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This edition of NFPA 30, Flammable and Combustible Liquids Code, was prepared by the
Technical Committees involved with the Flammable and Combustible Liquids project,
released by the Technical Correlating Committee on Flammable and Combustible Liquids,
and acted on by NFPA at its May Association Technical Meeting held May 18-21, 2003, in
Dallas, TX. It was issued by the Standards Council on July 18, 2003, with an effective date
of August 7, 2003, and supersedes all previous editions.

This edition of NFPA 30 was approved as an American National Standard on July 18, 2003.

Origin and Development of NFPA 30

From 1913 to 1957, this document was written as a model municipal ordinance known as the
Suggested Ordinance for the Storage, Handling, and Use of Flammable Liquids. In 1957,
the format was changed to a code, although the technical requirements and provisions
remained the same. During the 90-year period of existence of NFPA 30, numerous revised
editions have been published as dictated by experience and advances in technology.

A brief review of the major changes adopted over the previous six editions follows. In 1984,
the chapter covering automotive and marine service stations was removed from NFPA 30
and was used as the basis for a separate document, NFPA 30A, Automotive and Marine
Service Station Code, now titled Code for Motor Fuel Dispensing Facilities and Repair
Garages. In 1987, Chapter 5 (Industrial Plants), Chapter 6 (Bulk Plants and Terminals),
Chapter 7 (Process Plants), and Chapter 8 (Refineries, Chemical Plants, and Distilleries)
were combined into a single chapter on operations. In 1990, a new section was added to
Chapter 4 to address hazardous materials storage lockers, and more detailed guidance was
added to Section 5-3 to address ventilation of enclosed process areas and for estimation of
fugitive emissions. In 1993, Chapter 4, Container and Portable Tank Storage, was
completely rewritten so that its requirements were presented more clearly, especially for
mercantile occupancies. In addition, changes were made to the tank diking provisions to
allow combined remote impounding and diking systems and to provide relief from the spill
control requirements for certain secondary containment—type tanks.

In 1996, the following major changes were incorporated: requirements for temporary and
permanent closure of underground storage tanks; requirements for tightness testing of tanks
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D.4.1.1 In-rack sprinklers should be installed in accordance with Figure D.4.1.1(a) and
Figure D.4.1.1(b). Vertical baffles should not be provided between in-rack sprinklers.

FIGURE D.4.1.1(a) Single-Row Rack Sprinkler Layout.
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FIGURE D.4.1.1(b) Double-Row Rack Sprinkler Layout.

D.4.1.2 Listed or approved K-8.0 in., ordinary temperature—rated, quick response in-rack
sprinklers should be installed. The in-rack sprinklers should be designed to provide 113
L/min (30 gpm) out of the hydraulically most remote eight sprinklers if one level is installed
or the most remote fourteen sprinklers (seven on two levels) if two or more levels are
provided.

D.4.1.3 Ceiling sprinklers should be designed to provide a minimum density of 12.2 mm/min
(0.3 gpm/t2 or 12.2 L/min per m?) over the most remote 185 m? (2000 ft2) using K-8.0 or
K-11.2 orifice, ordinary temperature-rated, standard response spray sprinklers.

D.4.1.4 The ceiling and in-rack sprinkler demands should be balanced at the point of
connection to the water supply. A 1900 L/min (500 gpm) hose stream allowance should be
provided.

D.5 Recommended High-Expansion Foam Fire Protection for Nonmiscible Liquids.

Copyright NFPA



Table D.5 provides recommended design criteria for high-expansion foam protection for
Class IB, Class IC, Class 11, and Class III liquids in plastic containers in corrugated
cardboard cartons.

Table D.5 High-Expansion Foam Protection of Single- and Double-Row, Open-Frame R:
Plastic Containers

Maximum
Liquid Class Container Size Maximum Storage =~ Maximum Ceiling Submergence
(non-polar liquids) (gal) Height (ft) Height (ft) Time (minutes)
IB, IC, 11, IIIA, IIIB < 1a 18 33 2

aLiquids in polyethylene or polypropylene containers packaged in corrugated cardboard cartons.
bSee Table D.2.7 for references to fire tests on which fire protection criteria are based.

D.5.1 The foam system should be designed and installed in accordance with NFPA 11A,

Standard for Medium- and High-Expansion Foam Systems, with this section, and with Table
D.5.

D.5.2 There should be at least two foam generator units drawing fresh inlet air from an area
outside of the area being protected.

D.5.3 Submergence time should not exceed 2 minutes for either sprinklered or unsprinklered
areas. Failure of a single foam generator should not result in a submergence time exceeding 4
minutes.

D.5.4 The foam system should be activated by a supplemental detection system capable of
detecting a fire originating anywhere within the storage area. Foam system activation should
be preceded by a 20 second pre-activation room egress alarm.

D.5.5 Storage of liquids in plastic containers should be in a room separated from other
occupancies by minimum 2-hour fire-rated construction. The storage room should be
equipped with automatic self-closing Class A or B doors that are interlocked to the detection
system.

D.5.6 The roof or ceiling of the storage area should be provided with either of the
following:

(D) A minimum 1-hour fire-resistive protection for roof or ceiling structural members

(2) Ceiling sprinklers at a minimum density of 18.3 L/min per m? (0.45 gpm) over the
entire room to protect against high ceiling temperatures during the time required for
foam submergence.

D.5.7 Liquid containment should be provided for rooms storing liquids in plastic containers.
The liquid containment should provide 100 mm (4 in.) minimum containment. Where ceiling
sprinkler protection is used, a drainage and containment system capable of retaining at least
20 minutes of sprinkler discharge should be provided.

D.5.8 Rack storage should be limited to single- or double-row racks. Bay width should not
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exceed 2.7 m (9 ft).
D.5.9 Racks should be provided with vertical barriers meeting the following requirements:

(1) Barriers should be constructed of plywood at least 10 mm thickness (7 in.) or by
sheet-metal of at least 22 gauge thickness.

(2) Barriers should be located at each rack upright and should extend from rack face
through the flue space to the opposite rack face of the storage rack assembly.

D.5.10 Aisle width should not be not less than 2.3 m (7.5 ft). See Table D.5.

D.5.11 These recommendations are based on a series of fire tests conducted by Ansul, Inc.
to explore the efficacy of high-expansion foam fire protection on fires involving flammable
liquids in plastic containers.

Annex E Suggested Test Protocol for Developing Fire Protection
for Containers of Flammable and Combustible Liquids

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

E.1 Introduction.

The development of fire protection criteria for liquids in containers relies almost exclusively
on the evaluation of data from large-scale fire tests and engineering judgment.
Characterization of fire development, fire spread to adjacent containers or materials,
suppression system activation, and effectiveness of the suppression system based on first
principles (i.e., governing scientific theory) is not well established. Reliance on actual test
data for all situations and scenarios is not, however, practical from a cost standpoint. The
development of the fire protection criteria in Section 6.8 of this code, therefore, relies on
data from representative test scenarios and assessment of the risk. Alternative materials and
scenarios are then evaluated in terms of the specific test data, historical test data, engineering
experience with the hazards, and an assessment of the risk. Pending complete development
of engineering tools to evaluate the fire hazards of flammable and combustible liquids, this
approach represents the best method to meet the NFPA policy that codes and standards be
scientifically based.

This annex provides an example protocol for the testing of flammable and combustible
liquids stored in containers. In many cases, test data are then interpolated or extrapolated to
develop fire protection design criteria by which the stored commodities can be considered
protected. The term protected could be interpreted as defining storage where there is
essentially zero risk of an uncontrolled incident. Because zero risk is unattainable, it is
important that designers and regulators be aware of the limitations when applying the
protection criteria based on fire test data and engineering extrapolation. The limitations of
the protection criteria are also described in this annex.

With the introduction and widespread use of larger containers, such as intermediate bulk
containers (IBCs), and the introduction of alternative container materials, there is a need to
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evaluate these materials from a fire performance standpoint. There is a need to provide
manufacturers, warehouses, and enforcement officials with guidance on developing and
evaluating protection criteria where data are not currently available. The following example
test protocol is intended to outline guidance for conducting representative fire tests to
establish protection criteria for liquids in containers. Specifically, this outline is developed for
liquids in large containers [i.e., greater than 20 L (5.3 gal)]. While there is a substantial
amount of data for smaller containers, there is a lack of data for large containers. (See E.2.5
and E.2.€). Most of these data are for 55 gal (208 L) drums.

E.2 Example Fire Test Protocol for Evaluating Liquids in Large Containers.

Important variables in evaluating hazards for liquids in small containers have been identified
(Nugent, 1994). These include liquid properties, container design and size, packaging
material, ignition scenario, storage arrangement, and sprinkler system design parameters.

Of particular importance for large containers is control of pressure in the container to
prevent a violent rupture and the prevention of a large discharge of liquid. While these are a
problem with smaller containers, the hazard to test facilities and personnel increases
dramatically for larger containers. A fundamental measure of performance is the limitation of
pressure buildup in the container and maintenance of container integrity to prevent a large
spill. Prevention of a violent rupture should be tempered by the discharge of liquid and
associated heat release through pressure-relieving mechanisms. The pressure-relieving
mechanisms can be a designed-in feature or can be inherent in the container material.
Container integrity, along with pile or rack stability, is important to prevent a large discharge
of liquid. Suppression systems might not be adequate to control a large release of liquid.
Engineering tools are available to evaluate specific consequences of uncontrolled pool fires
on facility integrity (Gewain, 1996).

The information that follows is provided to aid in the development of protection criteria
similar to that developed in Table 6.8.2(a) through Table 6.8.2(d) for steel drums. The intent
is to provide guidance for the acceptance of alternative materials/designs under the
“protected” classification of stored liquids. The primary basis of this outline is previous
testing of drum storage (e.g., Newman et al., 1975).

E.2.1 Storage Configuration.

E.2.1.1 Facility. If containers are to be protected indoors, tests should be conducted in an
enclosed facility with minimal impact from the outside environment. In particular, the
building height should be representative of the proposed indoor storage height. Building
height affects response time of the suppression system, penetration of suppression agent
through the fire plume, and response of building structural elements to the threat.

E.2.1.2 Storage Array. A representative array should be selected (e.g., solid pile storage or
rack storage). Arrays should consider the width of aisles to adjacent stored materials and
whether these materials have higher or lower ignition and fire growth characteristics.

E.2.1.3 Container. The container storing the liquid should be representative of a
production-type unit, unless the evaluation is a scoping series to determine container effects.
Potential venting capabilities of a container should be identified (i.e., the thermally “weak
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link” of the constructed assembly). If the container will have an outer wrapping, packaging,
or pallet, this should be considered in the overall “container” system.

E.2.1.4 Liquid in Container. The most hazardous liquid to be stored should be evaluated.
The hazard of a liquid should be assessed based on its volatility (vapor pressure), heat of
combustion, specific gravity, miscibility (water solubility), ignition temperature, flash point,
fire point, boiling point, and vapor density. The NFPA 30 rating system, based on flash point,
vapor pressure, and boiling point, can be used as a guide to assess the hazard. The other
properties should be considered, as they can affect both the hazard and the suppression
system effectiveness.

E.2.1.5 Liquid Classes. Class IA liquids should be considered independently from other
liquids because of their inherent hazards. Protection criteria can be developed for different
classes of liquids, for example, motor oils that have protection criteria different from those
for Class IB liquids. For a maximum reasonable hazard, n-heptane has been used for general
evaluation for liquids up to and including Class IB. When tests are performed on large
containers, water can be substituted in place of the actual flammable liquid to improve the
overall safe conduct of the test. It is important to include liquid in the container. Internal
pressure should be recorded. The liquid also serves as a heat sink for the container.
Structural failure of the container can occur where there is no liquid interfacing with the
container (Newman et al., 1975). The container ullage (vapor space) should be
representative of actual conditions.

E.2.2 Protection System.

E.2.2.1 The protection system proposed for adoption should be represented in the actual
test (e.g., deluge sprinkler system, wet or dry pipe closed-head system, foam system, or
gaseous agent system). Where system actuation is dependent on auxiliary equipment (e.g.,
detectors), these devices should be included in the test with representative spacing and
response characteristics.

E.2.2.2 For sprinkler suppression systems, representative application rates and sprinkler
spacing that would be proposed for adoption should be used.

E.2.2.3 For tests involving closed-head sprinklers, appropriate sprinkler orifice sizes,
temperature rating, and response time index (RTI) should be identified and utilized.

E.2.2.4 For deluge and gaseous agent system tests, appropriate detection equipment
proposed for protection should be used in testing.

E.2.2.5 For foam system tests, prepriming or the actual foam discharge time from sprinklers
should be addressed. The foam concentrate should be listed or approved for the type of
liquid.

E.2.3 Fire Scenario.

E.2.3.1 The fire scenario is crucial in determining the hazard of the stored product. It is
recognized that an installed suppression system might not be able to protect against an
absolute worst-case scenario (e.g., the total release of multiple storage containers). For large
containers, the rapid release of contents can pose a significant challenge to an installed
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suppression system. This is particularly true if it is a highly volatile liquid (e.g., Class I
liquid). The philosophy for determining protection effectiveness is predicated on a reasonable
anticipated threat. Even with an installed suppression system, there is some risk of a
significant loss. Part of this risk is associated with suppression system reliability, which
should be addressed in the actual design/specification of protection systems.

E.2.3.2 A representative scenario for large containers was developed during drum storage
tests (Newman et al., 1975). The scenario was a liquid gravity leak of 2 to 15 gpm (7.6 to
56.7 L/min) from a hole at or near the bottom of a container. This leak can be simulated by
flow from a pipe. If containers are stacked or placed more than one high, then the simulated
container leak should be placed high in the total array. The leak should be allowed to flow
prior to ignition, simulating fuel spread after the mishap and a delay in ignition. In the tests,
10 gal (38 L) of liquid was allowed to spill before ignition. Additional details on the effects
of spill rate and initial spill size for tests involving an aqueous film-forming foam suppression
system are provided in other references (Young, et al., 1975).

An alternative worst-case scenario could be the total release of liquid from a large container,
with ignition delayed until the contents are totally discharged. Ignition of this large pool fire
can severely challenge an installed suppression system.

E.2.3.3 Ifthe scenario involves a flowing fuel fire, the recommended length of the test
should be equal to the total time of the flow from one container. Alternatively, the evaluation
can be terminated shortly after total extinguishment. Time should be allowed to determine
any post-extinguishment pressure buildup in containers or subsequent container failure due
to inadequate cooling. For water and foam systems, fire control will likely be the measure of
performance instead of extinguishment because it is unlikely that the three-dimensional
running fuel fire will be extinguished with these agents. If a larger spill rate is used, a reduced
test time equal to the time to discharge the contents of one container can be appropriate. The
length of a pool fire test would be based on the success or failure of the suppression system
to control/extinguish the fire. For portable tanks and intermediate bulk containers, a specific
length of fire protection time can be identified.

E.2.4 Measures of Performance.

E.2.4.1 Criteria. Acceptable performance should include, but not be limited to, the
following:

(1) Prevent pressure buildup in containers or actual violent ruptures
(2) Prevent substantial loss of liquid from a container
3) Limit the number of sprinklers operating

4) Prevent ignition of adjacent target arrays or failure to control a fire in an adjacent
target array

(5) Limit temperature of structural or rack steel
(6)  Control sustained ceiling gas temperatures

(7) Prevent collapse of the stored containers or arrays
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E.2.4.2 Type of Container. The type of container material will affect the establishment of
the performance criteria. The prevention of a violent rupture is an important characteristic.
The loss of some liquid from a container (particularly by controlled venting) can be deemed
acceptable or even preferable. Catastrophic failure of a container (e.g., total content release)
can be deemed unacceptable. The resulting large spill might not be controlled (particularly if
water sprinklers are used) and can lead to cascading container failures.

E.2.4.3 Preliminary Testing. Scoping tests can be required to determine failure mechanisms
and worst-case situations for specific container materials. An example of scoping tests
performed to determine failure mechanisms of small metal and plastic containers is detailed in
a research report by Hill (1991). Steel drum failure mechanisms are described in a research
report by Newman and others (1975). There is a lack of published information on large
container failure mechanisms, particularly for IBCs and nonmetallic or composite drums
(e.g., fiber drums).

E.2.4.4 Pressure Buildup. 1.0 bar (15 psi or 103 kPa) is an example of a critical pressure in
steel drums, above which violent rupture can occur (Newman et al., 1975). Many drums are
now rated at 3.0 bar (44 psi or 300 kPa), and some might be rated as high as 4.8 bar (70 psi
or 480 kPa).

E.2.4.5 Loss of Liquid. Loss of any substantial amount of liquid from a container is
generally considered as a criterion for failure. For the originally involved container, this can
be loss of contents at a rate greater than the design scenario spill rate. Fire spread to the
outer limits of the test array is generally considered a failure. For adjacent or target arrays,
the level of fire involvement should be considered. Loss due to vapor venting can be
considered acceptable. For metallic containers, loss of liquid to a violent rupture can be
considered unacceptable.

E.2.4.6 Number of Sprinklers Operating and Operating Time. The number of sprinklers
operating and their operating time can be used as a judgment of overall suppression system
effectiveness. As the number of sprinklers operating increases, the probability of overall
success decreases. The philosophy in combustible/flammable liquid protection has shifted
from traditional warehouse success criteria, where a “success” could be judged for a test
involving the operation of 30 or more sprinklers. The trend in liquid protection is for more
rapid actuation and cooling/control through the use of lower RTI, intermediate level, larger
orifice, and ESFR sprinklers.

E.2.4.7 Ignition of Target Arrays. Prevention of the ignition of adjacent targets (e.g.,
across aisles) is a fundamental measure of performance. If target arrays ignite, adequate
protection should be provided (e.g., through the use of in-rack sprinklers or increased
suppression agent rate).

E.2.4.8 Integrity of Structural Steel. Structural steel, in the form of building columns,
beams, or rack elements, potentially fails at about 650°C to 700°C (about 1200°F to
1300°F). Scenarios where elements reach this temperature for any prolonged time can be
judged unsuccessful for “protected” situations.

E.2.4.9 Integrity of Storage Array. Collapse of stored containers inherently increases the
risk of container liquid discharge. It also increases the potential for shielding of a flowing fuel
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or pool fire, with a resulting increase in violent rupture potential or catastrophic liquid
discharge.

E.2.4.10 Spills. Spills of any magnitude might not be suppressed by water-only suppression
systems. Water can act to cool containers, but it also spreads the pool fire. For situations
where there is the potential for large spills, floor drainage systems can be used to mitigate the
spread of burning liquids. The area contained within the drains can be considered for
establishing sprinkler design operating areas. Alternatively, foam-water sprinkler systems can
be used to control/suppress floor pool fires to prevent burning liquid spread. Where there is
rack storage, in-rack sprinklers at every level have demonstrated good cooling for drum
storage (Newman et al., 1975).

E.2.4.11 Test Documentation. Test documentation should include test setup, results, and
damage assessment. Photographic and video documentation is desirable.

E.2.5 Probability of a Fire Incident and Reliability of Suppression Systems.

E.2.5.1 Inherent in the current “unprotected” and “protected” concepts of Chapter 4 is a
qualitative judgment of unacceptable and acceptable risk. If all other relevant fire and
property loss parameters are equal, “unprotected” facilities have a greater relative risk of
experiencing an uncontrolled fire that will result in a large loss than will “protected” facilities.
An essential part of a risk analysis is identifying all the factors that will contribute to the
probability of a fire incident. In addition, the factors leading to a nonoperable suppression
system need to be identified. Only after comparing these two probabilities, fire event and
system failure, can an accurate assessment of risk be accomplished.

Minimizing the risk in either unprotected or protected facilities can be accomplished by
reducing the probability of a fire. These types of “fire safety” practices are common and
range from good housekeeping and other management program controls to inherently less
combustible and ignitible process and facility designs. This encompasses a broad range of
elements, but all contribute to lessening the probability of a fire. In undertaking a risk-based
approach to fire safety, as many as possible of these contributing elements should be
identified. Once this is done, steps should be taken, within the set of identified elements, to
reduce or eliminate their individual probability of occurring.

E.2.5.2 In facilities where fire suppression systems are used to reduce the risk of loss due to
fire, the suppression system should be examined to determine its reliability. Suppression
systems are multicomponent assemblies and determining the reliability of the system involves
knowing or estimating, within acceptable limits, the probabilities of failure of the individual
components or subsystems. It is also essential to understand the conceptual design of the
system as it relates to interaction of the components. One method of assessing reliability is by
using the system schematics to construct fault trees. The fault trees then serve as system
models and the failure probabilities are propagated through calculation to determine the
overall probability of system failure. The fault trees can be extended by additional “AND”’
logic gates (fire event at the same time as system failure) to determine the suppression
system’s conditional probability of failure.

E.2.5.3 As with any quantitative probabilistic analysis, the quality of the data used to
determine the estimated failure probabilities tends to be the weak link in the analysis. Data on
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component failure rates and estimates of fire event probability can lack adequate rigor.
Incorporating expert opinion on system performance can be desirable or even required, if
data are lacking. In addition, the uncertainty inherent in all statistical analysis should be
reported for the failure probabilities.

E.2.6 Limitations of Testing and Protection Criteria. The objective of fire testing of large
containers is to evaluate plausible scenarios. Attempts have been made to address variables
that would contribute to failure or successful protection. All scenarios and probabilities are
not addressed by virtue of the limited number of large-scale tests that can be practically
conducted and inherent risks that are deemed acceptable, even with protected storage.
Protection can be interpreted to mean control, suppression, or extinguishment of a fire for
any given scenario. Subsection E.2.6 outlines issues and limitations associated with protected
storage.

E.2.6.1 Ignition/Threat Scenarios. Worst-case scenarios (i.e., arson or terrorism)
associated with breaches of multiple large containers have not been investigated. In such a
scenario, the suppression system could also be rendered inoperative. Protected storage, as
intended by this code, does not address this scenario. Attempts have been made in testing to
develop a reasonable scenario that is challenging to the commodity and plausible under
routine warehouse conditions. Different packaging systems could be more or less vulnerable
to different scenarios. Small containers stored in corrugated cartons appear more vulnerable
to small ignition sources because of delayed sprinkler actuation. Large containers could also
react differently to the initiating scenario, depending on construction of the package. Large
containers are typically tested with a relatively small initiating spill and a running fuel source.
A large initial spill (i.e., where all the fuel in a container has emptied and is ignited) has not
been tested. The relatively short duration of a large, thin spill fire is considered to be
addressed by the threat of a much longer duration, shielded running fuel fire. A full range or
combination of tests of initial spill size and spill rate has not been made. The philosophy in
large container testing is to assume an initial container breach and provide control such that
multiple containers do not breach and contribute to a much larger spill.

E.2.6.2 Water and Foam Sprinklers. Water sprinklers will not extinguish most flammable
or combustible liquid fires. At best, water sprinklers will control or extinguish the fire in any
associated combustible packaging material. Yet, most of the systems used in the protection
criteria tables in Section 6.8 of this code are based on water sprinklers, based on the
recognition of the following:

(1) A large spill with small containers is unlikely, although not impossible, provided the
sprinklers operate to control cascading breaching of containers.

(2) There is sufficient cooling of larger containers to prevent multiple container
breaching.

For large containers, some form of spill containment (e.g., by drainage) is required for
protected storage. The intent is to limit the size of the spill and the resulting area of sprinkler
operation. There has been little quantification of the appropriate design factors and
effectiveness of drainage systems. For example, will protection be provided for a 370 m?
(4000 ft2) area that is fully involved in fire? The duration of the fire could influence the
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effectiveness of such protection.

Foam sprinklers are generally effective on pool (floor) fires but are likely to be ineffective on
running, three-dimensional spill fires. Again, total control or extinguishment of the fire
cannot be assured.

E.2.6.3 Anticipated Duration of the Fire. For large containers, particularly those greater
than 208 L (55 gal) in capacity, there is an inherent assumption that manual fire-fighting
efforts will be initiated to finalize control and extinguishment of the fire. For example, foam
systems are required to have a duration of 15 minutes. This implies that some action will be
taken when the system has been expended. The protection criteria for composite
intermediate bulk containers were developed based on a 30-minute fire resistance for the
container. Again, action to secure the situation after this time is assumed. The protection
criteria for containers greater than 225 L (60 gal) capacity, as outlined in Table 6.8.2(a)
through Table 6.8.2(d) and Table 6.8.2(i), provide reasonable containment confidence for a
30-minute fire exposure. Due to the capacity of intermediate bulk containers and portable
tanks, it is imperative that response by a private fire brigade or public fire department be
capable of initiating fire suppression activities promptly within this period.

Detection, notification, and prompt action by responsible personnel are implicit in the
protection criteria. The protection system per se provides thermal detection. In some cases,
more rapid detection could be desired. Considerations in evaluating appropriate detection
requirements include level of fire department staffing, availability of an on-site fire brigade,
and availability of off-site notification by a private service company.

Compliance with local and federal hazardous materials rules and regulations could result in
delayed fire department action at the scene of a warehouse fire. Fire departments should also
respond to fires in these occupancies with foam fire-fighting equipment to effect final
extinguishment. The authority having jurisdiction should assess the capability of the fire
department to effectively respond to the incident when implementing the protection criteria
in this code. The selection of an approach to fire protection for these occupancies is
influenced by the authority having jurisdiction, potential community or environmental
exposures, investment at risk, insurance considerations, and business continuity.
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Annex F Fugitive Emissions Calculations

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

F.1 Introduction.

An alternative method of providing adequate ventilation for an enclosed area is by making a
reasonable estimate of fugitive emissions from hydrocarbon-handling equipment within the
enclosed area and providing sufficient diluent ventilation. Application of this method requires
certain calculations, and one technique is described in Section F.2.

In calculating the ventilation rate required, the anticipated hydrocarbon leakage rate (under
normal conditions) should be determined. Then, sufficient dilution air should be added to the
space in question to ensure that the concentration of flammable vapor/gas is maintained
below 25 percent of the lower flammable limit (LFL) for all but periods of process upset,
abnormal operation, or equipment rupture, or breakdown.

Fugitive emission factors for specific hydrocarbon-handling equipment can be obtained from
emission testing at specific facilities or from existing publications. A few existing publications
are API’s Fugitive Hydrocarbon Emissions from Petroleum Production Operations,
Volumes I and I1, 1980; EPA/Radian Study conducted in 1979; and EPA Protocols for
Generating Unit-Specific Emission Estimates for Equipment Leaks of VOC and HAP, 1987
(Document No. 87-222-124-10-02). All emission data used should be reviewed to assure
emission rates are representative of actual conditions during normal operations.

F.2 Calculation Technique.

In the following example, the required ventilation rate will be determined for an enclosed
area on a cold-weather, offshore platform containing production equipment that measures 18
m (60 ft) by 36 m (120 ft) by 12 m (40 ft) high. The following procedure should be followed:

(1) List the total applicable hydrocarbon-handling components and their anticipated total
hydrocarbon fugitive emissions. The fugitive emissions equipment component leak
rates can be obtained from emission measurements at the facility in question, from
one of the existing publications listed in Section F.1, or from other studies that are
representative of the equipment involved.

(2) The total number of specific components handling hydrocarbons should be obtained
by an actual field count for existing equipment or from the design drawings for
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proposed equipment. Note that components handling gas should be listed separately
from those handling liquid hydrocarbons.

3) Determine the total anticipated gas emission (pounds/day) for each component by
multiplying the number of components by the applicable prediction factor. This
product is the total gas emission anticipated for that specific type component.

(4) Subtotal the total anticipated gas emissions (pounds/day) for all components to
obtain the total gas service emission rate.

®)) Repeat Steps (2) through (4) to determine the hydrocarbon liquids total anticipated
emissions.

(6) Add the subtotals from Steps (4) and (5) to determine the total anticipated emissions.

(7) Convert the total hydrocarbon emission from pounds/day to pounds/hour. For the
example chosen, assume that the total anticipated hydrocarbon emissions is 297.26
Ib/day. Dividing by 24, the conversion yields 12.39 Ib/hr.

(8) Calculate the average mole weight of the hydrocarbon emissions. An example

follows:
33% methane (Molecolar Wi = 16)
153% ethane (Molecular Wi = 30)
4% butane (Molecular Wi = 5H8)
A= 16=15.495

F13=30= 3490
iM=hg= 252
Tonal = 1950

To simplify further calculations, the 19.5 is rounded to 20, and 20 is used as the
average mole weight of the hydrocarbon emissions mixture.

9 Calculate the cubic feet/pound-mole at the estimated ambient temperature of the area.
This calculation is made utilizing the fact that the volume of 1 pound-mole of an ideal
gas is 359 ft3 at 32°F and 14.7 psia.

From the Gas law (PV = nRT) and Charles’ Gas law (V7 = V»T;), and from the
fact that volume at constant pressure varies proportionately to the ratio of
temperatures when the temperature is expressed in degrees Rankine (°F + 460),
calculate the actual volume. Assuming an ambient temperature of 88°F, an example

follows:
At 88°F and 14.7 psia, 359 fi3 of ideal gas would occupy:

(460 + 88 )
3049 — or 400 it
460+ 52
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(10)  Determine the total hydrocarbon leak rate in cubic feet per minute (cfm) using the
following equation:

_EYV)
GO nize)

0

where:

G = leak rate (cfim)

E = emissions rate (Ib/hr)
V = volume (ft3/Ib-mole)
60 = min/hr

mw = average mole weight

In our example, E equals 12.39 Ib/hr, and the average mole weight is 20; therefore, G
can be calculated as follows:

G =(12.39 1b/hr)

(400 ft* / Ib-mole ‘u”
60 min/hr J-

(=413 cfm

(11)  Asper NFPA 69, Standard on Explosion Prevention Systems, the hydrocarbon
concentration can be expressed by the following equation:

where:

C = concentration of hydrocarbon in air, % expressed as a decimal

G = leak rate (cfim)

Q = fresh air introduction rate (cfim)

k = mixing efficiency factor = 0.2 to 0.9

n = number of air changes

The factor (1 — e ") can be considered equal to 1 because as the number of air
changes (n) approaches steady state (i.e., approximately three air changes), this factor
approaches unity.

As an example, if the leakage rate is assumed to be 4.13 cfim, 100 percent LFL
methane is assumed (5 percent concentration), and it is desired to maintain a 25 percent
LFL mixture, the required fresh air introduction rate can be determined as follows:

0= 415 cfim
T 0.25x0.05)
(} =530 cfin

(12)  Due to the variations in emission factors for processing equipment, the calculated
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rate should be multiplied by a safety factor of 4. The required ventilation rate is
determined as follows:

() =330 cfmx4

(2 = 1320 cfin, the minimum ventilation rate

Thus, minimum ventilation to achieve adequate ventilation for an enclosed area of
the size given in the example that contains the fugitive emissions sources assumed is
1320 cfm.

(13)  Depending on the size of the enclosed area and the equipment configuration,
supplemental internal recirculation could be advisable to avoid areas of stagnation.
With higher local concentrations where recirculation is justified, it should be designed
with adequate air movement and direction to minimize “dead” areas where vapor can
collect. If other criteria are lacking, a recirculation rate of 1 cfm/ft2 of floor area can
be used.

(14) If conditions exist where there is a substantial risk of a large flammable vapor release
in a confined space and the calculated rate of diluent ventilation is not sufficient to
dilute and disperse the released vapor to below the LFL within 4 hours, then
supplemental emergency ventilation should be produced. This can be by natural
ventilation through panels or louvers, or by switching recirculation fans to full fresh
air make-up, or exhaust. Consideration should be given to the travel direction of
ventilated vapor to avoid its reaching an ignition source outside the enclosed space
being ventilated.

(15)  The preceding procedure is adapted from “Module Ventilation Rates Quantified,”
Oil and Gas Journal.

Annex G Sample Ordinance Adopting NFPA 30

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

G.1

The following sample ordinance is provided to assist a jurisdiction in the adoption of this
code and is not part of this code.

ORDINANCE NO.

An ordinance of the [jurisdiction] adopting the 2003 edition of NFPA 30, Flammable and
Combustible Liquids Code, and documents listed in Chapter 2 of that code; prescribing
regulations governing conditions hazardous to life and property from fire or explosion;
providing for the issuance of permits and collection of fees; repealing Ordinance No.

of the [jurisdiction] and all other ordinances and parts of ordinances in conflict
therewith; providing a penalty; providing a severability clause; and providing for publication;
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and providing an effective date.
BE IT ORDAINED BY THE [governing body] OF THE [jurisdiction]:

SECTION 1 That the [complete document title] and documents adopted by Chapter 2, three
(3) copies of which are on file and are open to inspection by the public in the office of the
[jurisdiction’s keeper of records] of the [jurisdiction], are hereby adopted and incorporated
into this ordinance as fully as if set out at length herein, and from the date on which this
ordinance shall take effect, the provisions thereof shall be controlling within the limits of the
[jurisdiction]. The same are hereby adopted as the code of the [jurisdiction] for the purpose
of prescribing regulations governing conditions hazardous to life and property from fire or
explosion and providing for issuance of permits and collection of fees.

SECTION 2 Any person who shall violate any provision of this code or standard hereby
adopted or fail to comply therewith; or who shall violate or fail to comply with any order
made thereunder; or who shall build in violation of any detailed statement of specifications or
plans submitted and approved thereunder; or failed to operate in accordance with any
certificate or permit issued thereunder; and from which no appeal has been taken; or who
shall fail to comply with such an order as affirmed or modified by or by a court of competent
jurisdiction, within the time fixed herein, shall severally for each and every such violation and
noncompliance, respectively, be guilty of a misdemeanor, punishable by a fine of not less
than $ nor more than § or by imprisonment for not less than days nor
more than days or by both such fine and imprisonment. The imposition of one
penalty for any violation shall not excuse the violation or permit it to continue; and all such
persons shall be required to correct or remedy such violations or defects within a reasonable
time; and when not otherwise specified the application of the above penalty shall not be held
to prevent the enforced removal of prohibited conditions. Each day that prohibited
conditions are maintained shall constitute a separate offense.

SECTION 3 Additions, insertions, and changes @ that the /year] edition of NFPA 30,
[complete document title] is amended and changed in the following respects:

List Amendments

SECTION 4 That ordinance No. of [jurisdiction] entitled [fill in the title of the
ordinance or ordinances in effect at the present time] and all other ordinances or parts of
ordinances in conflict herewith are hereby repealed.

SECTION 5 That if any section, subsection, sentence, clause, or phrase of this ordinance is,
for any reason, held to be invalid or unconstitutional, such decision shall not affect the
validity or constitutionality of the remaining portions of this ordinance. The /governing
body] hereby declares that it would have passed this ordinance, and each section, subsection,
clause, or phrase hereof, irrespective of the fact that any one or more sections, subsections,
sentences, clauses, and phrases be declared unconstitutional.

SECTION 6 That the [jurisdiction’s keeper of records] is hereby ordered and directed to
cause this ordinance to be published.

[NOTE: An additional provision may be required to direct the number of times the ordinance
is to be published and to specify that it is to be in a newspaper in general circulation. Posting
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may also be required. ]

SECTION 7 That this ordinance and the rules, regulations, provisions, requirements, orders,
and matters established and adopted hereby shall take effect and be in full force and effect
[time period] from and after the date of its final passage and adoption.
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H.3 References for Extracts.

The following documents are listed here to provide reference information, including title and
edition, for extracts given throughout this code as indicated by a reference in brackets [ ]
following a section or paragraph. These documents are not a part of the requirements of this
document unless also listed in Chapter 2 for other reasons.

NFPA 1, Uniform Fire Code™, 2003 edition.
NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals, 2000 edition.
NFPA 52, Compressed Natural Gas (CNG) Vehicular Fuel Systems Code, 2002 edition.

NFPA 55, Standard for the Storage, Use, and Handling of Compressed Gases and
Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks, 2003
edition.

NFPA 101®, Life Safety Code®, 2003 edition.

NFPA 307, Standard for the Construction and Fire Protection of Marine Terminals, Piers,
and Wharves, 2000 edition.

Formal Interpretation
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 1.1, Scope
F.I. 844

Background: Tank trailers and semi-trailers are lovaded with flammable or combustible liquicl and moved
L0 a storage }';ll'r{. There, the tank vehicles may be kt:}n. for days, weeks, or months hetore bei g shipptrd L0y
another location or being moved to another part of the same plant site. Some of the tank vehicles are not
road-worthy.

Question: Do such tank vehicles, used for the wemporary storage of Hammable and combustible liquids,
need w meet the requirements of NFPA 30 for drainage, impoundment, separation distances, ec.?

Answer:  Yes.

Issue Edition: 1984
Reference: 1-1
Date: April 1987

Copyright © 2005 All Righis Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 1.1.1, 1.1.2(1), 7.3.7.1
F.I 93-1 (NFPA 30)

Question:  Since the term “solid” s not defined by NFPA 30, is it the intent of Subsections 111 and
L1.2(1) of NFPA 30 that a combustible material, having a rm*]ling point at or above 100°F, be outside the
scope of NFPA 30 and exempt from NFPA A0's requirements?

Answer:  Yes.

Issue Edition: 1993

Reference: 1-1.1, 1-1.3, 5-4.1.1
Issue Date: March 7, 1995
Effective Date: March 27, 1995

Coxpyrighi © 2003 All Righes Reserved
NATIONAL FIRE PROTECTTON ASSOCIATION
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 3.3.5

F.I. 81-1

Question: 15 it the intent of NFPA 30 that Fuel Ol #6 be considered a boil-over quuid, as per the
defimition of botl-over, vie., crude ol {or certain other quuids] and as per the appli(:;lhi]il}' of Table 4.5.2.1.3
of NFPA 30 governing boil-over liquicds?

Answer: No.

Issue Edition: 1981
Reference: 1-2
Date: April 1981
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 4.3.1.3
F.I. 87-1

Background: Chapter 1 of NFPA 30 delines a portable tank as "any closed vessel having a liquid capacity
over 60 U5, gallons and not intended for fixed installation”,

Paragraph 6.1.1 of NFPA 30 states "This chapter shall ;1}1}1]}' to the storage ol . . portable tanks not
exceeding 660 gallons individual capacity . . . For portable tanks exceeding 660 gallons, Chapter 2 shall
apply”.
Question:  Does a pm‘LahIL' tank that:

=toes not exceed 660 gallons;

—is located at least 50 feet from the battery limits ol any process area or from any huil{ling;

=is elevated above grade on steel angle iron supports;

—can he and is 1'{:11Linr]§-' maoved by means ol an indlustrial (fork-lift) wuck;

=is used to reluel portable compressors and welding generators;
need to comply with the requirement for protection by "matenials having a fire resistance rating ol not less
than 2 howrs”, as set forth for tanks in 4.5.1.5,

Answer:  No,

Issue Edition: 1987
Reference: 2-5.1, 2-5.2, 2.5.3
Date: December 1987

Copyright © 2003 All Rights Reserved
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 4.3.4
F.1. 90-1

Background: Hydraulic elevator systems r.(:[muun]}-‘ use low-pressure tanks as accumulator reservoirs 1o
contan the h].'dl}iulit: oil that is pumped into and out of the h}'d]:m]it: cylinder. The question has arisen
whether these reservoirs are subject to the provisions of NFPA 30, specifically the provisions of 4.5.4.
Specitic provisions for such accumulator tanks are not mentioned in any other code, including the ANSI
standards that deal specifically with elevator systems.

Question:  Aue the hydraulic acoumulator reservoirs of a I1;.'t11:111]1':: elevator system subject to the provisions
af NFPA 3, paragraph 4.3.4, Installation of Tanks Inside of Buildings?

Answer:  No.,

Issue Edition: 1990

Reference: 25

Issue Date:  January 22, 1991
Effective Date:  February 11, 1991

Coprright ® 2003 All Rights Resered
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Copyright NFPA



Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 5.5.6
FIN/A

Question: Does the requirement for check valves for automatic protection against back-flow in 5.5.6 apply
to marine unloading facilities?

Answer: Paragraphs 7.7.7 through 7.7.11 are applicable o marine Hammable and combusible liquids
wharves at bulk plants and provide exceptions and additons 1o Chapter 3, including 5.5.6. Use of check
valves in tanker and barge unloading lines is not m;md'.llm}'. but 7.7.9(4) requires the installation of hlock
valves o control flow in the event of physical damage.

Issue Edition: 1976
Reference: 3-6.1

Issue Date: January, 1978
Reissued: January, 1994
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 6.2
F.I. 90-2

Background: An intermediate bulk container (IBCY, referred to in Section 6.2 of NFPA 30 as a “portable
tank,” that is constructed of a blow-molded p]uslit: hottle, of 61 1o 66 gallons capacity, that is structurally
supporied h:l.-' a metal overpack and is attached 1o a pallet. The plastic overpack provides primary Ii{]uid
containment. The sheet metal (mrl'p;-u'k p]m'idtrs structural rigidity and impact protection, but is not
liquicltight.

Question: Does a container such as described meet the intent of the phl:m' “approved metal purt;ll}ltr
tank” as cited in Section 6.2 of NFPA 307

Answer:  No.

Issue Edition: 1990

Reference: 4-2

Issue Date:  January 22, 1991
Effective Date:  February 11, 1991

Copyrtght © 2003 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

Copyright NFPA



Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: 6.2.3.1
F.I. 81-2

Question:  1s it the intent of NFPA 50, 6.2.5.1 to exempt kerosene fuel with a Bash point of 150°F stored in
2-10 2/ Agallon nonclisted plastic containers for retail sales from the requirements of 6.2.1 and 6.2.37

Answer:  No,

Issue Edition: 1981
Reference: 4-2.3.1
Date: December 1982
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition

Reference: Table A.6.8.2(b)
F.I B4-3

Question 1:  Does the column in Table A68.2(h), headed “Maximum Cuantity of Containers [gul]l" apply
to the total quantity allowed in a single rack?

Answer:  Yes.

Question 2:  Does the column in Tahle A.6.8.2(b}, headed “Maximum Quantity of Containers {gal]‘" also
apply 1o the total quantity allowed in the entire five area?

Answer:  Yes

Issue Edition: 1984
Reference: Table 4-6.1(b)
Date: April 1987
Reissued: August 1995
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Formal Interpretation

NFPA 30
Flammable and Combustible Liquids Code

2003 Edition
Reference: Table 8.2.2
F L No.: 30403-1
Background: In Table 8.2.2, the electrical area classificadon for “Office and rest rooms”, *Carages for

other than tank vehicles”, and “Indoor warehousing where there is no flammable liquid transfer” is
listed as “Ordinary”, i.e., no area classification applies. However, each of these three entries includes a
qualifving staternent that reads “If there is any opening to these rooms within the extent of an indoor
classified location, the room shall be classified the same as if the wall, curb, or partiton did not exist”

Ouestion: [s it the intent of the qualifving statement to require that the classified area extend through
the openingis) only to the distance specified by Table 5.2.2 for the specific source (s) that requires
area classification®

Answer: Yes,

Issue Edition: 20035
Reference: Table 8.2.2
Issue Date: May 8, 2006
Effective Date: May 28, 2006
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Tentative Interim Amendment

NFPA 30

Flammable and Combustible Liquids Code

2003 Edition

Reference: 6.2.1, A.6.2.1, 6.2.3, Table 6.2.3
TIA 03-1 (NFPA 30)
(SC-04-7-12/Log 793)

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire
Protection Association has issued the following Tentative Interim Amendment to NFPA 30,
Flammable and Combustible Liguids Code, 2003 edition. The TIA was processed by the
Flammable and Combustible Liguids Committee, and was issued by the Standards Council on
July 15, 2004, with an effective date of Aoguost 4, 2004,

A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.

I Revise Subsection 6.2.1 to read as follows:
6.2.1% Only the following approved containers, intermediate bulk containers, and portable tanks
shall be used for Class L Class 11 and Class TITA liguids.

2. Add a new Annex item to 6.2.1 to read as follows:
Au6.2.1 It is not the intent of Section 6.2 to regulate containers and packasing svstemns for Class
HIB liguids. except as required for protected storage in aceordance with Section 6.8

A Revize Subsection 6.2.3 to read as follows:
6. 2.3 The maximum allowable size of a container, intermediate bulk container, or metal portable
tank for Class L Class 1L and Class LA liguids shall not exceed that specified in Table 6.2.3.

4. fn Table 6.2.3, in the last column heading, change the colunn heading from Class 11
to Class 1A,
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