the space between the floateally of floating-roof design.

ing roof and the fixed roof normally should be free from an  Tank-specific planning for this type of tank should include
ignitable mixture. Ignitable mixtures can exist if there is a review of techniques and equipment which will be used for
problem with the condition of the roof or seals, or during extinguishing seal fires, and recognition that there is potential
periods of initial fill and for 18—-25 hours thereafter, depend- for a full surface fire. Should only a seal fire develop on a
ing on the volatility of the product. Although infrequent, there crude oil tank, no boilover will result. If excess firewater is
have been instances of fires in this type of tank, and such firesised it could cause the roof to sink leading to a full surface
are extremely difficult to extinguish unless the tank is fire, now entering the regime where a boilover is possible. By
equipped with a semi-fixed or other permanently installed using a floating roof tank for boilover liquids the potential for
system. Seal or rim fires in a covered floating-roof tank area boilover is substantially reduced.

very difficult to fight with portable equipment. The side vents

are too small to apply foam by using streams directed from6.7.8 Domed External Floating—Roof Tank Fire

ground level. It may be possible to direct foam through the Suppression Planning

T e e b ovg AT ST planig o 14 9 ofark sl be e
with screens making access difficult. Some Suploressionsame as for other fixed or cone-roof internal floating roof
experts suggest using plastic or fiberglass screening whicﬁanks (6.4.3.2and 6.7.6).
will melt or burn away to provide access.

On some occasions, the fixed roofs have blown partially
open or completely off. If a pan is still present, the entire lig- shows the resources required for extinguishment
uid surface area will be involved when the pan sinks. In theseof a hypothetical seal fire in a large open-top floating-roof
instances, the fire should be treated as a full surface fire with &ank containing hydrocarbon. Application density and
sunken roof section and extinguished by techniques discusseduration are based on NFPA 11 minimum rates. Handline
in 8.5.8 using foam chambers (if so equipped), monitor noz-application requires 1.6 times the rate for a permanently
zles or other topside application. It should be noted that theattached system.The required foam concentrate supply for
sunken roofs will probably obstruct foam travel from subsur- the seal fire case is within the range carried on many
face systems; however, if other approaches fail, subsurfacéndustrial foam pumpers.
injection may be attempted and, in rare cases, has been suc- Planning and preparation for a full surface fire in a large
cessful. Some companies have installed Type Il semi-fixeddiameter tank should recoinize the much greater resource

6.7.9 Large Tank Fire Suppression Planning

foam protection constructed in accordance with NFPA 11 todemands. The example|in Table 4 based on NFPA guidelines
cover the total surface area of tanks which have internal roofsshows the minimum resources required for a fully involved
At least one company has used projecting foam devices orfire in a 250 ft (75 m) diameter tank.

large diameter internal floating roof tanks. Extinguishment of full surface fires requires 50 to 100
times more foam concentrate than a seal fire. And, achiev-
6.7.7 Open—Top Floating—Roof Tank Fire ing suppression becomes more difficult as the diameter of
Suppression Planning the tank increases. The largest full surface tank fires

known to have been extinguished have been in tanks of

Most fires in open-top floating-roof tanks are confined to about 150 ft (45 m) in diameter. 100 ft is the generally
the annular rim seal area between the floating roof and thexccepted maximum distance that foam will flow on a burn-
tank shell. Sections 6.4.3 and 8.5.6 discuss suppression dhg surface under ideal conditions before water dropout is
these fires, with further discussion in Appendix L. The suc- excessive and foam loses its fire-extinguishing ability.
cess rate is very high for extinguishing seal fires on open-topMmany practitioners use 75 to 80 ft (23 to 25 m) as a maxi-
floating roof tanks. Experience shows that these seal fires cafhum.
burn for extended times (hours to days) with no escalation Therefore, conventional wisdom suggests that the largest
beyond the seals. Only modest resources are needed for tardone-roof tank that should be protected with shell-mounted
seal suppression when compared to resources required fofloam chambers is a maximum of 200 ft (60 m) in diameter.
full surface fires. Tables 3 and 4 discussed in 6.7.9 compareap| Publ 2021Anterim Study—Prevention and Suppression
two hypothetical cases illustrating the difference in minimum of Fires in Large Aboveground Atmospheric Storage Tanks
required resources for a seal fire and a full surface fire in adiscusses three permanently installed system types for poten-
large tank. tial extinguishment of a fire in a tank over 200 ft in diameter.

For a fire where the roof is flooded with fuel or the roof  The first is subsurface injection, which for full effective-
has sunk, the fire suppression approach discussed in 6.4.4ess requires appropriate piping to properly distribute the
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Table 3—Example of Minimum Resources for Seal Fire Suppression in 250 ft Diameter Hydrocarbon Tank

Below the Seal or
Foam Application Location Weather Shield Above the Seal
Width of annular area to be foamed Assumes 8 in. (20 cm) from wall to edgeAssumes 1.5 ft (0.5 m) from wall to foam
floating roof dam
Application Density 0.50 g/minAt(20 I/min-n¥) 0.30 g/min/f (12 I/min-n¥)
Application Time, Minutes 10 20
Foam Solution Flow Rate 260 g/min (985 I/min) 355 g/min (1345 I/min)
Total Foam Concentrate Required at 3% 80 gal (300 1) 2109 (8001)
Concentrate required for handline n.a. 3359 (12701)
application

foam. The second is semi-subsurface injection utilizing aures 5 and 6 show the amount of water-foam solution and
buoyant hose at each “bottom of the tank” foam outlet to gen-foam concentrate needed for full surface fires based on
tly deliver the foam to the surface. The success of these subtank size, application rate and duration of the application.
surface approaches in tanks with floating roofs is problematicAppendix M addresses some basic hydraulics related to
and these systems are not often installed. Subsurface injectiosupplying water to tank fires and the benefits of large
for suppression of obstructed tank fires is not recommendeddiameter hose. The preparation phase should determine the
except as a “last resort”. There have been a very few successources of foam and water and the personnel required to
stories reported where subsurface injection was used, andiandle the physical movement of water and foam to the
those were in smaller obstructed tanks. The third permanentlyincident site.
attached system proposed (and installed on a few large tanks
with internal floating roofs) uses “projecting foam applica- 6.7.10 Fire Suppression Planning for tanks with
tors”. These tank shell mounted nozzles are intended to Special Considerations
project foam onto the center of the burning fuel surface to . . . .
spread to the edge, instead of foam chambers on the tank rirﬁ 7.10.1 Tanks _Contamlng Materials with Boilover
which are designed to spread toward the middle. However, Potential
there is no fire experience to document the effectiveness of Special tactics and continuing surveillance are needed
the semi-subsurface or projecting nozzle approaches on largg/hen fighting tank fires that involve crude oil (or other wide
diameter tanks. One concern with any foam delivery appara-hoiling range heavy petroleum oils) that can produce a
tus attached to the rim of fixed roof tanks is the potential for hoilover. It is important for the emergency response leaders to
damage during whatever incident leads to a full-surface fire. understand this behavior and be alert to this hazard not
Fire personnel have proposed that a combination approactencountered with other fuels (see 8.3.2.i and Appendix G).
for fires in tanks more than 200 ft in diameter could use shell- A boilover is the sudden overflow or ejection of the con-
mounted foam chambers from the periphery and subsurfaceents of a crude oil storage tank during a full surface fire.
foam application for the center area. Expansion rate and inleBoilover occurs only with tanks containing oils with a wide
velocity are critical parameters for subsurface application to boiling range including both a heavy (high molecular weight)
limit the amount of product entrained as foam rises throughviscous fraction and light ends (e.g., like crude oil, but not
the fuel. Subsurface systems should be designed in accorlike gasoline). It is caused by a heat wave (layer of very hot,
dance with NFPA 11. heavy oil) reaching water or a water-oil emulsion such as nor-
Recent studies of successful tank fire extinguishmentsmally found at the bottom of crude oil tanks. When the hot oil
show that high-capacity foam monitors are effective on turns the water to steam the rapid expansion can send the tank
full surface fires either when several streams are concen<ontents a significant distance. In extreme cases, substantial
trated in one area in the initial attack or when very large amounts of burning liquids can be expelled creating a serious
monitors are used. Both approaches allow the foam tohazard for hundreds of feet surrounding the tank.
guench the fire in a small area. This reduces the heat deg- For boilover to occur a major full-surface fire must involve
radation and thermal updraft effect, and enables a foamall or most of the surface of the liquid and the tank fire must
blanket to establish itself on the surface and spread toburn for a long enough time for a hot layer to develop and
cover and extinguish the rest of the burning surface. Sev-then reach the water layer. The heat layer can continue mov-
eral manufacturers offer very large foam monitors with ing toward the bottom of the tank after extinguishment if the
flow capacity of 10,000g/min (40,000 I/min) or more. Fig- top layers are hot enough (see Appendix G.2.1). :
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Table 4—Example of Minimum Resources for Full Surface Fire Suppression in 250 ft diameter Hydrocarbon Tank

Resource Type (Minimum) Method of Applying Foam to Tank
Subsurface Injection Ground Monitors
(with or without Foam Chambers)
Foam Application Rate 0.10 g/mirfiE l/min-ne) 0.16 g/min/f (6.5 l/min-n?)
Foam Solution Flow Rate 4900 g/min (18,500 I/min) 7850 g/min (29,700 I/min)
Foam Concentrate Usage per minute at 3% 147 g/min (556 I/min) 235 g/min (890 I/min)
Minimum Number of 1000 ft (300 m) long| 5 8
5" Hoses Required
Duration of Application Based on NFPA 11 55 min 65 min
Total Foam Concentrate Required at 3% 8085 gal (30,600I) 15,300 gal (57,9101)

Note: Values in Table 4 are based on foam concentrate proportioned at 3% and water brought 1000 ft to the incideng.sitbebfidvo
rate of the method and equipment used will determine actual rates and water/foam flow facilities needed. This exampieldoessop:
plemental requirements for ground fires or exposure cooling.

wr

Boilovers are infrequent occurrences. When they do occur,dispense, transport, or introduce into commerce, for use as
it is usually in fixed roof or gas blanketed tanks storing crude fuel in on-road motor vehicles [4DFR Part 80.22] fuel con-
oil. Other instances may involve internal floating roof tanks taining lead. Some active facilities may still exist for leading
with aluminum or compartmented pans not meeting the fuel off-road/aviation use. In other cases, out-of-service facil-

requirements of API Std 650 Appendix C or H. ities may not have been removed. Lead antiknock use contin-
ues in some regions outside the USA. Appendix G provides
6.7.10.2 Oxygenates information on hazards specific to these materials. Tank-spe-

cific planning for lead alkyl tanks should recognize the poten-

Certain oxygenated materials have been widely used as. : .
gasoline additives for octane improvement and to sa'[isfy?IaI h.?z?‘ rds for toxic products of combustion and the heat
sensitivity of these compounds.

environmental regulatory requirements. Although the two
widely used oxygenate materials have been MTBE and etha- )
nol, MTBE was being phased out of most gasoline in the 6-7-11 Drainage and Runoff

USA starting in 1999' Other oxygenated materials have begn Consideration should be given to drainage and runoff of
used otr' propos'eﬂ. Fire supgr:assmn concerr:s y ellatg tol pgys'cghrface water resulting from fire suppression activities in an
PTOpErLEs, Which vary widely: among matenais, INCiudiNg nqigent area. Controlling the amount of effluent flow and the
solubility of these oxygenates in water. Suppression e1Lfort‘e’direction of the flow are important considerations. This

for fires in tanks containing these materials blended in 98S0+aview should consider downstream vulnerability should

I!ne are generally S imilar to approaches used for normal ga?So'hydrocarbon leave the site floating on effluent water. Both fire
line. Tanks holding only unblended oxygenates require

. . . . and environmental considerations are relevant.
special consideration. For instance, MTBE has low water sol- The following inf ion i heloful if obtained and d
ubility but high volatility while ethanol is less volatile but @ following information is helpful If obtained and docu-

infinitely soluble in water. Where oxygenated materials are mented b.efo.rg an |nC|d§nt: .
stored in high concentrations or as “neat’ materials, the situa- * Availability of equipment to move dirt and other mate-

tion should be reviewed with the foam supplier. The proper rials to build temporary diversion dams to direct efflu-

foam concentrate and application rates should be confirmed  ent flow away from the incident area.

and included in incident planning information. * Knowledge of the normal drainage, including direction
of flow and collection points.

6.7.10.3 Lead Alkyl Antiknocks A plan for controlling the flow of incident runoff. The

A historical concern at refining and gasoline blending loca- plan should include holding areas and a means of treat-
tions had been the presence of lead alkyl antiknock com- ng and disposing of .the collectgq runoff. o
pounds such as TEL in blending or storage tanks. In the USA, * A list of the appropriate authorities and organizations

the phase-out of alkyl-lead in automotive gasoline became available to manage anticipated spills and cleanup.
final on December 31, 1995. At that point it became unlawful ¢ Knowledge of regulatory reporting requirements (see
for any person to sell, offer for sale, supply, offer for supply, Appendix N.2.5.a).
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6.8 FIRE SUPPRESSION AGENTS flow required may increase and should be accommodated in
6.8.1 General the tank plan. .
There are many types of foam concentrate. Choice of

Fire suppression is achieved by cooling, inhibiting vapor foam type depends on the fuel to which it will be applied
formation, eliminating oxygen or interfering with the free- and the application method used. Some varieties serve in
radical chemistry of combustion (see Appendix H). The effec- multiple applications and others may only function effec-
tiveness and usefulness of various agents is a function of théively in specific fuel and delivery service. Technical con-
type of fire and the fuel involved. The planning phase is thesultation with the foam concentrate supplier is
appropriate time to review the proper agents for each tankrecommended to review the specific use.

specific scenario. Different types and brands of foam concentrates might not
be compatible and should not be mixed in storage; however,
6.8.2 Water most manufacturers agree with NFPA 11 that most different

I1"ypes of expanded foam generated separately can be put on
the same fire in sequence or simultaneously. Some manufac-
turers suggest that in emergency situations similar foam con-
centrates from different manufacturers can be mixed together
g) provide an uninterrupted supply. Different opinions arise
regarding the relative effectiveness of this mixed application

Water is the ideal fire suppression agent as discussed i
Appendix H.2 (although it cannot be used alone to extinguish
flammable liquid pool fires); it absorbs heat very effectively
thus inhibiting vapor formation. Steam generated by flame
contact expands and tends to blanket and exclude air. Water i

the primary ingredient in foam. The logistics of delivering N e
versus maintaining only one type. In certain circumstances

sufficient quantities of water for a major tank fire can be chal- . i ) _
gpe simultaneous or sequential mixed option may be the only

lenging, as discussed in 7.4.3. Section 8.5.6 explains the nee _ . -
for using water carefully to avoid causing problems. Appen- one available if application has begun and foam concentrate
is in limited supply. Special consideration may be needed if

dix M provides a brief review of hydraulics, explaining why one or more of the foam concentrates is specifically desig-

there are significant benefits accompanying the use of larg , ) ;

diameter hose (LDH). nated_ as an alcohol resistant type. _Consultatlon with foam
suppliers is recommended for their view on when they con-

6.8.3 Fire Fighting Foam sider mixing foam acceptable.

Fire fighting foam carries water to a burning fuel surface 6.8.4 Dry Chemical Fire Suppressants

and makes it buoyant on a hydrocarbon surface, even with ] ] o ] o ]

specific gravity less than 1. With good heat resistance, it DY chemicals are highly efficient in extinguishing fires

keeps the water where it is needed and maximizes its effecinvolving flammable liquids, but dry chemicals do not secure

tiveness. Foam is the primary fire-suppression agent used tduel against relgnmon.lf exposed to_ ignition sources such as

put out hydrocarbon fires by cooling, exclusion of oxygen Metal heated by the fire. Dry chemicals have been used suc-

and vapor inhibition. The expanded foam can be delivered to®€SSfully, either alone or in combination with foam, to extin-

the burning surface by injection at the base of the tank fromgUish fires in the seal areas of floating-roof tanks.

where it floats to the surface, by foam chambers permanently ~Dry chemical suppressants are available that contain addi-

attached to the tank, by monitors permanently fixed to thetives to produce free flow and water repellency. Certain vari-

periphery of the tank or by portable ground monitors. Current eties are compatible with concurrent foam application as dual

technology allows portable monitors to be built with the extinguishing agents. Specialized dual-agent foam nozzles

capacity to deliver volumes of expanded foam to a fire surfacedre available which are constructed so that dry chemical can

essentially limited only by the amount of water and foam be applied with (and carried by) the foam stream. The foam

concentrate available. Monitors commercially available from and dry chemical must be compatible.

several sources have very large capacities, 4,000 g/min

(15,000 I/min) to over 10,000 g/min (40,000 I/min) or more. 7 Preparation for Tank Fire Suppression

In choosing _hoyv to deliver expanded foam to a burnin_g 71 GENERAL PREPARATION

tank the potential impact of the method chosen and equip-

ment available should be considered. Some portable systems The preparation stage for tank fire suppression is a

have fixed delivery rates. If used for tanks smaller than more intensive form of planning. It involves reviewing the

intended this fixed rate will deliver foam at a rate significantly planning information and systematically identifying

above the theoretical (calculated) amount for a specific den+esource needs and whether they already exist on-site. If

sity in that diameter tank. Using the higher foam application not, it determines how they will be obtained in time of

rate, NFPA 11 allows the specified time to be reduced propor-need. This process should recognize that some resources

tionately, but not to less than 70% of the standard time. Inrequire significant calendar time to put in place. Examples

such cases, the total amount of foam concentrate and watesre development of an incident management system, per-
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Figure 4—Preparation for Tank Fire Suppression

sonnel training, communication systems and (if necessary)firmed. This may be a mobile center using resources from the
upgrading systems to improve the ability to deliver firewa- facility, mutual aid or public fire department or may utilize

ter in the needed quantities. dedicated facilities. Command staff should have access to

local and wide area communications. Telephone and power

7.2 PREPARATION OF INCIDENT MANAGEMENT outages should be anticipated, especially if the incident is
RESOURCES weather related.

As part of their incident management resources, personnel

E o : c EOC) with facilities f rQ/vorking in the various elements of the incident management
mergency Operations Center ( ) with facilities for com- system should have access to information such as tank-spe-

mur)icz_ition and management pversight of all issues re_Iated Qific contingency planning sheets (6.3), an incident command
an incident. Normally the Incident Commander carries the data sheet (Appendix C), an incident documentation data

de_l_egated responsibility for developing an operational plan 0gheet (Appendix D) along with maps, standard operating pro-
mitigate the problem and to execute that plan. (The guidance..y res and relevant material safety data sheets.
and resources in this RP can help a facility prepare plans for

tank fire |r_1C|der?ts.) The emergency operation center’s princi-- o TANK-SPECIFIC PREPARATION

ple focus is on issues external to the emergency scene. These

extend beyond fire fighting to include interface with the com- The preparation phase can use tank-specific planning
munity, regulatory authorities, media and company manage-sheets (Figura and| 3b), and plans based on information in
ment, as well as addressing facility operations or personnelSection 6, to ensure that a plan is in place for each tank or
issues impacted by the incident response while providinggroup of similar tanks, and that the resources needed to
logistical services. In some cases the EOC is located in conimplement the plan will be available. Where tanks are similar
junction with the incident command post, but in many sys- in design, location and stored contents they can be grouped
tems the EOC is deliberately located separately to reduce théor certain elements of the suppression preparation purposes.
potential for diversion of attention from the fire. A media cen- The key element of the tank-specific preparation stage is
ter is often utilized and located apart from both the EOC andavailability of resources at the time needed.

Most modern emergency management systems utilize a

the incident command post. These include:
Facilities for a field incident command or fire suppression ¢ Sufficient water for the most demanding tank fire
operations post should be identified and availability con- scenarios.
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« Confirmed access to sufficient supplies of the proper7.4.3 Water (Including Pumping Capacity and
foam concentrate. Delivery to Tank Fire Site)

« Identified sources for foam delivery appliances. . : . .
Since water is the primary resource required for genera-

« ldentification of primary and. alternate personnel with tion of foam, key questions are, “How will water be brought
the knowledge and ability to implement the plan. to the tank fire at the required rate and duration?”, and
In many cases, not all of these resources will be on-site.\wnhere will the water drain and accumulate?”.
The preparation phase should determine how much time it
will take to access WhaFever resources yvill be used, inclyding7_4.3.1 Water Supply to the Site
alternate sources and inconvenient timing (such as holidays,
weekends or storms). For most facilities, an emergency Options for getting water to a potential fire site include per-
response plan that considers the most demanding fire incidennanent piping through a facility firewater system and
in-a single tank is appropriate; however, at some facilities, hydrants, or supplemental hose systems from a variety of
multiple fire scenarios should be included based on facility temporary sources. Since tank storage areas often are remote
design or as the result of a risk analysis. The resources anétom main facilities and system firewater pumps the prepara-
infrastructure needed to meet these demands should be cortion phase should evaluate the actual flow capacity and pres-
sidered as separate scenarios. sure available. The goal is to quantify the total water flow
Time sensitive cases are cone-roof tanks with boiloveravailable, in gallons per minute (or liters per minute) and at
potential (such as crude oil), heat sensitive materials andwhat pressure. Both stationary and portable pumps (if avail-
ground or diked pool fires (if they could lead to escalation able) should be considered. The source of power for the
involving multiple tanks or threaten vital facilities). pumps should be identified and recorded, and whether they
Advanced preparation can include mock incident drills as are automatic or manual start. For electric pumps, a review of
part of ongoing operations personnel “red tag” drills, emer- power reliability should be considered along with the pres-
gency crew drills, mutual aid training or dialogue with public ence or absence of a backup pump or system. Similar review

fire departments. of steam pumps should be conducted. Supplies of diesel fuel
and back-up starting batteries should be available.
7.4 LOGISTICS PREPARATION FOR FIRE Many facilities use computer modeling of firewater sys-
SUPPRESSION tems supported by flow testing to confirm the computer

results. If use of hose lines is envisioned then review of

hydraulics, pumping sources and access to sufficient quanti-
Logistics related to major tank fires are described in the €S Of large diameter hose (with compatible hose connec-

following sections. Issues not specifically addressed relatelions) should be established. The water source should be

to the potential for the involvement of many people and determined along Wlt_h suff|C|er_1t reserve to prO\_/|de_ the proper

much equipment. Human needs for food, drinking water, flow rate for the required duration of foam application.

rest, hygiene, communication and potential medical atten- ~ Finally, consideration should be given to the issue of

tion can be significant. If many resources (like fire trucks “What happens to runoff of firewater?”. Environmental, oper-

and foam tenders) respond there may be concerns withational and regulatory aspects should be reviewed and inte-

parking space and timely access to the fire site. Major pro-grated into the emergency response plan.

longed incidents establish staging areas to assist with some

of these needs. The Incident Command System includes’.4.3.2 Water supply to application appliances

logistics as a key function.

7.4.1 General Logistics Needs

Once the water reaches the fire site, it needs to be distrib-
uted to the application devices. If these are not hard-piped
then hoses are used. Large quantities of water may be

Command and incident response staff should haverequired (such as for high-flow ground monitors). The prepa-
access to local and wide area communications using radiosation phase should not only consider access to sufficient
and wired or wireless telephones. Contingency plansquantities of hose but also evaluate the number of personnel
should recognize the potential for power outage concur-needed to lay hoses, the time required for each hose lay, and
rent with an emergency incident interrupting telephone the geographic constraints. Careful planning and execution
service (see Appendix N.3.3). Response personnel maymay be required to lay multiple large diameter hoses along a
have valid business or personal need to communicate withroad while maintaining the usability of the road. The time
off-site personnel not associated with the incident and needed for each subsequent hose lay typically rises due to
facilities should be considered to meet these needs. increased congestion.

7.4.2 Communications Support
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Figure 5—Water-Foam Solution Flow Requirement for Full Surface Fire, gallons/minute at
Varied Application Rates (in g/min/ft2)

7.4.4 Foam Concentrate “How will the fire suppression agent (water/foam or other)

get onto the fire?f. Figure$ 7 throligh| 10 illustrate a variety of

i . . .. permanently attached and portable equipment used for foam
type of foam will be required for the appropriate application delivery. The preparation phase reviews the ability of the

rate and time. Actual (not theoretical) application rates ShOUIdfaciIit to implement that plan. The preparation phase should
be used. The amount of foam solution being applied as deter- y P pian. prep P

: . - - determine that the necessary equipment and personnel are, or
mined from calculation or frofn Figure 5 can be used with y equip P

- 5 X .~ can be, available within the time span required to put each
Figure 6 to see how much foam concentrate will be required . : .
. plan in action. This holds for permanently attached systems
or each ten minutes of foam.

Based on NFPA 11 the application time will range from 10 (top-side delivery via foam chambers, or subsurface), appli-

minutes for certain permanently attached svstems for SeaFation by fire suppression personnel for seal fires, or monitors
X . P =Nty ' SY L over-the-top for full surface fires. This preparation step is par-
fires to 65 minutes for monitors or handlines. Pre-incident

reparation should establish where the foam concentrate Wi”ticularly important where very large fixed roof crude oil tanks
brep . . are involved, especially if planning includes aggressive sup-
come from (on-site, mutual aid, manufacturers storage). If

material is in on-site lona-term stor then there should bepression for full surface fires where boilover-potential mate-
aterial IS In on-site fong-term storage then there shou rial is on fire. In this case, time is a factor and the scale of

an established system for periodic evaluation of foam quality. both hardware and consumable resources (and the people to
staff the action) is large.
If the preparation phase indicates a shortfall in available
resources to fit the tank-specific plan then management
The tank-specific planning phase determined the preferredshould review either the plan or the mechanism for obtaining
method of addressing the tank fire; this included the questiorresources and make appropriate adjustments.

Each tank-specific plan should identify how much of what

7.4.5 Foam Delivery Proportioning and
Application
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Figure 6—Gallons of Foam Concentrate Needed for Each Ten Minutes of Foam Application
at 1%, 3% and 6% Concentrations.

7.4.6 Tank Access Preparation Whenever possible, monitors should be situated so that they
can deliver foam to the tank surface without the monitor

A key review question in preparing access to tanks for fire being located within the diked area.

fighting is “Is it possible to get fire suppression equipment to
the site where it will be needed?”. Access to tank areas should
be assured by roads wide enough to permit passage of emef-4-7 Personnel

gency vehicles. Both primary and alternate routes should be Major tank fire incidents require many people. Staffing of

planned because it may be necessary to block certain roads il%gistics activities may involve many more personnel than

emergencies. Review of turning radii should ensure _that theactual on-site active fire fighters, especially if water supply to
routes chosen have adequate space for mobile equipment

clear pipe supports and equipment. Roads through tank ﬁeldt%??ot:rgki:”!:teal\)/iilr;ciaslg ?nmznmf btlLeepll;g](?:ozrs p#;mﬁ; rela}y.
: : : o , go
should be well drained and provided with sufficient turnouts : N o
. ; foam containers can require significant additional numbers of
so traffic can go both ways. Slightly elevated roads are pre- conle. The subbort personnel required mav outnumber the
ferred (and may be necessary) in areas subject to flooding. P tpl ) | _uppl dp fi quire b Y fu tu fth
Designated areas should be identified to position fire actual peopie involved In fire SUppression by a tactor of tnree
to five. Skills needed may include pipefitters, electricians,

trucks, high capacity foam monitors, foam pumpers and foam )
tenders. Review should consider potential for wind shifting h.e.av.y eqmpment .o.perators and others as needed by the spe-
cific incident conditions.

(and the unlikely effect of multiple tank incidents) on emer-
gency operations. Management may choose to make physical The incident response plan should estimate how many
modifications as part of a phased preparation program omeople will be needed for the suppression strategy chosen,
preparation may involve identification of heavy equipment Which specific skills or training are required, and from
and operators for use in emergencies. Another option is stockwhere they will come (on-site, call-out or mutual aid).
piling dirt so it is available to move with front-end loaders to Plans should include sufficient staffing to rotate people
build work areas at top-of-dike-level for large portable moni- (tank fires can last a long time) and consider fire fighter
tors or when access is required from multiple directions. “rehab” and medical care needs.
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Figure 8—Subsurface Foam Injection
Key people may have to respond from off-site (includ- In some facilities, arrangements are made for the fire or

ing members of the fire-fighting squads, IC, EOC and sup-emergency calls to be received at constantly-attended loca-
port personnel). Issuance of special company identificationtions, such as a laboratory, powerhouse, or main gate or
is desirable in order to assist passage through roadblocksemote coordination center. Special telephones are reserved

when proceeding to the facility during an emergency. for incoming emergency calls. A dedicated phone number is
selected, and decals showing this number are attached to all
7.4.8 Noatification Procedures facility phones.

A notification system should be in place to contact person- The attendant receiving the emergency call initiates the

nel with emergency response duties. This includes those witflarm procedure. The attendant should be trained for the duty

incident command or emergency operations center roles2Nd be supplied in advance with the following:

When a fire is reported, the procedure should include prompt * AN émergency call-out list for key personnel, local pub-
notification of lic fire departments, ambulance services, and doctors.

« The facility fire fighting and emergency team per- In some in_stances, an independent agency is used for
sonnel. handling this emergency call-out.
« Outside community or regulatory authorities requiring ~ * A set of written notification scripts specific to incident
notification. type and personnel or agency being notified.
+ Any outside mutual aid groups who may be called upon * An emergency communication system between the
to provide equipment, supplies or personnel. main office, the main gate, and other key locations. The
Consideration should be given to call-out of purchasing location and nature of the emergency will be

and warehouse personnel. Written procedures should be in announced over this system.
place to establish sequence and priorities for notification < A method for recording all calls (e.g., logbook, tape
depending upon incident needs. recorder, etc.) and time of notification.
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Figure 9—Three Monitors with Large to Very Large
Flow Capacity

¢ Checklists to ensure that all notifications appropriate to
the type of incident have been completed.

7.4.9 Traffic Control

Coordination with law enforcement agencies to establish
procedures for emergency response incidents is beneficia
High visibility incidents can draw large numbers of specta-
tors. Cooperation from the responsible police departments
helps plan for crowd and traffic control, especially when spe-
cial apparatus or extra foam concentrate is on the way. Thd
police may be able to escort mutual aid units who are unfa
miliar with the area, assist with any evacuations if they
become necessary, or provide a helicopter for an aerial vie
of the fire ground. Agreement on proper identification to
enable quick passage through traffic control by emergency®
response personnel and key staff can help avoid delays i

implementing on-site actions. Figure 10—High Capacity Monitor

7.4.10 Mutual Aid hose) and consumable resources (e.g. foam concentrate)?”

When workina with supolemental fire-fighting arouns. it is and: “Is there capability to access other mutual aid organiza-
9 bp ghting groups, tions for very large incidents?”. For both questions a key con-

important to establish which personnel will be in charge of sideration is: “How will this be accomplished?”. In reviewing

e_a_ch aspect of the fire-fighting act|v_|ty. h.c aI_I mutual aid par- mutual aid and outside assistance the facility management
ticipants use the same or a compatible incident management

system (ICS or IMS), then excellent functional tools will be should determine what arrangements need to be made in

available for this coordination. Where outside personnel haveadvance of an incident, and enter into agreements as needed

L T - - and appropriate. Dialogue within the mutual aid organization
some jurisdiction, it is beneficial to arrange for a unified com- . - . :
mand aporoach before the occurrence of an incident f should review the compatibility of equipment from various
_p_p o ) o © . participants and determine whether adapters will be needed to
Part|C|pat|on ina mutt_;_a_l aid qrganlzatlon can be benefICIaIfuIIy utilize available equipment. A compatibility review
and cost effeptlve for fa_c lities with tank storag_e of flammable should place special emphasis on hose types and connections
and combustible materials. Key questions during the prepara

. Y X . “(sizes, threads and coupling types) in a review of the water
tion phase are: “What capability is available from mutual aid ( pling types)

. ) . delivery system from the source to each appliance to be used.
in terms of people, equipment (e.g. pumpers, large diameter
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7.4.11 Third Party Arrangements of the plan. Understanding of facility emergency manage-

. ..__ment procedures is helpful. NFPA 1561 describes incident
Some facilities do not have accessible resources on-site Ofnanagement in terms which are satisfied by ICS

through public fire departments or mutual aid groups suffi-
cient to address a major (full surface) tank fire. In this situa-8 Implementing the Fire Suppression
tion, it may be appropriate or necessary to make advance Process
arrangements with third party firms who specialize in tank 8.1 GENERAL PROCESS FOR IMPLEMENTING
fire suppression. If so, consideration should be given to facil- FIRE SUPPRESSION
ity surveys as part of the contract arrangement. Most major
foam manufacturers can provide reference to firms in the Tank fires are complex events. Fighting them requires
business of contract tank fire suppression. implementation of plans (as described in Section 6 and
Appendix D), preparation (Section 7) and proper utilization
7.4.12 Resource Utilization, Tracking and of resources coordinated by an effective emergency manage-
Documentation ment organization (such as ICS). The following overview of
o _ the tank fire suppression process shoe 11 pre-
Whl_le incident command staff should monitor resources gymes that the planning and preparation stages have been
for incident management purposes, personnel representingione. Experience shows that safe and successful fighting of
the interests of the tank owner should also track and recordgnk fires can be achieved when based on this planning and
the resources brought to the site and used. This applies espgreparation. In simplistic terms, when the plan is in place the
cially to consumable materials such as foam concentrateSuppressic,n phase only requires implementing the plan. In the
Materials may arrive from suppliers, mutual aid participants, rea| world, workable and safe strategy and tactics are devel-
or third party firms. At the end of the incident this information oped and implemented at the time of an incident, based on the
will be useful for critique and essential for cost accounting. plan, conditions encountered and implementation progress as
monitored. If the plan is not achieving the desired results, the
7.5 TRAINING strategy and tactics should be changed accordingly.
The basic planning premise is that there will not be more

ments in the context of tank fire suppression the key questio _han one concurrent tank fire. While mf_requen_t, _multlple tank
is, “Do the people who are designated as responders have th [€S _do occur and pose more challenging qulstlcal and coor-
training needed to satisfy both functional and regulatory com- matl\(;\r/whprﬁb IerEsf_. ISSEGS I:;)t? N addrlizssef_d ”LCMde'

pliance needs?”. Training should be structured to develop an Ic Jan Iré should be attac_lebl Irst inquish_ all
effective emergency response capability while also providing Are adequate resources available to extinguish al

When reviewing emergency response training require-

. . ?
regulatory compliance. Personnel staffing the EOC should tanks" . )
have ICS overview training as well as specific training rele- ﬁlre7planned apparatus positions accessible and tena-
e’

vant to their EOC assignments. Training should include test- ] ]
ing the emergency plan. Fires in tanks of large diameter (more than 100 ft) also

Industrial firefighter selection and training are addressedP?5€ significant challenges. Section 6.7.9 and APl 2021A

in AP RP 2001, NFPA 600 and NFPA 1081 with regulatory provide insights into these challenges. Because of the amount

issues addressed in OSHA 1910.156 and 1910.120(q) Thos?f foam concentrate and the high water flow rates required for
personnel who will respond as firefighters to tank fire inci- ull surface suppression efforts, large fires may require many

dents should receive training specific to tank fires as well ashours to obtain and assemble the needed resources before

their normal fire training; several foam concentrate suppIiersf.‘g(~:]refssf'\/e er?rirgency oper:ﬂons (tj)eglﬂl V(;/'th ?hctual agpf)llca—
offer tank fire training in conjunction with fire training lon of foam. 1he resource aemand includes the need for a

schools. Responder training should include ICS training or large number of support personnel to manage, coordinate and

education appropriate to their emergency response role (Segeploy resources.
Appendix C).

As noted before, suppression of a major tank fire is a
resource intensive endeavor. Where possible, emergency
plans should arrange to have supplemental assistance avail- The first step in activating an incident response organiza-
able from outside fire departments or mutual-aid groups.tion is notification, using systems as described in 7.4.8. This
Hydrocarbon fire fighting, and especially tank fire fighting, is is followed by establishment of an emergency operations cen-
a specialized activity requiring experience and knowledgeter and then the Incident Command based on established writ-
outside the scope normally found in public fire departments.ten protocols as described in 6.2 and 7.2. Many facilities use
Training of key personnel from those organizations should bethese systems as normal practice to address even “minor”
made accessible where public department participation is paremergency situations. This provides practice and an opportu-

8.2 NOTIFYING AND ACTIVATING AN INCIDENT
RESPONSE ORGANIZATION
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Figure 11—Implementing the Fire Suppression Management Process
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nity to ensure that they will function as intended if need arises ¢

for a major incident response. .
8.3 GATHERING AND ASSESSING INCIDENT .
INFORMATION .

8.3.1 General

Incident-specific information gathered and analyzed during «
the course of a tank fire should be compared to existing plans
for that tank or to generic tank fire suppression guidance.
Assessment is a survey process gathering “real time” infor-
mation related to the situation as an incident evolves. This
ongoing assessment compares the status of fire suppression«
needs with resource availability to determine whether it is
necessary to assemble and utilize more or different resources. .
The example incident command data sheet for petroleum .

Floating roof material, type, and inherent buoyancy.
Whether fixed roof tanks (with or without internal float-
ing roofs) have weak roof seams.

Tank size and diameter.

Number and type of roof seals.

d. Situation—variable tank information

Position and condition of roof drain valves.

Volume of product in the tank.

Depth of water bottoms in tanks.

Condition of tank roof, shell, piping, and permanently
attached fire suppression systems (intact, functional or
damaged).

Product stored in the tank.

Boiling point of the contents.

Toxicity of the contents.

Possibility of boilover.

storage tank facilities in Appendix C along with the tank-spe- ¢ situation— operational options or needs

cific pre-incident contingency planning sheets (Fis 3a&
3b) provide examples of work aids which may be useful dur-
iNg size-up and situation assessment. .

8.3.2 Assessing the Tank Fire Situation

An initial response action for an incident commander is to
assess the situation. Information should be gathered quickly *
to develop an effective safe strategy to fight the fire. Some *
elements to consider are: .

a. Social-economic factors .
¢ Rescue—the need for rescue of any trapped or injured
people.
» Life hazard—the potential need for on-site or off-site
evacuation.
< Environmental impact.
« Impact on surrounding area.
e Corporate impacts.
b. Situation assessment (size-up)
Type of fire:
e Vent fire.
e Sealfire.

Is it possible to pump out contents of tanks (for exam-
ple, if extinguishment will be difficult)?
Can tank be pumped out without increasing hazards (if
a crude oil tank with water bottoms)?

f. Need for coordinating emergency efforts with on-site
operating personnel for efforts such as:

Shut fuel off (stop pumping into the tank).

Product transfer.

Pumping water into tank to displace fuel with water if
there is leaking near the bottom of the tank.
Stopping product mixers because of their detrimental
effect on the foam blanket (unless tank circulation can
delay potential for boilover).

0. Response options and resources
Fire-fighting resource availability, including the following:

Trained personnel.

Foam concentrate.

Water availability at the tank, including amount and
pressure.

Foam proportioning and delivery equipment.

Vehicle access.

h. Weather conditions

< Piping-connection fire.

e Seam fire.

¢ Full involvement.

o Overfill (spill) fire.

« Combination (tank and dike) fire.

¢ Multiple-tank fire.

« Exposures—the probability or possibility of extension
« Need for cooling water for metals exposed to flame.
« Status of tank and dike valves.

» Surface drainage.

c. Situation-types of tanks involved and their characteristics
(tank-specific contingency planning sheets can help): .
« Pertinent data from the facility plan.

« Whether the tanks have floating roofs (either open-top
or internal).
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Wind (can make foam application difficult and flame
impingement more likely, affecting initial and subse-
qguent placement of ground monitors and affecting
smoke impact).

Rain (can interfere with foam blanket and create poten-
tial lightning hazards).

Temperature (Freezing complicates water supply,
higher temperature generates more vapor; both stress
personnel).

i. Evaluating pre-boilover phenomena

The time to reach boilover depends on the amount of
material in the tank. Tanks holding wide boiling range

materials (such as crude oil) should not be pumped out
since pumping removes the buffer between the water
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layer and hot heavy ends. While the rate of descent of Adoption of the tank fire suppression guidelines presented

the hot layer varies, as a first approximation it can be should be based on applicable data from the facility to which

estimated to travel down from the burning fuel surface they will be applied as well as information presented in this

at the same rate at which fuel burns. Thus, the hot layemublication. No guideline can replace good fire-fighting judg-

will be as far below the surface as the burning surface isment. Many variables are present in every emergency and

below the original liquid level in the tank. From the sound on-the-spot judgment should be exercised in choosing

original tank level, the descent of the heat wave is twice a proper course of action.

the rate of burning. Irrespective of the response approach taken the appropri-
« In general, if foam cannot be applied successfully ate regulatory, community and corporate emergency notifica-

within 4 hours of the fire starting in a relatively full tions should be made.

crude oil tank, then the incident commander should

begin clearing the area within 10-15 tank diameters. 8.5.2 Passive Tactics

All personnel not part of the fire fighting efforts should

The tactics associated with the passive strate 6.6
be removed. P 9y (6.6)

consist of:
* Appendix G.2.1 provides further guidance for evaluat- . Eyacuating all personnel from the impact area of the
ing the potential boilover status of the tank. fire (or a boilover or explosion if a boilover or unstable
liquid is involved).

8.4 DEVELOPING INCIDENT-SPECIFIC STRATEGY e Taking any loss reduction efforts, such as pumping
AND TACTICS down the involved tank, that can be executed without

risking personnel. The temperature of the fuel that is

considered for “pumping down” should be mea-

sured. Care should be exercised to ensure that hot oll

is not put into a tank in which it will cause a hazard.

Using tank mixers in tanks not on fire can help avoid

localized hot spots.

Selection and implementation of strategy and tactics
should be accomplished by the incident commander and the
incident operations chief based on the facility tank fire sup-
pression philosophy, pre-incident tank-specific plans and the
assessment information from 8.3. Strategy relates to plan-

ning; tactics are the .phyS|.caI acts that accomplish the goals. Passive tactics should be considered if fighting a fire would
The three strategies discussed in 6.6 were: jeopardize personnel unjustifiably. The following are exam-
A passivestrategy involves no fire fighting activities; ples of situations that dictate a passive strategy:
the fire will be allowed to burn out and the area evacu- . Not enough personnel and materials are available for a

ated if necessary for personnel safety. safe and complete extinguishment attempt.

A defensivestrategy protects personnel and exposed equip- « Pumping out the tank is a viable option to reduce the
ment and allows the fire to burn out. time the tank will burn.

An offensivestrategy is an aggressive attack to attemptto « There is imminent danger of a boilover, tank failure, or
extinguish the tank. other life-threatening occurrence, dictating immediate
The strategy for fighting tank fires should be developed in evacuation of the area.

advance, as part of the facility emergency action plans (6.6 Without fire suppression mitigation, a boilover should be
and 6.7). The tactics used at a tank fire should implement the&xpected for full surface fires in crude oil tanks. For seal fires,
strategic plan, including the site philosophy regarding pump- neither boilover nor escalation would be expected.

ing out tanks. In some cases, conditions present at the time of

the fire (adverse weather, multiple tank involvement, exten-8.5.3 Defensive Tactics

sive ground fires) will not be anticipated in the tank-specific 5 toncive tactics might be chosen when there is little

plaq. The |nC|den_t operations chief can use the' plan as th%hance of extinguishing a tank fire but the area will not have

b_aS|s.for developing a strategy and tactics applicable to theto be evacuated. The fire fighters remain and take action to

situation encountered. confine the fire within the tank and minimize exposure dam-
age. Defensive strategy is appropriate when intervention can-

8.5 RESOURCE ASSEMBLY AND UTILIZATION— not immediately and safely influence the outcome of the
FIGHTING THE FIRE incident. If additional resources become available, the strat-
85.1 General egy could shift to an offensive one. Priorities for defensive

action are protection of personnel, protection of exposed
Resource assembly and utilization consists of staging,equipment and avoidance of excessive water runoff along
organizing, locating and using available fire fighting with other measures to protect the environment.
resources to achieve the strategic objectives set by the inci- Factors to be considered when using defensive tactics
dent operations chief. include:

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



30 API PUBLICATION 2021

* Whether the incident can be contained with available
resources without jeopardy to life or further jeopardy to
property. Can a controlled burn be maintained while
minimizing losses by actions such as pumping down
the tank.

Pumping down the level in a crude oil tank may be
inadvisable; it shortens the time for a hot layer to reach
water bottoms, but reduces the amount of material
which might be expelled from the tank. The same tem-
perature precautions noted in 8.5.2 should be observed
if transferring product.

* Flame impingement on adjacent tanks. This situation
may require immediate action to prevent the involve-
ment of additional tanks. Protective cooling streams
and transfer of products to safe tanks should be con-
sidered.

e Product characteristics, product levels, and levels of
water bottoms. These data should be readily available.

« Times until the potential occurrence of adverse events
should be estimated if boilover or vessel rupture are
potential hazards. In these cases a phased evacuation to
a safe area, according to the emergency plans, should
be considered. (Large-diameter tanks with boilover
potential may require pulling back 2000 ft or more
from the incident.)

e The status of all tank-roof drain valves. In most situa-
tions these valves should be kept open to allow firewa-
ter to drain and minimize the potential for sinking a
floating roof.

* The status of all dike valves. In most situations these
valves should be closed to localize the incident.

» The status of product-transfer or isolation valves should
be determined.

* Heat load on nearby tankage, equipment or structures

. should be evaluated. Heating by radiant heat is slower
than the combined radiant and convective heat from
impingement, but can lead to vapor release from adja-
cent tanks which might ignite and cause escalation.
Tankage downwind can receive convective heating at a
less severe level than impingement.

« Whether the scope of the incident justifies the risk asso-
ciated with an aggressive attack.

* Whether the facility uses a loss control philosophy
which accepts a controlled burn, in which exposures
are protected and losses are minimized.

e Mutual aid availability. Requesting mutual aid should
be considered if there is potential to access additional
resources and shift the strategy to an offensive one.

Examples of defensive tactics include the following:

* Preserve the integrity of permanently attached fire-
fighting systems by cooling the tank’s foam lines and
chambers, sprinkler or water spray systems, and fire
isolation valves until attempts can be made to extin-
guish or control the fire.
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Test exposures with a “hose stream heat test”. If
water from a hose stream does not “steam” no fur-
ther cooling is normally needed (but the area should
be checked periodically to verify the heat load on the
vessel or structure while concerns persist). Since lig-
uid acts as a heat sink the greatest concerns involve
flame impingement above the liquid level on any
tanks. Consideration should be given to the nature of
the tank contents: volatile materials can generate sig-
nificant quantities of vapor at tank shell temperatures
below 212°F and some sensitive materials may expe-
rience heat-initiated reactions.

Cool flame impingement areas immediately, with the
following priorities:

1. Exposed pressurized tanksgCool the area
exposed to flame or heat above the liquid level to
maintain structural integrity and lower the vessel's
internal pressure. Use portable water streams or per-
manently installed cooling water systems where
available. Apply supplemental water application
from hose streams or monitors directly to the point
of flame impingement (at ca 250 to 500 g/min) to
cool the area and prevent localized failure. Vessel
failure resulting in a BLEVE has been documented
to occur in as little as 10 minutes. Cool areas of
direct flame impingement on vessels that may be
caused by flames from pressure-relieving devices.
Cooling of the vessel may reduce the pressure
enough to permit the PRV to close.

2. If pressure fires are not impinging, they normally
should beextinguished by blocking in the fuel at the
source Extinguishment of the fire while the leak is
still releasing fuel under pressure can lead to the for-
mation of a vapor cloud and subsequent ignition.

3. Exposed atmospheric tankBrotect by cooling
the roof and the tank shell above the liquid level if a
“hose stream heat test” indicates the metal tempera-
ture is above the boiling point of water. Roof valves
on floating roof tanks should remain open to avoid
sinking the roof with firewater. High priority should
include cooling the area of flame impingement
above the liquid level on horizontal tanks (which do
not have frangible seams).

4. Exposed product line valves and flangaslted
flanges and repair clamps have exposed bolts that
lengthen when exposed to flame impingements or
high heat loads. Gaskets exposed to high heat can
fail, resulting in the release of more fuel to the fire.
Cooling of these areas should be coordinated with
extinguishment efforts. Product pipeline valves have
high priority for protection from the outset because
they may have to be operated (opened and closed)
during fire-fighting operations. This is especially
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important if a product pump-out or subsurface injec- CAUTION: Personnel should avoid walking in a foam blan-
tion through the product line is to be attempted. ket covering fuel. If the foam blanket is disrupted, reignition
5. Exposed product pipinglf product piping is can occur and result in injury.

blocked in, it can fail when exposed to flame ) ) ) o
impingement or high heat loads. Maintain flow  ° When there are multiple tank fires, the first priority

through piping, if possible, to carry away heat and should be to extinguish fires that pose the greatest haz-
reduce risk of failure. ards to life or property (for example, one creating
« Use appropriate tactics for radiant heat. Evaluate impingement which could cause a potential BLEVE) or
non-impinging radiant heat exposure using the “hose those that can most easily be extinguished (for exam-
stream heat test”. Experience shows that water walls ple, the smallest).

and water curtains should not be used for radiant < During the application of fire-fighting agents, the effec-
heat exposure because they waste water and are of tiveness of the attack should be monitored so that it

questionable effectiveness. To mitigate the effects of may be altered, if needed.

radiant heat, water must be applied directly to the « After a reasonable period of time has passed in a foam

surface requiring protection. Radiant heat protection application attempt, a check should be made to deter-

generally is not a high priority. Periodic application mine whether the fire’s intensity has decreased recog-

of cooling water from hand lines to the exposed area nizably or whether the smoke’s color has changed. If

is usually sufficient to supply protection. not, reevaluation of the tactics may be in order. Using
the application rates specified in NFPA 11, this change

8.5.4 Offensive Tactics should occur within 20 to 30 min.

Offensive tactics (attack techniques) are generally used ° When fighting seal fires, extreme care should be exer-
when adequate resources (personnel and materials) are avail-  Cised not to overload and sink the roof with the weight
able. They include attacking the fire, removing the fuel source of foam and water. Hand lines are preferred over
(e.g. pumping out), and other actions intended to put out the ground monitors as the method of foam application for
fire completely. Fire-fighting personnel should be familiar rim seal fires.

with the equipment, agents, and procedures. Successful sup- For most incidents there are several offensive tactical
pression of the fire requires effective delivery of the proper approaches that can lead to a safe, effective extinguishment as
extinguishing agent (foam type) at recognized application discussed in the following sections.
rates for the required duration.

The following factors should be considered when an offen-g 55 Tank Vent Fires
sive attack on a tank fire is contemplated:

- Sufficient supplies and equipment should be available Fires at the vents of fixed roof tanks can be extinguished
to apply foam at the recommended rates for the Speci-With low risk to personnel and minimal resultant damage if
fied time duration. (If foam is applied at rates below addressed properly. The general design principle for pressure
those recommended the potential for fire extinguish- and vacuum vents is to fail open in case of failure of any com-
ment is low with a high probability of simply wasting ponent (but that is not mandatory for low pressure vessels).
the foam.) Assuming that the majority of vents will fail in the “open”

« Weather conditions should permit extinguishment. mode in case of fire, this means that if a Teflon seat or other
(Wind and rain can destroy foam blankets and limit the heat-sensitive part fails due to exposure to fire, the valve can
reach of fire streams.) continue to vent products and therefore remain a fuel source.

* When foam is applied to a hot burning viscous lig- The following provides guidance for evaluation and
uid (for example, an asphalt fire), a slopover should suppression:
be expected and contingency plans made (see
appendix G). o _ 8.5.5.1 Vent Fire with Yellow-Orange Flame and

e If a wide boiling range liquid has experienced pro- Black Smoke
longed burning and if a heat wave has established then
significantly higher (twice or more) foam application A fire at a tank vent that is burning with a yellow-orange
rates may be necessary K-1 and NFPA 11).flame and emitting black smoke indicates that the vapor/air

When there is a dike fire as well as a tank fire, typically the mixture in the tank is “fuel rich” (e.g. above its flammable or

dike fire should be extinguished before extinguishment of theexplosive limits). This type of fire may be extinguished with
tank fire is attempted. dry chemical fire extinguishers.
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8.5.5.2 Vent Fire with Snapping Blue-Red, Nearly
Smokeless Flame

A fire at a tank vent that is burning with a snapping blue-
red, nearly smokeless flame indicates that the vapor or air
mixture in the tank is flammable or explosive. As long as the
tank is breathing out through the pressure-vacuum valve, the
flame cannot flash back into the tank because of the high-
velocity flow through the valve.

This type of fire can be handled in one of the two follow-
ing ways if other methods prove to be ineffective:

¢ In many cases a pressure reduction in the tank (caused
by cooling) can snuff out the fire when the pressure-
vacuum valve closes. When the tank is exposed to fire,
this can be accomplished by applying cooling water to
the tank roof and shell. If pumping into the tank is pres-
surizing the tank, a pressure reduction can be obtained
by stopping movement into the tank or pumping mate-
rial out of the tank. As there is no guarantee the vent
will close “bubble tight” there may be vapor leakage
and a need to follow-up with a hose or dry chemical.

e A positive pressure is maintained in the tank by intro-
ducing fuel gas. When a fuel-rich condition is indicated
by change of flame character (see 8.5.5.1), extinguish-
ment may be accomplished with dry chemical.

Following any vent fire, vents should be inspected, refur-
bished or replaced as needed. Personnel reviewing the situa-
tion should recognize that if the vent has been damaged that Figure 12—Foam for Seals Flowing into Foam Dam
there may be continued release of flammable vapors resulting from Permanently Installed Foam Chamber
in continuing fire or environmental concerns.

weather shield onto the tube seal envelope or below the
secondary seal onto the primary seal). NFPA 11 covers the
implementation of these design options in detail.

8.5.6.1 Rim Seal Fires in External Floating Roof If permanently installed foam protection for the seal is not
Tanks provided, it will be necessary to fight the fire with portable

Success in extinguishing rim seal fires approaches 100% hequment. Foam hose ;tream; (sgmenmes n con!unctlon
there is no other associated damage (such as a pontoon explW—'th hand-held dry chemical .extm.gwshers) may be (jlrected
sion) and the if suppression efforts don't sink the roof through INt© the seal area from the wind girder or the roof. If it is the
excessive use of water. Experience shows that rim seal fire§"@Ctice to use the wind girder as access for fighting seal fires,
can burn for extended periods (in some cases as long as sef€" handra|I5) and/or appropriate fall protection
eral days) with no progression to involve the full tank surface. Should be provided for emergency response personnel to pro-

The use of ground monitors is considered inadvisable for seaf€Ct 2gainst falling hazards.
fire suppression because of the difficulty of directing foam to ~ Many rim seal fires have been extinguished whta ih.
the seal and risk of excess water sinking the roof. It is impor-foam handlines. When large portions of the seal area are
tant to achieve complete extinguishment and cooling of theinvolved, it is preferable to have at least two hose streams
seal components as smoldering of Class A materials (fabricworking around the wind girder in opposite directions. A new
rubber) can lead to reignition. class of portable foam monitor is available which can be
Two general types of permanently installed foam sup- attached to the rim of the tank at the platform re 14).
pression are intended to extinguish fires in the seal arealhis can direct a foam stream from the platform against the
One type, used in conjunction with a foam ure inner wall of the tank to flow down to the seal. E
12), supplies foam above the seal assembly (mechanical Before emergency response personnel walk on a roof to
shoe seal, weather shield or secondary seal). The otheattack a rim seal fire a situation size-up should be conducted.
type discharges foam below the topmost assembly (belowPreferably, these personnel will have a small diameter (such
the mechanical seal onto the liquid fuel, behind the as %/2 in.) foam handline for both protection and fire sup-

8.5.6 Rim Seal Fires
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Figure 13—Elevating Platform Showing Access from
Above Tank Rim

pression. The size-up should consider the variety of hazards

that may be involved. It is important to establish that the com- Figure 14—Special Portable Monitor Attached to Edge

partments near the rim area are gas free so that heat in prox-  of Floating Tank Roof to Fight Rim Seal Fires

imity to a flammable compartment does not result in a

compartment fire or explosion. reduce personnel hazards from the hot metal. Foam may have
_ . _ difficulty sealing against hot steel walls if there has been free-

Note: Under certain conditions the space above a floating roof up to, , ning flame impingement for a significant period of time.

the rim may be a “permit-required confined space” under the _ . ] . . . e

employer's safety rules or the OSHA 1910.146 confined space stanBliStering or discoloring of the shell paint will indicate the

dard. need for supplementary cooling water, as will a “hose stream

. . test” (Appendix N.4.1.a).
An evaluation should be made for the facility. Some loca- N : .
Directing large straight streams of foam or water into

tions include generic evaluation in their emergency response
procedures based on the action required and the tank configl.}-he flammable product at the damaged roof seal should be

ration. Appropriate personal protective equipment can then beav?'de?' L:"S car; cregltg personnterzll h?za’rd_s ?r sp:asglprod—
specified. If the roof is not floating there may be a flammable Uct ONto the root-and increase the hires intensity. Also,

mixture in the tank and personnel should not be allowed toregardless of th.e type of foam concentrate being uged,
walk on the roof. good foam-making nozzles should be used. Hand line

If burning in the seal area beneath the stairway platformWater nozzles generally will not produce optimum results,

. eyen with AFFF. When dry chemical fire extinguishers
prevents access, foam can be applied to the area by eleVatenave been used to put out a rim seal fire there should be
platform devices fitted with foam nozzles (Figuré 13) or with ~d 1o p )
foam wands brought up the stairs. In another approach, hanEPHOW'Up application of.foz_m.] to secure the potentially
lines can be used to dissipate heat while foam is directed Ont(gamaged seal area and inhibit vapor release.
the seal area so that fire-fighting personnel can gain access 9562 Rim Seal Fires in Internal Floating Roof
the platform. Caution should be exercised, however, to pre- Tanks
vent excessive amounts of foam from flowing onto the roof
and sinking it. If the roof is equipped with a foam dam the = Because tank design and construction limits access to the
probability of this problem is reduced. The roof drains should tank interior, rim seal fires in internal floating roof tanks are
be open. Ideally, someone should be watching the foam applivery difficult to extinguish. Permanently installed foam sys-
cation from an elevated position. If the seal fire has beentems provide means for foam application and are installed on
burning for some time, it may be necessary to apply coolingsome tanks. Without such systems, essentially the only access
water to the outside of the tank shell to inhibit reignition and to apply a suppression agent is through small vent openings at
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before foam application begins. Foam concentrate availability
should be integrated into the planning phase.

8.5.7.1 Topside Application

When topside application is appropriate, several applica-
tion methods are open to consideration. These include perma-
nently installed foam systems, high-capacity foam monitors,
telesquirts (boom mounted monitors) and elevated platform
devices fitted with foam nozzles. Primary protection for many
tanks in service depends on traditional semi-fixed foam
chamber systems with high-flow-rate portable foam monitors
as a backup. Others consider large monitors a viable first-line
approach, especially for very large tanks. An alternative,
which has been installed on some tanks, uses multiple foam

the top of the tank or through the roof hatch. Some firefightersmonitors permanently attached to the periphery of the tank.
have used small diameter piping placed through the vents Where the fuel is gasoline, containing alcohol or other
with the intent to direct foam down the internal wall of the OXygenates at 10% or less, the foam application rate does not
tank to the seal, however, since internal floating roofs are builthormally need to be increased from that appropriate for gaso-
without foam dams there is no built-in mechanism to direct line itself. NFPA 11 specifies application rates of 0.10 gal/ft
foam to the seal area; application from multiple locations (4 /min-P) for permanently attached foam chamber installa-
may be needed. In addition, most vents have screens to prdions and 0.16 galAt(6.5 l/min-n?) for over-the-top applica-

tect the openings, impeding access; typically, these fires ardion using monitors. Some tank fire experts advocate
addressed on a case-by-case basis. Covered external floatifg@nificantly higher application rates in the range of 0.2t0 0.3

Figure 15—Wind Girder with Handrail Provides Safe
Fire Personnel Access

roof tanks may have foam dams. gal/ft? (8 to 12 I/min-m) using high flow-capacity ground
monitors. NFPA 11 permits higher application rates for
8.5.7 Unobstructed Full Liquid Surface Fires shorter times, but planning for not less than 70% of the rec-

Without Sunken Roofs ommended time.

Full liquid surface fires where there is not a sunken roof 8.5.7.2 Topside Application for Polar Solvents

are challenging but less complicated than when there is a Topside T Il f hamb lication to full-surf
sunken roof. These fires typically occur in fixed roof tanks opside Type 1l foam chamber application fo full-surtace
where the roof has separated at a frangible (weak) seam anféres m_cone-roof tanks containing polar solvents is effective
no longer obstructs the tank. A floating roof flooded with fuel only W'Fh foams that are approved or tested for such use.
These include approved alcohol-resistant AFFFs or FFFP.

on fire (but where the roof has not sunk) is really a special_l_h d tein-based. alcohol-resistant f :
case to be addressed in a manner similar to the “sunken roof”, € older protein-based, alcohol-resistant foams require spe-

case, with special care being taken not to sink the roof. cial equipment that provides very gentle app”c"?‘“‘)'f‘ (NFPA
) . o Type 1) to the surface of the polar solvent. Application rates
When the product involved in a full su_rface fire IS @ CON 4 polar solvents vary with the solvent and the type of foam
yentlonallhydrocqrbon, thgre are two options for- e.xtln.gwsh- concentrate used. Where fuels with special needs (such as
ing the fire: topside application or subsurface injection of

; o . _ .methanol or ethanol) are involved the application rate is gen-
foam. Topside application provides the option to use protelnera”y increased to 0.20 gabf(8 /min-n®) or more. The

foam, FFFP foam, FP foam, and alcohol-resistant foams Ot manufacturer should be consulted regarding the recom-
AFFFs approved for the purpose. Subsurface injection is lim-

; ; mended application rates, and expansion ratios, for specific
ited to FP foam, FFFP foam, AFFF, and alcohol-resistant

o o polar solvents because these rates are generally much higher
AFFFs specifically approved for subsurface injection use. Forthan those required for hydrocarbon products.

fires involving a strong polar solvent requiring an alcohol-
type foam, NFPA 11 states that the extinguishing technique i
limited to topside application. Before foam is applied to a
tank, the minimum quantities recommended in NFPA 11 for  Subsurface injection into hydrocarbon storage tanks has
the method and duration of application should be availableproven successful on numerous occasions. Tanks may be
on-site (or enroute with reliable delivery by time needed). equipped with engineered foam injection and distribution
Some experienced emergency response personnel reconsystems, use fittings added to existing product lines to the
mend that sources be identified for twice the quantity calcu-tank, or have adapters added to tank appurtenances such as
lated for one extinguishment, and that quantity be on-sitemanway covers. Foam injection must be above any water bot-

8.5.7.3 Subsurface Injection
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tom in the tank. Even in initially dry tanks a water bottom and fall back into the tank. On other occasions, only pieces of
will be created during subsurface injection. Subsurface injec-the separated roof may remain intact on top of the tank. The
tion may require special procedures for water withdrawal resulting fire usually involves the entire surface area of the
both before and during subsurface injection. Special high-tank except where obstructed by the remaining roof. There
back pressure foam makers are required for subsurface injeamay be fire “hiding” below roof segments.
tion, and hydraulic calculations are necessary. Depending on The roofs of internal and external floating roof tanks can
its design, the foam maker will generally tolerate back pres-sink for a variety of reasons. Where the roof is internal, gas or
sure at the discharge of the foam maker equal to 20 to 40% ofapor can cock the roof causing it to buckle and sink or
the inlet pressure. The back pressure generally consists of thgllowing liquid to overflow the rim. Since this introduces
head pressure in the tank and the friction loss of finishedflammable material into the ventilated air space between the
foam in the piping between the foam maker and the tankfixed and floating roofs the typical result is an explosive mix-
injection point (see NFPA 11). ture in the vapor space below the fixed roof. If this is ignited
The flow velocity of the foam in the inlet piping to the tank the fixed roof may stay intact or it may separate in one of the
is also critical. In the case of flammable liquids, this velocity various scenarios described for fixed roof tanks without inter-
should not exceed 10 ft (3 m) per second, based on theal floating roofs. Also, if the tank seals are not vapor tight,
expanded volumetric rate. Combustible liquids will tolerate a during filling the vapor space in an internal floating roof can
velocity of up to 20ft (6 m) per second. NFPA 11 provides be in the flammable range. If lightning strikes during this time
detailed guidance with charts to determine foam velocity. an explosion can result. Filling operations should be avoided
Subsurface injection may require multiple injection points when the probability of a lightning storm is imminent.
depending on the product involved and the diameter of the External floating roofs can sink due to flotation failure
tank. NFPA 11 provides application information. These fac- caused by pontoon or double deck malfunction, mechanical
tors should be examined and calculated before any commitfailure or by excessive weight from rainwater or firewater.
ment is made to using subsurface injection. This information |rrespective of the sinking cause, the roof becomes a
should be integrated into tank-specific planning. barrier between the bottom of the tank and the surface of
Subsurface injection usually extinguishes the center of athe burning fuel. This impedes or prevents foam from
tank fire first and the rim last. Observation from grade level reaching the burning fuel surface if subsurface injection is
may show a great deal of flame, which is the fire in the shellattempted. Otherwise, the suppression efforts used for top-
area. Elevated platforms or helicopters can sometimes proside foam application described in 6.5.4 are applicable.
vide a view into the tank to better evaluate progress. Difficulty will be experienced if a portion of the roof
Subsurface injection is not recommended for strong polarobstructs full access to the burning surface. Extended foam
solvents requiring alcohol-type foam. MTBE, ETBE and sim- application may be required to seal the obstructed area and
ilar weak polar solvent materials should be reviewed with the prevent burn-back reignition. This may require much more
foam supplier as special cases based on their water solubilitfoam concentrate use than calculated in accordance with
volatility and physical characteristics. the ideal NFPA 11 minimum.

8.5.8 Obstructed Full Liquid Surface Fires with 8.5.9 Fighting Ground Fires Around Tanks

(Wholly or Partially) Sunken Roofs When fighting ground fires around tanks the initial con-

Full surface fires with a full or partially sunken roof can cerns are for containment of hydrocarbon, cooling impinge-
occur where tanks have fixed roofs, internal floating roofs or ment of pressurized and heat-sensitive storage and preventing
external floating roofs. If the tank is equipped with a roof that ignition of tanks which are not on fire. This becomes more
has “inherent buoyancy”, one that is a double deck or annulassignificant when multiple tanks share one diked area. Person-
pontoon roof then the likelihood of causing a full surface fire nel should confirm that all dike water drain valves are closed
by fire fighting operations and flooding of the roof is reduced. to prevent spread of fuel and the fire. Cooling water should be

Fixed roof tanks have a vapor space between the liquid surapplied to flame-impinged metal as soon as possible. Empha-
face and the underside of the roof. If the vapor space is in theis should be placed on impingement above the tank liquid
flammable range at the time an ignition source is introduced,level, especially for pressurized tanks. If material stored in an
an explosion will occur. If the tank is constructed in accor- affected tank is especially heat sensitive it should also receive
dance with API Std 650, the roof should separate from thepriority. The “hose stream heat test” can be used to determine
shell at the frangible seam joint. The roof usually separates irthe need for cooling of tanks subject to radiant heating with-
one piece. Depending on the severity of the internal pressurout direct impingement. Some infrared remote temperature-
ization or explosion the roof will vary from a “fishmouth” a measurement instruments may be useful.
few feet long to a fixed roof which is blown completely away =~ When the immediate concerns have been evaluated and
from the tank shell. Sometimes the roof will lift into the air addressed, eliminating the replenishment of fuel for the
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ground fire should be attempted by isolating the source ofnumbers, sizes, and range of the equipment should be

fuel in one of the following ways: matched to the risk. The procedure for fighting fires in diked
« Closing pertinent valves under the cover of water spray areas is to extinguish and secure one area and then move on to
streams where needed for personnel protection. extinguish the next section within the dike. This technique

» Displacing enough product with water to produce a should be continued until the complete diked area has been
water leak rather than a product leak (if the leak is from extinguished. In establishing the required delivery rate for the
a tank or its piping). If this method is used, the water foam solution, it is not necessary to consider applying foam
pressure must be greater than the product pressure ito cover the total diked area simultaneously. Ground fires
the line or tank. Care should be exercised to avoid over-around tanks should be controlled or extinguished before an
filling the tank. attempt is made to extinguish tank fires. For personnel safety
Various valves (dike valves, roof drain valves, and water reasons it is not advisable for firefighters to enter the pool
bottom drain valves) are important means of isolating fuel. area, even when the fuel surface is blanketed with foam.
It is a high priority to control these valves. Although it is
possible to extinguish some pressure fires involving a leak8.5.10 Protecting Adjacent Tanks

of fuel gas or liquefied petroleum gas, this should be done . e . o
only by shutting off the fuel source. All hydrocarbon Cooling water should be used with discretion. Fire fighters

vapors (other than methane) are heavier than air. Extin are trained to use cooling water on exposures; confronted
. . . " ‘with a tank fire, they may respond by cooling all adjoinin
guishing a gas fire without fuel shutoff may result in the w : y may resp Y g joining

formation of a hazardous vapor cloud. Sufficient wind may tanks. This is usually not needed and may adversely affect

L . attempts to extinguish the fire. Depending on the size of the
dissipate a leak while a gentle breeze may move a vapor, P xtingul I pending 1z

cloud toward an ignition source. For detailed information fire, tank spacing and wind, cooling of adjacent tanks is typi-
concerning fightingg fires in and around pressure vesselsca”y unnecessary unless there is direct flame contact or suffi-
see AP| Publs 2510 and 2510A. cient radiant heat to scorch the paint. The “hose stream heat

Wh tank taini hiah-flash-point duct | test” can be used to determine the need for cooling, as dis-
€n a tank contaning a high-flasn-point proauct IS . .ceq in 8.5.3. When this test shows that tanks do require
exposed to ground fires, it is important for personnel to be

f th ibility that a f ble mixt ted | cooling, water streams should be fanned on the sides and
aware of the possibility that a flammable mIXIure created in . ¢ for pest results; this does not apply to the roofs of float-
the tank might be ignited by the hot metal of the tank shell.

L2 L .~ ing-roof tanks where excess water should be avoided to mini-
Small ground fires involving liquid products may be extin-

ished with drv-chemical extinauish ided th d mize the potential for sinking the roof.
guished with dry-cnemical exunguishers, provided the prod- Although radiant heat does not seriously damage tank
uct is not exposed to reignition by hot metal and the fire

fighters can address the problem without walking in pooled shells below the liquid level, several concerns may dictate the
r:gdrocarbon In some caszs it ma V\tl)le gs;,ivble Itogulse F\)/vater tgeed for cooling adjacent tanks:
fIZsh the roauct to a safe Iocatio)r/1 wh?are extinguishment or Heat on shells of cone-roof tanks (with or without
control mg be easier. Reignition is likely if sou?ces of igni internal floating roofs) that contain combustible lig-
: y T Relg y 9 uids may bring the vapor space of the tank within the .
tion have not been eliminated. v
: N . flammable range. :
The typical strategy for extinguishing a large ground fire is . Lo
X ; . Heat on shells of tanks that contain low-flash-point lig- -
to apply a foam blanket; however, with materials (such as die- : :
. ) N o uids may generate enough vapor to cause the tank pres-
sel fuel) having flash points well above 100°F (38°C) or, . :
oo sure to rise beyond the vent capacity and cause tank
more specifically, above the temperature of the water used, . ; .
L . . failure. Tanks constructed in accordance with API Std
extinguishment can be achieved with water spray alone.
o 650 have a weak roof-to-shell seam that allows the roof
Proper application of water cools the hot product surface
to separate from the tank shell to serve as an emergency

below its flash point while steam evolved from vaporization . .
. . S vent. If caused by fire exposure this can be expected to
of the firewater helps to exclude air. When vaporization of the . .
result in a full-surface fire.

product stqps, th? fire goes out . ) « Floating-roof tanks when heated may leak vapor which

Three-dimensional fires such as flange leaks or mixer fires S

S . could ignite in the seal area.

generally have to be extinguished with an agent such as dry
chemical unless sufficient foam or water can overwhelm the .
. . R . 8.5.11 Cooling Water
fire and cool the metal, preventing reignition. Simultaneous
application of dry chemical and foam may be effective for ~As discussed in the previous section, water used for
these cases. Foam should be used to extinguish large grountboling exposures should be used with discretion. Exces-
fires or ground fires that could endanger personnel attemptingive water use reduces the available fire-fighting volume
to use dry-chemical extinguishers. Where monitors and handand pressure. It also can overtax sewers and drainage
lines are used, a study of the most favorable tactics should beitches and flood the fireground, making fighting the fire
made assuming the whole dike is involved. The necessarymore difficult. Also, if diked areas are flooded, empty or
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near-empty tanks may float from their foundations. These
factors should be considered in fire planning and training

so that water is used judiciously. Care should be exercised
during the simultaneous application of cooling water and «
foam to ensure that the cooling water streams do not dis-
rupt the foam blanket. There have been instances in which
concurrent use of water has disrupted or washed away
foam blankets and hindered extinguishing efforts. This
prolongs the extinguishing efforts and wastes foam.

8.6 ONGOING SITUATION ASSESSMENT AND .
ADJUSTMENTS

Evaluation of the ongoing situation should provide fre-
guent information to the operations chief and incident com-
mander who can use this information to evaluate the
effectiveness of the response and modify the strategy, tactics
and resources if needed (see Figurg 11). This assessment step,
allows the observations of field personnel to be integrated into
the overall action plan. This information will be provided to
the emergency operations center for their use concurrent with
fire suppression field activities. This should include observa-
tions regarding tank temperatures, movement of heat layers
and observed phenomena as discussed in 8.3.2.i, 8.5.5 and '
Appendix G.

8.7 CONTROL OR EXTINGUISHMENT

Some tactics applicable to fires in all types of storage tanks

should be considered:

* All dike and ground fires near a burning tank should be 8.8
extinguished before attempting to fight the tank fire;
otherwise, reignition of the tank may occur.

e Cooling water streams should be directed at the
exposed shell above the liquid level of the burning tank. .
This will help keep the shell erect and prevent it from
folding inward and preventing foam or dry chemical
from reaching the product surface. It also assists the
foam blanket in sealing against the shell. However, a.
balance between cooling and foam blanket dilution
should be maintained.

« When there are simultaneous atmospheric tank fires,
foam should be applied only to the tanks for which
there is sufficient foam concentrate on hand for an
attack at the recommended foam rates for the recom-
mended period of time. This will decrease the possibil-
ity of failing to extinguish any of the tank fires as a
result of an insufficient application rate or depletion of
foam supplies.

e If the burning tank is fitted with permanently
attached foam connections, they should be protected
with cooling streams to keep them intact until foam
can be applied.

8.9

will damage more of the tank shell. If the chances of
extinguishment are good, the pumping-out probably
should not be undertaken.

In some situations it is not feasible to fight a tank fire
because of insufficient water, foam, personnel or
foam-producing equipment. Accepting a burnout
while protecting adjacent exposures may be the only
available option in these instances. Under these con-
ditions, pumping out the tank to recover the contents
is recommended.
“Control” of a fire is considered a reduction in fire :
intensity of approximately 90%. For “extinguishment” -
the fire should be completely out. With tank fires in’
which a portion of the roof is in the tank this may take
as much as several days of periodic foam blanket
renewal to put out pockets of fire behind portions of the
distorted top.

When the goal is extinguishment, consideration should
be given to what to do with a damaged tank partially
full of a volatile product. Usually, foam blankets have
to be renewed periodically until the tank contents can
be salvaged during the “overhaul” process.

If the fire involved a tank holding boilover-potential lig-
uids the temperature should continue to be monitored
after the fire is extinguished. As discussed in Appendix
G.2.1, theory suggests the heat wave generated while
burning might continue downward after the surface fire
is extinguished.

OVERHAUL AND REMEDIATION

The final stage in any fire is “overhaul”. Overhaul ascer-
tains that the fire has been completely extinguished and that
the area is safe from reignition. Overhaul of a tank fire
includes disposing of the remaining product and preventing
its reignition. Care should be exercised to avoid all possibili-
ties of ignition sources in the vicinity of an extinguished tank.
Volatile product may remain in the tank, and until full cooling
is achieved the hot metal can cause a foam blanket to deterio-
rate rapidly, exposing volatile vapors to potential sources of
ignition. A foam blanket should be maintained on the surface
until the product has been safely removed. Fire watch crews
should be on standby with the proper foam equipment in
position until this exercise has been completed. Since salvage
can take many days there should be provision for continuing
foam supply availability. Conditions should be supervised
and controlled to prevent reignition. Incident Commanders
should be aware of the possible reignition of vapors due to the
static-generating potential of fire streams.

INCIDENT TERMINATION

When the tank and its contents are cooled to ambient tem-

« Pumping out tank contents while preparing for foam perature and the hydrocarbons removed or contained to elimi-
application will help salvage some of the product but nate an opportunity for reignition, the last of the fire
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suppression resources can be released. Before release, in@nly. Events relating to the cause should be reserved for a dif-

dent operations personnel should ensure that they know théerent forum since the investigation typically is not complete

names of the participating groups and individuals. Mutual aid and reported at this point.

leaders should be provided a critique sheet and asked to pro-

vide input for their areas of involvement. A log should be g Investigation, Reporting and Follow-Up

made of the specific equipment and apparatus responding and

which was put into service. To the extent possible an accountg 1 |INVESTIGATION

ing tabulation of consumable materials provided by mutual

aid should be made. While this may be maintained elsewhere, Incident investigation is both an art and a science. Typi-

records from the incident site are valuable for verification.  cally, emergency responders do not do this. A team with the
Hazardous material concerns need to be addressed as thgoper skills should seek causes close enough to “root

site moves into the scope of an environmental conservationcauses” so that effective prevention changes to systems can

concern. The incident command structure may continue tobe implemented. Information from the tank specific planning

function with different individuals taking the modular roles of sheets (Figura b), the incident command data sheet

incident commander and operations chief to deal with the (Appendix C) and the incident documentation data sheet and

HazMat issue instead of fire suppression. At this time thesummaries from the critique are valuable resources.

environmental reporting and community relations interfaces

may move to their normal contacts from the EOC if it is 9.2 REPORTING

demobilized. ) )
Feedback of results to management, operations and engi-

8.10 CRITIQUE neering functions should provide the level of information
o o needed to accomplish their functions. Where findings have
Ideally, soon after the incident termination (no more than aya|ye to industry or society a mechanism for sharing should
few days) representatives of all response participants shoulghe gone. The API (and other industry associations) can often
be invited to a critique session. The goal of this sessionprgyide an appropriate forum. Sharing general investigation

should be to determine how well the facility emergency resyits with the groups that provided emergency assistance
response organization(s) functioned with the mutual aid or n,rtures mutual aid and community relations.

other outside responders. How effective was the fire suppres-

sion,.z:;md h0\_/v could it be improved in thg fu_ture? The tank-g 3 FoLLOW-UP

specific contingency plan, plus the ICS incident data sheet

and info from the EOC can be useful aids in the critique. This  Follow-up based on results of an investigation is a manage-

session can “fill in the blanks” and clarify time-line sequence ment function. Follow-up could include changes in facility

of events which may be helpful in understanding “why things operations, emergency response equipment and procedures or

happened the way they did” during the response as well as fofacility configuration. Typical goals are providing safety for

investigating team use. personnel, the community and the environment while protect-
The critiqgue session is for reviewing activities relating to ing assets. For some incidents these goals will have been met

the fire suppression response and emergency managemeand no follow-up action will be deemed necessary.
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APPENDIX A—DEFINITION OF TERMS USED IN THIS STANDARD WHICH ARE IN
GENERAL USE IN THE PETROLEUM INDUSTRY

A.1l autoignition temperature:  Minimum temperature  A.6 flash point: The lowest temperature at which a liquid
to which a fuel in air must be heated to start self-sustainedgives off enough vapor to produce a flammable mixture with
combustion without a separate ignition source. This meansair immediately above the surface. A source of ignition is
that, should a leak occur on a line containing a petroleum prodneeded for flash to occur. When this temperature is above
uct above its ignition temperature, ignition can occur indepen-ambient, vapors will ignite but will not continue to burn until
dent of an ignition source. heated to the “fire point”. The flash point temperature can be
very low for volatile petroleum products; for instance, the flash

A.2 boiling point: The temperature at which the vapor . L : N o
pressure of a liquid equals the surrounding atmospheric presPOInt for gasoline is typically quoted as about —45°F (-43°C).

sure. For purposes of defining the boiling point, atmosphericA.7 flammable liquids: Have closed cup flash points
pressure shall be considered to be 14.7 psia (760 mm Hg). Fdoelow 100°F (37.8°C) and vapor pressures not exceeding 40
mixtures that do not have a constant boiling point, the 20%psia (2068 mm Hg) at 100°F (37.8°C). Liquids with vapor
evaporated point of a distillation performed in accordance with pressures above 40 psia (276 kPa) at 100 °F (37.8°C) are con-
ASTM D86 shall be considered to be the boiling point. sidered gases by NFPA.

A.3 classes of fire: NFPA 10 classifies fires based on the 1. Class IA-flash point below 73°F (22.8°C) and boiling
fuel involved—either type A, B, C, or D. Fire extinguishing Point below 100 °F (37.8°C)

agents are often identified by this system based on the type of 2. Class IB—flash point below 73°F (22.8°C) and boiling
fire for which they are effective (i.e., a dry chemical fire extin- point at or above 100°F (37.8°C)

guisher may carry a Class ABC rating where a pressurized 3. Class IC—flash point at or above 73°F (22.8°C) and below
water extinguisher carries only a Class A rating). 100°F (37.8°C)

solid materials such as wood, coal, paper, rubber, and®f above 100°F (37.8°C)

many plastics. 1. Class llI-flash point at or above 100°F (37.8°C) and
* Class B fires are those involving flammable and combus-below 140°F (60°C)

tible liquids and gases such as gasoline, crude oil, 2. Class IlIA-flash point at or above 140°F (60°C) and
asphalt, alcohols, LPG, and hydrogen. below 200°F (93.4°C)

» Class C fires are those involving energized electrical 3, Class IlIB—flash point at or above 200°F (93.4°C)
equipment. While electricity is not a fuel, it represents a ~ OSHA uses NFPA definitions for flammable and combusti-
significant hazard to firefighters if improper (electrically ple in most general industry standards. Alternate systems using
conductive) extinguishing agents or methods are used.140°F (60°C) as the dividing point between flammable and
Once the electrical circuit is de-energized, the fire is thencombustible appear in ANSI/CMA Z2129.1-1994 and the regu-
treated as a Class A or B, depending upon the fueljations of the U.S. Department of Transportation and the
involved. United Nations. The NFPA classification system is used in this

+ Class D fires are those involving combustible metals document and is widely used for facility-based fire protection
such as sodium, potassium, aluminum, magnesium, lith-purposes in the USA. For regulatory compliance purposes
ium or zirconium. (including labeling for off-site transportation) reference should

A4 fire point. The temperature (usually a few degrees be_made to the specific regulations or codes governing the
above the flash point) at which a liquid produces enough""Ct'VIty of concern.

vapors to sustain combustion. A9 jet fire: A leak from a pressurized system which
ignites and forms a burning jet which might impinge on
other equipment causing damage. [Ref CCPS Guidelines
for Safe Automation of Chemical Processes. In 7.2.4 for
vinyl chloride monomer, the jet length in rough terms is
about 150 times the jet orifice diameter—a jet from a 2 in.
hole could produce a burning jet about 30 ft long.]

A5 flammable range: A range of vapor-to-air ratios
within which ignition can occur. The lower flammable limit
(LFL) is the minimum vapor-to-air concentration below which
ignition cannot occur. Atmospheres below the LFL are referred
to as too lean to burn. The upper flammable limit (UFL) is the
maximum vapor-to-air concentration above which ignition
cannot occur. Atmospheres above the UFL are referred to a®\.10 pool fire: Fuel from a release which forms a pool
too rich to burn. Flammable ranges can vary widely, as illus-which when ignited can burn with a flame height two or
trated by flammable vapor-to-air ranges for gasoline (1.4—three times the diameter of the pool. [Ref CCPS Guide-
7.6%) and acetylene (2.5-100%). lines for Safe Automation of Chemical Processes, 7.2.4]
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APPENDIX B—UNITS OF MEASUREMENT

Values for measurements used in this document are genemumber. Where specific code or test criteria are involved, an
ally provided in both English and Sl (metric) units. To avoid exact mathematical conversion is used. The unit “gallon”
implying a greater level of precision than intended, the sec-refers to US gallons.
ond cited value may be rounded off to a more appropriate

Table B-1—English to Metric (SI) Units of Measure Relevant to Tank Fire Suppression

English Unit Metric Unit Conversion Factor
Fluid Volume
Gallon, g (US gallon) liter, | 19g=3.7851
cubic decimeter, d fr(e.g. 1 liter) 19g=3785dm
cubic meters, fh 1 m3=264.29g
Barrel (bbl) Cubic meter, 1Dbbl=0.16 rA
1bbl=42¢g 1 m3=6.3 bbl
Density of Foam Application
Gallons/ minute/square foot, g/mir/ft liters per minute per square meter, I/miA-m 1 g/min/f = 40.746 I/min-rA
4.075 l/min-m = 0.1g/min/ft
Volumetric Flow Rate
Gallons per minute cubic meters per hour 1000 g/min = 227 Rihr
Liters/minute = I/min 1000 g/min = 3785 I/min
Pressure
pounds per square inch, psi mm Hg 1 psi=51.7 mm Hg
pounds per square inch, psi pascal, Pa 1 psi = 6894.757 Pa
pounds per square inch, psi bar 1 psi = 0.0689 bar
bar 1 bar = 1®Pa
pounds per square inch, psi kilopascal, kPa 1 psi = 6.895 kPa
Length
Foot, ft Meter, m 1 foot = 0.3048 m
Inch, in. Meter 39.37in=1m
Area
Square feet, % Square meters, M 12 =0.0929 M
1n?=10.76 f
Temperature
Degrees Fahrenheit, °F Degrees Celsius, °C (e.g. Centigrade) | (°F-32)/1.8 =°C
Heat
BTU/hr Watts, W 1BTU/hr = 0.293 W
BTU/hr/ft2 kW/m?2 1 BTU/hr/i2 = 3.155 W/
1.00 kW/n# = 317 BTU/hr/f@
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APPENDIX C—INCIDENT COMMAND SYSTEM (ICS)

C.1 ICS Overview » Making timely mandatory notifications of federal, state

. h hat the inci - or local agencies.

an Ee);f%i?i\ejgcteo ; ?(\)Arlssstl?;t:ore\slnr(;gginr:gc?rrgnr?ar:?n(s))r/s:)ir-gi;tels Normally the person responsible for operations in the area
where the fire has occurred takes the lead role for any needed

incidents to major emergency events requiring outside help Itemergency shutdown operations. An alternate should be iden-

s espe;cially app ropriate for resource intensive incidents Su?r}ified in case the responsible person is not available. Supervi-
as major tank fires. The Incident Command System (ICS) iSgjo ot the actual fire fighting is the responsibility of the

an integrated management system for emergencies such %Rcident Commander or a designated alternate as incident

fires, hazardous material spills, .multl-casua“y incidents, Operations Chief. Coordination between the persons in these
earthquakes, floods, etc. ICS provides a management struc-

. ' o STUGyo roles facilitates safe and effective fire control.

ture with defined modular roles for coordination of facility A “Notional Incident Command Data Sheet For Petro-
perso.nnell and operati(?ns, local fire dgpartments, mutual aiqeum Storage Tank Facilities” is included in this appendix.
organizations, and equipment responding to an emergency. Each facility will need to determine and develop the

Many locations designate facilities and staff to function as ppropriate tools for implementing their own incident
an Emergency Operqtlons Center (EOC). The EOC (see 6. anagement system. This sheet provides examples of the
and 7.2) addresses incident-related management needs nﬁ}pe of information required. Typically there would be
specific to the incident mitigation strategy or tactics. These

nclude int linterf ith ivolved tional unit more comprehensive aids for the logistics of managing
Include internal Intertace with hon-involved operationat units staging areas, tracking personnel assignments, and manag-
and external relations with the community, regulatory agen-

. . . ing the many varied incident needs.
cies and th? media. Incident Command may operate from the ICS satisfies OSHA and EPA regulatory requirements as
same location as the EOC but frequently is situated in closquII as conforming to NFPA 1561,

prox?mity o the incident site v_vhile m_aintaining close com- Written policy, procedures, and training requirements for
gug:a;;tarn (;V)::]n:hﬁ.ci?; Thlt?\ péﬁ;/é?e:nfgncﬁfsnﬂnasiva; dindustrial fire brigades are specified in OSHA Subpare,

9 imunication Wi gency. resp . Brigades(1910.156) andHazardous Waste Operations and
process operatlong personnel as well as providing useful 'SoEmergency Respons@azWoPer,1910.120q). Specifically,
Iat|or_1 from d|stra<;t|011_. .. . . useof ICS is mandated by OSHA for industry in HazWoPer.

Fire Suppression 1s only one aspe(_:t of hand_llng fire inci- On March 6, 1990 the EPA extended mandatory use of ICS to
dents. An incident command system incorporating an emer ;4o paid and volunteer fire departments (40 CFR Part

gency operations center can be used to manage a wide ran%ell)' ICS also satisfies the requirements of NFPA 1564,

of related emergency activities which are coordinated with Department Incident Management System

emergency response personnel, which can include: A study by the National Fire Service Incident Management
Implementing emergency action and evacuation plans. consortium resulted in the introduction of the term Incident
» Accounting for personnel from the area affected by the Management System (IMS). This work was based on revi-

incident. sions to the widely used Incident Command system (ICS)
» Providing rescue and first aid for the injured. system to accommodate a combination of various emergency
* Shutting down equipment and rerouting fuel from the management systems including the NFPA/Phoenix Fire
fire area. Department Fire Command system.
¢ Performing special emergency maintenance work.
« Controlling utilities. C.2 Incident Command Data Sheet

* Providing auxiliary traffic control and security.
« Managing firewater usage during emergency opera-
tions.

Incident command data sheets help organize data acquired
in the initial stages of an incident and from the tank-specific
. _ _plans. They serve not only as “things-to-consider” checklists
Transporting and staging reserve personnel and fire-, ;; 5150 as a convenient, organized place to record important
fighting equipment. ~ data. They provide a means of keeping track of assignments
* Maintaining a system to account for personnel working given to specific units on the fire ground. The sample chart
in the “hot zone™. illustrates the kind of information an incident commander
* Providing rehabilitation areas for response personnel. may need as an incident develops. The data sheet provided is
* Ensuring liaison among all the emergency activities.  not currently in use by any specific organization. Each facility
» Providing for media communications and public or organization should develop forms that fit their operations.
relations. Mutual aid organizations may choose to develop an incident
» Providing for backup operating personnel. data sheet used for all mutual aid responses. The sample chart
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Incident
1. Location

2. Date and Time

3. Other Information/Medical/environmental needs

Exposures: 1) 2) 3) 4)

Staging Area
5. Resources in staging area: Apparatus

Personnel:

Location of staging area:

Fire: Brigades
7. Equipment

8. Personnel: Available: Required:

9. Radio frequencies and mobile telephone numbers:

10. Officer(s) in charge

Storage Tank Involved
11. Type

12. Diameter, ft (M) 13. Liquid surface a#éa?jt
14. Attached equipment

15. Drains (and status)

16. Time to pump out

Product
18. Name

19. Flash point °F (°C) 20. Specific Gravity 20 ¢Hl1) 21. Vapor Density

Fire Protection
22. Semi-fixed Systems g/min (I/min) Flow Required

23. Access for subsurface injection? g/min (I/min) Flow Required

24. Portable Systems g/min (I/min) Flow Required

25. Other Devices

Water Supply
26. g/min (I/min) and pressure available at tank, PSIG (Bar, kPa)

27. Auxiliary sources of water

28. Water needed, g/min (I/min) for: Tank Exposures Ground Fires
Foam Concentrate:

29. Type Required 30. Source

31. Amount required, G (L): Tank Ground Fires

32 Amount available, G (L): on-site Mutual Aid or Supplier

33. Time when sufficient supply in hand to start offensive attack on tank:

34. Special apparatus required & source

Other Information
35. Unit Assignments

36. Specialized Equipment

37. Police 38. Other

39. Attach notes, drawings & Survey/Planning Sheets (and MSDS as required)

Figure C-1—Example Incident Command Data Sheet for Petroleum Storage Tank Facilities

has been reduced in overall size to fit on one page. Often théncident management. Documenting and managing the
information needs may require much more space evolvingstaging area (listing personnel and apparatus in the stag-
into a set of sheets. Fig 3a 3b can serve as a usefulg area, the location of the area, and related data) will
companion to this sheet. Data gathered during the incidentypically require expanded listings. The logistics function
can be helpful during the critique and investigation phases. will need to know details of resources arriving or accessi-
Exposures of adjacent facilities or the community to ble to responding units. Unit assignment tracking will
radiant or convective heat or combustion products shouldrequire more space than shown. Information regarding
be identified early for consideration in developing strat- personnel in rehabilitation and units out of service is
egy and tactics. Management of resources is the key tcequally important. Information on pump-out time for a
successful ICS implementation. Radio frequencies, storage tank may be useful in determining attack, salvage,
mobile telephone numbers and the name(s) of theor burnout strategy.
officer(s) in charge of responding fire brigades are key to
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MANAGEMENT OF ATMOSPHERIC STORAGE TANK FIRES 45

Incident command data sheets differ from the incident mutual aid or fire department personnel to maintain familiar-
documentation data sheet discussed in Appendix D. The comity with the installation and promote good relations with the
mand sheet is suitable for use during an incident. The incidentocal fire brigade and management.
data sheet is provided to recommend data that should be col- Design of the system for managing this information
lected before, during, and after an incident. It provides infor- should recognize the need to ensure that the information is
mation of value for incident investigation and documentation. current. Information related to equipment and geography
Access to Incident Management Information tends to change infrequently. Data relating to personnel may

Once planning activities have been completed, the infor- change frequently. Electronic storage for general access with
mation should be maintained in a system from which it can bea limited number of hard copies along with separation of spe-
readily accessed. The urgent time demands of emergencgific personnel data may prove to be most easily managed.
response require quick reference to data during the course of
an operation. Reference should be independent of electricaC.3 Incident Command Training

power and personnel staffing. For ICS to function effectively, training and education of

Current facility maps should be maintained with incident . . .
i . . . all personnel (including management) who will assume ICS
response information. Depending on the complexity and scale

of the maps obtained from a facility, it may be advisable to roles is important. Training information on ICS is available in

X . . oo ' . publications from the Federal Emergency Management
draw fire service versions, indicating routes, fire protection o . . .
. . Administration (FEMA), the National Fire Academy, Okla-
features, terrain,. If this is done, however, both sets of map

should be available in the command post to ensure that Cc)m_oma State University’s Fire Protection Publications and in
: . P NFPA 1561. In 1999 the FEMA-IS-195, Basic Incident
plete and accurate information is available.

o Command System-Independent Study course was available
The complete and finalized plan data (a book or other sys- . . i

. . on the FEMA internet web site as a free download at http:/
tem, maps, and so forth) should then be incorporated in regu-

Y ; o www.fema.gov/EMI/is195Ist.htm.
lar training sessions. Also, periodic walk-through tours
should be conducted by emergency response and off-site
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APPENDIX D—INCIDENT DOCUMENTATION DATA SHEET

D.1 Introduction « Dependable data are needed for a critique after the fire.
Such a review is necessary to appraise the effectiveness
of the emergency response efforts and the strategy and
tactics used.

When foam is used, data are needed at the start of the
fire for calculating the required foam application rates
and total amount of foam concentrate needed.

The incident documentation data sheet is provided to rec-
ommend data that should be collected before, during, and
after an incident involving a tank or the area around a tank.
Additional data for the specific site may be desirable and
should be added to the data sheet. The data will be of use if

o o el e s . e T sample cident documentaton data et (Fgure
P Y gnting. D—1) is provided as a guide. Copies of this sheet (or a sim-

gﬁfjatgarls\iﬁtbtﬁ:2212?;:?: ]fr';?nt?]aevagjrﬁ;e v;hztinhappenelz%r one) should be used in conjunction with the tank-spe-
P 9 ppening again. cific planning sheets (Figu3a 3b) as planning and

simulated tank fire drills are conducted. Data sheets should

D.2 Tank Fire Incident Documentation be readily available for emergency use.

Despite the turmoil of excitement at a major tank fire,
recording facts at the scene is important:

a7
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Location: Fire Exposure Protection
1. Company name 39. Was Cooling water used on exposures?
2. Street Address 40. Estimated cooling water rate
3. City State  Zip 41. What was cooled?
Time: 42. Total amount of cooling water used
4. Fire first detected: 43. Did cooling water prevent damage?
5. Fire reported: Fire Sizeup
6. Fire personnel arrived on scene: 44. Was roof in place throughout fire?
7. Fire suppression started: 45. Did roof sink?
8. Fire “under control” 46. Was there a ground fire in dike?
9. Fire out: If “Yes”, area, sq ft ()
10. Emergency personnel released: 47. Did fuel leak from piping?
Weather 48. Was fire contained within tank?
11. Temperature 49. Probable ignition source?
12. Humidity Foam Application
13. Wind strength & direction 50. Foam Available: (Fluoroprotein
14. Sky conditions 51. Polar/Alcohol Resistant, AFFF, FFFP, Synthetic
15. Precipitation Other
16. Lightning? 52. How was foam applied?
Tank 53. How was foam proportioned?
17. Type of Tank 54. What foam was used?
18. Diameter, ft (m) 55. What percentage of concentrate?
19. Roof type: Cone Open floating roof 56. What was foam application rate?
Covered floating roof 57. When was foam started?
20. Dike: 58. When was foam stopped?
21. Type of Seals: 59. Total amount of foam concentrate used?
22. Foam dam? 60. Source of water?
23. Automatic Detection? 61. Water pressure: psig (Bar) at
24. Automatic Actuation? Salvage & Overhaul
Material in Tank - Fuel: 68. Time Pump-out started
25. Type of Fuel 69. Time Pump-out stopped
26. Reid Vapor Pressure (RVP) 70. Pumpout rate
(Attach fuel-specific detail/information) 71. Quantity of fuel recovered
27. Initial Tank Temperature, °F, (°C) Other Information
28. Level in tank at start of fire, ft (m) 72. Brief Description of Fire: Vent_ Seal _ Internal
29. Water bottom in tank, ft (m) Seal _ Full Surface Unobstructed___ Full Surface
30. Level in tank at end of fire, ft (m) Partially Obstructed_ Piping___ Ground Fire in
31. Heatwave settling rate, in./hr (cm/hr) Dike_ Other__
32. Boilover or frothover? 73. Lessons Learned.
33. If “Yes”, Time & extent 74. Diagram of Fire Area: (attach)
(Attach detail) 75. Narrative of incident sequence (attach)
Fire Suppression Available 76. Person completing report:
34. Foam Chambers on tank shell Name
35. Subsurface system Role at Incident
36. Catenary system Phone
37. Other Permanently attached foam - Type? e-mail
38. Portable ground monitors 77. Date summary prepared
Monitor type Capacity

Figure D-1—Example Incident Documentation Data Sheet

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



APPENDIX E—TYPES OF STORAGE TANKS

E.1 General

Design and management of storage tank facilities is
addressed in API standards. APl Stds B28ign and Con-
struction of Large, Welded, Low Pressure Storage Tankls
650 Welded Steel Tanks for Oil Storagee important refer-
ences for refinery tank design. APl Spec Btlted Tanks for
Storage of Production Liquidsovers bolted steel tanks used
in oil production. Management of tank facilities to reduce fire
risk is addressed by other publications referenced in Section
2. While this publication specifically addresses atmospheric
tanks, typical storage areas may also contain pressurized
tankage. Other API and NFPA standards address this more
specialized storage.

E.2 Fixed Roof Tanks Figure E-1—Fixed Cone Roof Tank

Fixed roof tanks are vertical steel cylinders with a perma-
nently attached roof. In the petroleum industry these are typi-
cally cone shaped but can be flat or domed.These tanks have &
vapor space between the liquid surface and the underside of
the roof. On larger tanks, 35 ft (10 m) and greater in diameter,
the roof is constructed with a weak roof-to-shell joint (see
API Std 650 for the design of frangible roofs) so that in event
of an overpressure (such as from an internal explosion) the
roof will separate from the vertical shell to prevent failure at
the bottom seam which would release the entire tank con-
tents. Fixed roof tanks are typically used for storage of com-
bustible liquids with flash points greater than 100°F (38°C).
However, this is not always the case, and on occasion they aref =
used for liquids with lower flash points, including crude oils,
polar solvents, and contaminated combustible liquids. A par-
ticular hazard associated with fixed roofs occurs if a normally
non-volatile stock such as diesel becomes heated by radianh E-2— L ow-P Tanks without Weak S
or convective heat from a source such as a nearby ground firg ‘9 ¢ =< -OW-FTESSUIE fanks without ¥veak Seam
or tank fire, causing the vapor space to pass into the eprosivE3 Vertical, Low-Pressure Fixed Roof

range. This phenomenon should be considered when prefire Tanks without Frangible Roof Seams
planning various scenarios. Fixed-roof storage tanks may be

heated when used for storage of heavy residual products such Tanks without weak seams should be designed and con-

as asphalt or bunker fuel (but heated tanks are not within thestructed in accordance with AP1 Std 620 and be operated with

scope of this document). See RP 2023. metal temperatures not exceeding 200°F (93°C) and with
Fixed roof tanks may have open vents or be equipped withpressures not exceeding 15 psig (1 kdjcrfianks without

a pressure-vacuum vent to prevent the release of vapors duweak seams tend to be smaller tanks used in process areas or

ing small changes in pressure resulting from changes in liquidspecialty storage areas.

level or temperature. Vents may be equipped with environ-

mental controls for capture of fugitive emissions. Fixed roof E.4 Horizontal Fixed Roof Tanks

tanks also may be equipped with emergency vents, or a fran-

gible roof seam may be used intentionally for emergency s

venting

Above ground horizontal atmospheric tanks are normally
mall capacity [40,000 gal (150,000 I)] or less. They are con-
structed in a manner comparable to small vertical tanks with a
fixed roof. NFPA 11 recommends against use of fixed foam
chambers on these tanks.
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Figure E-3—Horizontal Tanks

Figure E-4—Close-up View of Bolted Tank Seams

E.5 Bolted Seam Tanks

Fixed roof, bolted-seam tanks are used in oil production
applications for storage of crude oil and oil field liquids. o
API Spec 12B covers material, design and erection E.6 Internal Floating-Roof Tanks
requirements for these vertical, above-ground tanks. The An internal or covered floating-roof tank has a perma-

nominal capacity range in which these tanks are used isnent fixed roof with a floating roof inside the tank as
from 100 to 10,000 barrels (16 to 1,608)mBecause of  shown in Figure E-5.

their construction, bolted tanks have a potential for three-
dimensional fires. The sealing between shell plates is

Figure E-6a—Open Top (External) Floating Roof Tank

Internal floating roof tanks may have vertical supports -

- . : within the tank for the fixed roof or have a self-supporting f
dependent on rubber or elastomeric material which cang, o yoof. The internal floating roof rises and falls with

melt. Fuel leaking from the seams may burn and run downchanges in liquid level, just as does the roof in an external’

the ‘a'.’k shel!. These fires may require suppression LISIngtloating roof tank. Internal floating roofs can be constructed

an extinguishing agent such as dry chemical. to API 650 Appendix C or H. They can be plastic, aluminum
or steel. The deck of the internal roof may be supported by
pontoons or float directly on the liquid (a contact roof). Con-
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Open top (no fixed roof)

Overflow drain Access hatch
Deck leg Gauge hatch/
sample port
Vacuum breaker / (Su(:gognl;lelg)emle
Rim seal ~ Gauge float
—)
=

Rim vent Tank shell
(if required)

Figure E-6b—Open Top (External) Floating Roof Tank Diagram

tact decks can be constructed of aluminum sandwich panelspperational purposes. The construction of many open top
pan steel (either with or without pontoons) or fiberglass rein- floating roof tanks includes a foam dam (conforming to
forced plastic. Non-contact decks are the most common typeNFPA 11) which is provided to hold foam at the periphery to
in service. They typically are constructed of aluminum. The extinguish fires in the seal area. Large crude oil storage tanks
fixed roofs of these tanks are freely vented with the expecta-are typically of open floating-roof design.
tion that the vapor space will be below the flammable limit.
Only the steel annular pontoon or double deck type roof hasE 8  Domed External Floating—Roof Tanks
“inherent buoyancy” when used in an internal floating roof )
application. Double seals are not required on internal floating Domed external (or covered) floating roof tanks are func-
roof tanks and most do not have double seals. tionally similar to internal floating roof tanks created by retro-
fitting an external floating roof with a dome. This usually
results in a heavy steel annular pontoon or double deck float-
ing roof which has “inherent buoyancy” and is built to
Open top floating roof tanks, as the name implies, are verti-Appendix C of AP1 650. Consequently, sinking of these roofs
cal steel cylinders with a roof which floats on the surface of is much less likely than for a conventional covered floating
the liquid in the tank which is open to the atmosphere aboveroof tank.
the roof.The roof may float on pontoons or have a double Domed external (or covered) floating roof tanks are very
deck for flotation. The floating roof rises and falls with the similar to an internal floating roof tank with a much more
liquid. A sealing system for the annular space at the roof’s sturdy floating roof. They have the heavier type of roof used
periphery edge is used to restrict evaporative losses of thén open floating roof tanks, and a fixed dome-shaped roof.
product. Modern external floating roof tanks have double Typically, these tanks result from retrofitting an open floating
seals to minimize vapor releases of potential environmentalroof tank with a fixed roof. The rim seal structure and roof fit-
concern. The floating deck is penetrated by fittings that servetings remain the same as an open tank. The function of the

E.7 Open Floating—Roof Tanks
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. . ) Fixed-roof center vent

Peripheral venting typically

provided at the eaves Fixed roof
(self-supporting
aluminum dome)

Rim seal

Rim vent Tank shell
(if required)

Gauge float
Vacuum breaker
Solid guidepole

Deck leg (unslotted)

(pontoon area)
Gauge hatch/

Deck leg sample port

(center area) Access hatch

Figure E-7—External Floating Roof Tank with Dome

Figure E-8—Spheres Adjacent to Tanks

fixed roof is to serve as a wind and rain barrier (not typically during the planning process they should be addressed as
for evaporative emission control) and like other internal float- potential exposure concerns. They are often located in areas
ing roof tanks they are freely vented to the atmosphere. adjacent to atmospheric tanks, as show E-8.
Appropriate LPG references from API are in Std 2510, Publ

2510A and Publ 2030. Relevant NFPA publications are,
NFPA 30, NFPA 58 and NFPA 15.

E.9 Spheres

Pressure spheres, typically used for flammable liquefied
gases, fall outside the scope of this publication. However,
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APPENDIX F—FIRE PROTECTION CONSIDERATIONS RELATED TO FLOATING ROOF
TYPE AND DESIGN

F.1 The Role of Floating Roofs in Fire stand before sinking. In addition, certain types of aluminum
Prevention roof components can melt. Even an aluminum contact-type
roof which does not melt will sink below the fuel surface if
even small amounts of firewater are discharged on it. In addi-
tion to the problem of the weight of fire water on the roof,
some forms of aluminum and plastic roofs will melt wherever
they are not cooled by being in direct contact with (or
beneath) the liquid surface. These become full surface fires.

important both for fire protection and during suppression. Since the support structure impedes free flow of foam agent
The floating roof substantially reduces evaporation by o Co '
the difficulty of suppression increases.

reducing the liquid surface exposed to the atmosphere (in ) i
open floating roof tanks) and in the vapor space of internal _Another advantage of a inherently buoyant floating roof
floating roof tanks. Because the design limits the exposedAP! 650 Appendix C or H steel double deck or annular pon-

area a fire is limited to the seal gap between the floating roof ") iS apparent if the roof can be assumed to be resistant to
and the tank shell, as long as the floating roof is buoyant. ThisSiNking. Then the sizing of the foam and/or fire fighting sys-

gap normally represents less than 2% of the total tank area. [[€MS: if any, can be based only on the surface area of the rim
a seal fire progresses to the full circumference, the floatingSPace and not on the full area of the tank surface. This applies

roof keeps the fire contained in the rim area which average§f a semi-fixed foam system_ will be ir_13ta||ed. Thege ro_ofs can
only 8 in. wide. While a rim seal fire is serious, it is a far less Withstand some foam solution flooding before being in jeop-

serious event compared to a fire which escalates into a ful@™dy Of sinking.
surface fire. Nearly all rim fires are extinguished safely if the ~ Although steel annular pontoon and double deck roofs
floating roof doesn't sink (i.e., remains buoyant). meeting APl 650 requirements are highly resistant to sinking
The importance of inherent buoyancy cannot be overem-during fire flghtlng events if they have tight aCCess covers, they
phasized. There are many different floating roof materials andcan have problems too. Experience shows that about the time
designs established both by the market and by the desigfloating roofs are 10 years old there is increased possibility that
standards. Floating roofs conforming to API 650 may be con-one or more of the compartments may have a corrosion hole or
structed of aluminum or Stee|; however’ not all roofs are fatigue crack. In this case an explosive mixture can form in the
equivalent for the purpose of fire prevention. The design stanCompartments. In a few rare instances external floating roof
dards do not guide the user as to the type of roof that is besftanks with double deck steel roofs have had full surface fires
suited for fire prevention and protection. when struck by lightning because one of the compartments
In response to a rim seal fire, emergency response persorgxploded. Another problem with leaking compartments is that
nel may put excessive amounts of foam and water on thef & rim seal fire develops a compartment could explode, poten-
tank’s floating roof. This concern increases when there are ndially endangering fire fighters and jeopardizing the buoyancy
foam dams to contain foam in the seal area. Excessive foamOf the ﬂoating roof. This problem is more serious in external
water solution can overload and sink the floating roof. If this floating roofs because of the prevalence of lightning as an igni-
happens, the resulting full surface fire becomes more difficulttion source. For internal floating roofs the problem is partial

(and expensive) to extinguish. Concerns with roof flooding l0ss of buoyancy. Then if a rim fire develops the roof can
are especially relevant when municipal firefighters without buckle due to excessive loads from both the fire water-foam

‘Tank designers consider the floating roof to be the single
most important design variable affecting the potential for, and
severity of, a tank fire. A “perfect” floating roof, one that has
what is often called “inherent buoyancy”, cannot easily sink.
The following describes why an inherently buoyant roof is

tank fire fighting experience or training are in command. solution and the presence of breached compartments. The
In order to have inherent buoyancy the roof must satisfy potential for problems of this type can be reduced through
these requirements: focused inspection and maintenance.
* Dbe constructed of steel. There are inherent buoyancy—vulnerability issues with
* have bulkheads. other types of steel floating roofs. There are pan designs and
* have liquid tight sealed compartments. open topped compartmented designs. The open topped design
« have sufficient numbers of compartments to meet theis similar to an annular pontoon but without a cover on top of
requirements of API 650. the compartments. Neither of these designs has inherent

Lightweight aluminum and plastic roofs cannot meet these buoyancy because liquid can fill the roof and sink it; on cov-
requirements since they cannot withstand the weight of theered floating roofs the source of liquid would be water/foam
foam-water solution. APl 650 requires the buoyancy of a applied during fire suppression. For the pan, a single small
floating roof be equal to a fixed percentage of its dead weighthole can allow product to flood and submerge the entire roof.
Therefore, the lighter the roof, the less weight it can with- The open top design is designed to withstand 2 flooded com-
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partments; while this is more buoyant it does not have inher-  For the purpose of pre-incident planning, the tank should
ent buoyancy. Without the cover it is weak under stress andbe treated as a fixed roof tank with potential for a full surface
can buckle. It can also be sunk, if while attempting to fight a fire, unless the roof is a steel annular pontoon or double deck
rim fire, there is flooding of the compartments which are openroof meeting Appendix C or H of API 650.

to the firewater-foam stream.
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APPENDIX G—SPECIAL HAZARDS ASSOCIATED WITH TANK FIRES

G.1 General

The inherent properties of hydrocarbon materials pro-
cessed and produced in refineries present several unique haz-
ards related to hydrocarbon storage. Some of these

phenomena have the potential to cause substantial damage.

These should be addressed while designing fire prevention
programs and planning for emergency response.

G.2 Boilover

Boilovers are serious, potentially life-threatening, events.
Tanks may burn quietly and uniformly for many hours and
then, suddenly and without warning, erupt and eject great vol-
umes of burning oil above the rim of the tank. A burning froth
wave may travel over the ground away from the tank at
speeds up to 20 miles per hour G-1). In extreme
cases, substantial amounts of flammable liquids can be

expelled creating a serious hazard for hundreds of feet sur-
rounding the tank. The height of the burning column of

expelled material may be as much as ten times the diameter *

of the tank.

- Boilover is defined in NFPA 30 as “an event in the
burning of certain oils in an open-top tank when, after a
long period of quiescent burning, there is a sudden
increase in fire intensity associated with expulsion of burn-
ing oil from the tank. Boilover occurs when the residues
from surface burning become more dense than the
unburned oil and sink below the surface to form a hot

layer, which progresses downward faster than the regres- °

sion of the liquid surface. When this hot layer, called a
‘heat wave’, reaches water or water-in-oil emulsion in the
bottom of the tank, the water is first superheated and then
boils, almost explosively, overflowing the tank. Oils sub-
ject to boilover consist of components having a wide range
of boiling points, including both light ends and viscous
residues. These characteristics are present in most crude
oils and can be produced in synthetic mixtures.”

An example of a synthetic mixture, which might have

The tank must contain free water or water-in-oil emul-
sion, typically at the tank bottom or on top of the
sunken roof. This situation is not uncommon in tanks
used to store crude oil. It can occur in other ambient
temperature heavy oil storage.

The oil must contain components with a wide range of
boiling points including both a heavy, high molecular
weight, viscous fraction and light ends (e.g., like crude
oil, but not like gasoline). When the lighter components
have been “distilled off” by burning at the surface, the
viscous oil remaining on top [even at a temperature of
300°F (149°C) or higher] is more dense than the oil
immediately underneath. This residue sinks below the
surface and forms the layer of gradually increasing
depth (the heat wave) that advances downward at a rate
of 1-4 ft (0.3-1.3 m) per hour. The heat wave is the
result of the physical settling of a part of the hot surface
oil. It is more complex than heat conduction from the
burning surface downward.

Water or oil-in-water (wet) emulsion bottoms are nor-
mally present in crude oil tanks. Water may also be
inadvertently introduced into the tank from the fire-
fighting efforts, or there may be layers of wet emulsion
in the product. When the hot interface reaches the water
or emulsion in the bottom of the tank, it flashes the
water into steam. At 400°F the expansion factor from
water to a frothy steam mixture is about 1700 times the
water volume.

A high enough content of residue is needed to produce
a steam/oil froth of tough consistency. Very light crudes
may not contain enough residue to make a tank froth.
Some heavy crudes, asphalts, and heavy fuels may not
contain enough light fractions to produce a sharp heat
wave layer. However, there have been cases in which
heavy fuel oil residue containing light material has
boiled over. Typical medium-weight crudes are the
most likely to boil over violently, whereas other crudes
may have less severe boilovers.

boilover potentiaL would be a hea\/y fuel oil that was Cone-roof tanks in crude oil service requil’e SpeCial fire-
diluted with lighter hydrocarbons to reduce the oil's vis- fighting tactics. Foam application has the best result if it is

cosity. At least one major boilover incident appears to havebegun within about 30 min of the fire starting. The proper
involved such a material. agent may be applied either subsurface or topside.

Note: A boilover is different from (and much more hazardous than) 5 2 1 EVALUATING BOILOVER POTENTIAL
the slopover and frothover phenomena described in G.3 and G. 4.

And, a fire in a floating-roof tank will not produce a boilover as long
as the roof is floating, even though the material in the tank may haveC
boilover characteristics.

If, for any reason, it is not possible to extinguish a burning
one-roof crude oil tank, a change in strategy is needed . All
unnecessary personnel and equipment should be removed
For a boilover to occur, the following conditions must be from the area. The progress of the heat wave front as it moves
present: lower into the tank should be checked frequently. To estimate
« The full-surface fire must involve all or most of the sur- the time of the boilover, water should be applied to the tank
face of the liquid. shell and the location of the interface should be determined
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by the steam generated above the heat wave front. Because of
heat transfer from the tank shell to the atmosphere the actue
level of the heat wave near the center of the tank can be lowe
than that indicated by a water “hose stream test” or pyrometel
measurements on the tank wall. Similarly, the downwind side
of the tank can have a slightly lower heat wave than the coolel
upwind side.
Experience suggests that for tanks more than half full the
following may help evaluate boilover potential:
« An imminent boilover is generally indicated by an
increase in flame height and brightness.
e This is sometimes accompanied by a change in the
. sound of the fire, such as a pronounced “frying” sound.
« Large “blobs” of burning froth may be projected up a
- few feet and may be visible from some distance.
* Temperature can be measured with optical pyrometers. g
* A hose stream can be used on the side of the tank tqi# ;
determine whether the temperature at that surface is hot"= I
enough for rapid evaporation of water. Figure G—1——Boilover of a cone-roof tank
The temperature should also be monitored after the fire is
extinguished. The heat layer is heavier (i.e. higher molecularG.4  Frothover

weight) than the full range material below because the light o frothoveris the overflowing of a tank that is not on fire

fraction has burned away. Because of this specific weight dif-\hen water (or volatile hydrocarbon) boils under the surface
ferential it can continue moving toward the bottom of the tank ¢ \iscous hot oil.

after extinguishment if the top layers are hot enough. So, the
heat layer gen_erated while the material was burn_lng May COMNtank car that contains some water. The asphalt is cooled ini-
tinue transferring heat downward potentially raising the tem- tially by contact with the cold metal, and at first nothing may

perature sufficiently to cause a boilover when it reaches ahappen When the water becomes hot enough to boil, the

water bottom. A boilover at this time would still be a person- g, yanding steam generated can cause the asphalt to overflow
nel hazard and, if an ignition source exists, can be a fire hazgha tank car.

ard. Whenever a boilover is anticipated, personnel should be A similar situation can arise when a tank that is used to

evacuated FO a safe area. _ . store slops or residuum at temperatures below 200°F (93°C ),
Large-diameter tanks may require pulling back 2000 ft gnq that contains a water bottom or oil-in-water (wet) emul-

(600 m) or more from the incident. Some planners have sugsijon, receives a substantial addition of hot residuum at a tem-

gested that it may also be appropriate to install additionalperature well above 212°F (100°C). When enough time has

earthen berms at elevations lower than existing diked areag|apsed for the effect of the hot oil to reach the water in the

(or perhaps built at the time of an incident). The total volume tank, a prolonged boiling action can occur. This may rupture

of burning hydrocarbon-steam froth can significantly exceedthe tank roof and spread froth over a wide area. This is one

the volume of the tank, raising the possibility that the second-reason product rundown temperatures to tanks should be

ary containment could be exceeded by the burning froth. Themonitored and controlled.

elevation and grade should be considered when establishing

placement of personnel and equipment to prevent exposure tgs 5 Material Specific Hazards

burning boilover liquids running downhill. Finally, history

shows that tanks can experience more than one boilover. 551 METAL ALKYL CATALYSTS AND OTHER

REACTIVE MATERIALS

A typical example occurs when hot asphalt is loaded into a

G.3 Slopover _ _ _ .
A variety of reactive materials may be stored in tanks. Usu-

A slopoveris the minor frothing that occurs when water is  ally these are relatively small tanks. Lead alkyls discussed in
sprayed on the hot surface of a burning oil. The oil must bethe third section were the most common in refineries. In
viscous and its fluid temperature must exceed the boilingchemical plants, materials such as aluminum alkyls may be
point of water. Since only the surface oil is involved, a slop- used— such as in polymer production. Many of these materi-
over is a relatively mild occurrence. als react violently with water. Materials in this category
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should be identified in the planning phases and appropriatdead liquids in the tanks below the critical bulk tempera-
response determined. Typically, the material supplier can proture. Once decomposition of the liquid begins, violent rup-
vide technical advice for emergency response. ture of the vessel is imminent.

Phenol, which may be found at refineries as well as chemi- Many variables are present in every emergency, and sound
cal plants, can be subject to heat-initiated progressive “run-udgment should be exercised in deciding the course of action
away” reactions. And, even sulfuric acid used in alkylation to be taken. The following are recommended in the event of
will generate heat when water is added into concentratedfire in the area:
acid. This has led to overpressure in small tanks designed ¢ Stop transfer and blending operations.
without frangible roofs. Since “spent acid” tanks typically * Use proper personal protective equipment.
have a layer of hydrocarbon, this can result in releases of ¢ Apply cooling water to the tanks immediately. Use a

flammable materials with the potential for fires. manual, fixed water-spray system or check operation of
the automatic system if there is one.
G.5.2 LEAD-CONTAINING ANTIKNOCK « If a fire endangers the blending installation, initiate and
ADDITIVES follow regular plant fire procedures and regulations.
Also, notify the nearest representative of the supplier of
From a firefighting standpoint, it is essential to understand the antiknock compound immediately.

the physical and toxic nature of lead alkyl antiknock materi- Extinguish hydrocarbon fires in the area.
als. Tetraethyl lead (TEL), tetramethyl lead (TML) and . yge dry chemical to extinguish vent fires or fires
related antiknocks are toxic, and above a critical temperature involving flowing hydrocarbons.
“pure” or “neat” alkyls can decompose violently. If these . |4 case of a prolonged fire in the area, supplement the
materials are present in a gasoline blending plant the safety of cooling water system by using portable monitor noz-
personnel fighting fires depends on keeping the antiknock zles to play additional water streams on the tank.
compound below its critical temperature. If an antiknock tank  \nmter has been found effective for extinguishing burning
has ruptured (or otherwise released its contents) skin contacintiknock compounds. Water collects on the surface of the
and fume inhalation must be avoided. Organic lead alkyls can,ign-density antiknock material, effectively separating the
be rapidly absorbed through the skin. Use of self-containedy g vapor from air and preventing reignition. To ensure max-
breathing apparatus (SCBA) is necessary if there is probabilim,m effectiveness of the water layer, every effort should be
ity of inhalation of lead alkyl vapors or products of their com- made to add the water in a way that minimizes turbulence.
bustion. When a fire occurs in an antiknock storage tank area, the
Tanks of lead alkyl antiknocks should be uncommon in the time available before fire fighters or other personnel are
USA. Official statements said “Leaded gaSOline will no endangered depends on the amount of Compound in the stor-
longer be available in the United States after December 31age tank and on the prompt application of cooling water in
1995. The Clean Air Act Amendments of 1990 mandate the agdequate quantities. The following examples include time
elimination of lead from all U.S. motor fuel by January 1, factors (supplied by antiknock manufacturers based on expe-
1996." This represents the final step in a gradual reduction ofrience) that can be used to estimate the time available for
lead in gasoline since the early 1970s. “Regular” gasolineextinguishing fires before the heat input causes the com-
typically contained approximately 2 to 4 grams of lead per pounds to reach their critical bulk temperatures:
gallon; average lead content was reduced to 0.5 gram/gallon « A total of 4500 kg (10,000 Ibs) of antiknock compound

in 1985, and still further to 0.1 gram/gallon in 1986. The is in the tank (regarc“ess of tank total Capacity). There
phase-out of alkyl-lead in automotive gasoline became final is a gasoline fire in the pit, the tank vent is closed, and
on December 31, 1995, when it became unlawful for any per- the cooling water system is inoperative. The time avail-
son to sell, offer for sale, supply, offer for supply, dispense, able is about 15 min in which to set up portable monitor
transport, or introduce into commerce, for use as fuel in on- nozzles to cool the tank or, if that fails, to evacuate per-
road motor vehicles [4CFR Part 80.22]. sonnel from the area. ‘
However, if lead alkyl tanks are encountered in a fire situa- « A total of 11,000 kg (24,250 Ibs) of antiknock com- -
tion, special considerations are necessary for personnel pro- pound is in the tank (regardless of tank total capacity).
tection. The following is included because information has There is a gasoline fire in the pit, the tank vent is
become difficult to get with phasing out of lead and the scar- closed, and the cooling water system is inoperative.
city of suppliers with technical support. The time available is about 25 min in which to set up
For fires around tanks that contain antiknock com- portable monitor nozzles to cool the tank or, if that
pounds, cooling water is essential to prevent the metal sur- fails, to evacuate personnel from the area.
faces in the vapor space of the tanks from reaching < A total of 45,000 kg (100,000 Ibs) of antiknock com-
temperatures high enough to initiate surface decomposi- pound is in the tank (regardless of tank total capacity).

tion of the lead compounds and to keep the temperature of There is a gasoline fire in the pit, the tank vent is
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© closed, and the cooling water system is inoperative. potential for a BLEVE (Boiling Liquid Expanding Vapor

© The time available is about 60 minutes in which to set Explosion). A BLEVE is the catastrophic failure of a con-
up portable monitor nozzles to cool the tank or, if that tainer into two or more major pieces at a temperature well
fails, to evacuate personnel from the area. above the atmospheric pressure boiling point of the contents.

CAUTION: Allowance should be made for any lapse of time Classic cases of BLEVE have n volved Ilquef|e_d petr(_)Ieum
gas containers such as LPG rail cars where violent fire and

before the fire was reported and for other factors specific to . .
- ) . . explosion has been caused by rupture of the vessel wall. This
the age and condition of the installation or magnitude of the

emergency, rupture can be caused by localized overheating (such as by jet
' impingement) which reduces the strength of the container

The “classic” reference on lead alkyl antiknock emergency while increasing the internal pressure beyond the venting

response from which much of the above information was capability of the vessel being exposed to fire.

drawn can be difficult to obtain. It iShermal Characteristics Recommended practice is to evacuate non-critical per-

of Motor Fuel Antiknock Compounds Containing Tetraethyl sonnel and to establish cooling at the point of jet impinge-

Lead, Methylethyl Lead, Tetramethyl Legaublished jointly ment using cooling water at the rate of 250 to 500 g/min

by Ethyl Corporation and E. I. du Pont de Nemours and Com-(1000 to 2000 |/min).

pany in 1970. The BLEVE phenomenon is applicable to other volatile
liquids as well as to LPG. (See API Std 2510, Pub 2510A
G.5.3 SPECIAL SITUATIONS INVOLVING and the NFPAFlammable and Combustible Liquids Code
PRESSURIZED GAS STORAGE Handbookfor further information.)

If pressurized gas storage spheres or “bullets” are in a tank
fire area then special recognition should be given to the
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APPENDIX H—FIRE SUPPRESSION AGENTS

H.1 General 212°F (100°C). Check valves should be used to prevent
. o , L hydrocarbon backflow into the fire-protection system.

FII’E_' Suppression 1S achieved b_y coolmg, 'nh'b't'ng Vapor  Experienced firefighting personnel can use a “full fog”
formation, eliminating oxygen or interfering with the free- \\aier spray as very effective personal protection from radiant
radical chemistry of combustion. This section describes fire-paat and flame contact to gain access to equipment so that
fighting agents useful in fighting fires in storage tanks that,\yes can be closed, shutting off the fuel source for fire sup-

contain flammable and combustible liquids and ground fires 5 ession. And, in some conditions, firefighters can disperse
that could involve storage tanks. The effectiveness and usefulyyoderate quantities of escaping gas or vapor using water

ness of various fire suppression agents is a function of they ray.

type of fire and the fuel involved. Only agents and equipment  Excessive or improper water usage can cause problems as
designed specifically for fighting liquid fires should be used. pgtedin 8.5.6.

H.2 Water H.3 Foams

Water is an |o!eal fire suppression agent. Water serves aS g 3 1 GENERAL
cooling, quenching, smothering, emulsifying, diluting, and
displacing agent. It is used to cool equipment, structures, and Foam is the primary fire suppression agent used to put out
tank shells that are exposed to the heat from a fire, thus prehydrocarbon fires by cooling, exclusion of oxygen and vapor
venting or reducing both heat damage to equipment and overinhibition. Foam delivers water to a hydrocarbon fire and
pressure that could result from overheating vessel contents. Inakes it buoyant on the hydrocarbon surface. Foam Concen-
absorbs heat very effectively thus inhibiting vapor formation. trate is a liquid foaming agent as received from the manufac-
Steam generated by flame contact expands and tends to blaturer. When a small portion (from 1% to 6%, but typically
ket and exclude air. Water is the primary ingredient of foam. 3%) of foam concentrate is added to water it becomes a Foam

When properly applied in spray form, water may be suit- Solution. The foam solution becomes firefighting foam when
able for extinguishing small fires in combustible liquid hydro- &I IS entrained. This stable aggregate of air bubbles entrained
carbon fuels (such as diesel fuel) with flash points above” foam solution is lighter than oil and will float on the sur-
100°F (38°C). Extinguishment will result if the fuel surface face of a flammable_ I|qU|_d. Foam_ flows over a liquid surface
can be cooled below the temperature at which the fuel give2d forms a cohesive air-excluding continuous blanket that
off enough vapor to support combustion. Water used eﬁec_smothers and cools the fu_el, inhibits 'Fhe release of flammable
tively can control, but not extinguish, fires in low-flash-point V&POrs and thus extinguishes the fire. Foam also prevents
flammable fuels such as gasoline. reignition by inhibiting vapor release which prevents the for-

. . . . - mation of combustible mixtures of vapor and air above the
Water spray applied lightly to burning viscous liquids fuel surface
with flash points above 200°F (93°C) can produce a layer There a.re many types of foam concentrate. Choice of
of froth on the liquid surface that can act like foam and )

i s . foam type depends on the fuel to which it will be applied and
smother _the fire. Fighting a small-diameter hot asphalt the application method used. Some varieties serve in multiple
tank fire is an example.

A ] ] applications and others may only function effectively for spe-
Flammable liquids that are soluble in water may, in Some cific fuel and delivery service. Concentrates for use at 3%
instances, be extinguished by dilution. The percentage ofyqye logistics advantages compared to those for use at 6%
dilution necessary to effect extinguishment varies with the yecause of their efficiency in use, storage, and handling.
product and its bulk temperature. For example, a solution ofsome manufacturers provide concentrates for use at 1%. The
75% water and 25% ethyl alcohol will barely support com- equipment used to proportion and distribute the foam must be
bustion. In case of tank fires, it usually will be impractical to compatible. Technical consultation with the foam concentrate
achieve sufficient dilution. supplier is recommended to review the specific use. Mutual
Water can be used to displace hydrocarbon in leaking linesaid partners may find it beneficial to establish stocks of com-
It can also be pumped into a tank to float liquid hydrocarbonspatible foam concentrate. ;
above a leak and thus replace product leakage with water The expanded foam can be delivered to the burning sur-
leakage. Care should be taken to avoid flow of a higher presface by a variety of methods. In sub-surface injection fuel-
sure product into a lower pressure water system and to avoidesistant foam is injected at the base of fixed roof hydrocar-
overpressure of the vessel and piping. Water cannot be usedon fuel storage tanks and rises through the fuel to the surface
to displace product when the temperature is below freezing—to effect extinguishment. Foam chambers or specially
32°F (0°C), or for liquids above water’s boiling point of designed monitors permanently fastened to the tank at the top
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perimeter deliver expanded foam directly to the fuel surface.of it away. Foam flow is increased to a higher application rate
Portable ground monitors deliver streams of foam “over theto replace this loss; the 60% higher rate for “over the top”
top” of the tank wall onto the burning surface. Current tech- application specified in NFPA 11 is intended to compensate
nology allows portable monitors to be built with the capacity for these losses.
to deliver expanded foam to a fire surface in volumes essen- To produce a good-quality foam blanket, the water quality
tially limited only by the amount of water and foam concen- should be appropriate for the foam concentrate being used. In
trate available. Large monitors commercially available from general, water may be hard or soft, fresh or salt, but it must be
several sources have very large capacities, some over 10,000 suitable quality so that it does not have an adverse effect on
g/min (40,000 I/min). They are considered a viable option for foam formation or foam stability. Corrosion inhibitors, emul-
large tank fires. sion-breaking chemicals, or any other additives should not be
Applying a foam blanket to fuel spills before ignition may used without prior consultation with the foam concentrate
prevent a spill from becoming a fire; however, there can besupplier. Recycled water from skim ponds or separators is of
concerns regarding static charge formation as a source opotential concern, because trace amounts of oil may affect the
ignition when applying foam to unignited fuel on a tank as quality of the foam blanket.
discussed in Appendix I. This concern is greatest when moni-
tor streams lead to “plunging” of the foam and lowest with H.3.2 FOAM APPROVALS
more gentle Type | or Type Il application.
Foams are particularly suited for extinguishing two-
dimensional (flat) flammable liquid fires that result from

?ggﬁ ?Jr£:0;vsapg?lsggelfn Sut?lgniset”:hsaiore?(?ii tsgﬁzstnistandard UL 162, and US Military Specification MIL-F-
( P 9 mat exting €5 4385-F for AFFF listing on the US Military QPL (Qualified
fire and secures the area after extinguishment. In fires ) )
: S . : Product List). When comparing foam approval performance
involving jetting or falling fuel, such as an overflowing . .~ o A
: ; . = it is important to know specifically for what specification the
tank or line flange leak, foam is effective only on the fire o
. . approval has been granted, and the specifics of the approval
from fuel spills and pools that form flat surfaces. Foam is - . .
. S, o conditions. Variables to consider are percentage of foam con-
not suitable for extinguishing fires which involve flamma- ; . e .
S .S . . centrate in the solution tested, application rates (which may
ble gases or liquids containing large amounts of liquefied : S
o . vary depending upon the fuel) and any restrictions that
petroleum gas or liquids with vapor pressure above atmo- :
. . i o accompany the approval. For instance, foam approvals for use
spheric pressure. Gases will boil off the liquid surface and . .
blow through the foam blanket. The fire will then continue at 1% may be restricted to portable aspirating nozzles on
9 ) spills of not greater than 1 in. (25 mm) depth. See UL Fire

to burn on the top side of the foam blanket. . . . . .
. ; ' S . Protection Equipment Directory for details on compatible
Three-dimensional fires can be extinguished by securing_ . o .
equipment listings when UL approvals are involved.

the pool fire with foam and then extinguishing the falling fuel
by _shut_tmg off the source of _fuel that is feedmg_ the fire and H33 STOCKING AND STORING FOAM
extinguishing any residual fire with dry chemical. Three-
: : . _— : : . CONCENTRATES
dimensional or falling-fuel fires involving combustible lig-
uids with flash points above 140°F (60°C) can usually be Storage of foam concentrates can be done in buckets,
extinguished by using water or foam spray after the pool firedrums, large containers, in tankage on fire trucks or foam ten-
is extinguished and secured. Combined or sequential applicaelers, or in bulk. When preparing for tank fire suppression,
tion of foam and dry chemical is also an option. The source oflarge container or bulk storage is preferable as back-up to on-
fuel should be blocked in to avoid reignition. board supplies because of the large quantities of foam
To extinguish tank fires or liquid fires in depth, continuous required. The manufacturer of the foam should be consulted
foam application at the required rate is essential. The fire willto determine the necessary conditions for storage without
not be extinguished until a complete foam blanket covers thedeterioration. The manufacturer can also advise regarding the
fuel surface. The rate established for continuous foam appli-storage temperature constraints. A representative recom-
cation for a specified minimum time is based on tests andmended storage environment is within the UL-listed tempera-
experience to establish a foam blanket. Once the foam blanture range of 20°F to 120°F (—7°C to 49°C). Where foam
ket is established it is important to replenish it by continued concentrate is stored in bulk on board foam pumper fire
application to the liquid surface to maintain a sealing, cohe-engines, the equipment manufacturer should be consulted to
sive foam blanket. The integrity of the blanket should be ensure that there are no corrosion concerns. (Similar advice
monitored and maintained for the safety of personnel and toshould be obtained regarding proper flushing of lines and
prevent reignition. pumps following foam use.) Some foam concentrates are sub-
When foam is applied by hand lines or monitors over the ject to evaporation that accelerates when the product is
rim of a tank, wind and thermal updrafts can carry a portion exposed to air. Storage tanks should be protected against free

There are a large number of “approval’ types available
from various organizations around the world. In the USA the
primary referenced approvals are Underwriters Laboratories
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exchange of air (such as by sealing and fitting with a pressureflays storage in glass, and some foam manufacturer’'s experi-
vacuum vent). Periodic (such as yearly) sampling and testingence is that the material of the storage tank can have an effect
is generally advised to ensure that the foam concentrate willon concentrate stability. Before planning mixed storage the
perform as designed when removed from storage. Most foamassurance of each supplier should be obtained that the foam
suppliers offer a testing service if none is available locally.  concentrate is on the MIL-F-24385 F QPL and that the sup-
plier agrees that mixed storage is OK. Mixed storage gener-
H.3.4 TRANSPORTING FOAM CONCENTRATES ally is avoided in industry as introducing unnecessary
Hpotential problems with concentrate stability, usability and

Foam is available in bulk containers that can be used bot Performance.

for storage and transporting foam concentrate to an inciden
scene. These hold quantities equal to about 5+ drums. In th
United States 275 gal (1041 I) to 305 gal (1155 I) reusable?_L?"6 FOAM PERFORMANCE CRITERIA
“tote tanks” are available, and outside the US 1,000 | contain- Foam quality is a combination of measures of an expanded
ers are offered. A method should be determined for movingfoam’s physical and performance characteristics. This
these containers to potential incident scenes, as should a rouiacludes the foam's 25% drain time, expansion ratio, viscos-
accessible while an emergency response is in process. ity and burn-back resistance. The 25% drain time is the time
Some facilities dedicate a flatbed trailer to foam transport; required for 25% of the liquid contained in the foam to drain;
foam drums or bulk containers are stored on the trailerthis is an indication of the water retention ability of the foam,
enabling quick attachment of a motive source to move theand thus the stability of the foam blanket. The expansion ratio
foam supply to the incident scene. Bulk storage is used afs an indication of the amount of air entrained; in general,
some locations with the ability to rapidly refill foam tenders when more air is entrained (higher expansion) the drain time
which are used as shuttles to move foam concentrate to aincreases. Viscosity of the expanded foam is an indication of
incident scene. how rapidly it will flow on the burning fuel surface; generally
Personnel required to operate any needed specializediscosity (resistance to flow) increases as more air is
heavy equipment should be identified and included in emer-entrained to produce higher expansion ratios. Burnback resis-

gency response call-out lists. tance in standardized tests (in UL 162 or MIL-F-24385) mea-
sure the ability of a foam blanket to resist destruction when
H.3.5 MIXING FOAM CONCENTRATES subjected to radiant heat from an open flame; in general,

. foam burnback performance is better at higher expansion
Different types and brands of foam concentrates should no atios P 9 P B

be mixed in storage; however, most manufacturers agree with At low flow rates, such as used in hand lines, non—aspirated

NFPA 11 that most different types of expan_deq foam 9ener¢ham produces expansion ratios in the range of 2:1 to 4:1; at
ated separately can be put on the same fire in sequence or.

simultaneously. Some manufacturers suggest that in emer 'gh flow rates, such as in high flow monitors, non-aspirated
Cously. SOme 99 . foam may reach 6:1. Typical aspirated low-expansion deliv-
gency situations similar foam concentrates from different

manufacturers can be mixed together to provide an uninter-ery for AFFF woulld be in the 6:1 to 12:1 range. During deliv-

rupted supply. Different opinions arise regarding the relative ery a foam stream should travel farther and be less affected by

. . . N -~ "~the wind at low expansion rates, irrespective of whether the
effectiveness of this mixed application versus maintaining

L ) stream is aspirated or non-aspirated. NFPA 11 recommends
only one type. In certain circumstances the simultaneous or

. . . . .. expansion ratios of 2:1 to 4:1 for subsurface injection.

sequential mixed option may be the only one available if
appllcatlo_n has b_egun :_md foam concentrate_ is in limited SUPY 37 PROTEIN FOAM CONCENTRATES
ply. Special consideration may be needed if one or more of
the foam concentrates is specifically designated as an alcohol Protein foam concentrates, introduced in the mid
resistant type. NFPA 11, 16, and 16A all specifically prohibit 1930’s, have been used widely for petroleum-spill and
mixing different manufacturer's foam concentrates in long tank fires. They consist primarily of products from hydro-
term storage. lyzed proteins plus stabilizing additives and inhibitors to

The military system is designed to depend on compatiblelower the freezing point, prevent corrosion of equipment
mixed storage of AFFF products qualified by the Naval and containers, resist bacterial decomposition and control
Research Laboratory (NRL) under MIL-F-24385; products viscosity. Primary use is to extinguish fires in hydrocarbon
on the Qualified Products List (QPL) are tested for mixed fuels where they can be expected to provide a stable long-
storage compatibility. Some foam suppliers appear comfort-lasting foam blanket with excellent burnback resistance.
able with this. However, other manufacturers recommendNormal dilution rates are 3—6%. For best performance pro-
against considering this practice in industrial situations. Theytein foam concentrates should be used with aspirating noz-
emphasize that the Military compatibility requirement applies zles and foam making equipment, and applied gently.
only to products on the QPL. The MIL testing is based on tenProtein foams are not suitable for sub-surface injection.
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Protein foam concentrates are incompatible with dry of the fuel. The film tends to be more effective on fuels with
chemicals extinguishing agents either separately or as twinhigher surface tension such as diesel and jet fuels, and less
agent systems unless used with a dry chemical agent speeffective on fuels with lower surface tension such as hexane

cifically recommended for that application. and gasoline. The vapor seal film may reseal and inhibit
reflash if the foam blanket is ruptured and helps AFFF foam
H.3.8 FLUOROPROTEIN FOAM CONCENTRATES secure non-ignited spills. The same characteristics which pro-

A tein f Fp trat imilar t vides rapid flame knockdown on short preburn, shallow spill
e fuoropro en toa;m (b t)hconcen ;ﬁ et_s afrle S|_m|tar d 0 p][o- fires (eg. aircraft crash fires), can make conventional AFFFs
€in foam concentrates but have Syninetic, fluonnated surtacy oo ojiteq for use on hot, deep-seated fires with extended pre-
tant additives. These increase fluidity of the foam enabling it

to seal around obstructions and form an air-excluding foam

blanket which may also deposit a film on the surface of a lig- L S
: R ; : : enough to be visible before fire fighters rely on the aqueous
uid fuel to inhibit evaporation. They were introduced in the _ o )
film as a vapor suppressant. Monitoring for flammable mix-

mid-1 's to improve th rforman f protein foam. FP . 2.
d-1960's to improve the periormance ot protein foa tures should be performed. Without a visible foam blanket to
foam has a much better resistance to fuel entrainment when

. : . .. _replenish it, the film may or may not be present. The film
compared with protein foam when submerged in the liquid . . .
. - ; alone cannot be relied upon to provide a tenacious vapor seal.
fuel. This characteristic makes FP foam suitable for subsur-

f S - - AFFF concentrates may be used in conventional foam-mak-
ace injection into tanks containing non-polar liquid hydro-

. I ing devices suitable for applying protein foams. However, it is
carbons or for monitor or hose stream application over the_ 7 . . :
. “ - , advisable to consult with the manufacturer before converting
rim of a tank where “plunging” of the foam stream into the

fuel can be expected. Like protein, FP foams generally hav eproteln foam-proportioning for use with AFFF concentrates.

greater stability and resistance to burn-back than other typeéa‘ dd|t|<_3nally, a thorough_ flush|r_lg of the complete system,
including the foam tank, is required.

of foams when used on petroleum fuels. FP foams possess h q K fi id lication b
excellent sealing action on hot metal surfaces and the foam When used on tank fires, topside application Y perma-
blanket tends to reseal when disturbed by personnel or equip[‘ently attached foam systems or portable methods is a typical

ment. Concentrates are diluted with water to a 3 or 6% S0|u_strategy. Some AFFFs are also suitable for subsurface injec-

tion by volume, in accordance with the manufacturer's tIO!’\ m:o ']Eanks contamllng orldlnary hydrocarbpns_.ib\lszFlls noth
specifications. Like protein foams, fluoroprotein foam con- suitable for use on polar solvents or water miscible fuels suc

centrates are incompatible with dry chemical extinguishing 25 @lcohols, ketones, esters, and ethers. _
agents either separately or as twin agent systems unless used AFFFs are available for use at from 1-6% concentration.
with a dry chemical agent specifically recommended for that 1% a@pplications are typically for special fixed systems (such
application. Some specific FP foams have approvals for usé®S @rport hanger sprinklers) where the foam percentage can
on oxygenated gasoline blends (at higher specific applicatior® closely controlled.

rates) and slightly polar oxygen blending additives such as The foam produced with AFFF concentrate is compati-
MTBE, ETBE, and TAME, but not highly polar solvents such ble with dry chemicals and is suitable for combined use

burn (eg. storage tank fires).
The foam blanket produced should be applied thickly

as methanol, ethanol or isopropyl alcohol. with them.
Protein and FP foam concentrates may be incompatible
H.3.9 AQUEOUS-FILM-FORMING FOAMS with AFFF concentrates and should not be mixed in the same

proportioning system. Foams separately generated using

Aqueous-film-forming foams (AFFFs) consist of synthetic ,e5e concentrates are compatible and can be applied to a fire
fluorinated surfactants, hydrocarbon surfactants, detergentsy, sequence or simultaneously.

solvents, and water. AFFF foam acts as a barrier to exclude
air and also develops an aqueous film on the fuel surface, 2 15 £ M-FORMING FLUOROPROTEIN EOAMS
capable of suppressing the evolution of fuel vapors from most
petroleum fuels. Film-forming fluoroprotein (FFFP) foam uses fluoro-
AFFF foams are designed for rapid fire knockdown by chemical surfactants in a protein base with stabilizing addi-
producing a thin agueous film which spreads across the surtives and inhibitors (to protect against freezing, corrosion and
face of the fuel, separating the fuel from oxygen. This is bacterial decomposition). FFFP combines characteristics of
accomplished by allowing the foam solution to quickly drain AFFF and FP foam. The foam acts as a barrier to exclude air
from the foam bubble which in turn, affects long term seal- and can develop an aqueous film on the fuel surface that is
ability and burnback resistance. The aqueous film is producedtapable of suppressing the evolution of fuel vapor. Like stan-
by the fluorocarbon surfactant reducing the surface tension oflard FP foams, FFFP foams have good resistance to fuel
the foam solution to a point where the solution can be sup-entrainment when submerged in the liquid fuel and can there-
ported by the surface tension of the fuel. The effectiveness ofore withstand rougher application. This makes FFFP foam
the aqueous film is directly influenced by the surface tensionsuitable for subsurface injection into tanks or from monitors
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MANAGEMENT OF ATMOSPHERIC STORAGE TANK FIRES 63

over the rim into a tank. It is similar to AFFF when applied to form foam by a chemical reaction between two powders that
spill fires. contain alkaline and acidic salts.

The foam produced with FFFP foam concentrate is com-
patible with dry chemicals and with both protein and fluoro- H 4 Dry Chemicals
protein foam.

Alcohol Resistant FFFP foam concentrates have beeny 41 pRY CHEMICAL FIRE SUPPRESSANTS—
developed that are effective in combating fires involving GENERAL
water-miscible and polar liquids as well as ordinary hydrocar-
bons. These agents have components that react chemically pry chemicals are highly efficient in extinguishing fires
with polar solvents to form a plastic-like film on the surface involving flammable liquids. The finely divided chemical
of the fuel. They can be used in conventional foam-making particles are free-radical interceptors break the combustion
devices. Higher concentrations or higher application ratescajn reaction oxidation process within the flame. Because
may be required for water-miscible products. they do not cool, dry chemicals do not secure the fuel
against reignition if it is exposed to ignition sources such
as metal heated by the fire which has been extinguished.
Dry chemicals have been used, either alone or in combina-

Alcohol Resistant (AR) foam concentrates are designed totion with foam, to extinguish fires in the seal areas of float-
be effective on fires involving liquid polar solvents which can ing-roof tanks, even when a large area of the seal is
cause conventional foams to be ineffective. Special foam conburning. They are effective on small spill fires involving
centrates are available that form an insoluble polymeric bar-jetting or falling fuel, although these fires are preferen-
rier between the fuel surface and the foam blanket.tially extinguished by shutting off the fuel. If the fire has a
Commonly called alcohol or polar solvent foams, they vary continued pressurized fuel source there is risk of reigni-
considerably in chemical composition, acceptable methods oftion. Potential ignition sources should be quenched or
proportioning, useful concentration limits, and other opera- cooled with water and secured with foam if dry chemical
tional parameters. Originally available only as concentratesjs ysed before the source of fuel is secured.
for use at 6% on polar solvents and 3% on petroleum prod-  geyera| types of dry chemical are available that contain

ucts, concentrates are now available for use at 3% on bothyjjives to produce free flow and water repellency. Certain
types of fire. Some AR concentrates function as AFFFs MNyarieties are compatible with concurrent foam application as
petroleum prpducts. . dual extinguishing agents. Specialized dual-agent foam noz-

Several different approaches to alcohol resistant foam ar les are available which are constructed so that dry chemical

available. All-synthetic alcohol-resistant film-forming foam . : .
. can be applied with (and carried by) the foam stream. Foams
(AR-AFFF) concentrates and alcohol resistant FFFP foam ar .
ased on AFFF or FFFP chemistry generally are recom-

marketed as multi-purpose foams suitable for use on hydro- . . I
. : mended for use in dual agent dry chemical applications. For

carbons or oxygenated solvents in permanently installed dditional inf i ina d hemical It

foam equipment or ground monitors and for subsurface injec-"’llzp";\o;];I |rlhorr'(rj1a '02 cqnclernlngt ry IC emica’s, consu

tion on hydrocarbons. Systems that use these agents may orthe dry chemical agent supplier.

require special design considerations.

Different alcohol-resistant foam concentrates should notH-4.2 REGULAR SODIUM BICARBONATE
be mixed together, nor should they be mixed with other cate- Sodium bicarbonate is commonly referred to as “ordinary”

gories of concen_trate unless their compatibility has previ- o “regular” dry chemical. It is not compatible with protein
ously been established. These agents are used only for topside : . . . )

o L C s . Oams because it contains metallic stearate additives, which
application to water-miscible liquids; they are not suitable for

o . - .~ are antifoaming agents that cause breakdown of protein
subsurface application into highly polar water-miscible lig- foams. Reaular sodium bicarbonate should not be used
uids. For requirements and limitations see NFPA 11. ' gu u ! u u

Certain oxygenated fuels, such as MTBE are low polarity before, during, or after the use of protein foams.
and are not very water miscibile. Some fluoroprotein and
FFFP foams not categorized as AR may be effective for uséi-4.3 FOAM-COMPATIBLE SODIUM
on gasoline/ MTBE blends or 100% MTBE. BICARBONATE

H.3.11 ALCOHOL-RESISTANT FOAM
CONCENTRATES

Foam-compatible sodium bicarbonate has been treated
with silicone polymer to make it suitable for use simulta-

Chemical foams, introduced in the late 1920’s, are out- neously with foam. Only foam-compatible dry chemicals
dated, obsolete and no longer recommended for use. Theghould be used where follow-up with foam is expected.

H.3.12 CHEMICAL FOAMS
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H.4.4 POTASSIUM BICARBONATE H.5 Foam Applied Simultaneously with

Potassium bicarbonate is available in a foam-compatible Dry Chemicals
form. It has greater extinguishing capability on Class B~ Hose reels equipped with twinned hoses and twinned
fires than does sodium bicarbonate. It may be compatiblenozzles, turrets equipped with twinned nozzles, stand-
with protein foams, depending on the manufacturer’s pro- alone twin-agent systems and integrated foam nozzles

cess and its listing. designed for coaxial dry chemical application have been
developed for simultaneous or alternating application of
H.45 POTASSIUM CHLORIDE foam and dry chemical. AFFF, FFFP or Alcohol Resistant

Foam and potassium bicarbonate are usually the two

Potassium chloride, a foam-compatible dry chemical, hasagents. For integrated stand-alone installations the foam
about the same extinguishing capability as does potassiuntoncentrate may be premixed in solution with water and
bicarbonate. It is compatible with all types of foam but is cor- stored in a container that can be pressurized with nitrogen
rosive to metals such as steel and aluminum. It is not generfor instantaneous use, similar to a dry chemical extin-

ally used in the United States. guisher. Combined-agent storage containers vary in size
from 50-200 ga (189-757 I) of premixed AFFF solution
H.4.6 MONOAMMONIUM PHOSPHATE and from 500 to 3000 Ibs (227-1361 kg) of dry chemical.

This design permits use against both three-dimensional

Monoammonium phosphate (or a mixture of monoammo- pressure or leak fires and spill fires. The AFFF secures

nium and diammonium phosphates), a multipurpose “ABC” against reflash, as the fire fighter uses dry chemical for fast
dry chemical, is the only dry chemical that is effective on knockdown and extinguishment. The larger integrated noz-
Class A combustible fires and Class B flammable liquid andzle systems are available in monitor sizes with flows of
gas fires. It is more effective on Class B fires than sodium2000 g/min (7500 I/min) foam and a nominal 40 Ib/sec (18
bicarbonate but is less effective than potassium bicarbonate. Ikg/sec) dry chemical. The benefits quoted are the ability to
may be compatible with protein foams, depending on thecool and provide initial suppression with the foam (thus

manufacturer’s process and its listing. reducing potential for reignition) followed by suppression
of the more difficult fire areas with the dual foam/dry
H.4.7 POTASSIUM CARBAMATE chemical which can be projected with the foam stream up

to 100 ft (30 m).
Potassium carbamate, a foam-compatible dry chemical, is

formulated from a reaction produced from potassium bicar- 4 g Halogenated Hydrocarbon
bonate and urea. It is completely foam compatible and is Extinguishing Agents and Clean
more effective than potassium bicarbonate on flammable-lig- Agent Alternatives

uid or gas fires. _ S
Halon 1211 is an extremely effective fire fighting agent

H48 POTASSIUM SULEATE used in portable fire extinguishers for many years. Unfortu-
nately, Halon 1211 has been judged to be an ozone depletion
Potassium sulfate, a foam-compatible dry chemical, isagent, and its manufacture in the United States has been sus-
available in Europe but is not used in the United States. It ispended since 1994. Under US federal law it is still legal to
about as effective as sodium bicarbonate on flammable-liquidPosses, use, or recharge a Halon 1211 fire extinguisher. No

and gas fires. federal phase out date has been set. Recharge supplies of
agent manufactured before 1994 are available through spe-:
H.4.9 DRY CHEMICAL AGENT COMPATIBILITY cialists to recharge extinguishers. 1

Halon extinguishing agents such as 1211, 1301 and 2402

Monoammonium phosphate (Type ABC) is chemically are no longer recommended for use in new installations in
incompatible with the sodium and potassium bicarbonate dryaccordance with the Montreal Protocol, due to concerns
chemical agents. The reaction products are ammonia and caregarding effects on the earth’s ozone layer. For maintenance
bon dioxide. If mixed in an extinguisher the evolution of of existing Halon 1301 systems, refer to NFPA 12A Halon. A
these gases in a closed container can result in undesirableariety of Halon replacement agents are currently available.
high pressure and loss of agent fluidity (caking). Care shouldSee NFPA 2001 Standard Gfean Agent Fire Extinguishing
be exercised to avoid mixing of agents. Systeméor total flooding systems.
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APPENDIX —THE POTENTIAL DANGERS OF POURING FOAM ONTO PETROLEUM

From CONCAWE Review Volume 6, Number 2, October * This programme was sponsored by BP Oil Ltd. and was
1997 undertaken by staff at their UK Research Centre.

I.1 Attempts to prevent the outbreak of fires by using fire- CONCAWE is the oil companies’ European organization

fighting foam in tanks where the floating roofs had sunk arefor environment, health and safety. The emphasis of its work

believed to have occasionally ianited the oil and led to SeriousIies on technical and economic studies relevant to oil refining,
fires yig distribution and marketing in Europe. CONCAWE was estab-

lished in 1963 in The Hague, and in 1990 its Secretariat was
Over the years, there have been a number of incidentsmoved to Brussels.

mostly involving a failed floa}t|ng roof of a petroleum storage 12 CONCAWE RECOMMENDATIONS on how to deal
tank, where the oil caught fire unexpectedly. A common fac- . T )
with an exposed unignited pool of flammable refined petro-

tor of these fires was that a foam blanket was being applied tq
A .~ “leum product.

the exposed surface of the fuel to prevent ignition or to mini-

mize evaporation of the fuel. This situation is most likely to occur when the roof of an
It is well known that the generation of static electricity open topped floating roof tank has sunk. It may also arise in

when pumping refined products is greatly increased by smalithe event of a deeply flooded bund area.

guantities of water and that discharges of static can ignite oil. « The recommendations do NOT apply to shallow pools

It was realized, therefore, that in these situations, electrostatic (E.G. ground spills).

charging mechanisms might have led to the ignitions. These « Flammable refined products include naphtha, gasoline,

could be caused either by an electrochemical interaction kerosene and similar fuels.
between the foam and the fuel, or by charge generation inthe . The recommendations do NOT apply to crude oil
foam branch-pipe. which is not a static accumulator.

A limited programme* of laboratory and medium-scale RECOMMENDATIONS:
experiments was carried out to test a number of theoreticalsTop ALL TRANSFER OPERATIONS until it has been
possibilities. The presence of an electrochemical chargingshown that it is safe to continue.
mechanism was confirmed in experiments on both scales.
Although the charge generated by the small hand-held
branch-pipes used in these experiments was demonstrated to
be a contributory factor to the hazard, the 3.4 m diameter tank |
used in the medium-scale work was not large enough to simu-
late realistically the application of foam to a large tank. The
charging mechanism was considered too complex to use th
data to predict the behaviour of larger foam monitors in a
practical case.

However, the work clearly demonstrated that a potential
hazard exists, and provides sufficient information to give gen-
eral guidelines for minimizing the hazard. The use of these
guidelines should be considered in the event of an incident
involving pools of refined products above the floating roofs of
open topped storage tanks or other situations where there are
deep pools of exposed refined petroleum products. fire.

In order to give these guidelines a wider circulation, they IF FOAM IS APPLIED:
are reproduced in the next section. It must be stressed that this Never apply foam or water directly to the fuel surface.
is only guidance and each incident must be assessed taking * Apply the foam gently down the inside walls of the tank
the particular situation into account. There are circumstances  Using permanently installed foam pourers (chambers)

« Determine the extent of the hazardous environment
using gas detectors. Remove/prevent any sources of
ignition in this area and prohibit personnel access.

Set up the resources as stipulated in the pre-fire plan in

readiness for a fully involved surface fire.

go NOT FOAM UNLESS:

e It is necessary to protect personnel from fire or flash
burns if ignition were to occur during restoration of the
floating roof or removal of product.

* There is an uncontrollable ignition source in the vicin-
ity such as an approaching electrical storm, fired heat-
ers, road traffic etc.

It is necessary to apply a foam blanket to control vapour
emissions which would pose a greater hazard than a

in which foaming is the correct action and the guidelines also wherever possible.
offer information on the safest way to do this. e Foam generated by handlines or monitors should be
Copies of the page can be obtained from CONCAWE on applied onto the inside surface of the tank and allowed
request. to slide down the tank wall onto the fuel surface.
*  Wherever possible the use of portable foam inductors
"CONCAWE Madouplein 1, B-1210 Brussels Belgium Telephone: which induce foam into the delivery hose should be
32-2-220 3111 Telefax: 32-2-219 4646. http://www.concawe.be/ avoided. Foam production should be by means of fire
65
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pumps having built-in inductors or round-the-pump ¢ Even in the event that a tank fire has been successfully

proportioners. extinguished, vigilance should be maintained until

« If portable inductors are the only type available, ensure most of the product has been removed. The natural deg-
full foam output is established with the jet directed radation of the foam blanket could promote a build-up
away from the tank before applying the foam to the of electrostatic charge and, hence, ignition is a concern
tank walls. as the foam drains through the remaining fuel.

« After applying foam, maintain a total surface covering
at all times. This will require adequate stocks of foam
to be on hand.
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APPENDIX J—FOAM FRICTION LOSS & BACK-PRESSURE

Foam friction loss and back-pressure are especially signifi-inlet pressure to the high-pressure foam maker (depending on
cant when using subsurface injection. Typically the foam is the specific equipment’s rating). At the point the foam reaches
aerated at some distance from the tank in a high back-presthe tank the velocity should not exceed 10 ft/sec (3 m/sec) for
sure foam maker at an expansion ration of between 2:1 andight Class 1B liquids (like gasoline) or 20 ft/sec (6 m/sec) for
4:1. The foam delivery system must overcome the static heacheavier classes of liquid. NFPA provides detailed guidance
of the liquid in the tank and the friction loss in the piping. The for determining liquid head, friction and velocity for a variety
allowable back-pressure is in the range of 25% to 40% of theof piping size and tank configurations.
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APPENDIX K—DETERMINING FOAM CONCENTRATE REQUIREMENTS FOR FULL
SURFACE FIRES

K.1 General Where:

Fire-fighting operations at petroleum storage facilites C
require an understanding of the amount of water and foam con-
centrate required for successful suppression. NFPA 11 provides
the accepted guidelines for the minimum application rates and
the duration for which application at this rate should be contin- L number of lines needed at 50 g/min (190 I/min)
ued. Factors affecting the application rate and time are: per hose line (see NFPA 11).

« Method of foam application. o L

« Type of material on fire (physical properties and soluil- T = application time, in minutes (see NFPA 11

ity in water). requirements shown -3).

* Duration of preburn (for hydrocarbons with a wide F foam conentrate, as a percent of foam solution.
range of boiling points). L .

able K-1 summarizes minimum application rates, while Supplemental protection is n addition to perm.ar_lently

Table K-2 addresses time that foam should be applied at thai'Stalled foam chamber protection. Per NFPA 11, it is not
rate. These are based on NEPA-11. added to foam requirements when handlines or monitors are

When in accordance with NFPA 11, protection for tanks used in lieu of permanently installed protect| K'3.
over 60 ft (18 m) in diameter consists of primary protection ShOWs the number of supplemental hose streams of 50 g/min
through permanently attached systems with supplemental 190 I/min) each called for in NFPA 11. These are intended

protection generally being provided by portable or mobile for “first aid” firefighting, not suppression of major spill fires.
application devices. The minimum operating time allows calculation of the total

amount of foam concentrate required for supplemental hose
streams.

foam concentrate required, in gallons (liters).

nozzle application rate of foam solution, in gal
lons per minute (liters per minute).

K.2 Primary protection

Foam concentrate requirements are determined by the folk 4 Examples
lowing equation:

C = RSTF K.4.1 EXAMPLE 1
Where: K.4.1.1 Problem statement
) o diameter contains kerosene with a flash point of 120°F
R = rate of foam solution application, in gallons per  (49°C). The tank is protected by semi-fixed foam chambers
minute per square foot. permanently attached to the shell. In accordance with NFPA
S tection the application rate is 0.1 g/mif/g /min-m?) and
T = application time, in minutes (see NFPA 11). the duration of discharge is 30 minutes.
F = foam concentrate, as a percent of foam solution.

. ] . ] ) K.4.1.2 Primary Protection Calculation
provides information consistent with NFPA 11

for application rates and time of application which can be The primary protection requirement is calculated as fol-

used for calculating foam concentrate requirements. lows:
Foam solution flow rate
K.3 Supplemental protection = areax application rate = 2828k 0.1 g/min/fé = 283 g/

min foam solution
= 254 n% x 4 l/min-n? = 1016 I/min foam solution
Foam concentrate flow rate
C = NLTF = 283 gallons per minute at 3% (0.03) = 288.03 = 8.5
g/min foam concentrate
= 1016 I/min foam solution at 3% (0.03) = 104603 =
30.5 I/min foam concentrate
Concentrate supply
= 8.5 g/minx 30 minutes = 255 gallons

For protection in addition to the requirements listed in K2,
the following equation is used:
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Table K-1—NFPA Full Surface Fire Minimum Application Rate Based on Fuel and Application Method

Fuel Type Type Il Foam Chambers Subsurface Injection Handlines or Monitors
Hydrocarbon 0.10 g/minAt 0.10 g/min/fé 0.16 g/min/fé
(4 Imin—n?) (4 UUmin-n?) (6.5 I/min-n?)
Alcohols & Oxygenates 0.10- 0.16 g/min/& Not Applicablé 0.16 - 0.20 g/min/&
(4-6.5 lI/min-n?) (6.5 - 8 l/Imin-n¥)
Wide Boiling Range (Crude) | 0.10 g/min/f 0.10 g/min/fé 0.16 g/min/f¢
Initial (4 I/min-md) (4 I/min-mP) (6.5 l/min-n?)
After prolonged burning -- 0.20 or more g/min/t 0.20 or more g/min/t 0.20 or more g/min/t
if heat wave established (8 /min-n?) (8 /min-nm?) (8 /min-nm?)
2 Application rates and foam concentrate percentage for specific oxygenates can vary widely and should be determinedan wathsultat
the foam concentrate supplier.
b Subsurface injection is not recommended by NFPA 11 for strong polar solvents requiring alcohol-type foam. MTBE, ETBEaand simil
weak polar solvent materials should be reviewed with the foam supplier as special cases based on their water sollibyiliydrplaysi-
cal characteristics.

Table K-2—NFPA Full Surface Fire Minimum Application Time in Minutes Based on Application Method

Type Il Foam Chambers Subsurface Injection Handlines or Monitors
0.10 g/min/f2 0.10 g/min/f2 0.16 g/min/f2

Hydrocarbon Type (4 I/min-m?2) (4 I/min-m?2) (6.5 l/min-m2)
Flash Point between 100°F and 30 30 50
140°F (38°C and 60°C )
Flash Point below 100°F (38°C 55 55 65
or liquids heated above their
flashpoints
Crude Petroleum 55 55 65
Products requiring alcohol 55 not recommended 65
resistant foam

Table K-3—Supplemental Hose Streams Recommended by NFPA 11

Supplemental Hose Streams Minimum Operating Time
Largest Tank Diameter 50 g/min (190 I/min) each Minutes
Up to 35 ft (10 m) 1 10
35 to 65 ft (10— 20 m) 1 20
65 to 95 ft (20-29 m) 2 20
95 to 120 ft (29-36 m) 2 30
Over 120 ft (36 m) 3 30
= 30.5 I/minx 30 min =915 | =190 I/min at 3% = 5.7 I/min of foam concentrate
Concentrate supply required
K.4.1.3 Supplemental Protection Calculation = 1.5 g/minx 20 minutes = 30 gal, or

The supplemental protection requirement as outlined by =5.7 I/minx 20 min = 114 | of foam concentrate
NFPA 11 (and shown in Table K-2) is calculated as follows:
for a 60 ft (18 m) diameter tank containing material with a K.4.1.4 Total System Supply
120°F (49°C) flash point one hose stream should be available

that can furnish water at a rate of 50 g/min (190 I/min) for 20  The total minimum foam concentrate supply required for
the incident, based on NFPA 11, is

minutes.
Foam concentrate flow rate 255 gal + 30 gal = 285 gal, or
=50 g/min at 3% = 1.5 g/min of foam concentrate, or 9151+ 1141=1029 |
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K.4.2 EXAMPLE 2 K.4.3 EXAMPLE 3

K.4.2.1 Problem Statement K.4.3.1 Problem statement

A cone-roof tank 48 ft (14.5 m) high and 60 ft (18 m) in _Afloating—roo_f tank 56_ft (17_m) high and _150ft (45.5m)in
diameter contains kerosene with a flash point of 120°Fdiameter contains gasoline with a flash point of 45°F (7°C).
(49°C). The tank is protected bi a monitor nozzle. In accor- 1Ne tank is not protected by a permanently installed foam

dance with NFPA 11 (as shownK-l) the application SyStem. Suppression will be accomplished using portable
rate is 0.16 g/ming/min&t(6.5 I/min-n%) and the duration of ~ Monitors. In accordance with NFPA 11, the application rate is

discharge (Table K12) is 50 minutes. 0.16 g/min/fé (6.5 I/min-n¥) and the duration of application
is 65 minutes.

K.4.2.2 Primary protection . .
K.4.3.2 Primary protection

The primary protection requirement is calculated as fol-
lows:
Foam solution flow rate
= areax application rate = 28282 0.16 g/min/f (6.5 I/
min-n?) = 453 g/min
= 254 n# x 6.5 I/min-n? = 1651 I/min foam solution
Foam concentrate flow rate

The primary protection requirement is calculated as fol-
lows:
Foam solution flow rate

= areax application rate = 17,6712fk 0.16 g/min/f¢ (6.5

I/min-m2) = 2827 g/min foam solution

= 1626 M x 6.5 I/min-n? = 10,569 I/min foam solution
Foam concentrate flow

= foam solution rate x % concentrate = 453 g/mh03 = = 2827 g/min of foam solution at 3% = 2820.03 = 85 g/

1_3'6 g/min, or . . min of foam concentrate

= 1651 I/min at 3% = 49.5 l/min of foam concentrate = 10,569 I/min of foam solution at 3% = 317 I/min of foam
Concentrate supply required concentrate

= concentrate flow rate x time = 13.6 g/miB0 min = 680 Concentrate supply required for primary protection

gal = concentrate flow rate x time = 85 g/miB5 min = 5525

= 49.5 I/minx 50 min = 2475 | of foam concentrate gal of foam concentrate

= 317 I/minx 65 min = 20,605 liters of foam concentrate
K.4.2.3 Supplemental protection

According to NFPA 11 no supplemental protection is K.4.3.3  Supplemental Protection

required when using a monitor (or hose lines) for primary  According to NFPA 11 no supplemental protection is

tank fire suppression. required when using a monitor (or hose lines) for primary
tank fire suppression.

K.4.2.4 Total system supply

The total minimum foam concentrate supply required for K4.34  Total System Supply

the incident based on NFPA 11 is 680 gal for a 60 ft diameter The total minimum foam concentrate supply required for
tank (2475 | for a 14.5 m diameter tank). the incident, based on NFPA 11, is 5525 gal (20,605 ).
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APPENDIX L—DETERMINING FOAM CONCENTRATE REQUIREMENTS FOR SEAL FIRES

When foam is applied to seal fires the application rate islines) will be used, it is reasonable to multiply the perma-
higher than for pool fires, but because the areas are small theently installed foam chamber flow by the same 1.6 factor
required flow is modest. Two types of foam discharge outletsused to accommodate foam losses for full surface fires
for seals on open-top floating roof tanks are recognized bywhen “over the top” application is used versus foam cham-
NFPA 11. One uses Type Il devices to direct foam into the bers. This rationale is the basis for the “portable equip-
top-of-the-seal area and is intended to be used with a foanment” values in Table L-1.
dam. The other directs foam into the space below the seal or For foam injection into the area below the weathershield or
weathershield. seal, the area should be the circumference of the tank times

The application rates and times of application are shownthe distance from the tank wall to the floating roof pan, typi-
in Table L-1. For determining the area to which the foam cally about 8 in. (0.2 m). Engineered systems should be based
will be applied the following rationale can be used. For on the actual measurements of the specific tank. In determin-
above the seal application, the area to be foamed equaléhg and controlling foam application rates, it is important to
the circumference of the tank times the distance from theachieve the suppression goal with the minimum amount of
tank wall to the foam dam not less than one nor more thanwater to avoid overloading the roof. Roof drains should be
two feet (0.3-0.6 m). If portable equipment (such as hand-open unless there is hydrocarbon on the roof.

Table L-1—Foam Application and Time for Seal Fire Suppression Consistent with NFPA 11 Recommendations.

Foam Application Location Application Density Application Time, Minutes
Above the Seal - foam chambers 0.30 g/mAr{R I/min-n¥) 20
Above the Seal - portable equipment 0.50 g/nfi20 |/min-n¥) 20
Below the Weather Shield or Seal 0.50 g/mfrg20 I/min-n¥) 10
73
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APPENDIX M—WATER FLOW THROUGH FIRE HOSES AND PIPES

For fire suppression, a basic concern is how much water
can be pumped with available systems, and what the pres-
sures will be at the point of need. The general principles for
pipes are the same for hoses (which can be considered “just
flexible pipes”).

::; The amount of water which will flow from a given centrif-
ugal fire pump depends on the pump flow capacity (g/min or
[/min) at the pressure which results from the resistance of the
pipe and hose system into which it is pumping. As the pres- One 5in. equals six2 1/2 in.
sure goes up (more resistance) the flow goes down. Dia Hose Dia Hoses

At a given flow rate (g/min or I/min), the resistance of
pipes or hoses is a function of the pipe or hose length, diame-
ter and “roughness” (friction factor).

. Ress;ance mc(:jrzases n d|rekc]:t prtcr)]porpon tohthe I(_enlgth (Ofratio of eight to one because of the designed differential in the
pipe or hose) and decreases when the pipe or hose is larger. intentional swelling of their hoses at working pressure results

Resistance increases with roughness (which increases witlfh larger effective diameters
age because pipes accumulate scale, and hose linings frayS. '
This is a constant for a given piping or hose condition. Resis-
tance data can be found in the NFPA Fire Protection Hand-

_0O0C
OO0

Figure M-1—Effect of Size on Flow Capability with
Same Pressure Loss

M.1 Basic flow facts

book and from hose manufacturer’s specifications. For a given system velocity increases in direct proportion
For a given flow, resistance decreases when hose or pip¢o the flow rate in g/min or I/min.
diameter gets larger for the following three reasons. The pressure at the hose nozzle equals the pressure at the

* The velocity (v) of the water increases for a given g/min pump outlet minus the friction loss in the hoses and piping.
flow as an inverse function of the pipe or hose diameter Because water is not compressible, the combined flow
(d) to the second power (v <2 from the hose outlets (nozzles, chambers or monitors) is the

+ The resistance (R) increases as the square of thegme as the flow from the pump outlet (minus any leakage

increase in flow velocity and is independent of pressure from pipes or hoses before the water reaches the nozzles).
in the hose (R ~3); substituting (v ~ @) means (Rv ~

d4) which is the cumulative effect of velocity on resis-
tance as related to a change in diameter.

« And, since the ratio of hose or pipe friction surface area
(fsv) to water volume increases in inverse proportion to ~ One gallon of fresh water weighs 8.3 pounds (8.3453)
diameter (fsv ~ @) the overall effect of diameter on One cubic foot of fresh water weighs 62.4 pounds
friction loss is proportional to the velocity effects One cubic foot of salt water weighs 64 pounds
related to diameter times the surface-to-volume effect - One gallon = 231 cubic inches
- then the total resistance Rt = (Rv #)(f sv~ d?) = One cubic foot = 7.48 gallons = 1728 cubic inches
(Rt~ dd). One cubic foot per minute (cfm) = 449 gallons per minute

As a result of these three factors, for constant g/min flow  pressure at the bottom of a water column is 0.43 psi per ft
rate the friction loss varies inversely with the fifth power of ¢ height

hose diameter (f~8).

Thus a sr_nall_mcre:_ise in pipe or hose_ dlgmeter r_esults N84 3  Miscellaneous
large reduction in friction loss and thus significantly increases
discharge pressure at a given flow or flow at a given outlet Fire truck pumps are rated at 10 ft (3m) vertical draft and
pressure. In practice it takes about six hoses of one size td50 psig (10 bar) discharge pressure.
equal the flow through a hose of twice the diameter; an exam- Typical monitor baseline performance results are quoted
ple is shown i Figure M-1. Some hose manufacturers cite aor 100 psig (7 bar) nozzle inlet pressure.

M.2 Characteristics of water (in English
system units)
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APPENDIX N—OBSERVATIONS, LESSONS LEARNED AND “TRICKS OF THE TRADE”

N.1 Prevention

N.1.1 CULTIVATING A“MANAGEMENT OF
CHANGE” APPRECIATION

If operations and maintenance personnel have an under-
standing and appreciation of basic “management of change”
concepts they can assist in reducing incidents involving tanks.
One key is recognizing what constitutes a “change” from an
operations standpoint. An example of an MOC incident is:

A spent acid tank at a refinery alkylation plant was tempo-

higher percentage of the energy is converted into veloc-
ity—allowing the stream to travel further.

« The maximum height for any angle is typically reached
at abou#/3 of the range.

¢ Maximum height and maximum distance are achieved
at two significantly different monitor discharge angles.

* Foam stream height and reach are less than for water
streams.

« In general, the greater the expansion ratio of the foam at
the monitor the less the reach.

rarily changed to fresh acid service without cleaning. Dur-
ing a delivery of fresh acid hydrocarbon vapors from the

residual spent acid layer in the tank were displaced through tor d?s'gn as well as the facto_rs above. N C
an open vent and ignited, resulting in a tank explosion. In planning for placement of monitors the specific capabil-

Operations personnel did not recognize that the deliverylty of the equipment t,o be used should be determined based
constituted a “change” and that welding in the area under®" the manufacturer's data, along with pressure and flow

permit should be suspended before the delivery began. ~ available at the proposed site. This should be supplemented
by flow testing of the monitors with the actual system to be

used to confirm actual performance conformance to specifica-
tions. Consideration of the planned monitor placement should
be included to ensure the reach is sufficient to reach the tank
. . . . without over-shooting it. Planning should recognize the prob-

During the process of tank-specific pre-incident planning, able need to reposition equipment during an incident because

locations for placing ground monitors may be considered S, wind shifts. Hoses lays supplying ground monitors should

one suppression option. It will be necessary o determine hOWbe along or parallel to roads and not across roads. The neces-

high the foam stream must travel to get over the tank and hoWsary multiple hoses required can inhibit logistics access and

far the stream must travel to this apex p N-1 showsmay block escape routes if conditions change.
data for water and foam streams.
From review of manufacturers flow charts for monitors we
can also see that:
« Distance (range) increases with increase in pressure. Where the facility has access to waterfront and there is also
« Larger monitors (with higher flow) in the same series availability of a fireboat then it may be possible to arrange
have more range at the same pressure as the smallgyiping connections at the waterfront or dock area. Properly
nozzle. Of course the water supply system must be ablearranged, a fireboat can connect to the facility firewater sys-
to supply the increased flow rate at the same pressuretem and pump water into the firewater system providing addi-
Larger flow at the same pressure requires less frictiontional firewater pumping capacity to supplement the on-site
(e.g. a larger hole or bore); with less friction loss a firewater system.

Foam stream reach and height are dependent on' moni-

N.2 Planning
N.2.1 USE OF GROUND MONITORS

N.2.2 USE OF FIREBOATS

Table N-1—Reported Angle for Monitor to Achieve Maximum Height or Distance

Type of Equipment Angle for Distance
(from different suppliers) Angle for Height (Range) Optimum
Solid Fire Streams (Historical 60 to 75 degrees 30 to 35 degrees
High Capacity Water Monit8r 80 degrees 35 degrees 50 degrees
60% of ht, 95+% distance
Foam Canndh 60 degrees 35 degrees
Foam Nozzle on Monit8r 25 to 30 degrees
High Volume Foam Monitdr Data reported at 35 degrees

a2 FromHydraulics for Fire ProtectionHarry E. Hickey, NFPA 1980.

b From various manufacturer’s performance data.

e
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N.2.3 USE OF DRY-LIFT PIPING

If the facility has access to water, and if the draft to the

water is not in excess of 10 ft, there may be another option to
supplement flow through the firewater mains. It may be possi-

ble to install onshore piping that will allow a “pumper truck”

or a portable pump to take suction from the body of water and
pump into the FW system. This approach can be used where
there is not a firewater mains system but access to the water

would be difficult for a pumper truck. The permanently

The National Response Center reporting number is 1-800-
424-8802.
There are state (and possibly local) reporting requirements
potentially relating to tank fire incidents which should be
reviewed for inclusion in planning and response resources.
N.2.5.2 OSHA 8-Hour Reporting—Fatalities and
Multiple—Hospitalization Incidents (29 CFR
1904.8)

installed dry lift piping can speed putting response equipment The Occupational Safety and Health Administration has a

into service.

N.2.4 FIREWATER CONNECTIONS WITH
ADJACENT PLANTS.

Two adjacent facilities may share a fenceline. It may be
possible to arrange valved piping between the independen
firewater systems to provide supplemental “mutual aid” fire-
water. If the firewater systems are not adjacent, but within

few hundred feet, it may be feasible to provide large diameter,

hose fittings on each system to allow temporarily connecting
one facility’s firewater supply with that of the neighbor.

N.2.5 REGULATORY REPORTING

N.2.5.1 Federal Environmental Reporting

a

final rule requiring employers to report any occupational
fatality or catastrophe involving in-patient hospitalization of
three or more workers within eight hours [59 FR 15594]. This
requirement which revised Title 29 of tk»de of Federal
RegulationdPart 1904.8, became effective May 31, 1994.

The requirement applies to each fatality or hospitalization
Bf three or more employees that occurs within 30 days of a
work-related incident. The report must include the name of
the establishment, location and time of the incident, the num-
ber of fatalities or hospitalized employees, contact person,
phone number, and a brief description of the incident.
Employers are instructed to make their report by telephone or
in person to the OSHA Area Office nearest the site of the inci-
dent, or to utilize the OSHA toll-free number, 1-800-321-
6742 (1-800-321-OSHA). Do not use e-mail.

While this recommended practice does not specifically N.3 Preparing
address environmental issues, in the event of a tank fire and
release there may be a need to make an environmental repol¥-3.1  REVIEWING MUTUAL AID
to a Federal Agency. The National Response Center serves as |, reviewing mutual aid response arrangements several

the sole national point of contact for reporting all oil, chemi-
cal, radiological, biological, and etiological discharges into

the environment anywhere in the United States and its territo-
ries. The NRC is staffed by Coast Guard personnel 24 hours
per day, 365 days per year. For the Environmental Protection

Agency, the NRC receives incident reports for the Compre-

hensive Environmental Response, Compensation and Liabil-

ity Act (CERCLA), Clean Water Act, Clean Air Act, SARA
Title 1ll, and the Oil Pollution Act of 1990. At the time of this
publication the NRC “on-line” internet reporting site was:
http://www.nrc.uscg.mil/report.htm
If a release requires filing an NRC report the following
information will be required:
Who you are: Your name, address and phone number

The name, address and phone number of the responsi-

ble party, if known.

What happened: What material was released? How
much was released?

Where it happened: City, County, State Location, near-
est street corner or landmark.

When it happened: When did you discover it?

Why it happened: How did it happen? What caused the
discharge?
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issues should be addressed:

Assure that each organization that says that they use
“ICS” or “IMS” is consistent with other mutual aid par-
ticipants. Review specific command structures and how
“Unified Command” will work (if needed).

Review compatibility of facility system emergency
response equipment firewater pipe connection threads
with threads used by potential mutual aid participants,
including public fire service participants. Obtain adapt-
ers as needed.

Review compatibility of radio frequencies among all
participants and determine how to resolve issues of
non-compatibility. (CB radios are generally unsatisfac-
tory and are subject to public monitoring and conflict-
ing use of frequencies. Ham radio clubs using short
wave equipment may be able to help.)

Review of prospective mutual aid participants should
include airport and military fire departments. They may
be able to provide specialized apparatus and equipment
to assist in extinguishing of flammable liquid fires.

Entry into the facility should be possible, day or night,
for both the initially assigned emergency response unit
and followup personnel. In large complexes responders
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unfamiliar with the facility may need guidance to getto
their assigned positions.

The location and identification of staging areas should

be considered during planning, established during the
preparation phase and used during mutual aid drills. .
Large-scale, long-duration incident operations require
sufficient numbers of personnel to provide relief peri-
ods. Staffing expectations should be adjusted to accom-
modate the changing needs dictated by extreme heat or *
cold weather conditions.

Necessary rehab facilities should accommodate resting
firefighters (including food, hygiene and family com-
munication).

Transportation of foam concentrate supplies to the site

Cellular phone systems can become overloaded during
emergency situations. Access to cellular phones operat-
ing on different exchanges or from different towers or
nodes may be helpful.

Where normal communications fail, a system of “run-
ners” carrying written instructions can be used as a
“last resort”; or for transmitting information of a sensi-
tive nature.

In many areas “ham radio” clubs have sophisticated
communications capability and are willing to provide
personnel equipped and prepared to assist in emergen-
cies using portable equipment transmitting on reliable
short wave frequencies.

of a potential large-scale incident should be addressed\-3-4 EXPLOITING FACILITY MAINTENANCE

during the planning and preparation phases.

“WINDOWS OF OPPORTUNITY”

Refueling plans should be developed to recognize the As facility maintenance becomes due several types of revi-
needs of fire apparatus during long-term pumping oper-sion are potentially cost effective:

ations. .
While use of SCBA at petroleum tank fires is uncom-
mon, it may be an appropriate precaution for some por-
tion of the responders to certain chemical tank fires. o
This should be addressed in the planning phase. If the
operation may require the use of self-contained breath-
ing apparatus, a plan should be formulated for the sup-
ply of breathing air; for example, provision of spare
bottles, a cascade system, or an air supply unit.

N.3.2 REVIEWING CAPABILITY OF FIREWATER

N.3.3 COMMUNICATIONS

SYSTEMS

Flow test water supply to ensure that available flow and
pressure are as expected.

Test public water supply where this is a significant
facility resource (history has shown that municipal util-

ity system “advertised” flow capability may not repre-
sent actual capability).

Where public water supply is from a single supply,

Handrails can be installed on wind girders of floating
roof tanks to permit safe access for seal fire suppres-
sion.

Where firewater system maintenance includes pipe
replacement, consider the installation of larger piping.
Frequently the differential cost for increasing the size
of pipe is small relative to the cost of the overall repair,
but flow improvements can be substantial (see Appen-
dix M for flow benefits of increased size).

When tanks become available for maintenance consider
installing access for subsurface injection of foam
through one of three possible routes - a dedicated pip-
ing system, “piggyback” on existing tank product lines
(with appropriate safeguard valving) or through con-
nection fittings added to manways.

If regrading and repair of firewalls and dikes is
required, consider enlarging portions of the dike for use
as equipment location spots for fire trucks or large
ground monitors.

review the supply system to see if a second public N 35 ON-SITE LABELING OR SIGNS

source (different water main) may be available in prox-
imity to the plant.

One approach to aid emergency response for tank fire inci-

dents uses on-site posting of basic information needed for fire

suppression at the tank. This information may include tank

dimensions (diameter, height and surface area); type of mate-

* Many communication systems rely on power-depen- rial in tank, application method, appropriate type of foam,
dent computers somewhere in the system; non-digitalapplication rate and flow rate. While this information can be
analog telephones (such as may be used with Faxfound on the tank-specific planning sheet, having it posted
machines or pay phones) may function when digital provides immediate access. This approach works best for
systems are out of service. tanks that are in dedicated service. A sample is shown in Fig-

* Where mutual aid responders are participating the ure N-1.

Logistics review should consider the various radio fre-  Some facilities use markings on dedicated tanks using the
guencies which may be used, and whether these aré&NFPA 704 diamond along with the name of the material. This
compatible. Shared radios, paired personnel or cellularcan aid compliance with hazard communication requirements
telephones help resolve identified concerns. as well as supply information for emergency responders.
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Do conduct a hazard evaluation if inert blanketing is
needed, especially if steam is being considered as an agent.

Tank 123-XYZ \ For example, steam can generate static electricity and should
External Floating Roof not be used as a substitute for inert gas to “blanket” an inter-
nal floating roof tank with a sunken roof. Any rapidly flowing
fluid carries static charge generation concerns and should be

Unleaded Gasoline

Diameter = 100 Feet carefully evaluated before implementation. Static charges
Height = 40 Feet from attempted inerting have become the source of ignition in
Surface area = 7850 Square Feet the area they were intended to protect.

Monitor Application Do use check valves whenever there is a possibility of

ACME Platimum Foam @ 3%
Application rate = 0.16 gpm/ft2
Flow rate = 1250 gpm

backflow of hydrocarbon into the firewater system. This espe-

cially holds for equipment field-installed during an incident.

Examples are temporary connections for subsurface injection

: or appliances (wand-like) supplying foam over-the-top of

‘Figure N-1—Example of On-Site Tank Emergency tanks if there is a potential to establish a siphon.

' Response Information Sign Do shut off the fuel source to extinguish pressure

. . . fires involving a leak of fuel gas or liquefied petroleum gas.

N.4  Implementing fire suppression Extinguishing a pressure fire without fuel shutoff may result
Several important principles hold throughout a tank fire in the formation of a hazardous vapor cloud.

incident as discussed in the following sections.

N.4.1.2 Exploit available resources
N.4.1 SIGNIFICANT TANK FIRE SUPPRESSION

‘DO’S” Do consider use of helicopters for video surveil-

lance where visibility makes it difficult to evaluate the extent

of the incident or progress in suppression. It may be possible
Do evaluate conditions using direct observation. to observe and/or videotape the situation using a police or

The hose stream test (spraying water on side of the tank tgnedia helicopter. Video brought back to the Incident Com-

determine whether the temperature at that point on the surMand Center can be used to evaluate progress and plan strat-

face is hot enough for rapid evaporation of water) is an exam-89y and tactics. Some “hi-rise” extension ladder trucks or

ple where tank or equipment temperature is evaluated from #€fial booms may provide similar potential, as can locations

distance. A variation of this is described by one expert fire- On top of adjacent tanks.

fighter as the “Wet Glove Test”; a dripping wet glove is worn Do consider recycling water from firewall diked

while going up the stairs of a tank (for instance with a sealarea using fire trucks to draft  if significant quantities of

fire). The water from the wet glove provides the same semi-water are collecting in a firewall or diked area. It may be pos-

quantitative (above or below 212°F) information regarding Sible to use a pumper truck to take suction and recycle this

tank temperature and helps to identify location of a heatwater (with appropriate precautions to avoid using water con-
wave, if any. taminated with hydrocarbons) into the system. This may be

Do consider use of infrared meters ~ which may be more feasible with protein-based foam than with synthetics.
available in engineering or inspection departments for mea-Groundwater from lagoons used for storm water runoff may
suring surface temperatures of operating equipment such ag€ another resource for drafting.
furnaces. Their use may be applicable to determine the Do consider use of optical or laser distance mea-
impact of radiant and convection heating on adjacent heatsuring equipment that may be available from a facility
sensitive storage vessels, tanks, equipment and structures, afigineering group for evaluating distances foam may have to
possibly to track heat waves in boilover-potential tanks. travel if ground monitors are used.

Do consider use of metal shielding ~ which may pro- Do consider converted foam towers  as have been
vide possible stationary or mobile barriers where radiant heatdeveloped by some facilities for use with cherry pickers to
loads impact emergency response personnel. These can #op over a tank rim to apply foam directly inside the tank.
constructed of corrugated steel roofing. Before this approachrl his requires a crane or cherry picker that can reach the tank
was used in Kuwait it was implemented to protect firefighters and is tall enough to achieve the objective.
blocking valves at a “world class” LPG pressure fire in the Do use news media as appropriate to keep local resi-
USA Gulf Coast. In both cases it was successful in providingdents informed of the situation and any associated commu-
personnel protection. nity needs.

N.4.1.1 Maintain a focus on personnel safety
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N.4.2 SIGNIFICANT TANK FIRE SUPPRESSION Foam applied at low expansion rates (3:1 to 6:1) travels
“DON'TS” further on the surface of the burning liquid, but drains rapidly.
As a result, the foam blanket needs higher application rates
and more frequent replenishment. When using monitor appli-
cation, some practitioners apply foam at a higher expansion
ratio (6:1 to 8:1) after “knockdown”.
Some experts believe that foam which has “lost its water”
through draining or boiling can form a crust which impedes

Don't start foam application until enough is in
sight to finish the job . Foam used before sufficient quan-
tity is available will probably be used in vain and not contrib-
ute to the eventual extinguishment. Foam promised for
delivery may not arrive in time for continuity of application.
Don't try to fight a major tank fire taking draft the flow of subsequently applied foam,
from 5-gallon buckets of foam. As shown from the ear- Consider di Hnui f i i hen
lier discussions of quantities needed the logistics could be tre- onsider discontinuing use ot cooling water when foam
mendous and very labor intensive. If the required quantities?pphcatlon. begms: This can ensure that water streams do not
are available in buckets then these should be transferred into Qterfere with, or dilute, foam delivery.
bulk container before foam application starts. This will avoid .. .
interruption of suppression efforts caused by inability to N.5 Investigating fires
transfer foam. As discussed in Section 9, investigation of fires is typically
Don't sink the roof fighting a seal fire in a floating done by persons other than the emergency responders. How-
roof tank. If the roof is floating in its proper location it is  ever, information gathered during the emergency response
important to address the fire suppression efforts in a manneactivity is very valuable.
that does not sink the roof. Historical experience shows that Data summaries which can be collected include:

seal fires in external floating roof tanks can burn for many « |nformation from the Tank Specific Planning Sheets

hours (or days) without progressing to full surface fires. (Figur arid 3b).

Appendix E discusses benefits of floating roofs and some of .« |ncidenfCommand Data Sheet (Appendix C).

the concerns that may lead to their sinking. + Incident Documentation Data Sheet (Appendix D).
Don't burn up your fire truck.  Position equipment for «  Summaries from the Critique .

removal if conditions (such as wind direction or intensity) ., photos & “raw” video from news and media broadcasts

change. Considering_ thg route for repos_iti_oning equipment (these may be available from the media if requested

should be part of the initial placement decision. soon after the incident before their files are purged).

_ Don't extinguish a pressure fire without block- « Emergency Operations Center and Incident Command

ing-in the fuel source . Although it is possible to extin- logs.

guish some pressure fires involving a leak of fuel gas or
liquefied petroleum gas, this should be done only by shutting
off the fuel. All hydrocarbon vapors (other than methane) are

e Operations logs.
e Location TV security or environmental surveillance

. . e ) : video.
heavier than air. E)ftlngwshlng a pressure fire without fuel | Interview information from employees, contractors and
shutoff may result in the formation of a hazardous vapor neighbors
cloud. . - .
» Engineering and maintenance records.
N.4.3 FOAM APPLICATION OBSERVATIONS »  Work permits.
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APPENDIX O—PPE FOR PERSONNEL FIGHTING TANK FIRES

Each person working at a tank fire incident should use PPE NFPA 600 4-3.1 specifies that thermal protective clothing
(personal protective equipment) appropriate to his or herto be used by personnel entering hot and warm zones ‘shall
duties and potential exposures. The specific PPE needs malge in accordance with NFPA 198tandard on Protective
be included in generic emergency response operating proceEnsemble for Structural Fire FightingNon-fire brigade per-
dures. sonnel working in areas with comparable exposure should be

Alternatively, PPE requirements may be determined by similarly protected.
command staff as part of an on-site hazard assessment. Most The insulating effect of firefighters bunker gear (turnouts)
individuals at the incident site will function in support (not should be considered when deciding proper and appropriate
fire suppression roles). Most of these persons will need noPPE. It is beneficial to define zones in which bunker gear is
special PPE. not required for protection; this can reduce heat stress caused

For those persons with fire suppression duties, the level ofoy “keeping heat in” when there is no special need to “keep
protection should be determined by exposure potential. Theheat out”. Heat shielding can be provided by barriers ranging
principal concern is heat exposure. For personnel situatedrom metal shields to hose line “full fog” water spray. ‘
upwind of the fire, the heat exposure will be from radiation. The decision on what constitutes appropriate PPE rests

Like all radiation, heat follows the ‘law of squares’. Thus, with the Incident Commander. The OSHA standard on Per-
the heat flux is reduced by a ‘factor of four’ for each doubling sonal Protective Equipment 1910.132 uses such performance
of the distance from the heat source. language. It states that “(d)(1) The employer shall assess the

The actual suppression activities related to tank fire fight-workplace to determine if hazards are present, or are likely to
ing in exposed areas should be categorized as “Advancedbe present, which necessitate the use of personal protective
Exterior Fire Fighting”. As defined in NFPA 600dustrial equipment (PPE). If such hazards are present, or likely to be
Fire Brigades this is “offensive fire fighting performed out- present, the employer shall: (d)(1)(i) Select, and have each
side an enclosed structure when the fire is beyond the incipi-affected employee use, the types of PPE that will protect the
ent stage”. NFPA 600 states that clothing shall be available inaffected employee from hazards identified in the hazard
sufficient quantity and sizes to fit each brigade memberassessment”.
expected to fight advanced exterior and/or interior structure Proper protective clothing is required for fire brigade mem-
fires. bers and emergency responders is based on their anticipated

NFPA 600 states that all firefighters protective clothing exposure and duties. Federal regulatory requirements are out-
(frequently called bunker gear or turnouts) must meet thelined in OSHASubpart L(1910.156) anddazardous Waste
requirements of the appropriate NFPA standard. Thermal pro-Operations and Emergency Respofi€10.120(q).
tective clothing is required and the uses of self-contained
breathing apparatus (SCBA) could be required.
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