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will be served thereby.

3. Scope of License Grant — The terms and conditions set forth above do not extend to the index to
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(For further explanation, sce the Policy Concerning the Adoption, Printing and Publication of NFPA
Documents which is available upon request from the NFPA.)
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Association, which are designed to assure the appointment of technically competent Committees having
balanced representation. While these procedures assure the highest degree of care, neither the National Fire
Protection Association, its members, nor those participating in its activities accepts any liability resulting
from compliance or noncompliance with the provisions given herein, for any restrictions imposed on
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This edition of NFPA 30, Flammable and Combustible Liquids Code, was prepared
by the Technical Committee on Flammable and Combustible Liquids, released
b?/ the Correlating Committee on Flammable Liquids, and acted on by the
National Fire Protection Association, Inc. atits Annual Meeting held May 18-21,
1987 in Cincinnati, Ohio. It was issued by the Standards Council on july 17,
1387, with an effective date of August 7, 1987, and supersedes all previous
editions.

The 1987 edition of this standard has been approved by the American
National Standards Institute.

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

Origin and Development of NFPA 30

From 1913 to 1957, this standard was written in the form of a municipal
ordinance known as the Suggested Ordinance for the Storage, Handling and Use of
Flammable Liquids. In 1957, the format was changed from a municipal ordinance
to a Code, although the technical provisions were retained. During the 71-year
existence of this suggested ordinance and code, numerous editions have been
published as conditions and experiences have dictated.

Recent editions of NFPA 30 include 1977, 1981, 1984, and this 1987 edition.
In 1984, the chapter on automotive and marine service stations was removed
from NFPA 30 and was rewritten as an individual code, NFPA 30A, Automotive
and Marine Service Station Code. In 1987, Chapter 5 (Industrial Plants), Chapter
6 (Bulk Plants and Terminals), Chapter 7 (Processing Plants), and Chapter 8
(Refineries, Chemical Plants, and lg
chapter entitled “Operations.”

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

Information on referenced publications can be found in Chap-
ter 6 and Appendix G.

Foreword

This standard, known as the Flammable and Combus- .

tible Liquids Code, is recommended for use as the basis
of legal regulations. Its provisions are intended to
reduce the hazard to a degree consistent with reason-
able public safety, without undue interference with

public convenience and necessity which require the -

use of flammable and combustible liquids. Thus,
compliance with this standard does not eliminate all
hazards in the use of flammable and combustible
liquids. See the Flammable and Combustible Liquids Code
Handbook for additional explanatory information.

Chapter 1 General Provisions

1-1 Scope and Application.

1-1.1 This code applies to all flammable and com-
bustible liquids except those that are solid at-100°F
(37.8°C) or above.

1-1.2  Requirements for the safe storage and use of
the great variety of flammable and combustible lig-
uids commonly available depend primarily on their
fire characteristics, particularly the flash point, which
is the basis for the several classifications of liquids as
defined in Section 1-2. It should be noted that the
classification of a liquid can be changed by contami-
nation. For example, filling a Class 11 liquid into a
tank which last contained a Class I liquid can alter its
classification, as can exposing a Class II liquid to the
vapors of a Class I liquid via an interconnecting vapor
line (see 2-2.6.4 and 2-3.5.6). Care shall be exercised in
such cases to apply the requirements appropriate to
the actual classification.

1-1.3 The volatility of liquids is increased by heat-
ing. When Class II or Class 11! liquids are exposed to
storage conditions, use conditions or process opera-
tions where they are naturally or artificially heated to
or above their flash points, additional requirements
may be necessary. TEese requirements include con-
sideration for such items as ventilation, exposure to
ignition sources, diking, and electrical area classifica-
tion. '

1-14 Additional requirements may be necessary for
the safe storage and use of liquids that have unusual
burning characteristics, that are subject to self-igni-
tion when exposed to the air, that are highly reactive

1987 Edition

with other substances, that are subject to explosive
decomposition, or have other special properties that
dictate safeguards over and above those specified for
a normal liquid of similar flash point classification.

1-1.5 In certain installations the provisions of this
code may be altered at the discretion of the authority
having jurisdiction after consideration of the special
features such as topographical conditions, barricades,
walls, adequacy of building exits, nature of occupan-
cies, proximity to buildings or adjoining property and
character of construction of such builz(;lm s, capacity
and construction of proposed tanks and character of
liquids to be slore£ nature of process, degree of
private fire protection to be provided, and the ade-
uacy of facilities of the fire department to cope with
ammable or combustible liquid fires.

1-1.6 Existing plants, equipment, buildings, struc-
tures, and installations for tEe storage, handling, or
use of flammable or combustible liquids that are not
in strict compliance with the terms of this code may be
continued in use at the discretion of the authority
having jurisdiction provided they do not constitute a
recognized hazard to life or adjoining property. The
existence of a situation that might result in an explo-
sion or sudden escalation of a fire, such as inadequate
ventilation of confined spaces, lack of adequate emer-
gency venting of a tank, failure to fireproof the
supports of elevated tanks, or lack of drainage or
dikes to control spills may constitute such a hazard.

1-1.7 This code shall not apply to:

1-1.7.1 Transportation of flammable and combusti-
ble liquids. These requirements are contained in the

"U.S. Department of Transportation regulations or in

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

1-1.7.2 Storage, handling, and use of fuel oil tanks
and containers connected with oil burning equip-
ment. These requirements are covered separately in
NFPA 31, Standard for the Installation of Oil Burning
Equipment.

1-1.7.3 Storage of flammable and combustible lig-
uids on farms and isolated construction projects.
These requirements are covered separately in NFPA
395, Standard for the Storage of Flammable and Combus-
tible Liquids on Farms and ﬁolated Construction Projects.

... 1-1.74 Liquids without flash points that can be

flammable under some conditions, such as certain
halogenated hydrocarbons and mixtures containing
halogenated hydrocarbons. (See NFPA 321, Standard
on Basic Classification of Flammable and Combustible
Liquids.)

1-1.7.5 Mists, sprays, or foams. (Except flammable
aerosols in containers, which are included in Chapter 4.)

1-1.8 Installations made in accordance with the ap-
licable requirements of standards of the National
ire Protection Association: NFPA 32, Standard for

Drycleaning Plants; NFPA 33, Standard for Spray Appli-
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cation Using Flammable and Combustible Materials;
NFPA 34, Standard for Dipping and Coating Processes
Using Flammable or Combustible Liquids; NFPA 35,
Standard for the Manufacture of Organic Coatings; NFPA
36, Standard for Solvent Extraction Plants; NFPA 37,
Standard for the Installation and Use of Stationary Com-
bustion Engines and Gas Turbines; NFPA 45, Standard
for Fire Protection for Laboratories Using Chemicals; and
Chapter 10 of NFPA 99, Standard for Health Care
Facilities, shall be deemed to be in compliance with
this code.

1-1.9 Metrication. If a value for measurement as
given in this standard is followed by an equivalent
value in other units, the first stated is regarded as the
requirement. The given equivalent value may be
approximate.

1-2 Definitions.
Aerosol. A material that is dispensed from its

container as a mist, spray, or foam by a propellant
under pressure.

Apartment House. A buildihg or that portion ofa

building containing more than two dwelling units.

A}:Froved. Acceptable to the “authority having
jurisdiction.”

NOTE: The National Fire Protection Association does not
approve, inspect or certify any installations, procedures, equip-
ment, or material nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations or
procedures, equipment or materials, the authority having juris-
diction may base accslptance on compliance with NFPA or other
‘appropriate standards. In the absence of such standards, said

_ authority may require evidence of proper installation, proce-
dure or use. The authority having jurisdiction may also refer to
the listings or labeling practices of an organization concerned
with product evaluations which is in a position to determine
compliance with appropriate standards for the current produc-
tion of listed items. :

Assembly Occupancy. All buildings or portions
of buildings used for gathering 50 or more persons
for such purposes as deliberation, worship, entertain-
ment, dining, amusement, or awaiting transportation.

Atmospheric Tank. A storage tank that has been
designed to operate at pressures from atmospheric
through 0.5 psig (760 mm Hg through 786 mm Hg)
measured at the top of the tank.

Authority Having Jurisdiction. The “authority
having jurisdiction” 1s the organization, office -or
individual responsible for “approving” equipment, an
installation or a procedure.

NOTE: The phrase “authority having jurisdiction” is used in
NFPA documents in a broad manner since jurisdictions and
“apq‘roval" agencies vary as do their responsibilities. Where
BUb ic safety 1s primary, the “authority havmgfurlsdxctlon" may
e a_ federal, state, local or other regional department or
individual such as a fire chief, fire marshal, chief of a fire
Erevention bureau, labor department, health department,
uilding official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection
department, rating bureau, or other insurance company repre-
sentative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent
assumes the role of the “authority having {irunsdiction‘; at
government installations, the commanding officer or depart-
mental official may be the “authority having jurisdiction.” -

Barrel. A volume of 42 U.S. gal (158.9 L).

Basement. A story of a building or structure
having $ or more of its height below ground level and
to which access for fire fighting purposes is unduly
restricted.

Boiling Point. The temperature at which a liquid
exerts a vapor pressure of 14.7 psia (760 mm ﬁ).
Where an accurate boiling point is unavailable for the
material in question, or for mixtures that do not have
a constant boiling point, for purposes of this code the
10 percent point of a distillation performed in ac-
cordance with ASTM D 86-82, Standard Method of Test
for Distillation of Petroleum Products, may be used as the
boiling point of the liquid. _

Boil-Over. 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 burning oil
from the tank. Boil-over 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 much faster than
the regression of the liquid surface. When this hot
layer, called a “heat wave,” reaches water or water-in-
oﬁ emulsion in the bottom of the tank, the water is
first superheated, and 'subsequently boils almost ex-
plosively, overflowing the tank. Oils subject to boil-
over 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 mix-
tures.

NOTE: A boil-over is an entirely different phenomenon from
a slop-over or froth-over. Slop-over involves a minor frothing,
which occurs when water is sprayed onto the hot surface of a
burning oil. Froth-over is not associated with a fire but results
when water is present or enters a tank containing hot viscous
oil. Upon mixing, the sudden conversion of water to steam
causes a portion of the tank contents to overflow.

Bulk Plant or Terminal. That portion of a prop-
erty where liquids are received by tank vessel, pipe-
lines, tank car, or tank vehicle, and are stored or
blended in bulk for the purpose of distributing such
liquids by tank vessel, pipeline, tank car, tank vehicle,
portable tank, or container.

Chemical Plant. A large integrated plant or that
portion of such a plant other than a refinery or
distillery where liquids are produced by chemical
reactions or used in chemical reactions.

Closed Container. A container as herein defined,
so sealed by means of a lid or other device that
neither liquid nor vapor will escape from it at ordi-
nary temperatures. ‘ .

Combustible Liquids. See Liquids.. |

Container. Any vessel of 60 U.S. gal (227 L) or
less capacity used ZOr transporting or storing liquids.

Crude Petroleum. Hydrocarbon mixtures that
have a flash point below 150°F (65.6°C) and that have
not been processed in a refinery.
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Distillery. A plant or that portion of a plant
where liquids produced by fermentation are concen-
trated, and where the concentrated products may also
be mixed, stored, or packaged.

Dwelling. A building occupied exclusively for
residence purposes and%mving not more than two
dwelling units or as a boarding or rooming house
serving not more than 15 persons with meals or
sleeping accommodations or both.

Dwelling Unit. One or more rooms arranged for
the use of one or more individuals living together as
a single housekeepin§ unit, with cooking, living,
sanitary, and sleeping facilities.

Educational Occupancy. The occupancy or use
of a building or structure or any portion thereof by
persons assembled for the purpose of learning or of
receiving educational instruction.

Fire Area. An area of a building separated from
the remainder of the building by construction havin
a fire resistance of at least f hr and having a
communicating openings properly protected by an
ﬁssembly having a fire resistance rating of at least 1

r.

Flammable Aerosol. An aerosol that is required
to be labeled “Flammable” under the U.S. Federal
Hazardous Substances Labeling Act.

Flash Point. The minimum temperature at which
a liquid gives off vapor in sufficient concentration to
form an ignitible mixture with air near the surface of
the liquid within the vessel as specified by appropriate
test procedure and apparatus as follows:

(a) The flash point of a liquid having a viscosity less
than 45 SUS at I%O°F (37.8°(ZI) and a flash point below
200°F (93°C) shall be determined in accordance with
ASTM D 56-82, Standard Method of Test for Flash Point
by the Tag Closed Tester.

(b) The flash point of a liguid having a viscosity of
45 SUS or more at 100°F (37.8°C) or a flash point of
200°F (93°C) or higher shall be determined in accord-
ance with ASTM D 93-80, Standard Method of Test for
Flash Point by the Pensky Martens Closed Tester.

(c) As an alternate, ASTM D 3828-81, Standard
Methods 3/‘ Tests for Flash Point of Petroleum and Petro-
leum Products by Setaflash Closed Tester, may be used for
testing aviation turbine fuels within the scope of this
procedure.

(d) As an alternate, ASTM D 3%278-82, Standard
Method of Tests for Flash Point of Liquids by Setaflash
Closed Tester, may be used for paints, enamels, lac-
quers, varnishes, and related products and their
components having flash points between 32°F (0°C)
and 230°F (110°C), and having a viscosity lower than
150 stokes at 77°F (25°C).

(e) As an alternate, ASTM D 3828-79, Standard
Test Methods for Flash Point of Liquids by Setaflash Closed
Tester, may be used for materia]qs other than those for
which specific Setaflash Methods exist (cf., ASTM D
3243-77 for aviation turbine fuels and ASTM D
3278-78 for paints, enamels, lacquers, varnishes, re-
lated products, and their components).
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Hazardous Material or Hazardous Chemical.
Material presenting dangers beyond the fire prob-
lems relating to flash point and {)oiling point. These
dangers may arise from but are not limited to toxicity,
reactivity, instability, or corrosivity.

Hazardous Reaction or Hazardous Chemical Re-
action. Reactions that result in dangers beyond the
fire problems relating to flash point and boiling point
of either the reactants or OF the products. These
dangers may include but are not limited to toxic
effects, reaction speed (including detonation), exo-
thermic reaction, or production of unstable or reac-
tive materials.

Hotel. Buildings or groups of buildings under
the same management in which there are sleeping
accommodations for hire, primarily used by tran-
sients who are lodged with or without meals, includ-
ing but not limited to inns, clubs, motels, and apart-
ment hotels.

Incidental Liquid Use or Storage. Use or storage
as a subordinate activity to that which established the
occupancy or area classification.

Institutional Occupancy. The occupancy or use
of a building or structure or any portion thereof by
persons harbored or detained to receive medical,
charitable, or other care or treatment, or by persons
involuntarily detained.

Labeled. Equipment or materials to which has
been attached a label, symbol or other identifying
mark of an organization acceptable to the “authority

Jhaving jurisdiction” and concerned with product

evaluation, that maintains periodic inspection of pro-
duction of labeled equipment or materials and by
whose labeling the manufacturer indicates compli-
ance with appropriate standards or performance in a
specified manner.

Liquid. For the purpose of this code, any material
that has a fluidity greater than that of 300 penetration
as;i)halt when tested in accordance with ASTM D
5-78, Test for Penetration ‘{or ‘Bituminous Malerials.
When not otherwise identilied, the term liquid shall
mean both flammable and combustible liquids.

. Combustible Liquid. A liquid having a flash
point at or above 100°F (37.8°C).

| Combustible Liquids shall be subdivided as fol-
OWs:

Class 11 liquids shall include those having flash
points at or above 100°F (37.8°C) and below 140°F
(60°C).

Class IIIA liquids shall include those havin
flash points at or above 140°F (60°C) and below 200°
(93°C).

Class IIIB liquids shall include those having
flash points at or above 200°F (93°C).

Flammable Liquid. A liquid having a flash
point below 100°F (37.8°C) and avin%a vapor ;res-
sure not exceeding 40 lbs per sq in. (absolute) (2,068
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mm Hg) at 100°F (37.8°C) shall be known as a Class I
liquid.

Class I liquids shall be subdivided as follows:

Class IA shall include those having flash points
below 73°F (22.8°C) and having a boiling point El))elow
100°F (37.8°C).

Class IB shall include those having flash points
below 73°F (22.8°C) and having a boiling point at or
above 100°F (37.8°C).

Class IC shall include those having flash points
at or above 73°F (22.8°C) and below 100°F (37.8°C).

Listed. Equipment or materials included in a list
published by an organization acceptable to the “au-
thority having jurisdiction” and concerned with prod-
uct evaluation, that maintains periodic inspection of
production of listed equipment or materials and
whose listing states either that the equipment or
material meets appropriate standards or has been
tested and found suitable for use in a specified
manner.

NOTE: The means for identifying listed equipment may vary
for each organization concerne((with product evaluation, some
of which do not recognize equipment as listed unless it is also
labeled. The “authority having jurisdiction” should utilize the
system employed by the listing organization to identify a listed
product.

Low-Pressure Tank. A storage tank designed to
withstand an internal pressure above 0.5 psig (3.5
kPa) but not more than 15 psig (103.4 kPa) measured
at the top of the tank. 4 '

Mercantile Occupancy. The occupancy or use of
a building or structure or any portion thereof for the
displaying, selling, or buying of goods, wares, or
merchandise.

Occupancy Classification. The system of defin-
ing the predominant operating characteristic of a
portion of a building or plant for purposes of appg'—
ing relevant sections of this Code. This may include
but is not limited to distillation, oxidation, cracking,
and polymerization. .

Office Occupancy. The occupancy or use of a
building or structure or any portion tLereof for the
transaction of business, or the rendering or receiving
of professional services.

Operating Unit (Vessel) or Process Unit (Vessel).
The equipment in which a unit operation or unit
process is conducted.

Operations. A general term that includes but is
not 1m{tecl_ to the use, transfer, storage, and process-
ing of liquids.

Outdoor Occupancy Classification. _Similar to oc-
cupancy classification except that it applies to outdoor
operations not enclosed in a building or shelter.

Portable Tank. Any closed vessel having a liquid
capacity over 60 U.S. gallons (227 L) and not in-
tended for fixed installation.

Pressure Vessel. Any fired or unfired vessel
within the scope of the applicable section of the
ASME Boiler and Pressure Vessel Code.

Process or Processing. An integrated sequence
of operations. The sequence may be inclusive of both
physical and chemical operations, unless the term is
modified to restrict it to one or the other. The
sequence may involve, but is not limited to prepara-
tion; separation; purification; or change in state,
energy content, or composition.

Protection for Exposures. Fire protection for
structures on property adjacent to liquid storage. Fire
protection for such structures shall be acceptable
when located either within the jurisdiction of any
public fire department, or adjacent to plants having
private fire brigades capable of providing cooling
water streams on structures on property adjacent to
liquid storage. ‘

- Refinery. A plant in which flammable or combus-
tible liquids are produced on a commercial scale from
crude petroleum, natural gasoline, or other hydro-
carbon sources.

Safety Can. An approved container, of not more
than 5 gal (18.9 L) capacity, having a spring-closing
lid and spout cover and so designed that it will safely
relieve internal pressure when subjected to fire expo-
sure.

Separate Inside Storage Area. A room or build-
ing used for the storage of liquids in containers or
portable tanks, separated from other types of occu-
pancies. Such areas may include: A

Inside Room. A room totally enclosed within a
building and having no exterior walls.

Cut-Off Room. A room within a building and
having at least one exterior wall.

Attached Building. A building having only one
common wall with a building having other  type
occupancies.

Service Stations.

Automotive Service Station. That portion of
property where liquids used as motor fuels are stored
and dispensed from fixed equipment into the fuel
tanks of motor vehicles and shall include any facilities
available for the sale and service of tires, batteries,
and accessories, and for minor automotive mainte-
nance work. Major automotive repairs, painting,
body and fender work are excluded.

Marine Service Station. That portion of a
property where liquids used as fuels are stored and
dispensed from fixed equipment on shore, piers,
wharves, or floating dogks into the fuel tanks of
self-propelled craft, and shall include all facilities
used in connection therewith.

Service Station Located Inside Buildings.
That portion of an automotive service station lo-
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cated within the perimeter of a building or building
structure that also contains other occupancies. The
service station may be enclosed or partially enclosed
by the building walls, floors, ceilings, or partitions, or
may be open to the outside. The service station
dispensing area shall mean that area of the service
station required for dispensing of fuels to motor
vehicles. Dispensing of fuel at manufacturing, assem-
bly, and testing operations is not included within this
definition.

Stable Liquid. Any liquid not defined as unstable.

Unit Operation or Unit Process. A segment of a
physical or chemical process that may or mar} not be
integrated with other segments to constitute the man-
ufacturing sequence.

Unstable Liquid. A liquid which, in the pure state
or as commercially proguced or transported, will
vigorously polymerize, decompose, undergo conden-
sation reaction, or will become self-reactive under
conditions of shock, pressure, or temperature.

Vapor Pressure. The pressure, measured in Ib
per sq in. (absolute), exerted by a volatile liquid as

determined by ASTM D 323-82, Standard Method of

Test for Vapor Pressure of Petroleum Products (Reid
Method). '

Vapor Processing Equipment. Those compo-
nents of a vapor processing system designed to pro-
cess vapors or liquids captured during filling orera-
tions at service stations, bulk plants, or terminals.

Vapor Processing System. A system designed to
capture and process vapors displaced during filling
operations at service stations, bulk plants, or termi-
nals by use of mechanical and/or chemical means.
Examples are sg'stems using blower-assist for captur-
ing vapors, and refrigeration, absorption, and com-
bustion systems for processing vapors.

Vapor Recovery System. A system designed to
capture and retain, without processing, vapors dis-
Blaced during filling operations at service stations,

ulk plants, or terminals. Examples are balanced-
pressure vapor displacement systems and vacuum-
assist systems without vapor processing.

Ventilation. As specified in this code, ventilation
is for the prevention of fire and explosion. It is
considered ade?uate if it is sufficient to prevent
accumulation of significant quantities of vapor-air
mixtures in concentration over one-fourth of the
lower flammable limit.

Warehouses.

General-Purpose Warehouse. A separate, de-
tached building or portion of a building used only for
warehousing-type operations.

NOTE: Warehousing operations referred to above are those
operations not accessible to the public and include general
purpose, merchandise, distribution, and industrial warehouse-
type operations.
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Liquid Warehouse. A separate, detached
building or attached building used for warehousing-
type operations for liquids.

Wharf. Any dock, pier, bulkhead, or other struc-
ture over or contiguous to navigable water with direct
physical access from land, the primary function of
which is the transfer of liquid cargo in bulk between
shore installations and any tank vessel, such as ship,
barge, lighter boat, or other mobile floating craft.

1-3 Storage. Liquids shall be stored in tanks or in
containers in accordance with Chapter 2 or Chapter
4.

1-4 Pressure Vessel. All new pressuré vessels con-
taining liquids shall comply with 1-4.1, 1-4.2, or 1-4.3,
as applicable. ,

1-4.1 Fired pressure vessels shall be designed and
constructed in accordance with Section 1 (Power
Boilers), or Section VIII, Division 1 or Division 2
(Pressure Vessels), as applicable, of the 1983 ASME
Boiler and Pressure Vessel Code.

1-4.2 Unfired pressure vessels shall be designed and
constructed in accordance with Section VIII, Division
1 or Division 2, of the 1983 ASME Boiler and Pressure
Vessel Code.

1-4.3 Fired and unfired pressure vessels that do not
conform to 1-4.1 or 1-4.2 may be used provided
approval has been obtained from the state or other
governmental jurisdiction in which they are to be
used. Such pressure vessels are generally referred to
as “State Special.”

" 1-5 Exits.  Egress from buildings and areas covered

by this code shall be in accordance with NFPA 101°,
Life Safety Code®.

Chapter 2 Tank Storage

2-1 Design and Construction of Tanks.

2-1.1 Materials. Tanks shall be designed and built
in accordance with recognized good engineerin
standards for the material of construction being used,
and shall be of steel or approved noncombustible
material, with the following limitations and excep-
tions:

(a) The material of tank construction shall be com-
patible with the liquid to be stored. In case of doubt
about the properties of the liquid to be stored, the
supplier, producer of the liquid, or other competent
authority shall be consulted.

(b) Tanks constructed of combustible materials
shall be subject to the approval of the authority
having jurisdiction and limited to:

1. Installation underground, or

2. Use where required by the properties of the
liquid stored, or -

3.- Storage of Class 11IB liquids aboveground in
areas not exposed to a spill or leak of Class I or Class
IT liquid, or



* TANK STORAGE - 30-9

4. Storage of Class 11IB liquids inside a building
protected by an approved automatic fire extinguish-
Ing system.

(¢) Unlined concrete tanks may be used for storing
liquids having a gravity of 40 degrees API or heavier.
Concrete tanks with special linings may be used for
other services provided the design is in accordance
with sound engineering practice.

(d) Tanks may have combustible or noncombusti-
ble linings. .
() Special engineering consideration may be re-
quired if the specific gravity of the liquid to be stored
exceeds that of water or if the tank is designed to

contain liquids at a liquid temperature below 0°F
(—17.8°C).

2-1.2 Fabrication.

2-1.2.1: Tanks may be of any shape or type consis-
tent with sound engineering design. :

2.1.2.2 Metal tanks shall be welded, riveted, and
caulked, or bolted, or constructed by use of a combi-
nation of these methods.

2-1.3 Atmospheric Tanks.

2-1.3.1 Atmospheric tanks, including those incorpo-
rating secondary containment, shall be built in ac-
cordance with recognized standards of design’ or
approved equivalents. Atmospheric tanks shall be
built, installed, and used within the scopes of their
approvals or any of the following:

(a) Underwriters Laboratories Inc., Standard for
Steel Aboveground Tanks for Flammable and Combustible
Liquids, Uﬂ42-1981; Standard for Steel Underground
Tanks for Flammable and Combustible Liquids, UL58-
1976; or Standard for Steel Inside Tanks for Oil Burner
Fuel, UL80-1980.

(b) American Petroleum Institute Standard No.
Gggb“Velded Steel Tanks for Qil Storage, Sixth Edition,
1980.

(c) American Petroleum Institute Specifications
12B, Bolted Tanks for Storage of Production Litluz'ds,
Twelfth Edition, .January 1977; 12D, Field Welded
Tanks for Storage of Production Liguids, Eighth Edition,
January 1982; or 12F, Shop Welded Tanks for Storage of
Production Liquids, Seventh Edition, January 1985.

(d) American Society for Testing and Materials,
Standard Specification for Glass-Fiber Reinforced Polyester
glnderground etroleum Storage Tanks, ASTM D 4021-

(e) Underwriters Laboratories Inc., Standard for
Glass-Fiber Reinforced Plastic Undergwund Storage Tanks
for Petroleum Products, UL 1316-83.

2-1.3.2 Low-pressure tanks and pressure vessels
may be used as atmospheric tanks.

2-1.3.3 Atmospheric tanks shall not be used for the
storage of a liquid at a temperature at or above its
boiling point.

2-1.4 Low-Pressure Tanks.

2-1.4.1 The normal operating pressure of the tank
shall not exceed the design pressure of the tank.

" sures above 1

2-1.4.2 Low-pressure tanks shall be built in accord-
ance with recognized standards of design. Low-pres-
sure tanks may be built in accordance with:

(a) American Petroleum Institute Standard No.
620, Recommended Rules )gor the Design and Construction
of Large, Welded, Low-Pressure Storage Tanks, Fifth
Edition, 1982.

(b) The principles of the Code for Unfired Pressure
Vessels, Section VIII, Division I of the ASME Boiler
and Pressure Vessel Code, 1983 Edition.

2-1.4.3 Tanks built according to Underwriters Lab-
oratories Inc. requirements in 2-1.3.1 may be used
for operating [l)ressures not exceeding71 psi{; (6.9 kPa)
and shall be limited to 2.5 psig (17.2 kPa) under
emergency venting conditions.

2-1.4.4 Pressure vessels may be used as low-pressure
tanks.

2-1.5 Pressure Vessels.

2-1.5.1 The normal operating pressure of the vessel
shall not exceed the design pressure of the vessel.

2-1.5.2 Storage tanks designed to withstand pres-
psig (103.4 kPa) shall meet the re-
quirements of Section 1-4. o

2-1.6 Provisions for Internal Corrosion.

2-1.6.1 ‘When tanks are not designed in accordance
with the American Petroleum Institute, American
Society of Mechanical Engineers, or the Underwriters
Laboratories Inc. Standards, or if corrosion is antici-
I)aled beyond that provided for in the design formu-

_las used, additional metal thickness or suitable pro-

tective coatings or linings shall be provided to
compensate for the corrosion loss expected during
the design life of the tank.

2-2 Installation of Outsidé Aboveground Tanks.

2-2.1 Location with Respect to Property Lines, Pub-
lic Ways, and Important Buildings on the Same
Property.

2-2.1.1 Every aboveground tank for the storage of
Class I, Class 11, or Class IIIA liquids, (except as
provided in 2-2.1.2) and those liquids with boil-over
characteristics and unstable liquids, oPerating at pres-
sures not in excess of 2.5 psig (17.2 kPa) and designed
with a weak roof-to-shell seam (see 2-2.5.3), or
equipped with emergency venting devices that will
not permit pressures to exceed 2.5 psig (17.2 kPa),
shall be located in accordance with Table 2-1. Where
tank s(l)acing is contingent on a weak roof-to-shell
seam design, the user shall present evidence certify-
ing such construction to the authority having juris-
diction, upon request. .
(a) For the J)urpose of Section 2-2, a floating roof

tank is defined as one that incorporates either:

1. A pontoon or double-deck metal floating roof
215 gn open-top tank in accordance with API Standard

, Or

2. A fixed metal roof with' ventilation at the to
and roof eaves in accordance with API Standard 650,
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and containing a metal floating roof or cover meeting
any one of the following requirements:

a. A pontoon or double-deck metal floating
roof meeting the requirements of API Standard 650.

b. A metal floating cover supported by liquid-
tight metal floating devices that provide sufficient
buoyancy to prevent the liquid surface from being
exposed when half of the flotation is lost.

(b) An internal metal floating pari, roof, or cover
that does not meet the requirements of (a) 2., or one
that uses plastic foam (except for seals) for flotation,
even if encapsulated in metal or fiberglass, shall be
considered a fixed roof tank.

2-2.1.2 Vertical tanks having a weak roof-to-shell
seam (see 2-2.5.3) and storing Class I1IA liquids may
be located at one-half the distances specified in Table
2-1, provided the tanks are not within a diked area or
?rai.tcliage path for a tank storing a Class I or Class II
iquid.

2-2.1.3 Every aboveground tank for the storage of
Class I, Class II, or Class IIIA liquids, except those
liquids with boil-over characteristics and unstable
]iq7uids, operating at pressures exceeding 2.5 psig
(17.2 kPa) or equxppe(rwith emergency venting that
will permit pressures to exceed 2.5 psig (17.2 kPa),
shall be located in accordance with Table 2-2.

2-2.1.4 Every aboveground tank for storage of lig-
uids with boil-over characteristics shall be located in
accordance with Table 2-3. Liquids with boil-over
characteristics shall not be stored in fixed roof tanks
larger than 150 ft (45.7 m) in diameter, unless an
approved inerting system is provided on the tank.

2-2.1.5 Every aboveground tank for the storage of
unstable liquids shall be located in accordance with
Table 2-4.

2-2.1.6 Every above%rround tank for the storage of
Class 111B liquids, excluding unstable liquids, shall be
located in accordance with Table 2-5, except when
located within a diked area or drainage path for a
tank(s) storing a Class I or Class II liquid. When a
Class I11IB liquid storage tank is within the diked area
or drainage path for a Class I or Class II liquid,
2-2.1.1 or 2-2.1.2 shall apply.

2-2,1.7 Where two tank properties of diverse own-
ership have a common boundary, the authority hav-
ing jurisdiction may, with the written consent of the
owners of the two properties, substitute the distances
provided in 2-2.2.1 through 2-2.2.6 for the minimum
distances set forth in 2-2.1.

2-2.1.8 Where end failure of horizontal pressure
tanks and vessels can expose property, the tank shall
be placed with the longitudinal axis parallel to the
nearest important exposure. ’

2-2.2 Spacing (Shell-to-Shell) between Any Two Ad-
Jjacent Aboveground Tanks. :

2-2.2.1 Tanks storing Class 1, II, or IIIA stable
liq7uids shall be separated in accordance with Table
2-7, except as provided in 2-2.2.2. ‘

2-2.2.2 Crude petroleum tanks having individual
capacities not exceeding 126,000 gal (3,000 barrels),
when located at production facilities in isolated loca-
tions, need not be separated by more than 3 ft (0.90
m).

2-2.2.3 Tanks used only for storing Class I1IB lig-

.uids may be spaced no less than 3 ft (0.90 m) apart

unless within a diked area or drainage path for a tank
storing a Class I or II liquid, in which case the
provisions of Table 2-7 apply.

Table 2-1 Stable Liquids (Operating Pressure 2.5 psig or Less) (17.2 kPa)

Minimum Distance in Feet from
Property Line Which Is or Can
Be Built Upon, Including the
Opposite Side of a Public Way

Minimum Distance in Feet from
Nearest Side of Any Public Way
or from Nearest Important
Building on the Same Property

Type of Tank Protection and Shall Be Not Less Than 5 Feet and Shall Be Not Less Than 5 Feet
. Protection for Exposures* ' times diameter of tank Y times diameter of tank

Floating Roof -

[See 2-2.1.1(a)] None Diameter of tank but nced not Y% times diameter of tank

exceed 175 feet

Approved foam or inerting
system** on tanks not exceed-

Vertical with Weak ing 150 feet in diameter***

e times diameter of tank

Vs times diameter of tank

Roof-to-Shell Seam

1 *
(See 2-2.5.3) Protection for Exposures

Diameter of tank Y4 times diameter of tank

None

2 times diameter of tank but need

e s .
not exceed 350 feet Y4 times diameter of tank

Approved inerting system**
“on the tank or approved
foam system on vertical tanks

Horizontal and Vertical
with Emergency Relief

2 times Table 2-6 ¥ times Table 2-6

Venting to Limit Pressures

1 *
to 2.5 psig Protection for Exposures

Table 2-6 Table 2-6

None

2 times Table 2-6 Table 2-6

* See definition for “Protection for Exposures.”
** See NFPA 69, Standard for Explosion Prevention Systems.

*** For tanks over 150 ft in diameter, use “Protection for Exposures” or “None,” as applicable.

SI Units: 1 ft = 0.30 m.
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Table 2-2 Stable Liquids (Operating Pressure Greater Than 2.5 psig) (17.2 kPa)

Minimum Distance in Feet from
Property Line Which Is or Can
Be Built Upon, Including the

Minimum Distance in Feet from
Nearest Side of Any Public Way
or from Nearest Important

Type of Tank Protection Opposite Side of a Public Way Building on the Same Property
Protection for Exposures* 1% times Table 2-6 but shall not 1% times Table 2-6 but shall not
Anv T o ° P be less than 25 feet be less than 25 feet
n .
y 2ype 3 times Table 2-6 but shall not 1% times Table 2-6 but shall not

None

be less than 50 feet

be less than 25 feet

* See definition for “Protection for Exposures.” '
SI Units: 1 ft = 0.30 m.

Table 2-3 Boil-over Liquids

Minimum Distance in Feet from
Nearest Side of Any Public Way
or from Nearest Important
Building on the Same Property
and Shall Be Not Less Than 5 Feet

Vs times diameter of tank

Minimum Distance in Feet from
Property Line Which Is or Can
Be Built Upon, Including the
Opposite Side of a Public Way
and Shall Be Not Less Than 5 Feet

& times diameter of tank

Type of Tank Protection

Protection for Exposures*

Floating Roof [See 2-2.1.1
oating .oo [See (@) ) None Diameter of tank Vs times diameter of tank
Approved ;Z;:?m?; inerting Diameter of tank V4 times diameter of tank

2 times diameter of tank % times diameter of tank

4 times diameter of tank but need
not exceed 350 feet

Fixed Roof [See 2-2.1.4(a)] Protection for Exposures*

None % times diameter of tank

* See definition for “Protection for Exposures.”
** See NFPA 69, Standard for Explosion Prevention Systems.
SI Units: 1 ft = 0.30 m.

Table 2-4 Uristable Liquids

Minimum Distance in Feet from
Nearest Side of Any Public Way
or from Nearest Important
Building on the Same Property

Minimum Distance in Feet from
Property Line Which Is or Can
Be Built Upon, Including the
Opposite Side of a Public Way

Type of Tank Protection

Tank protected with any
one of the following:
Approved water spray,
Approved inerting,*
Approved insulation and
refrigeration, Approved
barricade

Table 2-6 but not less than

95 feet Not less than 25 feet

.Horizontal and Vertical
Tanks with Emergency Relief
Venting to Permit Pressure
Not in Excess of 2.5 psig

2% times Table 2-6 but not less
than 50 feet

5 times Table 2-6 but not less
than 100 feet

Protection for Exposures** Not less than 50 feet

None Not less than 100 feet

Tank protected with any
one of the following:
Approved water spray,
Approved inerting,*
Approved insulation and
refrigeration, Approved
barricade

2 times Table 2-6 but not less

than 50 feet Not less than 50 feet

Horizontal and Vertical
Tanks with Emergency Relief
Venting to Permit Pressure
Over 2.5 psig

4 times Table 2-6 but not less
than 100 feet

8 times Table 2-6 but not less
than 150 feet

Protection for Exposures** Not less than 100 feet

None Not less than 150 feet

* See NFPA 69, Standard for Explosion Prevention Systems.
** See definition for “Protection for Exposures.”
SI Units: 1 ft = 0.30 m.
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Table 2-5 Class IIIB Liquids

Minimum Distance  Minimum Distance
in Feet from Property in Feet from
Line Which Is or Can Nearest Side of Any

Be Built Upon, Public Way or from
Including the Nearest Important

Opposite Side Building on the

Capacity Gallons .  of a Public Way Same Property
12,000 or less 5 5
12,001 to 30,000 10 5
30,001 to 50,000 10 10
50,001 to 100,000 15 10
100,001 or more 15 15

SI Units: 1 ft = 0.30 m; 1 gal = 3.8 L.

Table 2-6
Reference Table for Use in Tables 2-1 to 2-4

Minimum Distance Minimum Distance
in Feet from Property in Feet from
Line Which Is or Can Nearest Side of Any

Be Built Upon,  Public Way or from
Including the Nearest Important
Capacity Tank Opposite Side of Building on the
Gallons a Public Way Same Property
275 or less - 5 5
276 to 750 10 5
751 10 12,000 15 5
12,001 to 30,000 20 5
30,001 to 50,000 30 10
50,001 to 100,000 50 15
100,001 10 500,000 - 80 25
500,001 to 1,000,000 100 35
1,000,001 to
2,000,000 135 45
2,000,001 to
3,000,000 165 55
3,000,001 or more 175 60

SI Units: 1 ft = 0.30 m; 1 gal = 3.8 L.

2-2.2.4 For unstable liquids, the distance between
such tanks shall not be less than one-half the sum of
their diameters.

2-2.2.,5 When tanks are in a diked area containing
Class I or Class II liquids, or in the drainage path of
Class I or Class I1I liquids, and are compacted in three
or more rows or in an irregular pattern, greater
spacing or other means may be required by the
authority having jurisdiction to make tanks in the

2-2.3.2 Remote Impounding.

interior of the pattern accessible for fire fighting
purposes.

2-2.2.6 The minimum horizontal separation be-
tween an LP-Gas container and a Class 1, Class 11, or
Class I1IA liquid stora§e tank shall be 20 ft (6 m),
except in the case of Class 1, Class II, or Class IIIA
liq7uid tanks operating at cYressures exceeding 2.5 psig
(17.2 kPa) or equipped with emergency ventin

which will permit pressures to exceed 2.5 psig (17.

kPa), in wEich case the provisions of 2-2.2.1 and
2-2.2.2 shall apply. Suitable measures shall be taken
to prevent the accumulation of Class I, Class 11, or
Class IIIA liquids under adjacent LP-Gas containers
such as by dikes, diversion curbs, or grading. When
flammable or combustible liquid storage tanks are
within a diked area, the LP-Gas containers shall be
outside the diked area and at least 10 ft (3 m) away

. from the centerline of the wall of the diked area. The

foregoing provisions shall not apply when LP-Gas
containers of 125 gal (475 L) or less capacity are
installed adjacent to fuel oil supply tanks of 660 gal
(2498 L) or less capacity. No horizontal separation is
required between aboveground LP-Gas containers
and underground flammable and combustible liquid
tanks installed in accordance with Section 2-3.

2-2.3 Control of Spillage from Aboveground Tanks.

2-2.3.1 Facilities shall be provided so that any acci-
dental discharge of any Class I, 11, or I111A liquids will
be prevented from endangering important facilities,
adjoining groperty, or reaching waterways, as
rovided for 1n 2-2.3.2 or 2-2.3.3. Tanks storing Class
I1IB liquids do not require special drainage or diking
provisions for fire protection purposes.

Where protection of
adjoining property or waterways is by means of
drainage to a remote impounding area, so that im-
pounded liquid will not be held against tanks, such
systems shall comply with the following:

(a) A slope of not less than 1 percent away from
the tank shall be provided for at least 50 ft (15 m)
toward the impounding area.

(b) The impounding area shall have a capacity not
less than that of the largest tank that can drain into it.

(c) The route of the drainage system shall be so
located that, if the liquids in the drainage system are
ignited, the fire will not seriously expose tanks or
adjoining property.

Table 2-7 Minimum Tank Spacing (Shell-to-Shell)

Floating Roof Tanks

Fixed or Horizontal Tanks

Class I or II Liquids Class IIIA Liquids

All tanks not over 150 feet
in diameter

Y% sum of adjacent tank diameters
but not less than 3 feet

¥ sum of adjacent tank diameters % sum of adjacent tank diameters
but not less than 3 feet but not less than 3 feet

Tanks larger than 150 feet
in diameter
If remote impounding is
in accordance with 2-2.3.2
If impounding is around
tanks in accordance with
2-2.3.3

Y sum of adjacent tank diameters

V4 sum of adjacent tank diameters

V1 sum of adjacent tank diameters % sum of adjacent tank diameters

s sum of adjacent tank diameters ¥4 sum of adjacent tank diameters

SI Units: 1 ft = 0.30 m.
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(d) The confines of the impounding area shall be
located so that, when filled to capacity, the liquid level
will not be closer than 50 ft (15 m) from any property
line that is or can be built upon, or from any tank.

2-2.3.3 Impounding Around Tanks by Diking.
When protection of adjoining t;))ro erty or waterways
is by means of impounding by giking around the
tanks, such system shall comply with the following:

(a) A slope of not less than 1 percent away from
the tank shall be provided for at least 50 ft (15 m) or
to the dike base, whichever is less.

(b) The volumetric capacity of the diked area shall
not be less than the greatest amount of liquid that can
be released from t}%e largest tank within the diked
area, assuming a full tank. To allow for volume
occupied by tanks, the capacity of the diked area
enclosing more than one tank shall be calculated after
deducting the volume of the tanks, other than the
largest tank, below the height of the dike.

(c) To permit access, the outside base of the dike at
ground level shall be no closer than 10 ft (3 m) to any
property line that is or can be built upon.’

- (d) Walls of the diked area shall be of earth, steel,
concrete, or solid masonry designed to be liquidtight
and to withstand a full hydrostatic head. Earthen
walls 3 ft (0.90 m) or more in height shall have a flat
section at the top not less than 2 ft (0.60 m) wide. The
slope of an earthen wall shall be consistent with the
angle of repose of the material of which the wall is
constructed. Diked areas for tanks containing Class I
liquids located in extremely porous soils may require
special treatment to prevent seepage of hazardous
quantities of liquids to low-lying areas or waterways in
case of spills. '

(e) Except as provided in (f) below, the walls of the
diked area shall be restricted to an average interior
height of 6 ft (1.8 m) above interior grade.

(f) Dikes may be higher than an average of 6 ft (1.8
m) above interior grade where provisions are made
for normal access and necessary emergency access to
tanks, valves and other equipment, and safe egress
from the diked enclosure. SRR

1. Where the average height of the dike contain-
ing Class I liquids is over 12 ft (3.6 m) high, measured
from interior grade, or where the distance between
any tank and the top inside edge of the dike wall is
less than the height of the dike wall, provisions shall
be made for normal operation of valves and for access
to tank roof{(s) without entering below the top of the
dike. These provisions may be met through the use of
remote-operated valves, elevated walkways, or similar
arrangements.

. 2. Piping passing through dike walls shall be
designed to prevent excessive stresses as a result of
settlement or fire exposure.

3. The minimum distance between tanks and toe
of the interior dike walls shall be 5 ft (1.5 m).

(§) Each diked area containing two or more tanks

“shall be subdivided, preferably by drainage channels

or at least by intermediate dikes in order to prevent

spills from endangering adjacent tanks witﬁin the
iked area as follows:

1. When storing normally stable liquids in verti-
cal cone roof tanks constructed with weak roof-to-
shell seam or floating roof tanks, or when storin
crude petroleum in producing areas in any type o
tank, one subdivision for each tank in excess of
10,000 bbls. and one subdivision for each group of
tanks (no tank exceeding 10,000 bbls. capacity) hav-
ing an aggregate capacity not exceeding 15,000 bbls.

2. When storing normally stable liquids in tanks
not covered in subsection (1), one subdivision for
each tank in excess of 2,380 bbls. (378,500 L) and one
subdivision for each group of tanks [no tank exceed-
ing 2,380 bbls. (378,500 L czgpacity] havin% an ag[ire-
gate capacity not exceeding 3,570 bbls. (567,750 L).

3. When storing unstable liquids in any type of
tank, one subdivision for each tank except tKat tanks
installed in accordance with the drainage require-
ments of NFPA 15, Standard for Water Spray Fixed
Systems for Fire Protection, shall require no additional
subdivision. Since unstable liquids will react more
rapidly when heated than when at ambient tempera-
tures, subdivision by drainage channels is the pre-
ferred method. :

4. Whenever two or more tanks storing Class I
liquids, -any one of which is over 150 ft (45 m) in
diameter, are located in a common diked area, inter-
mediate dikes shall be provided between adjacent
tanks to hold at least 10 percent of the capacity of the
tank so enclosed, not including the volume displaced
by the tank. ' :

5. The drainage channels or intermediate dikes
shall be located between tanks so as to take full
advantage of the available space with due regard for
the individual tank capacities. Intermediate dikes,
where used, shall be not less than 18 in. (45 cm) in
height.

(h) Where provision is made for draining water
from diked areas, such drains shall be controﬁed ina
manner so as to prevent flammable or combustible
liquids from entering natural water courses, public
sewers, or public drains, if their presence would
constitute a hazard. Control of drainage shall be
illgﬁessible under fire conditions from outside the

ike.

- (i) Storage of combustible materials, empty or full
drums, or barrels, shall not be permitted within the
diked area.

2-2.4 Normal Venting for Aboveground Tanks.

2-2.4.1 Atmospheric storage tanks shall be ade-
quately vented to prevent the development of vac-
uum or pressure sufficient to distort the roof of a
cone roof tank or exceeding the design pressure in
the case of other atmospheric tanks, as a result of
filling or emptying, and atmospheric temperature
changes. - ‘

2-2.4.2 Normal vents shall be sized in accordance
with either: (1) the American Petroleum Institute
Standard No. 2000, Venting Atmospheric and Low-
Pressure Storage Tanks, 1982, or (2) other accepted
standard; or iall be at least as large as the filling or
withdrawal connection, whichever 1s larger, but in no
case less than 14 in. (3 cm) nominal inside diameter.
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2-2.4.3 Low-pressure tanks and pressure vessels
shall be adequately vented to prevent development of
pressure or vacuum, as a result of filling or emptyin
and atmospheric temperature changes, from exceed-
ing the design pressure of the tank or vessel. Protec-
tion shall also be provided to prevent overpressure
from any pump discharging into the tank or vessel
when the pump discharge pressure can exceed the
design pressure of the tank or vessel.

2-2.4.4 If any tank or pressure vessel has more than

one fill or withdrawal connection and simultaneous

filling or withdrawal can be made, the vent size shall

Ee based on the maximum anticipated simultaneous
ow.

2-2.4.5 The outlet of all vents and vent drains on
tanks equipped with venting to permit pressures
exceeding 2.5 psig (17.2 kPa% shall be arranged to
discharge in such a way as to prevent localized over-
heating of, or flame impingement on, any part of the
tank, in the event vapors from such vents are ignited.

2-2.4.6 Tanks and pressure vessels storing Class 1A
liquids shall be equipped with venting devices that
shall be normally closed except when venting to
pressure or vacuum conditions. Tanks and pressure
vessels storing Class IB and IC liquids shall be
equipped with venting devices that shall be normally
closed except when venting under pressure or vac-
uum conditions, or with listed flame arrestors. Tanks
of 3,000 bbls. (476,910 L) capacity or less containing
crude petroleum in crude-producing areas, and out-
side aboveground atmospheric tanks under 23.8 bbls.
(3,785 L) capacity containing other than Class IA
liquids may have open vents. (See 2-2.6.2.)

2-2.4.7 Flame arrestors or venting devices required
in 2-2.4.6 may be omitted for IB and IC liquids where
conditions are such that their use may, in case of
obstruction, result in tank damage. Liquid properties
justifying the omission of such devices include, but
are not limited to, condensation, corrosiveness, crys-
tallization, polymerization, freezing, or plugging.
When any of these conditions exist, consideration
may be given to heating, use of devices employin
special materials of construction, the use of liqui
seals, or inerting (see NFPA 69, Standard on Explosion
Prevention Systems). :

2-2.5 Emergency Relief Venting for Fire Expo-
sure for Aboveground Tanks.

2-2.5.1 Except as provided in 2-2.5.2, every above-
ground storage tank shall have some form of con-
struction or device that will relieve excessive internal
pressure caused by exposure fires.

2-2.5.2 Tanks larger than 285 bbls. (45,306 L) ca-
pacity storing Class I1IB liquids and not within the
diked area or the drainage path of Class I or Class I1
liquids do not require emergency relief venting.

2-2.5.3 In a vertical tank, the construction referred
to in 2-2.5.1 may take the form of a floating roof,
lifter roof, a weak roof-to-shell seam, or other ap-
proved pressure-relieving construction. The weak
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roof-to-shell seam shall be constructed to fail prefer-
ential to any other seam. Design methods which will
provide a weak roof-to-shell seam construction are
contained in APl 650, Welded Steel Tanks for Oil
Storage, and UL 142, Standard for Steel Aboveground
Tanks for Flammable and Combustible Liquids.

2-2.5.4 Where entire dependence for emergency
relief is placed upon pressure-relieving devices, the
total venting capacity of both normal and emergency
vents shall be enough to prevent rupture of the shefl
or bottom of the tank if vertical, or of the shell or
heads if horizontal. If unstable liquids are stored, the
effects of heat or gas resulting from polymerization,
decomposition, condensation, or self-reactivity shall
be taken into account. The total capacity of both
normal and emergency venting devices shall be not
less than that derived from Table 2-8 except as
provided in 2-2.5.6 or 2-2.5.7. Such device may be a
self-closing manhole cover, or one using long bolts
that permit the cover to lift under internal pressure,
or an additional or larger relief valve or valves. The
wetted area of the tank shall be calculated on the basis
of 55 percent of the total exposed area of a sphere or
spheroid, 75 [iercent of the total exposed area of a
horizontal tank, and the first 30 ft (9 m) above grade
of the exposed shell area of a vertical tank. (See
Appendix B for the square footage of typical tank sizes.)

2-2.5.5 For tanks and storage vessels designed for
pressures over 1 psig (6.9 kPa), the total rate of
venting shall be determined in accordance with Table
2-8, except that when the exposed wetted area of the
surface is greater than 2,800 sq ft (260 m?), the total
rate of venting shall be in accordance with Table 2-9

or calculated by the following formula: "

CFH = 1,107 A"#2

Where: . . . :
_CFH = venting requirement, in cubic feet of free
air per hour

A = exposed wetted surface, in square feet

The foregoing formula is based on Q = 21,000 A%82

Table 2-8 Wetted Area Versus Cubic Feet Free Air per
Hour* (14.7 psia and 60°F) (101.3 kPa and 15.6°C)

SqFt CFH | SqFt CFH | SqFt CFH
20 21,100 200 211,000 1,000 524,000
30 31,600 250 239,000 1,200 557,000
40 42,100 300 265,000 1,400 587,000
50 52,700 350 288,000 1,600 614,000
60 63,200 400 312,000 1,800 639,000
70 73,700 500 ' 354,000 2,000 662,000

80 84,200 600 392,000 | 2,400 704,000
90 94,800 700 428,000 2,800 742,000
100 105,000 800 462,000 | and over

120 126,000 | 900 493,000

140 147,000 | 1,000 524,000

160 168,000 '

180 190,000

200 211,000

SI Units: 10 ft? = 0.93 m% 36 {t® = 1.0 m®
*Interpolate for intermediate values.
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Table 2-9 Wetted Area Over 2,800 sq ft and Pressures

Over 1 psig
. SqFt CFH Sq Ft CFH

2,800 742,000 9,000 1,930,000
3,000 786,000 10,000 2,110,000 -
3,500 892,000 15,000 2,940,000
4,000 995,000 20,000 3,720,000
4,500 1,100,000 25,000 4,470,000
5,000 1,250,000 30,000 5,190,000
6,000 1,390,000 35,000 . 5,900,000
7,000 1,570,000 40,000 6,570,000
8,000 1,760,000

S1 Units: 10 ft2 = 0.93 m%; 36 ft* = 1.0.m®
*Interpolate for intermediate values.

2.2.5.6 The total emergéncy relief venting capacity
for any specific stable liquid can be determined by the
following formula: :

Cubic fect of free ai N v 1,337
unic 1eet o ree air per nour = —
P LVM

V = cubic feet of free air per hour from Table 2-8

L = latent heat of vaporization of specific liquid in
"Btu per pound .

M = molecular weight of specific liquids

2-2,5.7 For tanks containing stable liquids, the re-
quired airflow rate of 2-2.5.4 or 2-2.5.6 may be
multiplied by the appropriate factor listed in the
following schedule wlgen protection is provided as
ind{\cate . Only one factor can be used for any one
tank. :

0.5 for drainage in accordance with 2-2.3.2 for
tanks over 200 sq ft (18.6 m?) of wetted area

0.3 for water spray in accordance with NFPA 15,
Standard for Water Spray Fixed Systems for Fire Prolection,
and drainage in accordance with 2-2.3.2 '

0.3 for insulation in accordance with 2-2.5.7(a)

0.15 for water spray with insulation in accordance
with 2-2.5.7(a) and drainage in accordance with
2-2.3.2 (see Appendix B)

(a) Insulation systems for which credit is taken
shall meet the following performance criteria:

1. Remain in place under fire exposure condi-
tions. -

2. Withstand dislodgment when subjected to
hose stream impingement during fire exposure. This
requirement may be waived where use of solid hose
streams is not contemplated or would not be practical.

3. Maintain a maximum conductance value of
4.0 Btu per hour per square foot per degree Fahren-

heit (Btu/hr/sq ft/°F) when the outer insulation jacket

or cover is at a temperature of 1,660°F (904.4°C) and

when the mean temperature of the insulation is
1,000°F (537.8°C).

2-2.5.8 The outlet of all vents and vent drains on
tanks equipped with emergency venting to permit
pressures exceeding 2.5 psig (17.2 kPa) shall be
arranged to discharge in such a way as to prevent
localized overheating of or flame impingement on

any part of the tank, in the event vapors from such
vents are ignited. :

2-2.5.9 Each commercial tank venting device shall
have stamped on it the opening pressure, the pres-
sure at which the valve reaches the full open position
and the flow capacity at the latter pressure. If the start
to open pressure is less than 2.5 psig (17.2 kPa) and
the pressure at full open position is greater than 2.5
psig (17.2 kPa), the flow capacity at 2.5 psig (17.2 kPa)
shall also be stamped on the venting device. The flow
capacity shall be expressed in cubic feet per hour of
air at 60°F (15.6°C) and 14.7 psia (760 mm Hg).

(a) The flow capacity of tank venting devices under
8 in. (20 cm) in nominal pipe size shall be determined
by actual test of each type and size of vent. These flow
tests may be conducted by the manufacturer if certi-
fied by a qualified impartial observer, or may be
conducted by a qualified, impartial outside agency.
The flow capacity of tank venting devices 8 in. (20 cm)
nominal pipe size and larger, including manhole
covers with lon%bolts or equivalent, may be calcu-
lated provided that the opening pressure is actually
measured, the rating pressure and corresponding
free orifice area are stated, the word “calculated”
appears on the nameplate, and the computation is
based on a flow coefficient of 0.5 applied to the rated
orifice area.

(b) A suitable formula for this calculation is:
CFH = 1,667 C;AVP, - P,
where CFH

il

venting requirement in cubic feet of
free air per hour

0.5 [the flow coefhicient]

the orifice area in sq in.

>3
nan

P, the absolute pressure inside the tank
in inches of water
= the absolute atmospheric pressure

R
!

outside the tank in inches of water

2-2.6 Vent Piping for Aboveground Tanks.

2-2.6.1 Vent piping shall be constructed in accord-
ance with Chapter 3.

2-2.6.2 Where vent J)ipe outlets for tanks storing
Class I liquids are adjacent to buildings or public
ways, they shall be located so that the vapors are
released at a safe point outside of buildings and not
less than 12 ft (3.6 m) above the adjacent ground
level. In order to aid their dispersion, vapors shall be
discharged upward or horizontally away from closely
adjacent walls. Vent outlets shall be located so that
flammable vapors will not be trapped by. eaves or
other obstructions and shall be at least 5 ft (1.5 m)
from building openings. ' ,

2-2.6.3 The manifolding of tank vent piping shall
be avoided except where required for special pur-
poses such as vapor recovery, vapor conservation, or
air pollution control. When tank vent piping is mani-
folded, pipe sizes shall be such as to discﬁarge, within
the pressure limitations of the system, the vapors they
may be required to handle when manifolded tanks
are subject to the same fire exposure.
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2-2.6.4 Vent piping for tanks storing Class I liquids

shall not be manifo%ded with vent piping for tanks
storing Class II or Class III liquids unless positive
means are provided to prevent the vapors from Class
I liquids from entering tanks storing Class II or Class
I1I liquids, to prevent contamination (see 1-1.2) and
Fossibe change in classification of the less volatile
iquid. : ‘
2-2.7 Tank Openings Other Than Vents for Above-
ground Tanks."

2-2.7.1 Each connection to an aboveground tank
through which liquid can normally flow shall be
provided with an internal or an external valve located
as close as practical to the shell of the tank.

2-2.7.2 Each connection below the liquid level
through which liq]uid does not normally flow shall be
provided with a i?i idtight closure. This may be a
valve, plug, or blind, or a combination of these.

2-2.7.3 OFenings for gaging on tanks storing Class 1
liquids shall be provided with a vaportight cap or
cover. Such covers shall be closed when not gaging.

2-2.7.4 For Class IB and Class IC liquids other than
crude oils, gasolines, and asphalts, the fill pipe shall
be so designed and installed as to minimize the
possibility of generating static electricity. A fill pipe
entering the top of a tank shall terminate within 6 in.
(15 cm) of the bottom’ of the tank and shall be
installed to avoid excessive vibration.

2-2.7.5 Filling and emptying connections for Class
I, Class 11, and Class I11A liquids that are made and
broken shall be located outside of buildings at a
location free from any source of ignition and not less
than 5 ft (1.5 m) away from any building opening.
Such connections for any liquid shall be closed and
liquidtight when not in use and shall be properly
identified.

2-3 Installation of Underground Tanks.

2-3.1 Location. Excavation for underground stor-
age tanks shall be made with due care to avoid
undermining of foundations of existing structures.
Underground tanks or tanks under buildings shall be
so located with respect to existing building founda-
tions and supports that the loads carried by the latter
cannot be transmitted to the tank. The distance from
any part of a tank storing Class I liquids to the nearest
wall of any basement or pit shall be not less than 1 ft
(0.30 m), and to any property line that can be built
upon, not less than 3 ?t (0.90 m). The distance from
any part of a tank storing Class II or Class' 111 liquids
to the nearest wall of any basement, pit, or property
line shall be not less than 1 ft (0.30 m).

2-3.2 Burial Depth and Cover.

2-3.2.1 All underground tanks shall be installed in
accordance with the manufacturer’s instructions,
where available, and shall be set on firm foundations
and surrounded with at least 6 in. (15 c¢m) of noncor-
rosive inert material such as clean sand or gravel well
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tamped in place. The tank shall be placed in the hole
with care, since dropping or rolling the tank into the
hole can break a we J), puncture or damage the tank,
or scrape off the protective coating of coated tanks.
(See Petroleum Equipment Institute (PEI) RP-100-86, Rec-
ommended Practice for the Installation of Underground
Liquid Storage Systems, for further information.)

2-3.2.2 All underground tanks shall be covered with
a minimum of 2 ft (0.60 m) of earth, or shall be
covered with not less than 1 ft (0.30 m) of earth, on
top of which shall be placed a slab of reinforced
concrete not less than 4 1n. (10 cm) thick. When the
are, or are likely to be, subjected to traffic, they shall
be protected against damage from vehicles passing
over them by at least 3 ft (0.90 m) of earth cover, or
18 in. (45.7 cm) of well-tamped earth plus either 6 in.
(15 cm) of reinforced concrete or 8 in. (20 cm) of
asphaltic concrete. When asphaltic or reinforced con-
crete paving is used as part of the protection, it shall
extend at least 1 ft (0.30 m) horizontally beyond the
outline of the tank in all directions.

2-3.2.3 For underground tanks built in accordance
with 2-1.3.1, the burial depth shall be such that the
static head imposed at the bottom of the tank will not
exceed 10 psig (68.9 kPa) if the fill or vent pipe are
filled with liquid. If the depth of cover is greater than
the tank diameter, the tank manufacturer shall be
consulted to determine if reinforcement is required.

2-3.3 External Corrosion Protection. Tanks and
their piping shall be protected by either:

(a) A properly engineered, installed, and main-
tained cathodic protection system in accordance with

. recognized standards of design, such as:

1) American Petroleum Institute Publication
1632-1983, Cathodic Protection of Underground Petro-
leum Storage Tanks and Piping Systems.

2) Underwriters Laboratories of Canada ULC-
S$603.1-M 1982, Standard for Galvanic Corrosion Protec-
tion Systems for Steel Underground Tanks for Flammable
and Combustible Liquids. :

3) Steel Tank Institute Standard No. sti-P3®,
}S‘!)eciﬁcations or sti-Ps® System for External Corrosion
rotection of Underground Steel Storage Tanks - 1983.

4) National Association of Corrosion Engineers
Standard RP-01-69 (1983 Rev.), Recommended Prac-

tice, Control of External Corrosion of Underground or

Submerged Metallic Piping Systems.

5) National Association of Corrosion Engineers
Standard RP-02-85, Recommended Practice, Control
of External Corrosion on Metallic Buried, Partially Buried,
or Submerged Liquid Storage Systems.

- (b) Approved or listed corrosion-resistant materi-
als or systems, which may include special alloys,
fiberglass reinforced plastic, or fiberglass reinforced
plastic coatings. '

2-3.3.1 Selection of the type of protection to be
employed shall be based upon the corrosion histor
of the area and the judgement of a qualified engi-
neer. The authority having jurisdiction may waive the
requirements for corrosion protection where evi-
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dence is provided that such protection is not neces-
sary. (See API Publication 1615-1979, Installation of

Underground Petroleum Storage Systems, for further infor-
mation.)

2-3.4 Abandonment or Reuse of Underground
Tanks.

2-3.4.1 Underground tanks taken out of service
shall be safeguarded or disposed of in a safe manner.
(See Appendix C.)

2-34.2 Only those used tanks that comply with the
applicable sections of this Code and are approved by
the authority having jurisdiction shall be installed for
flammable or combustible liquids service.

2-3.5 Vents for Underground Tanks.

2-3.5.1 Location and Arrangement of Vents for
Class I Liquids. Vent pipes from underground
storage tanks storing Class I liquids shall be so located
that the discharge point is outside of buildings,
higher than the ﬁﬁ pipe opening, and not less than 12
ft (8.6 m) above the adjacent ground level. Vent pipes
shall not be obstructe(f by devices provided for vapor
recovery or other purposes unless the tank and
associated piping and equipment are otherwise pro-
tected to limit back-pressure development to less than
the maximum working pressure of the tank and
equipment by the provision of pressure-vacuum
vents, rupture discs, or other tank venting devices
installed in the tank vent lines. Vent outlets and
devices shall be protected to minimize the possibility
of blockage from weather, dirt, or insect nests, and
shall be so located and directed that flammable vapors
will not accumulate or travel to an unsafe location,
enter building openings, or be trapped under eaves,
and shall be at least 5 feet from building openings.
Tanks containing Class IA liquids shall be equipped
with pressure and vacuum venting devices that shall
be normally closed except when venting under pres-
sure or vacuum conditions. Tanks storing Class IB or
Class IC liquids shall be equipped with pressure-
vacuum vents or with listed flame arrestors. Tanks
storing gasoline are exempt from the requirements
for pressure and vacuum venting devices, except as
required to prevent excessive back pressure, or flame
arrestors, provided the vent does not exceed 3 in. (7.6
cm) nominal inside diameter. (See also 2-1.1 of NFPA
30A, Automotive and Marine Service Station Code.)

2-3.5.2 Vent Capacity. Tank venting systems shall
be provided with sufhycient capacity to prevent blow-
back of vapor or liquid at the fill Of)ening while the
tank is being filled. Vent pipes shall not be less than
1V4 in. (8 cm) nominal inside diameter. The required
venting capacity depends upon the filling or with-
drawal rate, whichever is greater, and the vent line
lenﬁth. Unrestricted vent piping sized in accordance
with Table 2-10 will prevent back-pressure develop-
ment in tanks from exceeding 2.; sig (17.2 kPa).
Where tank venting devices are installed in vent lines,
their flow capacities shall be determined in accord-
ance with 2-2.5.9.

2-3.5.3 Location and Arrangement of Vents for
Class II or Class IIIA Liquids. Vent pipes from
tanks storing Class II or Class IIIA liquids shall

Table 2-10 ‘ ‘Vent Line Diameters

Maximum Flow Pipe Length*

GPM 50 Ft 100 Ft 200 Ft
100 1V4-inch 1V4-inch 1Va-inch
200 1¥4-inch 1Y4-inch 1V4-inch
300 1V4-inch 1V4-inch 1Ve-inch
400 1V4-inch 1%-inch 2-inch
500 1%-inch 1%-inch 2-inch
600 1%-inch 2-inch 2-inch
700 2-inch 2-inch 2-inch
800 2-inch 2-inch 8-inch
900 2-inch 2-inch 3-inch

1,000 2-inch 2-inch 3-inch

SI Units: 1in. = 25 cm; 1 ft = 0.30 m; 1 gal = 3.8 L.
*Vent lines of 50 ft, 100 ft, and 200 ft of pipe plus 7 ells.

terminate outside of the building and higher than the
fill pipe opening. Vent outlets shall be above normal
snow level. They may be fitted with return bends,
coarse screens, or other devices to minimize ingress of
foreign material.

2-3.5.4 Vent piping shall be constructed in accord-
ance with Chaﬁter 3. Tank vent pipes and vapor
return piping shall be installed without sags or traps
in which liquid can collect. Condensate tanks, if
utilized, shall be installed and maintained so as to

reclude the blocking of the vapor return pipinﬁ by
iquid. The vent pipes and condensate tanks shall be
located so that they will not be subjected to physical
damage. The tank end of the vent pipe shall enter the
tank through the top.

2-3.56.5 When tank vent piping is manifolded, pipe
sizes shall be such as to discharge, within the pressure
limitations of the system, the vapors they can be
required to handle when manifolded tanks are filled
simultaneously. Float-type check valves installed in
tank openings connected to manifolded vent piping
to prevent product contamination may be used pro-
vided that the tank pressure will not exceed that
permitted by 2-3.2.4 when the valves close.

Exception: For service stations, the capacity of manifolded
vent piping shall be sufficient to discharge vapors generated
when two manifolded tanks are simultaneously filled.

2.3.5.6 Vent piping for tanks storing Class I liquids
shall not be manifolded with vent piping for tanks
storing Class I1 or Class 111 ]i?uids unless positive
means are provided to prevent the vapors from Class
I liquids from entering tanks storing Class I or Class
II1 liquids, to prevent contamination (see 1-1.2) and
Fosqi(;)le change in classification of the less volatile
iquid. '

2-3.6 Tank Openings Other Than Vents for Under-
ground Tanks. :

2-3.6.1 Connections for all tank openings shall be
liquidtight. .

2-3.6.2 Openings for manual gaging, if indepen-
dent of the fill pipe, shall be provided with a liquid-
tight cap or cover. Covers shall be kept closed when -
not gaging. If inside a building, each such opening
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shall be ﬁ)rotected against liquid overflow and possible
vapor release by means of a spring-loaded check valve
or other approved device.

2-3.6.3 Fill and discharge lines shall enter tanks only
through the top. Fill lines shall be sloped toward the
tank. Underground tanks for Class I liquids having a
capacity of more than 1,000 gal (3785 L) shall be
equipped with a tight fill device for connecting the fill
hose to the tank.

2-3.6.4 For Class IB and Class IC liquids other than
crude oils, gasolines, and asphalts, the fill pipe shall
be so designed and installed as to minimize the
ossibility of generating static electricity by terminat-
ing within 6 in. (15 cm) of the bottom of the tank.

2-3.6.5 Filling and- emptying and vapor recovery
connections for Class I, Class I1, or Class II1A liquids
that are made and broken shall be located outside of
buildings at a location free from any source of igni-
tion and not less than 5 ft (1.5 m) away from any
building opening. Such connections shah be closed
and liquidtight when not in use and shall be properly
identified.

2-3.6.6 Tank openings provided for purposes of
vapor recovery shall be protected aégamst possible
vapor release by means of a spring-loaded check valve
or dry-break connection, or other approved device,
unless the openin% is pipe-connected to a vapor
Frocessing system. penm§s designed for combined
ill and vapor recovery shall also be protected against
vapor release unless connection of the liquid delivery
line to the fill piYe simultaneously connects the vapor
recovery line. All connections shall be vaportight.

2-4 Installation of Tanks Inside of Buildings.

2-4.1 Location. Tanks shall not be permitted inside
of buildings.

Exception: If the storage of liquids in outside aboveground
or underground tanks is not practical because of government
regulations, temperature considerations, or production con-
siderations, tanks may be permitted inside of buildings or
structures in accordance with the applicable frovisions of
Chapter 2, Tank Storage. Production considerations that
may necessilate storage inside of buildings include but are
not limited to high viscosity, purity, sterility, hydroscopicity,
sensitivity to lemperature change, and need to store tempo-
rarily pending completion of sample analysis.

2-4.1.1 Storage tanks inside of buildings shall be
permitted only in areas at or above grade that have
adequate drainage and are separated from other
parts of the building by construction having a fire
resistance rating of at least 2 hrs. Day tanks, running
tanks, and surge tanks are permitted in process areas.
Openings to other rooms or buildings shall be pro-
vided with noncombustible liquidtight raised sills or
ramps at least 4 in. (10 cm) in height, or the floor in
the storage area shall be at least 4 in. (10 cm) below
the surrounding floor. As a minimum, each openin

shall be provided with a listed, self-closing 13-hr (B

fire door installed in accordance with NFPA 80,
Standard for Fire Doors and Windows, or a listed fire
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damper installed where required by NFPA 90A,
Staml;ard for the Installation o{ Air Conditioning and
Ventilating Systems, or NFPA 91, Standard for the Instal-
lation of Blower and Exhaust Systems for Dust, Stock, and
Vapor Removal or Conveying. The room shall be liquid-
tight where the walls join the floor.

2-4.2 Vents. Vents for tanks inside of buildings
shall be as required in 2-2.4, 2-2.5, 2-2.6.2, and 2-3.5,
except that emergency venting by the use of weak
roof seams on tanks shall not be permitted. Auto-
matic sprinkler systems designed in accordance with
the requirements of NFPA 13, Standard for the Instal-
lation of Sém'nkler Systems, may be accepted by the
authority aving jurisdiction as equivalent to water
spray systems for purposes of calculating the re-

uired airflow rates for emergency vents in 2-2.5.7.
Except for tanks containing Class I1IB liquids, vents
shall terminate outside the buildings.

2-4.3 Vent Piping; Vent piping shall be con-
structed in accordance with Chapter 3.

2-4.4 Tank Openings Other Than Vents for Tanks
Inside Buildings. Connections for all tank open-
ings shall be liquidtight.

2-4.4.2 Each connection to a tank inside of buildings
through which liquid can normally flow shall be
provided with an internal or an external valve located
as close as practical to the shell of the tank.

2-4.4.3 Tanks for storage of Class I or Class II
liquids inside buildings shall be provided with either:

(a) a normally closed remotely activated valve,
(b) an automatic-closing heat-activated valve, or

(c) another approved device on each liquid trans-
fer connection below the liquid level, except for
connections used for emergency disposal, to provide
for quick cutoff of flow in the event of fire in the
vicinity of the tank.

This function can be incorporated in the valve
required in 2-4.4.2, and if a separate valve, shall be
located adjacent to the valve required in 2-4.4.2.

2-4.4.4 Openings for manual gaging of Class I or
Class I1 liquids, 1f independent of the fill pipe, shall
be provided with a vaportight cap or cover. Openings
shaﬁ)l be kept closed when not gaging. Each suc
opening for any liquid shall be protected against
li?uid overflow and possible vapor release by means
of a spring-loaded check valve or other apBroved
device. Substitutes for manual gaging include, but are
not limited to, heavy-duty flat gage glasses, magnetic,
hydraulic, or hydrostatic remote reading devices and
sealed float gages.

2-4.4.5 For Class IB and Class IC liquids other than
crude oils, gasolines, and asphalts, the fill pipe shall
be so designed and installed as to mimimize the
possibility of generating static electricity by terminat-
ing within 6 in. (15 cm) of the bottom of the tank.

2-44.6 The fill pipe inside of the tank shall be
installed to avoid excessive vibration of the pipe.
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2-4.4.7 The inlet of the fill pipe and the outlet of a
vapor recovery line for whicll1) connections are made
and broken shall be located outside of buildings at a
location free from any source of ignition and not less
than 5 ft (1.5 m) away from any building opening.
Such connections shall be closed and tight when not
in use and shall be properly identified.

2-4.4.8 Tanks storing Class I, Class II, and Class
I1IA liquids inside buiFdings shall be equipped with a
device, or other means shall be provided, to prevent
overflow into the building. Suitable devices include,
but are not limited to, a float valve, a preset meter on
the fill line, a valve actuated by the weight of the tank
contents, a low head pump incapable of producing
overflow, or a liquidtight overflow pipe at least one
pipe size larger than the fill pipe discharging by
gravity back to the outside source of liquid or to an
approved location.

2-4.4.9 Tank openings provided for purposes of
vapor recovery shall be protected against possible
vapor release by means of a spring-loaded check valve
or dry-break connections, or other approved device,

unless the openin% is pipe-connected to a vapor °

Erocessing system. penm§s designed for combined
Il and vapor recovery shall also be protected against
vapor release unless connection of the liquid delivery
line to the fill pipe simultaneously connects the vapor
recovery line. A?l connections shall be vaportight.

2-5 Supports, Foundations, and Anchorage.for All
Tank Locations. ‘ .

2-5.1 Tanks shall rest on the ground or on founda-
tions made of concrete, masonry, piling, or steel.
Tank foundations shall be designed to minimize the
possibility of uneven settling of the tank and to
minimize corrosion in any part of the tank resting on
the foundation. Appendix E of API Standard 650-
1980, Specification ﬁ))r Welded Steel Tanks for Oil Storage,
and Appendix B of API Standard 620-1982, Recom-
mendetf Eules for the Design and Construction of Large,
Welded, Low-Pressure Storage Tanks, provide informa-
tion on tank foundations.

2-5.2 When tanks are supported above the founda-
tions, tank supports shall be installed on firm foun-
dations. Supports for tanks storing Class 1, Class II,
or Class IIIA liquids shall be of concrete, masonry, or
protected steel. Single wood timber supports (not
cribbing) laid horizontally may be used for outside
aboveground tanks if not more than 12 in. (0.30 m)
high at their lowest point. :
2-5.3 Steel squorts or exposed Kiling for tanks
storing Class I, Class II, or Class IIIA liquids shall be
protected by materials having a fire resistance ratin
of not less than 2 hrs, except that steel saddles nee
not be protected if less than 12 in. (0.30 m) high at
their lowest(roim. At the discretion of the authorit
having juris iction, water spray protection in accord-
ance with NFPA 15, Stan ar] or Water Spray Fixed
Systems for Fire Protection, or NFPA 13, Standard for the
Instgllation of Sprinkler Systems, or equivalent may be
used.

2-54 The desiEn of the supporting structure for
tanks such as spheres shall reﬁuire special engineer-
ing consideration. Appendix N of the API Standard
620-1982, Recommended Rules for the Design and Con-
struction of Large, Welded, Low-Pressure Storage Tanks,
contains information regarding supporting struc-
tures.

2-5.5 Every tank shall be so supported as to prevent
the excessive concentration of loads on the support-
ing portion of the shell.

2-5.6 Tanks in Areas Subject to Flooding.

2-5.6.1 Where a tank is located in an area subject to
flooding, provisions shall be taken to prevent tanks,
either ExlFor empty, from floating during a rise in
water level up to the establishe
stage.

2-5.6.2 Aboveground Tanks.

maximum flood

2-5.6.2.1 Each vertical tank shall be located so that
its top extends above the maximum flood stage by at
least 30 percent of its allowable storage capacity.

2-5.6.2.2 Horizontal tanks located so that more than
70 percent of the tank’s storage capacity will be
submerged at the established flood stage shall be
anchored; attached to a foundation of concrete or of
steel and concrete of sufficient weight to provide
adequate load for the tank when filled with flam-
mable or combustible liquid and submerged by flood
water to the esmblisheg flood stage; or adequately
secured from floating by other means. Tank vents or
other openings which are not liquidtight shall be
extended above maximum flood stage water level.

2-5.6.2.3 A dependable water supply shall be avail-
able for ﬁllinﬁ an empty or partially El{ed tank, except
that where filling the tank with water is impractical or
hazardous because of the tank’s contents, tanks shall
be protected by other means against movement or
collapse.

2-5.6.2.4 Spherical or spheroid tanks shall be pro-
tected by applicable methods as specified for either
vertical or horizontal tanks..

2-5.6.3 Underground Tanks.

2-5.6.3.1 At locations where there is an ample and
dependable water sup l?' available, underground
tanks containing flammable or combustible liquids, so
placed that more than 70 percent of their storage
capacity will be submerged at the maximum flood
stage, shall be so anchored, weighted, or secured as to
prevent movement when filled or loaded with water
and submerged by flood water to the established
flood staﬁe. Tank vents or other openings that are not
liquidtight shall be extended above maximum flood
stage water level.

2-5.6.3.2 At locations where there is no ample and
dependable water supply or where filling of under-
ground tanks with water is impractical because of the
contents, each tank shall be safeguarded against
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movement when empty, and submerged by high
ground water or flood water by anchoring or by
securing by other means. Each such tank shall be so
constructed and installed that it will safely resist
external pressures if submerged.

2-5.6.4 Water Loading. The filling of a tank to be
Hrotected by water loading shall be started as soon as
ood waters are predicted to reach a dangerous flood
stage. Where independently fueled water pumps are
relied upon, sufficient fue{ shall be available at all
times todpermit continuing operations until all tanks
are filled. Tank valves shall be locked in a closed
position when water loading has been completed.

2-5.6.5 Operating Instructions.

2-5.6.5.1 Operating instructions or procedures_to
be followed in a flood emergency shall be readily
available.

2-5.6.5.2 Personnel relied upon to carry out flood
emergency procedures shall be informed of the loca-
tion and operation of valves and other equipment
necessary to effect the intent of these requirements.

2-5.7 In areas subject to earthquakes, the tank sup-
ports and connections shall be designed to resist
damage as a result of such shocks.

2-6 Sources of Ignition. In locations where flam-
mable vapors may be present, precautions shall be
taken to prevent ignition by eliminating or control-
ling sources of ignition. Sources of ignition may
include open flames, lightning, smoking, cutting and
welding, Eot surfaces,. frictional heat, sparks (static,
electrical, and mechanical), spontaneous ignition,
chemical and physical-chemical reactions, and radiant
heat. NFPA 77, Recommended Practice on Static Electric-
ity, and NFPA 78, Lightning Protection Code, provide
information on such protection.

2-7 Testing.

2-7.1 All tanks, whether shop-built or field-erected,
shall be tested before they are placed in service in
accordance with the applicable paragraphs of the
Code under which they were built. The ASME Code
stamp or the Listing Mark of Underwriters Labora-
tories Inc. on a tank shall be evidence of compliance
with this test. Tanks not marked in accordance with
the above Codes shall be tested before they are placed
in service in accordance with good engineering prin-
ciples and reference shall be made to the sections on
12e?tin in the Codes listed in 2-1.3.1, 2-1.4.2, or
-1.5.2.

2-7.2 When the vertical length of the fill and vent
ipes is such that when filled with liquid the static
ead imposed on the bottom of the tank exceeds 10

psi (68.9 kPa), the tank and related piping shall be
tested hydrostatically to a pressure equal to the static
head thus imposed. In special cases where the height
of the vent above the top of the tank is excessive, the
hydrostatic test pressure shall be determined by using
recognized engineering practice.

2-7.3 In addition to the test called for in 2-7.1 and
2.7.2, all tanks and connections shall be tested for
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tightness. Except for underground tanks, this tight-
ness shall be made at operating pressure with air,
inert gas, or water prior to placing the tank in service.
In the case of field-erected tanks, the test called for in
2-7.1 or 2-7.2 may be considered to be the test for
tank tightness. Underground tanks and piping, be-
fore being covered, enclosed, or placed in use, shall
be tested for tightness hydrostatically, or with air
pressure at not less than 3 psi (20.6 kPa{and not more
than 5 psi (34.5 kPa). (See 3-7.1 for testing pressure
piping.) Air pressure shall not be used to test tanks
that contain flammable or combustible liquids or
vapors. :

2-7.4 Before the tank is initially placed in service, all
leaks or deformations shall be corrected in an accept-
able manner. Mechanical caulking is. not permitted
for correcting leaks in welded tanks except pinhole
leaks in the roof. 4

2-7.5 Tanks to be operated at pressures below their
design pressure may be tested by the applicable
provisions of 2-7.1 or 2-7.2 based upon the pressure
developed under full emergency venting of the tank.

2-7.6 Each underground tank that has been re-
paired or altered, or is suspected of leaking, shall be
tested in a manner approved by the authority having
jurisdiction. (See NFPA 329, Recommended Practice for
Handling Underground Leakage of Flammable and Com-
bustible Liquids, for information on testing methods).

2-8 Fire Protection and Identiﬁcation.

2-8.1 A fire extinguishing system in accordance with
an a]pElicable NFPA standard shall be provided or be
available for vertical atmospheric fixed roof storage
tanks larger than 50,000 gal (189,250 L) capacity,
storing Class I liquids, if located in a congested area
where there is an unusual exposure hazard to the
tank from adjacent property or to adjacent property
from the tank. Fixed roof tanks storing Class II or 111
liquids at temperatures below their flash points and
floating roof tanks storing any liquid generally do not
require protection when installed in compliance with
Section 2-2.

2-8.2 The application of NFPA 704, Standard System
for the Identification of the Fire Hazards of Materials, to
storage tanks containing liquids shall not be required
except when the contents have a health or reactivity
degree of hazard of 2 or more or a flammability
rating of 4. The marking need not be applied directly
to the tank but located where it can readily be seen,
such as on the shoulder of an accessway or walkway to
the tank or tanks or on the piping outside of the
diked area. If more than one tank is involved, the
markings shall be so located that each tank can readily
be identified. ‘ :

2-9 Prevention of Overfilling of Tanks.

2-9.1 Terminals receiving transfer of Class I liquids
from mainline pipelines or marine vessels shall follow
formal written procedures to prevent overfilling of
tanks utilizing one of the following methods of pro-
tection:
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(a) Tanks gaged at frequent intervals by personnel
continuously on the premises during product receipt
with frequent acknowledged communication main-
tained with the supplier so that flow can be promptly
shut down or diverted.

(b) Tanks equipped with a high-level detection
device that is independent of any tank gaging equip-
ment. Alarms shaH be located where personnel who
are on duty throughout product transfer can
promptly arrange for flow stoppage or diversion.

(c) Tanks equipped with an independent high-
level detection system that will automatically shut
down or divert flow.

(d) Alternatives to instrumentation described in (b)
and (c) where approved by the authority having
jurisdiction as affording equivalent protection.

2-9.1.1 Instrumentation systems covered in 2-9.1(b)
and (c) shall be electrically supervised or equivalent.

2-9.2 Formal written procedures required in 2-9.1
shall include:

(a) Instructions covering methods to check for
proper line up and receipt of initial delivery to tank
designated to receive shipment. :

(b) Provision for training and monitoring the per-
formance of operating personnel by terminal super-
vision. S

(c) Schedules and procedures for inspection and
testing of gagin equipment and high-level instru-
mentation and related systems. Inspection and testing
intervals shall be acceptable to the authority having
jurisdiction, but shall not exceed one year.

2-10 Leakage Detection and Inventory Records for
Underiround Tanks. Accurate inventory records
or aleak detection program shall be maintained on all
Class I Liquid Storage Tanks for indication of possi-
ble leakage from the tanks or associated ;ipin . (See
NFPA 329, Recommended Practice C[or Handling Under-
ground Leakage of Flammable and Combustible Liquids.)

, Chapter 3 Piping, Valves, and Fittings
3-1 General.

3-1.1 The design, fabrication, assembly, test, and
irispection of piping systems containing liquids shall
be suitable for the expected working pressures and
structural stresses. Conformity with the applicable
sections of ANSI B31, American National Standard Code
for Pressure Piping, and the provisions of this chapter
shall be considered prima tacie evidence of compli-
ance with the foregoing provisions. ‘

3-1.2 This chapter does not apply to any of the
following: '

(a) Tubing or casing on any oil or gas wells and any
piping connected directly thereto.
- (b) Motor vehicle, aircraft, boat, or portable or
stationary engine.

(c) Piping within the scope of any applicable boiler
and pressure vessel code. :

3-1.3 Piping systems consist of pipe, tubing, flanges,
bolting, gaskets, valves, fittings, flexible connectors,
the pressure containing parts of other components
such as expansion joints and strainers, and devices
that serve such purposes as mixing, separating, snub-
bing, distributing, metering, or controlling flow.

3-2 Materials for Piping, Valves, and Fittings.

3-2.1 Pipe, valves, faucets, fittings, and other pres-
sure-containing parts as covered in 3-1.3 shall meet
the material specifications and pressure and temper-
ature limitations of ANSI B31.3-1980, Petroleum Re-
finery Piping, or ANSI B31.4-1979, Liguid Petroleum
Transportation Piping Systems, except as provided by
8-2.2, 3-2.3, and 3-22.4. Plastic or similar materials, as
permitted by 3-2.4, shall be designed to specifications
embodying recognized engineering principles and
shall be compatible with the fluid service. '

3-2.2 Nodular iron shall conform to ASTM A395-
80, Ferritic Ductile Iron Pressure Retaining Castings for
Use at Elevated Temperatures.

3-2.3 Valves at storage tanks, as required by 2-2.7.1
and 2-4.4.2, and their connections to the tank, shall
be of steel or nodular iron except as provided in
3-2.3.1 or 3-2.3.2.

3-2.3.1 Valves at storage tanks may be other than
steel or nodular iron when the chemical characteris-
tics of the liquid stored are not compatible with steel
or when installed -internally to the tank. When in-
stalled externally to the tank, the material shall have a
ductility and melting point comparable to steel or
nodular iron so as to withstand reasonable stresses
and temperatures involved in fire exposure, or oth-
erwise be protected such as by materials having a
fire-resistance rating of not less than 2 hrs.

3-2.3.2 Cast iron, brass, copper, aluminum, mallea-
ble iron, and similar materials may be used on tanks
described in 2-2.2.2 or for tanks storing Class 111B
liquids when the tank is located outdoors and not
within a diked area or drainage path of a tank storing
a Class I, Class 11, or Class I?IA liquid.

3-2.4 Low melting point materials, such as alumi-
num, copper, and brass; or materials that soften on
fire exposure, such as plastics; or nonductile material,
such as cast iron,.may be used underground for all
liquids within the pressure and temperature limits of
Aci\]SI B31, American National Standard Code for Pres-
sure Piping. 1f such materials are used outdoors in
aboveground piping systems handling Class 1, Class
I1, or Class 111A liquids or within buildings handlin

any liquid, they shall be either: (a) suitably protecte

against fire exposure, or (b) so located that any
leakage resulting from the failure would not unduly
expose persons, important buildings, or structures, or
(c) located where leakage can readily be controlled by
operation of an accessible remotely loeated valve(s).

3-2.5 Piping, valves, and fittings may have combus-
tible or noncombustible linings.
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3-3 Pipe Joints.

3-3.1 Joints shall be made liquidtight and shall be
either welded, flanged, or threaded, except that listed
flexible connectors may be used when installed in
accordance with 3-3.2. Threaded joints shall be made
up tight with a suitable thread sealant or lubricant.
{oints in piping systems handling Class I liquids shall

e welded when located in concealed spaces within
buildings.

3-3.2 Pipe joints dependent upon the friction char-
acteristics or resiliency of combustible materials for
mechanical continuity or liquidtightness of pipin
shall not be used insige buildings. They may be use.
outside of buildings above or below ground. If used
aboveground outside of buildings, the piping shall
either be secured to prevent disengagement at the
fitting, or the piping system shall be so designed that
any spill resulting from disengagement could not
unduly excfose persons, imc[)ortant uildings, or struc-
m{es, and could be readily controlled by remote
valves.

3-4 Supports. Piping systems shall be substantially
supported and protected against physical damage
and excessive stresses arising from settlement, vibra-
tion, expansion, or contraction. The installation of
nonmetallic piping shall be in accordance with the
manufacturer’s instructions.

3-5 Protection Against Corrosion. All piping for
liquids, both abovef;round and underground, where
subject to external corrosion, shall be painted or
otherwise protected. (See 2-3.3 for protection of piping
connected to underground tanks.)

3-6 Valves. Piping systems shall contain a sufficient
number of valves to operate the system properly and
to protect the plant. Piping systems in connection
with pumps shall contain a sufficient number of
valves to control properly the flow of liquid in normal
operation and in the event of physical damage. Each
connection to plpin% by which equipment such as
tank cars, tank vehicles, or marine vessels discharge
liquids into storage tanks shall be provided with a
check valve for automatic protection against back-
flow if the piping arrangement is such that back-flow
from the system is possible. (See also 2-2.7.1.)

3.7 Testing. Unless tested in accordance with the
applicable sections of ANSI B31, American National
Standard Code for Pressure Piping, all piping, before
being covered, enclosed, or placed in use, shall be
hydrostatically tested to 150 percent of the maximum
antic(iipated pressure of the system, or pneumatically
tested to 110 percent of the maximum anticipated
Eressure of the system, but not less than 5 psi (34.5
Pa) gage at the highest point of the system. This test
shall be maintaineg for a sufficient time to complete
visual inspection of all joints and connections, but for
at least 18 minutes.

3-8* Identification. Each loading and unloading
riser for liquid storage shall be identified by color
code or marking to identify the product for which the
tank is used.
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Chapter 4 Container and Portable Tank Storage
4-1 Scope.

4-1.1 This chapter shall apply to the storage of
liquids, including flammable aerosols, in drums or
oaxer containers not exceeding 60 gal (227 L) indi-
vidual capacity and portable tanks not exceeding 660
gal (2498 L) individual capacity and limited transfers
incidental thereto. For portable tanks exceeding 660
gal (2498 L), Chapter 2 shall apply.

4-1.2 This chapter shall not apply to the foliowing:

(a) Storage of containers in bulk plants, service
stations, refineries, chemical plants, and distilleries.

(b) Liquids in the fuel tanks of motor vehicles,
aircraft, boats, or portable or stationary engines.

(c) Beverages, when packaged in individual con-
tainers not exceeding a capacity of one gallon.

(d) Medicines, foodstuffs, cosmetics, and other
consumer products containing not more than 50
percent by volume of water-miscible liquids and with
the remainder of the solution not being flammable
when packaged in individual containers not exceed-
ing one gallon in size. .

(e) The storage of liquids that have no fire point
when tested by ASTM D 92-78, the Cleveland Open
Cup Test Method, up to the boiling point of the
liquid, or up to a temperature at which the sample
being tested shows an obvious physical change.

(f) The storage of distilled spirits and wines in
wooden barrels or casks.

4-1.3 For the purpose of this chapter, unstable

-li(]]uids and flammable aerosols shall be treated as
C ,

ass IA liquids.

4-2 Design, Construction, and Capacity of Contain-
ers. ‘

4-2.1 Only approved containers and portable tanks
shall be used. Metal containers and portable tanks
meeting the requirements of, and containing prod-
ucts authorized by, Chapter I, Title 49 of the Code ¢
Federal Regulations (DOT Regulations), or NFPA 386,
Standard C/%: Portable Shi'{)ping Tanks for Flammable and
Combustible Liquids, shall be acceptable. Polyethylene
containers meeting the requirements of, and contain-
ing products authorized by, DOT Specification 34,
and polyethylene drums authorized by DOT Exemp-
tion Procedures, shall be acceptable. Plastic contain-
ers meeting the requirements of ANSI/ASTM D
3435-80, P?astic Containers (Jerry Cans) for Petroleum
Products, used for petroleum Eroducts within the
scope of that specification shall be acceptable.

4-2.2 Each portable tank shall be provided with one
or more devices installed in the top with sufficient
emergency venting capacity to limit internal pressure
under fire exposure conditions to 10 psig (68.9 kPa),
or 30 percent of the bursting pressure of the tank,
whichever is greater. The total venting capacity shall
be not less than that specified in 2-2.5.4 or 2-2.5.6. At
least one pressure-actuated vent having a minimum
capacity of 6,000 cu ft (170 m?) of free air per hour
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[14.7 x[)sia (760 mm Hg) and 60°F (15.6°C)] shall be
used. It shall be set to open at not less than 5 psig
(34.5 kPa). If fusible vents are used, they shalr be
actuated by elements that operate at a temperature
not exceeding 300°F (148.9°C). When used for paints,
drying oils, and similar materials where plugging of
the pressure-actuated vent can occur, fusible vents or
vents of the type that soften to failure at a maximum
of 300°F (14g.8°C) under fire exposure may be used
for the entire emergency venting requirement.

4-2.3 Containers and portable tanks for liquids shall
conform to Table 4-2.3 except as provided in 4-2.3.1
or 4-2.3.2.

4-2.3.1 Medicines, beverages, foodstuffs, cosmetics,
and other common consumer products, when pack-
aged according to commonly accepted practices for
retail sales, shall be exempt from the requirements of
4-2.1 and 4-2.3.

4-2.3.2 DOT Type lII polyethylene nonreusable
containers, constructed ams) tested in accordance with
DOT specification 2U, treated if necessary to prevent
Eermeation, may be used for storage of Class 11 and

lass 111 liquids, in all capacities not to exceed 23 gal.

4-2.3.3 Class IA and Class IB liquids may be stored
in glass containers of not more than one gallon
capacity if the required liquid purity (such as ACS
analytical reagent grade or higher) would be affected
by storage in metal containers or if the liquid would
cause excessive corrosion of the metal container.

4-3 Design, Construction, and Capacity of Storage
Cabinets.

4-3.1 Not more than 120 gal (454 L) of Class I, Class
I1, and Class IIIA liquids may be stored in a storaie
cabinet. Of this total, not more than 60 gal (227 L)
may be of Class I and Class II liquids ang not more
than three (3) such cabinets may be located in a single
fire area, except that, in an industrial occupancy,
additional cabinets may be located in the same fire
area if the additional cabinet, or group of not more
than three (3) cabinets, is separated from other cabi-
nets or group of cabinets by at least 100 ft (30 m).

Table 4-2.3 Maximum Allowable Size of Containers
and Portable Tanks -

Combustible
Flammable Liquids Liquids
Container Type Class IA Class IB Class IC Class II Class 111
Glass 1 pt Iqt lIgal 1lgal 5gal

Metal (other than
DOT drums) or -
approved plastic lgal b5gal 5gal 5gal 5gal

Safety Cans 2gal b5gal 5gal 5gal - 5gal
Metal Drum C ‘
(DOT Spec.) 60gal 60gal 60gal 60gal "60gal
Approved Portable :
Tanks . 660gal 660gal 660gal 660gal 660 gal
Polyethylene

DOT Spec. 34, or
as authorized by .
DOT Exemption lgal 5gal 5gal 60gal 60gal

SI Units: 1 pt = 0473 L; 1 qt = 0.95L; 1 gal = 3.8 L.

4-3.2* Storage cabinets shall be designed and con-
structed to limit the internal temperature at the
center, 1 in. (2.5 cm) from the top to not more than
325°F (162.8°C) when subjected to a 10-minute fire
test with burners simulating a room fire exposure
using the standard time-temperature curve as given
in A§TM E 152-81a. All joints and seams shall remain
tight and the door shall remain securely closed dur-
ing the fire test.

The cabinet is not required to be vented for fire
protection purposes; however, the following shall
apply:

(a) If the cabinet is vented for other reasons, the
cabinet shall be vented outdoors in such a manner
that will not compromise the specified performance
of the cabinet, as acceptable to the authority having
jurisdiction.

(b) If the cabinet is not vented, the vent openings
shall be sealed with a properly fitted metal bung.

4-3.2.1 Metal cabinets constructed .in the followin

manner are acceptable. The bottom, top, door, an

sides of cabinet shall be at least No. 18 gage sheet steel
and double walled with 12 in. (3.8 cm) air space. Joints
shall be riveted, welded, or made tight by some
equally effective means. The door shall be provided
with a three-point latch arrangement and the doorsill
shall be raised at least 2 in. (5 cm) above the bottom of
the cabinet to retain spilled liquid within the cabinet.

4-3.2.2 Wooden cabinets constructed in the follow-
ing manner are acceptable. The bottom, sides, and
top shall be constructed of exterior grade plywood at
least 1 in. (2.5 cm) in thickness, which shall not break
down or delaminate under fire conditions. All joints

- shall be rabbetted and shall be fastened in two direc-

tions with wood screws. When more than one door is
used, there shall be a rabbetted over]ap of not less
than 1 in. (2.5 cm). Doors shall be equipped with a
means of latching and hinges shall be constructed and
mounted in such a manner as to not lose their holdinﬁ
capacity when subjected to fire exposure. A raised si
or pan capable of containing a 2-in. (5-cm) depth of
liquid shall be provided at the bottom of the cabinet
to retain spilled liquid within the cabinet.

4-3.2.3 Listed cabinets that have been constructed
and tested in accordance with 4-3.2 shall be accept-
able.

4-4 Design, Construction, and Operation of Sepa-
rate Inside Storage Areas. (See Section 1-2, Dejgzi-
tions.) (For additional information, see Appendix C.)

4-4.1 Inside Rooms.

4-4.1.1 Inside rooms shall be constructed to meet
the selected fire-resistance rating  as specified in
4-4.1.4. Such construction shall comply with the test
;peciﬁcations given in NFPA 251, Standard Methods of

ire Tests of Building Construction and Materials. Except
for drains, floors shall be liquidtight and the room
shall be liquidtight where the walls join the floor.
Where an automatic fire protection system is pro-
vided, as indicated in 4-4.1.4, the system shall be
designed and installed in accordance with the appro-
priate NFPA standard for the type of system selected.
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4-4.1.2 Openings in interior walls to adjacent rooms
or buildings shall be provided with: ‘

(2) Normally closed, listed 13 hr (B) fire doors for
interior walls with fire-resistance rating of 2 hr or less.
Where interior walls are required to have greater
than 2 hr fire-resistance rating, the listed fire doors
shall be compatible with the wall rating. Doors may be
arranged to stay open during material handling op-
erations if doors are designed to close automatically
in a fire emergency by provision of listed closure
devices. Fire doors shall be installed in accordance
with NFPA 80, Standard for Fire Doors and Windows.

(b) Noncombustible liquidtight raised sills or
ramps at least 4 in. (10 cm) in height or otherwise
designed to prevent the flow of liquids to the adjoin-
ing areas. A permissible alternative to the sill or ram
is an open-grated trench, which drains to a safe
location, across the width of the opening inside of
room.

4-4.1.3 Wood at least 1 in. (2.5 cm) nominal thick-
ness may be used for shelving, racks, dunnage, scuff-
boards, floor overlay, and similar installations.

4-4.1.4 Storage in inside rooms shall comply with
the following:

Total Allowable

Automatic .
Fire Protection* Fire Maximum Quantities—Gallons/
Provided Resistance Floor Area  Sq FUFloor Area
YES 2 hr 500 sq ft 10
NO 2 hr 500 sq ft 4r*
YES 1hr 150 sq fi 5
NO : 1 hr 150 sq ft 2

SI Units: 1 sq ft = 0.09 m?%; 1 gal = 3.8 L.

*Fire protection system shall be sprinkler, water spray, carbon
dioxide, dry chemical, halon, or other approved system.

**Toral allowable quantities of Class IA and IB Liquids shall not
exceed that permitted in Table 4-4.2.7 and the provisions of
4-4.2.10.

4-4.1.5 Electrical wiring and equipment located in
inside rooms used for Class I liquids shall be suitable
for Class I, Division 2 classified locations; for Class 11
and Class 111 liquids, shall be suitable for general use.
NFPA 70, National Electrical Code®, provides informa-
tion on the design and installation of electrical equip-
ment.

4-4.1.6 Every inside room shall be provided with
either a gravity or a continuous mechanical exhaust
ventilation system. Mechanical ventilation shall be
used if Class I liquids are dispensed within the room.

(a) Exhaust air shall be taken from a point near a
wall on one side of the room and within 12 in. (80 cm)
of the floor with one or more make-up inlets located
on the opﬁosite side of the room within 12 in. (30 cm)
from the floor. The location of both the exhaust and
inlet air openings shall be arranged to provide, as far
as practicable, air movements across all portions of
the floor to prevent accumulation of flammable va-
pors. Exhaust from the room shall be directly to the
exterior of the building without recirculation.
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Exception: Recirculation is permitted where it is monilored
continuously using a fail-safe system that is designed to
automatically sound an alarm, stop recirculation, and pro-
vide full exhaust to the outside in the event that vapor-air
mixtures in concentration over one-fourth of the lower
flammable limit are detected.

If ducts are used, they shall not be used for any
other purpose and shall comply with NFPA 9],
Standard for the Installation of Blower and Exhaust Systems -
for Dust, Stock, and Vapor Removal or Conveying. If
make-up air to a mechanical system is taken from
within the building, the opening shall be equipped
with a fire door or damper, as required in N(l]-‘P 91,
Standard for the Installation of Blower and Exhaust Systems
for Dust, Stock, and Vapor Removal or Conveying. For

ravity systems, the make-up air shall be supplied
rom outside the building. :

(b) Mechanical ventilation systems shall provide at
least one cubic foot per minute of exhaust per square
foot of floor area (1 m® per 3 m?), but not less than 150
cfm (4 m®). The mechanical ventilation system for
dispensing areas shall be equipped with an airflow
switch or other equally reliable method that is inter-
locked to sound an audible alarm upon failure of the
ventilation system.

4-4.1.7 In every inside room, an aisle at least 3 ft

(0.90 m) wide shall be maintained so that no container

is more than 12 ft (3.6 ' m) from the aisle. Containers

over 30 gal (113.5 L) capacity storing Class I or Class

llll li}:]uids shall not be stored more than one container
igh.

4-4.1.8 Where dispensing is being done in inside
rooms, ogeralions shall comply with the provisions of

* Chapter

4-4.1.9 Basement Storage Areas. Class I liquids
shall not be permitted In inside storage rooms in
basement areas.

4-4.2 Cutoff Rooms and Attached Buildings.

4-4.2.1 Construction design of exterior walls shall
provide ready accessibility for fire fighting operations

through provision of access openings, windows, or
lightweight noncombustible wall panels. Where Class
IA or IB liquids are dispensed, or where Class 1A

liquids are stored in containers larger than one gal-
lon, the exterior wall or roof construction shall be
designed to include explosion-venting features, such
as lightweight wall assemblies, lightweight roof assem-
blies, roof hatches, or windows of the explosion-
venti.ng type. NFPA 68, Guide {qr Explosion Venting,
provides information on this subject.

4-4.2.2 Where other portions of buildings or other
prolperties are exposed, each openin§ in the exposing
wall shall be protected with a listed 13 hr (D) fire door
installed in accordance with NFPA 80, Standard for
Fire Doors and Windows, and the walls shall have a
fire-resistance rating of not less than 2 hrs.

4-4.2.3 Except as noted in 4-4.2.6, interior walls,
ceiling, and floors shall have a fire-resistance rating of
not less than 2 hrs where floor area of the room or
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building exceeds 300 sq ft (27 m?) or a fire-resistance
rating of not less than one hour for a floor area of 300
sq ft (27 m?) or less. Such construction shall comply
with the test specifications given in NFPA 251, Stan-
dard Methods of Fire Tests of Building Construction and
Materials. Walls shall be liquidtight at the floor level.

4-4.24 Openin§s in interior walls to adjacent rooms
or buildings shall be in accordance with 4-4.1.2 (a).

4-4.2.5 Curbs, scuppers, special drains, or other
suitable means shall be provided to prevent the flow
of liquids under emergency conditions into adjacent
building areas except where the individual container
capacit{ is 5 gal (18.9 L) or less or if the liquids stored
are only Class III liquids. The drainage system, if
used, shall have sufficient capacity to carry off ex-
pected discharge of water from fire protection sys-
tems and hose streams.

4-4.2.6 Roofs of attached buildings, one story in
height, may be lightweight noncombustible construc-
tion if the separating interior wall as specified in
4-4.2.3 has a minimum 3-ft (0.90-m) parapet.

4-4.2.7 Unprotected storage in cutoff rooms and
attached buildings shall comply with Table 4-4.2.7.
(See 4-4.2.10 for mixed storage of liquids.)

4-4.2.8 Protected storage in cutoff rooms and at-
tached buildings shall comply with Section 4-6 as
applicable. (See 4-4.2.10 for mixed storage of liquids.)

4-4.2.9 Wood at least l-in. (2.5-cm) nominal thick-
ness may be used for shelving, racks, dunnage, scuff-
boards, floor overlay, and similar installations.

4-4.2.10 Where two or more classes of liquids are
stored in a single pile or rack section, the maximum
quantities and height of storage permitted in that pile
or rack section shall be the smallest of the two or more
separate quantities and heights. The maximum total
quantities permitted shall be limited to a sum of

roportional amounts that each class of liquid present

ears to the maximum total permitted for its respec-
tive class; sum of proportional amounts not to exceed
100 percent. :

4-4.2.11 Dispensing operations of Class I or Class 11
liquids are not permitted in cutoff rooms or attached
buildings exceeding 1000 sq ft (93 m?) floor area. In

rooms where dispensing of Class I liquids is permit-
ted, electrical systems shall comply with 4-4.1.5, ex-
cept that within 3 ft (0.90 m) of a dispensing nozzle
area, the electrical system shall be suitable for Class I,
Division I; ventilation shall be provided per 4-4.1.6;
and operations shall comply with the provisions of
Chapter 5.

4-4.2.12 Basement Storage Areas. Class I liquids
shall not be permitted in the basement areas of cutoff
rooms and attached buildings. Class II and Class IIIA
liquids may be stored in basements provided that
automatic sprinkler protection and other fire protec-
tion facilities are provided in accordance with Section
4-6. ‘

4-5 Indoor Storage.

4-5.1 Basic Conditions.

4-5.1.1 The storage of any liquids shall not physi-
cally obstruct a means of egress. Class I liquids in
other than separate inside storage areas or ware-
houses shall be so placed that a fire in the liquid
storage would not preclude egress from the area.

4-5.1.2 'The storage of liquids in containers or por-
table tanks shall comply with 4-5.2 through 4-5.7, as
applicable. Where separate inside storage areas are
required, they shall conform to Section 4-4. Where
other factors substantially increase or decrease the
hazard, the authority having jurisdiction may modify
the quantities specified.

4-5.1.3 Liquids used for building maintenance

-painting or other similar infrequent maintenance

purposes may be stored temporarily in closed con-
tainers outside of storage cabinets or separate inside
storage areas, if limited in amount, not to exceed a
10-day supply at anticipated rates of consumption.

4-5.1.4 Class I liquids shall not be stored in a base-
ment, except as provided in 4-5.5.

4-5.2 Dwellings and Residential Buildings Contain-
ing Not More Than Three Dwelling Units and
Accompanying Attached and Detached Garages.
Storage in excess of 25 gal (94.6 L) of Class I and
Class II liquids combined shall be prohibited. In
addition, storage in excess of 60 gal (227 L) of Class
I1IA liquid shall be prohibited.

Table 4-4.2.7 Indoor Unprotected Storage of Liquids in Containers and Portable Tanks

Container Storage Portable Tank Storage
Max. Pile Max. Quant. Max. Total Max. Pile Max. Quant. Max. Total
Class Height (ft) per Pile (gal) Quant. (gal) Height (ft) per Pile (gal) Quant. (gal)
1A 5 660 660 — Not Permitted —
1B 5 1,375 1,375 7 2,000 2,000
IC 5 2,750 2,750 7 4,000 4,000
11 10 4,125 8,250 7 5,500 11,000
IIIA 15 13,750 27,500 7 22,000 44,000
. IIB 15 13,750 55,000 7 22,000 88,000

SI Units: 1 ft = 0.30 m; 1 gal = 3.8 L.
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4-5.3 Assembly Occupancies, Buildings Containing
More Than Three Dwelling Units, and . Hotels.
Storage in excess of 10 gal (37.8 L) of Class I and
Class 11 liquids combinec?or 60 gal (227 L) of Class
ITIA liquids shall be in containers stored in storage
cabinets, in safety cans, or in a separate inside storage
area not havinian opening communicating with that
portion of the building used by the public.

4-5.4 Office, Educational, and Institutional Occu-
ancies. Storage shall be limited to that required
or operation of office equipment, maintenance,

demonstration, and laboratory work. This storage

shall comply with the provisions of 4-5.4.1 through
4-5.4.4 except that the storage for industrial and
educational laboratory work shall comply with NFPA

45, Standard on Fire Protection for Laboratories Using
Chemicals. :

4-5.4.1 Containers for Class I liquids outside of a
separate inside storage area shall not exceed a capac-
ity of 1 gal (3.8 L) except that safety cans can be of 2
gal (7.6 L) capacity.

4-5.4.2 Not more than 10 gal (37.8 L) of Class I and
Class 11 liquids combined shall be stored in a single
fire area outside of a storage cabinet or a separate
inside storage area unless in safety cans.

4-5.4.3 Not more than 25 gal (94.6 L) of Class I and
Class II liquids combined shall be stored in a single
fire area in safety cans outside of a separate inside
storage area or storage cabinet.

4-5.4.4 Not more than 60 gal (227 L) of Class I111A
liquids shall be stored outside of a separate inside
storage area or storage cabinet.

4-5.5" Mercantile Occupancies, Retail Stores, and
Other Related Areas Accessible to the Public.

4-5.5.1* In display areas that are accessible to the

ublic, the storage of Class I, Class 11, and Class I11A
iquids shall be limited to quantities needed for dis-
play and normal merchandising pur?oses but shall
not exceed the limits as given by the following (also see
Table A-4-5.5.1):

(2) In protected display areas, the total aggregate -
p EI’ y greg:

quantity of Class I, II, and IIIA liquids shall not
exceed 2 gal per sq ft (81 L per m?) of gross floor
area, but, except tor basement display areas, the
quantity of Class IA liquids shall not exceed 1 gal per
sq ft (40 L per m?) of gross floor area. In basement
display areas, the storage of Class IA liquids shall be
prohibited.

(b) In unprotected display areas on other than the
§round floor, the total ag rei;ate quantity of Class IB,
G, 11, and IIIA liquids shall not exceed 1 gal per s
ft (40 L per m?) of gross floor area, and the storage o
Class IA liquids shall be prohibited. In unprotected
ground floor display areas, the total aﬁf;regate quan-
tity of Class 1, 11, and IIJIA liquids shall not exceed 2
gal per sq ft (81 L per m?) of gross floor area, but the
“quantity of Class IA liquids shall not exceed 1 gal per

| sq ft (40 L per m?) of gross floor area.

“Protected” shall mean protected with automatic
sprinklers installed at least 1n accordance with NFPA
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13, Standard for the Installation of Sprinkler Systems,
requirements for Ordinary Hazard Group 2 Occu-
pancies. The gross floor area used for computing the
maximum quantity permitted shall be considered as
that portion of the floor actually being used for
n_]f:lrc andising liquids and immediately adjacent
aisles.

4-5.5.2 The aggregate quantity of additional stock
in areas not accessitﬁe to the public shall not exceed
the greater of that which would be permitted if the
area were accessible to the public, or 60 gal (227 L) of
Class 1A, 120 gal (454 L) of Class 1B, 180 gal (681 L)
of Class IC, 240 %al (908 L) of Class 11, or 660 gal
(2498 L) of Class I1IA liquids, or 240 f;al (908 L) in
any combination of Class I and Class II liquids subject
to the limitations of the individual class. These quan-
tities may be doubled for areas protected as defined
in 4-5.5.1. Storage of Class IA liquids shall be prohib-
ited in basement storage areas.

4-5.5.3 Quantities in excess of those permitted in
4-5.5.2 shall be stored in accordance with other
appropriate sections of this code.

4-5.5.4 Containers shall not be stacked more than 3

ft (0.90 m) or 2 containers high, 'whichever is the
reater, unless on fixed shelving or otherwise satis-
actorily secured.

4-5.5.5 Shelving shall be of stable construction, of
sufficient depth and arrangement such that contain-
ers displayed thereon shall not easily be displaced.

4-5.5.6 Leaking containers shall be removed imme-
diately to an adequately ventilated area, and the
contents transferred to an undamaged container.

4-5.6 General-Purpose Warehouses. (See 1-2, Defi-
nitions.)

4-5.6.1 General-purpose warehouses shall be sepa-
rate, detached buildings or shall be separated from
other type occupancies by a standard 4-hr fire wall,
or, if approved, a fire partition having a fire-resis-
tance rating of not less than 2 hr. Each opening in a
fire wall shall be protected with an automatic-closing,
listed 3-hr (A) fire door with the fusible link or other
automatic actuating mechanism located in the open-
inF or on both sides of the opening. Each opening in
a fire partition shall be protected with an automatic-
closing, listed 13-hr (B) fire door. The doors shall be
installed in accordance with NFPA 80, Standard for
Fire Doors and Windows. '

4-5.6.2 Warehousing operations that involve stor-
age of liquids shall be restricted to separate inside
storage areas or to liquid warehouses in accordance
with Section 4-4 or 4-5.7, as applicable, except as
provided in 4-5.6.3. '

4-5.6.3 Class IB and IC liquids in containers of 1 gal
(3.8 L) or less capacity, Class II liquids in containers
of 5 gal (18.9 L) or less cagacity, and Class HI liquids
in containers of 60 gal (227 L) or less capacity may be
stored in warehouses handling combustible commod-
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ities, as defined in the scope of NFPA 231, Standard
for General Storage, provided that the storage area is
protected with automatic sprinklers in accordance
with the provisions of this standard for 20 ft (6 m)
storage of Class IV commodities and the quantities
and height of liquid storage are limited to:

(a) Class IA liquids—not permitted

(b) Class IB & IC 660 gal (2498 L)—5 ft (1.5 m)
high

(c) Class II 1375 gal (5204 L)—5 ft (1.5 m) high

(d) Class IIIA 2750 gal (10409 L)—10 ft (3.0 m)
high
}'((;) Class 111B 13,750 gal (52044 L)—15 ft (4.6 m)
righ

The liquid storage shall also conform to 4-5.6.4,
4-5.6.5, 4-5.6.6, 4-.6.7, and 4-5.6.8.

4-5.6.4 Liquids in Plastic Containers. Effective
September 1, 1990, Class I and Class II liquids in
plastic containers shall not be stored in general-
purpose warehouses, but shall be stored in separate
inside rooms or liquid warehouses in accordance with
Section 4-4 or 4-5.7, as applicable. :

Exception No. 1: Liquids in plastic containers may be stored
in general-purpose warehouses in accordance unth protec-
tion and storage limitations specified in 4-5.6.3 as follows:

(a) products containing not more than 50 percent by
volume of water-miscible liquids and with the remainder [(;/
the solution being not flammable when packaged in individ-
ual containers, ‘

(b) water-miscible liquids containing more than 50 per-
cent by volume in individual containers not exceeding 16 oz.
capacity.

Exception No. 2: Class I and Class II liquids in_ plastic
containers may be stored in a general-purpose warehouse if
in conlainers approved and fire-tested _/fr use with these
materials.

4-5.6.5 Basement Storage Areas. Class I liquids

shall not be permitted in the basement areas of

buildings. Class II and Class IIIA liquids may be

stored 1n basements provided that automatic sprin-

kler protection and other fire protection facilities are
- provided in accordance with Section 4-6.

4-5.6.6 Palletized, Solid Pile, or Rack Storage.
Liquids in containers may be stored on pallets, in
solid piles or on racks subject to the quantities and
heights limits of 4-5.6.3 provided the protection is in
accordance with Section 4-6, as applicable.

4-5.6.7 Separation and Aisles. Palletized or solid
pile storage shall be arranged so that piles permitted
in 4-5.6.3 are separated from each other by at least
4-ft (1.2-m) aisles. Aisles shall be provided so that no
container is more than 12 ft (3.6 m) from an aisle.
Where liquids are stored on racks, a minimum 4-ft
(1.2-m) wide aisle shall be provided between adjacent
rows of racks and adjacent storage of liquids. Main
aisles shall be a minimum of 8 ft (2.4 m) wide. Where
ordinary combustible commodities are stored in the
same area as liquids in containers, the minimum

- fire-resistance ratin

distance between the two types of storage shall be 8 ft
(2.4 m).

4-5.6.8 Mixed Storage. Liquids shall not be stored
in the same pile or in the same rack sections as
ordinary combustible commodities. Where liquids are
Eacka ed together with ordinary combustibles, as in
its, the storage shall be considered on the basis of
whichever commodity predominates. When two or
more classes of liquids are stored in a single pile or
single rack section, the maximum quantities permit-
ted in the pile or rack section shall be the smallest of
the two or more separate maximum quantities, and
the height of storage permitted in that pile or rack
section shall be the least of the two or more separate
heights. The maximum total quantities permitted
shall be limited to the sum of proportional amounts
that each class of liquid present bears to the maxi-
mum total permitted for its respective class. The sum
of proportional amounts shall not exceed 100 per-
cent.

4-5.7 Liquid Warehouses. (See 1-2 Definitions.)
4-5.7.1 Liquid warehouses shall be separate, de-
tached buildings or shall be separated from other
type occupancies by standard 4-hr fire walls, with
communicating openings protected on each side of
the wall with automatic-closing, listed 3-hr (A) fire
doors. Fire doors shall be installed in accordance with
NFPA 80, Standard for Fire Doors and Windows.

4-5.7.2 If the warehouse building is located more
than 10 ft (3 m) but less than 50 ft (15 m) from an
important building or line of adjoining property that
can be built upon, the exposing wall shall have a
of at least 2 hrs with each
opening protected with a listed 13-hr (D) fire door.

4-5.7.3 Ifthe warehouse is located 10 ft (3 m) or less
from an important building or line of adjoinin
prol?erty that can be built upon, the exposing wa
shall have a fire-resistance rating of 4 hrs with each
opening protected with a listed 3-hr (A) fire door.

4-5.7.4 An attached warehouse, having communi-
cating openings in the required 4-hr fire wall separa-
tion trom the adjacent building area, shall have these
openings protected by:

(a) Normally closed, listed 3-hr (A) fire doors on
each side of the wall. These doors may be arranged to
stay open during material handling operations, only
if the doors are designed to close automatically in a
fire emergency by provision of listed closure devices.

(b) Noncombustible, liquidtight raised sills or
ramps, at least 4 in. (10 cm) in height, or other design
features to prevent flow of liquids to the adjoining
area.

4-5.7.5 Fire doors shall be installed in accordance
with NFPA 80, Standard for Fire Doors and Windows.

4-5.7.6 The total quantity of liquids within a liquid
warehouse shall not be restricted. The maximum pile
heights and maximum quantity per pile, arranged as
palletized and/or solid pile storage, shall comply with
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Table 4-4.2.7, if unprotected, or Table 4-6.1(a) if
protected, in accordance with Section 4-6. The stor-
age heights of containers on protected racks shall
comply with Table 4-6.1(b), as applicable.

Exception: An unprotected liquid warehouse located a min-
tmum of 100 ft (30 m) from exposed buildings or adjoining
g_roé)erty that can be bwilt upon is not required to conform to

able 4-4.2.7, if there is protection for exposures. Where
protection for exposures is not provided, a minimum 200 ft
(61 m) distance is required.

4-5.7.7 Class I liquids shall not be permitted in the
basement areas o(fl liquid warehouses. Class 1I and
Class IIIA liquids may be stored in basements pro-
vided that automatic sprinkler protection and other
fire protection facilities are provided in accordance
with Section 4-6.

4-5.7.8 Limited amounts of combustible commodi-
ties, as defined in the scope of NFPA 231, Standard for
General Storage, and NFPA 231C, Standard for Rack
Storage of Materials, may be stored in liquid ware-
houses il protection is provided in accordance with
Section 4-6, and the ordinary combustibles, other
than those used for packaging the liquids, are sepa-
rated a minimum ofé)ft (2.4 m) horizontally, by aisles
or open racks, from the liquids in storage.

4-5.7.9 Empty or idle combustible pallet storage
shall be limiteg to a maximum pile size of 2500 sq ft
(232 m?) and to a maximum storage height of 6 ft (1.8
m). Idle pallet storage shall be se arateg from liquids
by at least 8-ft (2.4-m) wide aisles. However, pallet
storage in accordance with NFPA 231, Standard for
General Storage, shall be acceptable.

4-5.7.10 Containers in piles shall be separated by
pallets or dunnage to provide stability and to prevent
excessive stress on container walls. Portable tanks
stored over one tier high shall be designed to nest
securely, without dunnage. (See NFPA 386, Standard

for Portable Shipping Tanks for Flammable and Combus-
tible Liquids, for information on portable tank design.)
Materials handling equipment shall be suitable to
lhanille containers and tanks safely at the upper tier
evel.

4-5.7.11 No container or portable tank shall be
stored closer than 36 in. (0.90 m) to the nearest beam,
chord, girder, or other roof member in an unpro-
tected warchouse.

4-5.7.12 Solid pile and palletized storage shall ‘be
arranged so that piles are separated from each other
by at least 4 ft (1.2 m). Aisles shall be provided so that
no container or tank is more than 12 ft (3.6 m) from
an aisle. Where storage on racks exists as permitted in
this Code, a minimum 4-ft (1.2-m) wide aisle shall be
provided between adjacent rows of racks and any
adjacent storage of liquids. Main aisles shall be a
minimum of 8 ft (2.4 m) wide, and access shall be
maintained to all doors required for egress.

4-5.7.13 Mixed Storage. When two or more classes
of liquids are stored 1n a single ;])ile, the maximum
1uamity permitted in that pile shall be the smallest of
the two or more separate maximum quantities and
the heights of storage permitted in that pile shall be
the least of the two or more separate heights as given
in Tables 4-4.2.7 or 4-6.1(a), as applicable. When two
or more classes of liquids are stored in the same racks
as permitted in this Code, the maximum height of
storage permitted shall be the least of the two or more
separate heights given in Table 4-6.1(b).

4-6 Protection Requirements for Protected Storage
of Liquids.

4-6.1 Containers and portable tanks storing flam-
mable and combustible Fiquids may be stored in the
uantities and arrangements specified in Tables
-6.1(a) and 4-6.1(b), provided the storage is pro-

Table 4-6.1(a) Storage Arrangements for Protected Palletized or Solid Pile Storage of Liquids
in Containers and Portable Tanks

Storage Max. Stge. Height (ft.) Max. Quantity per Pile (gal.) Max. Quantity (gal.)
Class Level Containers Port. Tanks Containers Port. Tanks Containers Port. Tanks

Ground Floor 5 —_ 3,000 —_ 12,000 —_
1A Upper Floors 5 — 2,000 — 8,000 —
Basements Not Permitted — — — L —

Ground Floor 62 7 5,000 20,000 15,000 40,000

IB Upper Floors 6% 7 3,000 - 10,000 12,000 20,000
Basements Not Permitted —_ — —_ —_

Ground Floor ) *6Ve 7 5,000 20,000 15,000 40,000

IC Upper Floors *6Ve 7 3,000 10,000 12,000 20,000
Basements Not Permitted — — — —

Ground Floor 10 14 10,000 40,000 25,000 80,000

11 Upper Floors 10 14 10,000 40,000 25,000 80,000

Basements 5 7 7,500 20,000 7,500 20,000

Ground Floor 20 14 15,000 60,000 50,000 100,000

III Upper Floors 20 14 15,000 60,000 50,000 100,000

Basements 10 7 10,000 20,000 25,000 40,000

SI Units: 1 ft = 0.30 m; 1 gal = 3.8 L.

* These height limitations may be increased to 10 ft for containers of 5 gal or less in capacity.
NOTE: See Section 4-6 for protection requirements as applicable to this type of storage.
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Table 4-6.1(b) Storage Arrangements for Protected
Rack Storage of Liquids in Containers

Max.
Max. Stge. Quantity
Type Storage Height (ft) (gal)
Class Rack Level Containers Containers
Double Row Ground Floor 25 7,500
IA or Upper Floor 15 4,500
Single Row Basements  Not Permitted —
IB Double Row Ground Floor 25 15,000
or Upper Floor 15 9,000
IC Single Row Basements  Not Permitted —
Double Row Ground Floor 25 24,000
II or Upper Floor 25 24,000
Single Row Basements 15 9,000
Multi-Row  Ground Floor 40 48,000
III  Double Row  Upper Floor 20 48,000
or Single Row  Basements 20 24,000

SI Units: 1 ft = 0.30 m; 1 gal = 3.8 L.
NOTE: See Section 4-6 for protection requirements as applica-
ble to this type of storage.

{ﬁcted in accordance with 4-6.2 and 4-6.5, as applica-
€.

4-6.1.1 Other quantities and arrangements may be
used where suitably protected and approved by the
authority having jurisdiction.

4-6.2 Where automatic sprinklers are used, they
shall be installed in accordance with NFPA 13, Stan-
dard for the Installation of Sprinkler Systems, and ap-
proved by the authority having jurisdiction. (For
additional information, see Appendix D.)

4-6.2.1 Other systems such as automatic foam-water
systems, automatic water-spray systems, or other

combinations of systems may be considered accept-

able if approved by the authority having jurisdiction.
(For additional information, see Appendix D.;

4-6.3 Racks storing Class I or Class II liquids shall
be either single-row or double-row as described in
NFPA 231C, Standard for Rack Storage of Materials.

4-6.4 Ordinary combustibles other than those used
for packaging the liquids shall not be stored in the
same rack section as liquids, and shall be separated a
minimum of 8 ft (2.4 m) horizontally, by aisles or
open racks, from liquids stored in racks.

4-6.5 In-rack sprinklers shall be installed in accord-

ance with the provisions of NFPA 231C, Standard for

Rack Storage ojp

Alternate lines of in-rack sprinklers shall be stag-

Eered. Multiple levels of in-rack sprinkler heads shall
e provided with water shields unless otherwise sep-

arated by horizontal barriers, or unless the sprinkler

heads are listed for such installations.
. 4-7 Fire Control. '

4-7.1 Suitable fire extinguishers or preconnected
hose lines, either 13-in. (3.8-cm) lined or 1-in. (2.5-
cm) hard rubber, shall be provided where liquids are

Materials, except as modified by 4-6.2.

stored. Where 13-in. (3.8-cm) fire hose is used, it shall
be installed in accordance with NFPA 14, Standard for
the Installation of Standpipe and Hose Systems.

4-7.1.1 At least one portable fire extinguisher hav-
ing a rating of not less than 20-B shall be located
outside of, but not more than 10 ft (3 m) from, the
door opening into any separate inside storage area.

4-7.1.2 At least one portable fire extinguisher hav-
ing a rating of not less than 20-B shall be located not
less than 10 ft (3 m), nor more than 50 ft (15 m), from
any Class I or Class II liquid storage area located
outside of a separate inside storage area.

4-7.1.3 In protected general purpose and liquid
warehouses, hand hose lines shall be provided in
sufficient number to reach all liquid storage areas.

4-7.1.4 The water supply shall be sufficient to meet
the fixed fire protection demand, plus a total of at
least 500 gal (1892 L) per minute for inside and
outside hose lines. (See C-4-6.2.)

4-7.2 Control of Ignition Sources. Precautions
shall be taken to prevent the ignition of flammable
vapors. Sources of ignition include but are not limited
to: open flames; lightning; smoking; cutting and
welding; hot surfaces; frictional heat; static, electrical,
and mechanical sparks; spontaneous ignition, includ-
ing heat-producing chemical reactions; and radiant
1eat.

4-7.3 Dispensing of Class I and Class II liquids in
general-purpose or liquid warehouses shall not be
permitted unless the dispensing area is suitably cut
off from other ordinary combustible or liguid storage
aréas, as specified in Section 4-4, and otherwise
conforms with the applicable provisions of Section
4-4.

4-7.4 Materials with a water reactivity degree of 2 or
higher as outlined in NFPA 704, Standard System for
the Identification of the Fire Hazards of Malerials, shall
not be stored in the same area with other liquids.

4-8 Outdoor Storage.

4-8.1 Outdoor storage of liquids in containers and
portable tanks shall be in accordance with Table 4-8,
as qualified by 4-8.1.1 through 4-8.1.4 and 4-8.2,
4-833, and 4-8.4. .

4-8.1.1 When two or more classes of materials are
stored in a single pile, the maximum gallonage in that
pile shall be the smallest of the two or more separate
gallonages.

4-8.1.2 No container or portable tank in a pile shall
be more than 200 ft (60 m) from a 12-ft (3.6-m) wide
access way to permit approach of fire control appa-
ratus under all weather conditions.

4-8.1.3 The distances listed in Table 4-8 apply to
properties that have protection for exposures as
defined. If there are exposures, and such protection

for exposures does not exist, the distances 1n column
4 shall be doubled.
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Table 4-8 Outdoor Liquid Storage in Containers and Portable Tanks

1 2 3 4 5
Portable Tank Distance Distance to Distance to
Container Storage Max. Between Property Line Street, Alley,
Storage-Max. er Pile Piles or That Can Be or a Public Way
Class per Pile Gallons (1) Racks (ft) Built Upon (ft)(2)(3) (£)(3)
’ Height Height
Gallons (1) (4) (ft) Gallons (1) (4) (ft)
1A 1,100 10 2,200 7 5 50 10
IB 2,200 12 4,400 14 5 50 10
IC 4,400 12 8,800 14 5 50 10
II 8,800 12 17,600 14 5 25 5
111 22,000 18 44,000 14 5 10 5

SI Units: 1 ft = 0.30 m; I gal = 3.8 L.

NOTES: (1) See 4-8.1.1 regarding mixed class storage.
(2) See 4-8.1.3 regarding protection for exposures.
(3) See 4-8.1.4 for smaller pile sizes.

(4) For storage in racks, the quantity limits per pile do not apply, but the rack arrangement shall be limited to a maximum of

50 feet in length and two rows or 9 feet in depth.

4-8.1.4 When total quantity stored does not exceed
50 percent of maximum per pile, the distances in
columns 4 and 5 may be reduced 50 percent, but to
not less than 3 ft (0.90 m).

4-8.2 A maximum of 1,100 gal (4163 L) of liquids in
closed containers and ortalﬁe tanks may be stored
adjacent to a building located on the same premises
and under the same management provided that:

(a) The building is limited to a one-story building
of fire-resistive or noncombustible construction and is
devoted principally to the storage and handling of
liquids, or

(b) The buildin[;g has an exterior wall with a fire-
resistance rating of not less than 2 hr and having no
opening to above grade areas within 10 ft (3 m)
horizontally of such storage and no openings to below
grade areas within 50 ft (15 m) horizontally of such
storage. :

4-8.2.1 The quantity of liquids stored adjacent to a
building protected in accordance with 4-8.2(b) may
exceed that permitted in 4-8.2, provided the maxi-
mum quantity per pile does not exceed 1,100 gal
(4163 L) and each pile is separated by a 10-ft (3-m)
minimum clear space along the common wall.

4-8.2.2 Where the quantity stored exceeds the 1,100
gal (4163 L) permitted adjacent to the building given
in 4-8.2(a), or the provisions of 4-8.2(b) cannot be
met, a minimum distance in accordance with column
4 of Table 4-8 shall be maintained between buildings
and the nearest container or portable tank.

4-8.3 The storage area shall be graded in a manner
to divert possible spills away from buildings or other
exposures or shall be surrounded by a curb at least 6
in. (15 cm) high. When curbs are used, provisions
shall be made for draining of accumulations of
ground or rain water or spills of liquids. Drains shall
terminate at a safe location and shall be accessible to
operation under fire conditions. :

4-8.4 The storage area shall be protected against
tampering or trespassers where necessary and shall
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be kept free of weeds, debris, and other combustible
materials not necessary to the storage.

Chapter 5 Operations
(See Appendix F for Cross-Reference Tables)

5-1 Scope.

5-1.1 This chapter applies to operations involving
the use or handling of liquids either as a principal or
incidental activity, except as covered elsewhere in this
Code or in other NFPA Standards.

‘5-1.2 The provisions of this chapter relate to the

contro!l of hazards of fire involving liquids. These
provisions may not provide adequate protection for
operations involving hazardous materials or chemical
reactions nor do they consider health hazards result-
ing from exposure to such materials.

5-2 General. Liquid processing operations shall be
located and operated so that they do not constitute a
significant fire or explosion hazard to life, to property
of others, or to important buildings or facilities within
the same plant. Specific requirements are dependent
on the inherent risk in the operations themselves,
including the liquids being processed, operating tem-
peratures and pressures, and the capability to control
any liquid or vapor releases or fire incidents that
might occur. The interrelationship of the many fac-
tors involved must be based on good engineering and
management practices to establish suitable physical
and operating requirements. (See 5-5.1.3.)

5-3 Facility Design.
5-3.1 Location.

5-3.1.1 The minimum distance of a processing ves-
sel to adjoining property or to the nearest important
building on the same property shall be based on the
stability of the liquid and vessel capacity and shall be
in acgorc;ance with Table 5-3.1.1, except as modified
in 5-3.1.2. '
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5-3.1.2  Where process vessels are located in a build-
ing and the exterior wall facing the exposure (line of
adjoining property that can be built upon or nearest
important building on the same property) is greater

than 25 ft (7.6 m) from the exposure and is a blank .

wall having a fire-resistance rating of not less than 2
hrs, any greater distances required in Table 5-3.1.1
may be waived. Where a blank wall having a fire-
resistance rating of not less than 4 hrs is provided,
distance requirements may be waived. In addition,
when Class IA or unstable liquids are handled, the
wall shall have explosion resistance in accordance
with good engineering practice. (See 5-3.2.7 relative to
explosion relief of other walls of this building).

5-3.1.3 Other liquid processing equipment, such as
Fumps, heaters, filters, exchangers, etc., shall not be
ocated closer than 25 feet (7.6 m) to groperty lines
where the adjoining property is or can

roperty that is not an integral part of the process.

his spacing requirement may be waived where ex-

posures are protected as outlined in 5-3.1.2.

NOTE: Equipment operated at pressures over 1000 psig
(7000 kPa) may require greater spacing. . - :

5-3.1.4 Processing equipment in which unstable liq-
uids are handled s aﬂ be separated from unrelated
Iz)lam facilities that use or handle liquids by either

5-ft (7.6-m) clear spacing or a wall having a fire-
resistance rating of not less than 2 hrs. The wall shall

also have explosion resistance in accordance with

good engineering practice.

5-3.1.5 Each process unit or building containing
liquid-processing equipment shall be accessible from
at least one side for fire fighting and fire control.

5-3.2 Cbnstructidn.

5-3.2.1 Processing buildings or structures shall be of
fire-resistive or noncombustible construction, except
that combustible construction may be used when
automatic sprinklers or equivalent protection is pro-

e built upon, .
or to the nearest important building on the same -

vided, subject to ap roval of the authority having
jurisdiction. (See NFPA 220, Standard on Types of
Building Construction.)

5-3.2.2 Where walls are required for separation of

processing operations from other occupancies or

property lines, they shall have a fire-resistance rating -
of at least 2 hrs. In addition, when Class IA or

unstable liquids are being stored or processed, the

separating wall shall have explosion resistance in

accordance with good engineering practice. (See

5-3.2.7 relative to explosion relief of other walls of this

building or area.) ‘

5-3.2.3 Class I liquids shall not be handled or used
in basements. Where Class I liquids are handled or
used above grade within buildings with basements or
closed pits into which flammable vapors may travel,
such below grade areas shall be provided with me-
chanical ventilation designed to prevent the accumu-
lation of flammable vapors. Means shall be provided
to prevent liquid spills from running into basements.

5-3.2.4 Provision for smoke and heat venting ma
be desirable to assist access for fire fighting. NFP
204M, Guide for Smoke and Heat Venting, provides
information on this subject.

5-3.2.5 Areas shall have exit facilities arranged to
revent occupants from being trapped in the event of
re. NFPA 101, Code for Safety to Life from Fire in
Buildings and Structures, provides information on the
design of exit facilities. Exits shall not be exposed by
the drainage facilities described in 5-3.4.

5-3.2.6 Adequate aisles shall be maintained for
unobstructed movement of personnel and fire pro-
tection equipment.

5-3.2.7 Areas where Class IA or unstable liquids are
processed shall have explosion venting through one
or more of the following methods: (a) open air
construction; (b) lightweight walls and/or roof; (c)
lightweight wall panels and roof hatches; (d) windows
of explosion-venting type. NFPA 68, Guide for Explo-
sion Venting, provides information on this subject.

Table 5-3.1.1 Location of Procesﬁng Vessels from Property Lines and Nearest Important Buildiﬁg
on the Same Property Where Protection for Exposures is Provided

Minimum Distance from Property
Line that Is or Can Be Built
Upon, Including Opposite Side
of Public Way (ft)

Minimum Distance from Nearest
Side of Any Public Way or
from Nearest Important
Building on Same Property that Is Not an
Integral Part of the Process (ft)

Stable Liquid Unstable Liquid Stable Liquid Unstable Liquid
Vessel Maximum Emergency Relief Emergency Relief Emergency Relief Emergency Relief
Operating Liquid Not Over Over Not Over ' Over Not Over Over Not Over Over
Capacity (gal) 2.5 psig 2.5 psig 2.5 psig 2.5 psig 2.5 psig 2.5 psig 2.5 psig 2.5 psig
275 or less 5 10 15 20 5 10 15 20
276 to 750 10 15. 25 40 5 10 15 20
751 10 12,000 15 "~ 25 40 60 5 10 15 ‘ 20
12,001 to 30,000 20 30 50 . 80 5 10 15 20
30,001 to0 50,000 30 45 75 120 10 15 25 40
50,001 to 100,000 50 75 125 200 15 25 40 60
Over 100,000 80 120 200 300 25 40 65 100

NOTE: Double all of above distances where protection for exposures is not provided. -
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5-3.3 Ventilation.

5-3.3.1 Enclosed processing areas handling or using
Class I liquids, or Class II or Class III liquids above

their flash points, shall be ventilated at a rate of not |

less than 1 cu ft per minute per sq ft (0.3 m® per min
Eer m?) of solid floor area. This shall be accomplished

y natural or mechanical ventilation with discharge or
exhaust to a safe location outside the building without
recirculation.

Exception: Recirculation is permitted where it is monitored

continuously using a fail-safe system that is designed to
automatica lf' sound an alarm, stop recirculation, and pro-
ha

vide full exhaust to the outside in the event that vapor-air
mixtures in concentration over one-fourth of the lower
flammable limit are detected.

Provision shall be made for introduction of make-
up air in such a manner as to avoid short-circuiting
the ventilation. Ventilation shall be arranged to in-
clude all floor areas or pits where flammable vapors
may collect. Where natural ventilation is inadequate,
mechanical ventilation shall be provided and shall be
kept in operation while flammable liquids are being
handled. Local or spot ventilation may be needed for
the control of special fire or health hazards. Such
ventilation, if provided, can be utilized for up to 75
percent of the required ventilation. NFPA 91, Stan-
dard for the Installation of Blower and Exhaust Systems for
Dust, Stock, and Vapor Removal or Conveying, and NFPA
90A, Standard for the Installation of Air Conditioning and
Ventilating Systems, provide information on this sub-
ject.

5-3.3.2 Equipment used in a building and the ven- .

tilation of the building shall be designed to limit
flammable vapor-air mixtures under normal operat-
ing conditions to the interior of equipment, and to
not more than 5 ft (1.5 m) from equipment that
exposes Class I liquids to the air. Examples of such
equipment are dispensing stations, open centrifuges,
plate and frame filters, open vacuum filters, and
surfaces of open equipment.

5-3.4 Drainage.

5-3.4.1 Emergency drainage systems shall be pro-
vided to direct flammable or combustible liquid leak-
age and fire protection water to a safe location. This
may require curbs, scuppers, or special draina;:e
systems to control the spread of fire (see 2-2.3).
Appendix A of NFPA 15, Standard for Water Spray
Fixed Systems for Fire Protection, provides information
on this subject.

5-3.4.2 Emergency drainage systems, if connected
to public sewers or discharged into public waterways,
shall be equipped with traps or separators.

5-3.4.3 A facility shall be designed and operated to
Erevent the normal discharge of flammable or com-

ustible liquids to public waterways, public sewers, or
adjoining property.

5-3.5 Electrical Equipment.

5-3.5.1 This section shall ag ly to areas where Class
I liquids are stored or handled and to areas where
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Class II or Class III liquids are stored or handled at a
temperature above their flash points (see 1-1.3).

5-3.5.2 All electrical equipment and wiring shall be
of a type specified by, and installed in accordance
with, NFPA 70, National Electrical Code.

5-3.5.3 So far as it applies, Table 5-3.5.3 shall be
used to delineate and classify areas for the purpose of
installation of electrical equipment under normal
conditions. In the application of classified areas, a
classified area shall not extend beyond an unpierced
floor, wall, roof, or other solid partition. The desig-

"nation of classes and divisions is defined in Chapter 5,

Article 500, of NFPA 70, National Electrical Code. {See
NFPA 497A, Recommended Practice for Classification of
Class 1 Hazardous (Classified) Locations for Electrical
Installations in Chemical Process Areas, and 497M, Man-
ual for Classification of Gases, Vapors, and Dusts for
Electrical Equipment in Hazardous (Classified) Locations,
for guidance]. '

5-3.5.4 The area classifications listed in Table -
5-3.5.3 are based on the premise that the installation
meets the applicable requirements of this code in all
respects. Should this not be the case, the authori;y
having jurisdiction shall have the authority to classify
the extent of the area.

5-3.5.5 Where the provisions of 5-3.5.1, 5-3.5.2,
5-3.5.3, and 5-3.5.4 require the installation of electri-
cal equipment suitable for Class 1, Division '1 or
Division 2 locations, ordinary electrical equipment
including switchgear may be used if installed in a
room or enclosure that is maintained under positive
pressure with respect to the classified area. Ventila-
tion make-up air shall not be contaminated. NFPA
496, Standard for Purged and Pressurized Enclosures for
Electrical Equipment, provides details for these types of
installations. ~

5-3.5.6 For marine terminals handling flammable
liquids, Figure 5-3.5.6 shall be used as a minimum
basis to delineate and classify areas for the purpose of
installation of electrical equipment.

5-4 Liquid Handling, Transfer, and Use.
5-4.1 General. ‘

5-4.1.1 Class I liquids shall be kept in closed tanks or
containers when not actually in use. Class 1T and Class
I1I liquids shall be kept in closed tanks or containers
when ambient or process temperature is at or above
their flash point.

5-4.1.2 Where liquids are used or handled, provi-
sions shall be made to promptly and safely dispose of
leakage or spills.

5-4.1.3 Class I liquids shall not be used outside
closed systems where there are open flames or other
ignition sources within the classified areas as set forth
in Table 5-3.5.3.

5-4.1.4 Transferring liquids by means of pressuriz-
ing the container with air is prohibited. Transferring
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Table 5-3.5.3 Electrical Area Classifications

Location NEC Class I Division Extent of Classified Area
Indoor equipment installed in accord- 1 Area within 5 feet of any edge of such equipment, extend-
ance with 5-3.3.2 where flammable ing in all directions.
vapor-air mixtures may exist under
normal operation
2 Area between 5 feet and 8 feet of any edge of such equip-
ment, extending in all directions. Also, area up to 3 feet
above floor or grade level within 5 feet to 25 feet horizon-
s tally from any edge of such equipment.*
Outdoor equipment of the type 1 Area within 3 feet of any edge of such equipment, extend-
covered in 5-3.3.2 where flammable ing in all directions.
vapor-air mixtures may exist under
normal operation
2 Area between 3 feet and 8 feet of any edge of such equip-
ment, extending in all directions. Also area up to 3 feet
above floor or grade level within 3 feet to 10 feet horizon-
. tally from any edge of such equipment.
Tank—Aboveground 1 Area inside dike where dike height is greater than the dis-
tance from the tank to the dike for more than 50 percent
of the tank circumference.
Shell, Ends, or Roof and Dike Area 2 Within 10 feet from shell, ends, or roof of tank. Area in-
side dikes to level of top of dike.
Vent 1 Within 5 feet of open end of vent, extending in all direc-
tions.
2 Area bertween 5 feet and 10 feet from open end of vent,
extending in all directions.
Floating Roof . 1 Area above the roof and within the shell.
Underground Tank Fill Opening 1 Any pit, box, or space below grade level, if any part is
within a Division 1 or 2 classified area.
2 Up to 18 inches above grade level, within a horizontal ra-
dius of 10 feet from a loose fill connection, and within a
horizontal radius of 5 feet from a tight fill connection.
Vent—Discharging Upward 1 Within 3 feet of open end of vent, extending in all direc-
tions.
2 Area between 3 feet and 5 feet of open end of vent, ex-
tending in all directions.
Drum and Container Filling 1 Within 3 feet of vent and fill openings, extending in all
Outdoors, or Indoors directions.
with Adequate Ventilation
2 Area between 3 feet and 5 feet from vent or fill opening,
extending in all directions. Also, up to 18 inches above
floor or grade level within a horizontal radius of 10 feet
from vent or fill openings.
Pumps, Bleeders, Withdrawal Fittings,
Meters and Similar Devices
Indoors 2 Within 5 feet of any edge of such devices, extending in all
directions. Also up to 3 feet above floor or grade level
within 25 feet horizontally from any edge of such devices.
Outdoors 2 ‘Within 3 feet of any edge of such devices, extending in all
directions. Also up to 18 inches above grade level within
10 feet horizontally from any edge of such devices.
Pits :
Without Mechanical Ventilation 1 Entire area within pit if any part is within a Division 1 or
2 classified area.
With Adequate Mechanical 2 Entire area within pit if any part is within a Division 1 or
Ventilation 2 classified area.
Containing Valves, Fittings, or Pip- 2 Entire pit.
ing, and not within a Division 1 or 2
Classified Area
Drainage Ditches, Separators,
Impounding Basins .
Outdoor 2 Area up to 18 inches above ditch, separator, or basin. Also

Indoor

up to 18 inches above grade within 15 feet horizontally
from any edge.
Same as pits.

*The release of Class I liquids may generate vapors to the extent that the entire building, and possibly a zone surrounding it, should be

considered a Class I, Division 2 location.
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Table 5-3.5.3, cont.

Location NEC Class I Division Extent of Classified Area

Tank Vehicle and Tank Car* Loading 1 Within 3 feet of edge of dome, extending in all directions.

Through Open Dome

2 Area between 3 feet and 15 feet from edge of dome, ex-
tending in all directions.

Loading Through Bottom Connections 1 Within 3 feet of point of venting to atmosphere, extend-

With Atmospheric Venting ing in all directions.

2 Area between 3 feet and 15 feet from point of venting to
atmosphere, extending in all directions. Also up to 18
inches above grade within a horizontal radius of 10 feet
from point of loading connection.

Office and Rest Rooms Ordinary If there is any opening to these rooms within the extent of
an indoor classified area, the room shall be classified the
same as if the wall, curb, or partition did not exist.

Loading Through Closed Dome With 1 Within 3 feet of open end of vent, extending in all direc-

Atmospheric Venting tions.

2 Area between 3 feet and 15 feet from open end of vent,
extending in all directions. Also within 3 feet of edge of
dome, extending in all directions.

Loading Through Closed Dome With 2 Within 3 feet of point of connection of both fill and vapor

Vapor Control lines, extending in all directions.

Bottom Loading With Vapor Control 2 Within 3 feet of point of connections, extending in all di-

Any Bottom Unloading rections. Also up to 18 inches above grade within a hori-
zontal radius of 10 feet from point of connections.

Storage and Repair Garage for Tank 1 All pits or spaces below floor level.

Vehicles 2 Area up to 18 inches above floor or grade level for entire
storage or repair garage.

Garages for Other Than Tank Vehi- Ordinary If there is any opening to these rooms within the extent of

cles . an outdoor classified area, the entire room shall be classi-
fied the same as the area classification at the point of the
opening.

Outdoor Drum Storage Ordinary

Indoor Warehousing Where There is Ordinary If there is any opening to these rooms within the extent of

No Flammable Liquid Transfer

an indoor classified area, the room shall be classified the
same as if the wall, curb, or partition did not exist.

Piers and Wharves

See Figure 5-3.5.6.

*When classifying extent of area, consideration shall be given to fact that tank cars or tank vehicles may be spotted at varying points.
Therefore, the extremities of the loading or unloading positions shall be used.

liquids by pressure of inert gas is permitted only if
controls, including pressure-relief devices, are pro-
vided to limit the pressure so it cannot exceed the
dgsign pressure ofp the vessel, tank, container, and
piping system.

5-4.1.5 Positive displacement pumps shall be pro-
vided with pressure relief discEargmg back to the
tank, pump suction, or other suitable location, or
shall be provided with interlocks to prevent overpres-
sure.

5-4.1.6 Piping, valves, and fittings shall be in accord-
ance with Chapter 3, “Piping, Valves, and Fittings.”

5-4.1.7 Listed flexible connectors may be used
where vibration exists. Approved hose may be used at
transfer stations.

'5-4.2 Equipment. Equipment shall be designed
and arranged to prevent the unintentional escape of
‘liquids and vapors and to minimize the quantity
escaping in the event of accidental release.
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5-4.3 Incidental Use of Liquids.

5-4.3.1 This section shall be applicable where the
use and handling of liquids is only incidental to the
principal business, such as automobile assembly, con-
struction of electronic equipment, furniture manu-
facturing, or other similar activities. i

5-4.3.2 Class I and Class II liquids shall be drawn
from or transferred into vessels, containers, or por-
table tanks in the following manner only:

(a) from original shipping containers with a capac-
ity of 5 gal (19 L) or less,

(b) from safety cans,
(c) through a closed piping system,
(d) from portable tanks or containers by means of

a device drawing through an opening in the top of
the tank or container, or,

(e) by gravity through a listed self-closing valve or
self-closing faucet, or

(f) if hose is used in the transfer operation, it shall
be equipped with a self-closing valve without a hold-
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(1) The “source of vapor” shall be the operating envelope and stored position of the outboard flange connection of the
loading arm (or hose).

(2) The berth area adjacent to tanker and barge cargo tanks is to be Division 2 to the following extent:
a. 25 ft (7.6 m) horizontally in all directions on the pier side from that portion of the hull containing cargo tanks.
b. From the water level to 25 ft (7.6 m) above the cargo tanks at their highest position.

(3) Additional locations may have to be classified as required by the presence ol other sources of flammable liquids on the
berth, or by Coast Guard or other regulations.

Figure 5-3.5.6 Marine Terminal Handling Flammable Liquids.

open latch in addition to the outlet valve. Only listed 5-4.3.4 The quantity of liquid that may be located
or approved hose shall be used. : outside of .storage cabinets, inside storage rooms,

» cut-off rooms and attached buildings, general pur-
5-4.3.3 Exceptas provided in 5-4.3.4 and 5-4.3.5, all pose warehouses, liquid warehouses, or other specific
storage shall comply with Chapter 4, “Container grocessing areas that are cut off by at least a 2-hr .
Storage.” : : re-rated separation from the general plant area shall
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not exceed the greater of the quantity in either (a) or
the sum of (b), (c), (d), and (e) below:

(a) A supply for one day, or
(b) 25 gal (95 L) of Class IA liquids in containers,

(c) 120 gal (454 L) of Class IB, IC, 11, or 111, liquids
in containers, :

(d) Two ;f)ortable tanks each not exceeding 660 gal
(2498 L) of Class IB, IC, Class 1I, or Class IIIA
liquids, and

(e) 20 portable tanks each not exceeding 660 gal
(2498 L) of Class II1B liquids.

5-4.3.5 Where quantities of liquids in excess of the
limits in 5-4.3.4 are necessary, storage shall be in
tanks, which shall comPl with the applicable require-
| ments of Chapter 2, "lzank Storage,” and Sections
5-3, 54.1, and 5-4.2. - '

5-4.3.6 Areas in which liquids are transferred from
one tank or container to another container shall be
separated from other operations that might represent
an ignition source by distance or by fire-resistant
construction. Drainage or other means shall be pro-
vided to control spills. Natural or mechanical ventila-
tion shall be Erovided in accordance with 5-3.3,
“Ventilation.” NFPA 91, Standard for the Installation of
Blower and Exhaust Systems for Dust, Stock, and Vapor
Removal or Conveying, provides information on the
design and installation of mechanical ventilation.

5-4.4 Loading and Unloading Operations.
5-4.4.1 Tank Vehicles and Tank Cars.

5-4.4.1.1 Tank vehicle and tank car loading or un-
loading facilities shall be separated from above-
round tanks, warehouses, other plant buildings, or
the nearest line of adjoining property that can be
built upon by a distance of at lgast 25°ft (7.6 m) for
Class I liquids and at least 15 ft (4.6 m) for Class 11
and Class III liquids, measured from the nearest fill
if)out or (liquid or vapor) transfer connection. These
istances may be reduced by utilizing fixed fire pro-
tection systems, dikes, fire-rated barriers, or combi-
-nations of any of these. Buildings for pumps or
shelters for personnel may be a part of the facility.

5-4.4.1.2 Static Protection. Bonding facilities for
protection against static sparks during the loading of
tank vehicles through open domes shall be provided
(a) where Class I liquids are loaded, or (b) where Class
IT or Class III liquids are loaded into vehicles that
may contain vapors from previous cargoes of Class I
liquids.

5-4.4.1.3 Protection as required in 5-4.4.1.2 shall
consist of a metallic bond wire permanently electri-
cally connected to the fill stem or to some part of the
rack structure in electrical contact with the fill stem.
The free end of such wire shall be provided with a
clamp or equivalent device for convenient attachment

to some metallic part in electrical contact with the

cargo tank of the tank vehicle.

5-4.4.1.4 Such bonding connection shall be made to

the vehicle or tank before dome covers are raised and
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shall remain in place until filling is completed and all
dome covers have been closed and secured.
5-4.4.1.5 Bonding, as specified in 5-4.4.1.2,
5-4.4.1.3, and 5-4.4.1.4, is not required: :

(a) where vehicles are loaded exclusively with
products not having a static accumulatini tendency,
such as asphalts, including cutback asphalts, most
crude oils, residual oils, and water-soluble liquids;

(b) where no Class I liquids are handled at the
loading facility and the tank vehicles loaded are used
exclusively for Class II and Class 111 liquids;

(c) where vehicles are loaded or unloaded through .
closed-bottom or -top connections whether the hose
or pipe is conductive or nonconductive.

5-4.4.1.6 Filling through open domes into the tanks
of tank vehicles or tanE cars that contain vapor-air
mixtures within the flammable range, or where the
liquid being filled can form such a mixture, shall be
by means of a downspout that extends near the
bottom of the tank. This precaution is not required
when loading licluids that are nonaccumulators of
static charges. NFPA 77, Recommended Practice on
Static Electricity, provides additional information on
static electricity protection.

5-4.4.1.7 Stray Currents. To protect against stray
currents, tank car facilities where flammable and
combustible liquids are loaded or unloaded through
open domes shall be protected by permanently bond-
ing the fill pipe to at least one rail and to the rack

.| structure, if of metal. Multiple pipes entering the rack

area shall be permanently bonded together. In addi-
tion, in areas where excessive stray currents are
known to exist, all pipes entering the rack area shall
be provided with Insulating sections to electrically
isolate the rack piping from the pipelines. These
recautions are not necessary where Class I or Class
II liquids are handled exclusively and there is no
probability that tank cars will contain vapors from
previous cargoes of Class I liquids.

5-4.4.1.8 Equipment such as piping, pumps, and
meters used for the transfer of Class 1 %iquids between
storage tanks and the fill stem of the loading rack
shall not be used for the transfer of Class II or Class
II1 liquids.

"| Exception No. 1: This provision shall not apply to water-

miscible liqguids when the class is determined by the concen-
tration of liquid in water.

Exception No. 2: This provision shall not apply where the
equipment is cleaned between transfers.

5-4.4.1.9 Remote pumps located in underground
tanks shall have a listed leak-detection device installed
on the pump discharge side that will indicate if the
piping system is not essentially liquid-tight. This
device shall be checked and tested at least annually
according to the manufacturer’s specifications to in-
sure proper installation and operation.

5-4.4.1.10 When top loading a tank vehicle with
Class I or Class II liquids without a vapor control
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system, valves used for the final control of flow shall
be of the self-closing type and shall be manually held
open except where automatic means are provided for
shutting off the flow when the vehicle is full. Auto-
matic shutoff systems shall be provided with a manual

shutoff valve located at a safe distance from the"

loading nozzle to stop the flow if the automatic system
fails. When -top loadin
control, flow control! shall be in accordance with
5-4.4.1.11 and 5-4.4.1.12.

5-4.4.1.11 When bottom loading a tank vehicle with
or without vapor control, a positive means shall be

rovided for loading a predetermined quantity of -

iquid, together with a secondary automatic shutoff
control to prevent overfill. The connecting compo-
nents between the loading rack and the tank vehicle
required to operate the secondary control shall be
functionally compatible. The connection between the
liquid loading hose or pipe and the truck piping shall
be by means of a dry disconnect coupling.

5-4.4.1.12 When bottom loading a tank vehicle that
is equipped for vapor control, but when vapor control
is not used, the tank shall be vented to the atmo-
sphere, at a height not lower than the top of the carﬁo
tank of the vehicle, to prevent pressurization of the
tank. Connections to the plant vapor control system
shall be designed to prevent the escape of vapor to
the atmosphere when not connected to a tank vehicle.

5-4.4.2 Wharves.

5-4.4.2.1 This section shall apply to all wharves,

| except marine service stations as covered in NFPA
30A, Automotive and Marine Service Station Code. If

liquids are handled in bulk quantities across general )
ri

purpose piers or wharves, NFPA 307, Standard for the
Construction and Fire Protection of Marine Terminals,
Piers, and Wharves, shall be followed.

5-4.4.2.2 Handling packaged cargo of liquids, in-
cluding full and empty drums, bulﬁ fuel, and stores
over a wharf during cargo transfer shall be subject to
the approval of the wharf supervisor and the senior
deck officer on duty.

5-4.4.2.3 Wharves at which liquid cargoes are to be
transferred in bulk quantities to or from tank vessels
shall be at least 100 tt (30 m) from any bridge over a
navigable waterway, or from an entrance to or super-

structure of any vehicular or railroad tunnel under a

waterway. The termination of the wharf loading or
unloading fixed piping shall be at least 200 ft (60 m)
from a bridge or from an entrance to or superstruc-
ture of a tunnel.

5-4.4.2.4 Substructure and deck shall be substan-
tially designed for the use intended. Deck may em-
ploy any material that will afford the desired combi-
nation of flexibility, resistance to shock, durability,
strength, and fire resistance. Heavy timber construc-
tion is acceptable.

5-4.4.2.5 Tanks used exclusively for ballast water or
Class 1I or Class III liquids may be installed on
suitably designed wharves.

a tank vehicle with vapor .

5-4.4.2.6 Loading pumps capable of building up
pressures in excess of the safe working pressure of -
cargo hose or loading arms shall be provided with
bypasses, relief valves, or other arrangements to
protect the loading facilities against excessive pres-
sure. Relief devices shall be tested at least annually to
determine that they function satisfactorily at their set
pressure.

5-4.4.2.7 All pressure hoses and couplings shall be
inspected at intervals appropriate to the service. With
the hose extended, the hose and couplings shall be
tested using the in-service maximum operating pres-
sure. Any hose showing material deterioration, signs
of leakage, or weakness in its carcass or at the cou-
plings shall be withdrawn from service and repaired
or discarded.

5-4.4.2.8 Piping, valves, and fittings shall be in ac-
cordance with Chapter 3, with the following excep-
tions and additions.

(a) Flexibility of piping shall be assured by appro-
priate layout and arrangement of piping supports so
that motion of the wharf structure resultng from
wave action, currents, tides, or the mooring of vessels
will not subject the pipe to excessive strain.

(b) Pipe joints that depend on the friction charac- -
teristics of combustible materials or on the groovinﬁ
of pipe ends for mechanical continuity of piping shall :
not be permitted.

(c) Swivel joints may be used in piping to which
hoses are connected, and for articulated swivel-joint
transfer systems, provided the design is such that the
mechanical strength of the joint will not be impaired
if_f the packing materials should fail, as by exposure to

ire.

(d) In addition to the requirements of 3-6.1, each
line conve{ing Class I or Class II liquids leading to a .
wharf shall be provided with a readi?y accessible block

valve located on shore near the approach to the wharf

and outside of any diked area. Where more than one

line is involved, the valves shall be grouped in one

location.

(e) Means shall be provided for easy access to cargo
line valves located below the wharf deck.

5-4.4.2.9. Pipelines on wharves shall be adequately
bonded and grounded if Class I or Class II liquids are
handled. If excessive stray currents are encountered,
insulating joints shall be installed. Bonding and
grounding connections on all Fipelines shall be lo-
cated on the wharf side of hose riser insulating
flanges, if used, and shall be accessible for inspection.

5-4.4.2.10 Hose or articulated swivel-joint pipe con-
nections used for cargo transfer shall be capable of
accommodating the combined effects of change in
draft and maximum tidal range, and mooring lines
shall be kept adjusted to prevent surge of the vessel
from placing stress on the carEo transfer system.

Hose shall be supported to avoid kinking and damage
from chafing.

5-4.4.2.11 Material shall not be placed on wharves '
in such a manner as to obstruct access to fire fighting
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e(’uipmem or important pipeline control valves.
Where the wharf 1s accessible to vehicle traffic, an
unobstructed roadway to the shore end of the wharf
shall be maintained for access of fire fighting appa-
ratus. . :

5-4.4.2.12 Loading or unloading shall not com-
mence until the wharf supervisor and the person in
charge of the tank vessel agree that the tank vessel is
properly moored and all connections are properly
made. :

5-4.4.2.13 . Mechanical work shall not be performed
on the wharf during cargo transfer, except under
special authorization based on a review of the area
involved, methods to be employed, and precautions
necessary.

5.5 Fire Prevention and Control.
5-5.1 General.

5-5.1.1 This section covers the commonly recog-
nized management control systems and methods used
to Frevent or minimize the loss from fire or explosion
in liquid processing facilities.

NOTE: Other recognized factors of fire prevention and con-

trol, involving construction, location, separation, etc., are cov-

ered elsewhere in this chapter.

5-5.1.2 The wide range in size, design, and location

of liquid processing facilities precludes the inclusion

of detailed fire Erevention and control systems and
le to all such facilities. The authority -

methods applica
having junisdiction may be consulted on specific cases,
where applicable; otherwise, qualified engineering
judgment shall be exercised per 5-5.1.3.

5-5.1.3 The extent of fire prevention and control ’

provided for the liquid-processing facility shall be
determined by an engineering evaluation of the op-
eration, followed by the application of sound fire
protection and process engineering principles. The
evaluation shall include, but not be limited to:

(a) analysis of fire and explosion hazards of the
liquid operations, :
(b) analysis of hazardous materials, hazardous

chemicals, or hazardous reactions in the operations -

and the safeguards taken to control such materials,
chemicals, or reactions,

(c) analysis of facility design requirements in Sec-
tion 5-3 of this chapter, ‘

(d) analysis of the liquid handling, transfer, and
use requirements in Section 5-4 of this chapter,

(e) analysis of local conditions, such as exposure to -

and from adjacent properties, flood potential, or
earthquake potential,

(f) consideration of fire department or mutual aid
response.

5-5.2 Control of Ignition Sources.
5-5.2.1 Precautions shall be taken to prevent the

ignition of flammable vapors. Sources of ignition
include, but are not limited to: :
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(a) open flames (ﬁ) spontaneous ignition
(b) lightning (h) frictional heat or
(c) hot surfaces sparks

(d) radiant heat

(e) smoking

(H) cutting and
welding

(i) static electricity
8} electrical sparks
) stray currents
(I) ovens, furnaces, and
heating equipment.

5-5.2.2 Smoking shall be permitted only in desié-
nated and properly identified areas.

5-5.2.3 Welding, cutting, and similar spark-pro-
ducing operations shall not be permitted in areas
containing flammable liquids until a written permit
authorizing such work has been issued. The permit
shall be issued by a person in authority following
his/her inspection of the area to assure that proper
precautions have been taken and will be followed
until the job is completed. (See NFPA 51B, Standard for
Fire Prevention in Use of Cutting and Welding Processes.)

5-5.2.4 Static Electricity. All equipment such as
tanks, machinery, and l;])iﬁ)ing where an ignitable
mixture may be present shall be bonded or connected
to a ground. The bond or ground or both shall be
physically applied or shall be inherently present by
the nature of the installation. Electrically isolated
sections of metallic piping or equipment shall be
bonded to the other portions of the system or indi-
vidually grounded to prevent hazardous accumula-
tions o? static electricity. NFPA 77, Recommended Prac-
tice on Static Electricity, provides information on this
subject. ; )

5-5.3 Inspection and Maintenance.

5-5.3.1 All fire protection equipment shall be prop- -
erly maintained and periodic inspections and tests
shall be done in accordance with both standard prac-
tice and equipment manufacturer’s recommenda- .
tions. ‘ :

5-5.3.2 Maintenance and operafing practices shall
]c.omrol leakage and prevent spillage of flammable
iquids.

5-5.3.3 Combustible waste material and residues in
operating areas shall be kept to a minimum, stored in
covered metal containers, and disposed of daily.

5-5.3.4 Ground areas around facilities where liquids
are stored, handled, or used shall be kept free of
weeds, trash, or other unnecessary combustible ma-
terials.

5-5.3.5 Aisles established for movement of person-
nel shall be maintained clear of obstructions to permit
orderly evacuation and ready access for manual fire-
fighting activities.

5-5.4 Emergency Planning and Training.
5-5.4.1 An emergency action plan, consistent with
the available equipment and personnel, shall be es-

tablished to respond to fire or other emergencies.
This plan shall include the following:
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(a) Procedures to be used in case of fire, such as
sounding the alarm, notifying the fire department,

evacuatin%] personnel, and controlling and extin-
t .

guishing the fire.

(b) Appointment and training of persons to carry
out firesafety duties. ,

~ (¢) Maintenance of fire protection equipment.
(d) Holding fire drills.

(e) Shutdown or isolation of equipment to reduce
the escape of liquid.

(f) Alternate measures for the safety of occupants
while any fire protection equipment is shut down.

5-5.4.2 Personnel responsible for the use and oper-
ation of fire protection equipment shall be trained in
the use of that equipment. Refresher training shall be
conducted at least annually.

5-5.4.3 Planning of effective fire control measures
shall be coordinated with local emergency response
agencies.

5-5.4.4 Procedures shall be established to provide
for safe shutdown of operations under emergency
conditions. Provisions shall be made for periodic
training, inspection, and testing of associated alarms,
interlocks, and controls.

5-54.5 The emergency procedure shall be kept
readily available in an operating area and updated
regularly.

5-5.4.6 Where premises are likely to be unattended
for considerable periods of time, a summary of the

emergency plan shall be posted or located in a stra- .

tegic and accessible location.
5-5.5 Detection and Alarm.

5-5.5.1 An approved means for prompt notification
of fire or emergency to those within the plant and to
the available public or mutual aid fire department
shall be provided.

5-5.5.2 Those areas, including buildings, where a
potential exists for a flammable liquid spill, shall be
nlm(rilitored as appropriate. Some methods may in-
clude:

(a) Personnel observation or patrol;
_(b) Process monitoring equipment that would in-
dicate a spill or leak may have occurred;

. (c) Provision of gas detectors to continuously mon-
itor the area where facilities are unattended.

5-5.6 Portable Fire-Control Equipment.

5.5.6.1 Listed portable fire extinguishers shall be
provided for facilities in such quantities, sizes, and
types as may be needed for the special hazards of
oPeration and storage as determined per 5-5.1.3.
NFPA 10, Standard for Portable Extinguishers, provides
information on the suitability of various types of
extinguishers. :

5-5.6.2 When the need is indicated per 5-5.1.3,
water may be utilized through standpipe and hose

systems (see NFPA 14, Standard for the Installation of
Standpipe and Hose Systems), or through hose connec-
tions from sprinkler systems using combination spray
and straight stream nozzles to permit effective fire
control (see NFPA 13, Standard for the Installation of
Sprinkler Systems). ‘

5-5.6.3 When the need is indicated per 5-5.1.3,
mobile foam apparatus shall be provided. NFPA 11C,
Standard for Mobile Foam Apparatus, provides informa-
tion on the subject.

5-5.6.4 Automotive and trailer-mounted fire appa-
ratus, where determined necessary, shall not be used
for any purpose other than fire fighting.

5-5.7 Fixed Fire Control Equipment.

5-5.7.1 A reliable water suglply or other suitable fire
control agent shall be available in pressure and quan-
tity to meet the fire demands indicated by the special
hazards of operation, storage, or exposure as may be
determined Ey 5-5.1.3.

5-5.7.2 Hydrants, with or without fixed monitor

nozzles, shall be provided in accordance with ac-

cepted practice. The number and placement will

depend on the hazard of the liquid-processing facil-
ity, storage, or exposure as may be determined by

5-5.1.3 See NFPA 24, Standard for the Installation of

Private Fire Service Mains and Their Appurtenances, for

information on this subject.

5-5.7.3 Where the need is indicated by the hazards
of liquid processing, storage, or exposure as deter-
mined by 5-5.1.3, fixed protection may be required
utilizing approved sprinkler systems, water spray
systems, deluge systems, fire resistive materials, or a
combination of these. See NFPA 13, Standard for the
Installation of Sprinkler Systems, and NFPA 15, Standard
for Water Spray Fixed gystems for Fire Protection, for
information on these subjects. =

5-5.7.4 The following fire control systems may be
appropriate for the protection of specific hazards as
determined per 5-5.1.3 If provided, such systems
shall be designed, installed, and maintained in ac-
cordance with the following NFPA standards: '

(a) NFPA 11, Standard for Low Expansion Foam and
Combined Agent Systems,

(b) NFPA 11A, Standard for Medium and High Ex-

pansion Foam Systems,

(c) NFPA 12, Standard on Carbon Dioxide Extinguish-
ing Systems, _

(d) NFPA 12A, Standard on Halon 1301 Fire Extin- -
guishing Systems, '

(e) NFPA 12B, Standard on Halon 1211 Fire Extin-
guishing Systems, -

(f) NFPA 16, Standard on Deluge Foam-Water Sprin-
kler and Foam-Water Spray Systems,

(g) NFPA 17, Standard for Dry,Chemicdl Extinguish-
ing Systems. '
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Chapter 6 Referenced Publications

6-1 The following documents or portions thereof
are referenced within this document and shall be
considered part of the requirements of this docu-
ment. The edition indicated for each reference is the
current edition as of the date of the NFPA issuance of
this document. These references are listed separately
to facilitate updating to the latest edition by tﬁe user.

6-1.1 NFPA Publications. The followin§ publica-
tions are available from the National Fire Protection
Association, Batterymarch Park, Quincy, MA 02269.

NFPA 10-1984, Standard for Portable Fire Extinguish-
ers

NFPA 11-1983, Standard for Low Expansion Foam
and Combined Agent Systems

NFPA 11A- 5983, Standard for Medium and High
Expansion Foam Systems ' '

FPA 11C-1986, Standard for Mobile Foam Appara-

tus

NFPA 12-1985, Standard on Carbon Dioxide Extin-
guishing Systems

NFPA 12A-1987, Standard on Halon 1301 Fire Ex-
tinguishing Systems

FPA 12?5-1985, Standard on Halon 1211 Fire Ex-

ishing Systems
FPA 13-1987, Standard for the Installation of Sprin-
kler Systems ‘ ‘ '

NFPA 15-1985, Standard for Water Spray Fixed Sys-
tems for Fire Protection

NFPA 16-1986, Standard on Deluge Foam-Water
Sprinkler and Foam-Water ;S/bray Systems

NFPA 17-1985, Standard for Dry Chemical Extinguish-

in‘g&?‘stems
PA 24-1987, Standard for the Installation of Private
Fire Service Mains and Their Appurtenances

NFPA 30A-1987, Automotive and Marine Service Sta-
tion Code ,

NFPA 45-1986, Standard on Fire Protection for Labo-
ratories Using Chemicals

NFPA 51B-1984, Standard for Fire Prevention in Use
of Cutting and Welding Process

NFPA 69-1986, Standard on Explosion Prevention
Systems

NFPA 70-1987, National Electrical Code -

NFPA 77-1983, Recommended Practice on Static Elec-
tricit
N{'PA 80-1986, Standard for Fire Doors and Windows

NFPA 90A-1985, Standard for the Installation of Air
Conditioning and Ventilating Systems
- NFPA 91-1983, Standard for the Installation of Blower
cénd Exhaust Systems for Dust, Stock, and Vapor Removal or

onveyin

NF Ag99-1987, Standard for Health Care Facilities

NFPA 101-1985, Life Safety Code

NFPA 220-1985, Standard on Types of Building Con-
Struction

NFPA 231-1987, Standard for General Storage

I}IEPA 231C-1986, Standard for Rack Storage of Ma-
tenia

NFPA 251-1985, Standard Methods of Fire Tests of
Building Construction and Materials

NFP% 302-1984, Fire Protection Standard for Pleasure
and Commercial Motor Craft

lin
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NFPA 303-1984, Fire Protection Standard for Marinas
and Boatyards

NFPA 307-1985, Standard for the Construction and
Fire Protection of Marine Terminals, Piers, and Wharves

NFPA 321-1987, Standard on Basic Classification of
Flammable and Combustible Ligquids '

NFPA 329-1987, Recommended Practice for Handling
Uizgerground Leakage of Flammable and Combustible Lig-
u

NFPA 385-1985, Standard for Tank Vehicles for Flam-
mable and Combustible Liquids :

NFPA 386-1985, Standard for Portable Shipping
Tanks p[or Flammable and Combustible Liquids

NFPA 496-1986, Standard for Purgej and Pressurized
Enclosureslj/’or Electrical Equipment

NFPA 497A-1986, Recommended Practice for Classifi-
cation of Class I Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas

NFPA 497M-1986, Manual for Classification of Gases,
Vapors and Dusts for Electrical Equipment in Hazardous
(C assi{zed) Locations :

NFPA 704-1985, Standard System for the Identification
of the Fire Hazards of Materials.

6-1.2 Other Publications.

ASTM Publications are available from the Ameri- -
can Societf' for Testing and Materials, 1916 Race
Street, Philadelphia, PA 19103.

ASTM A 395-82, Ferritic Ductile Iron Pressure Retain-
ing Castings for Use at Elevated Temperatures

ASTM D 86-82, Standard Method of Test for Distilla-
tion of Petroleum Products '

ASTM D 56-79, Standard Method of Test for Flash
Point by the Tag Closed Cup Tester

ASTM D 93-80, Standard Method of Test for Flash
Point by the Pensky-Martens Closed Tester : '

ASTM D 3828-81, Standard Methods of Tests for Flash
Point of Petroleum and Petroleum Products by Setaflash
Closed Tester

ASTM D 3278-82, Standard Method of Tests for Flash
Point of Liquids by Setaflash Closed Tester

ASTM D 5-73(1978), Test for Penetration for Bitumi-
nous Malerials ‘

ASTM D 323-82, Standard Method of Test for Vapor
Pressure of Petroleum Products (Reid Method)

ASTM D 92-78, Cleveland 0}£)en Cup Test Method

ASTM/ANSI D 3435-80, Plastic Containers (Jerry
Cans) for Petroleum Products

ANSI B31, American National Standard Code l{or

Pressure Piping, American Society of Mechanical En-
ineers, United Engineering Center, 345 East 47
treet, NY 10017. _

ASME, Boiler and Pressure Vessel Code, American
Society of Mechanical Engineers, United Engineering
Center, 345 East 47th St., New York, NY 10017.

API Publications are available from the American
Petroleum Institute, 1220 L Street, N.W., Washing-
ton, DC 20005.

API 650, Welded Steel Tanks for Oil Storage, Sixth .
Edition, 1980
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API Specifications 12B, Bolted Tanks for Storage of
Production Liquids, Twelfth Edition, January, 1977

API 12D, lg ield Welded Tanks for Storage of Production
Liquids, Eighth Edition, January, 1982 :

API 12F, Shop Welded Tanks for Storage of Production
Liquids, Sevent Edition,ganuary, 198§ .

API 620, Recommended Rules for the Design and
Construction of Large, Welded, Low-Pressure Storage
Tanks, Fifth Edition, 1982 :

APl 2000, Venting Atmospheric and Low Pressure
Storage Tanks, 1982

API 1615, Installation of Underground Petroleum Stor-
age Systems, 1979

API 1621, Recommended Practice for Bulk Liquid Stock
at Retail Outlets, 1977

. UL Publications are available from Underwriters
Laboratories Inc., 333 Pfingsten Road, Northbrook,
IL 60062.

UL 142-1981, Standard for Steel Aboveground Tanks
for Flammable and Combustible Liquids
UL 80-1980, Standard for Steel Inside Tanks for Oil
Burner Fuel :
lUdl; 842-1980, Standard for Valves for Flammable
Flui

sti-P3-1983, Specifications for sti-P3 System for External
Corrosion Protection of Underground Steel Storage Tanks,
available from Steel Tank Institute, 666 Dundee
Road, Suite 705, Northbrook, IL 60062.

Appendix A Additional Explanatory Material

A-3-8 Where loading and unloading risers for Class .

II or Class IIIA liquids are located in the same
immediate area as loading and unloading risers for
Class I liquids, consideration should be given to
providing positive means, such as different pipe sizes,
connection devices, special locks, or other methods
designed to prevent the erroneous transfer of Class I
liquids into or from any container or tank used for
Class II or Class HIA liquids.

Exception No. 1: This provision need not apply to water-
miscible liquids when the class is determined by the concen-
tration of liquid in water.

Exception No. 2: This provision need not apply where the
equipment is cleaned between transfers. S

A-4-3.2 Venting of storage cabinets has not been
demonstrated to be necessary for fire protection
purposes. Additionally, venting a cabinet could com-
promise the ability of the cabinet to adequately pro-
tect its contents from involvement in a fire since
cabinets are not generally tested with any venting.
Therefore, venting of storage cabinets is not
recommended.

However, it is recognized that some jurisdictions
may require storage cabinets to be vented and that
venting may also be desirable for other reasons, such
as health and safety. In such cases, the venting system
should be installed so as to not affect substantially the

desired performance of the cabinet during a fire.
Means of accomplishing this may include thermally
actuated dampers on the vent openings or sufficiently
insulating the vent piping system to prevent the
internal temperature of the cabinet from rising above
that specified. Any make-up air to the cabinet should
also be arranged 1n a similar manner.

If vented, the cabinet should be vented from the
bottom with makeup air supplied to the top. Also,
mechanical exhaust ventilation is preferred and
should comply with NFPA 91, Standard for the Instal-
lation of Blower and Exhaust Systems for Dust, Stock, and
Vapor Removal or Conveying. Manifolding the vents of
multiple storage cabinets should be avoided.

A-4-5.5.1 The following table can be consulted for
guidance in determining amounts of storage permit-
ted in mercantile establishments.

Allowable Storage Amounts, Gallons Per Sq Ft

IA IB IC 11 IIIA
Protected
Basement 0 2 2 2 2
Ground Floor 1 2 2 2 2
Other Floors 1 2 2 2 2
Unprotected
~ Basement 0 1 1 1 1
Ground Floor 1 2 . 2 2 2
Other Floors 0 1 1 1 1

Maximum total quantities permitted shall be lim-
ited to the sum of proportional amounts that each
class of liquid present bears to the maximum total
permitted for its respective class. The sum of propor-
tional amounts shall not exceed 100 percent.

A-5-42 Where the vapor space of equipment is
usually within the flammable range, the probability of
explosion damage to the equipment can be limited by
inerting, by providing an explosion suppression sys-
tem, or by designing the equipment to contain the
peak explosion pressure that can be modified by
explosion relief. Where the special hazards of opera-
tion, sources of ignition, or exposures indicate a need,
consideration should be given to providing protection
by one or more of the above means.

See NFPA 68, Guide for Explosion Venting, and
NFPA 69, Standard on Explosion Prevention Systems, for
additional information on various methods of miti-
gating losses from explosions.
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Appendix B Emergency Relief Ventinﬁ for Fire
Exposure for Aboveground Tanks

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

The requirements for emergency venting given in
Table 2-8 and the modification factors in 2-2.5.7 are
derived from a corisideration of:

1. Probable maximum rate of heat transfer per
unit area;

2. Size of tank and the percentage of total area
likely to be exposed; '

3. Time required to bring tank contents to boil;

4. Time required to heat unwet portions of the
tank shell or roof to a temperature where the metal
will lose strength; :

_ 5. Effect of drainage, insulation, and the aipli-
cation of water in reducing fire exposure and heat
transfer.

Table 2-8 is based on a composite curve that is
considered to be composed of three straight lines
when plotted on log-log paper. The curve may be
deﬁneg in the following manner:

The first straight line is drawn on log-lofg aper
between the point 400,000 Btu/hr, at 20 sq ft 8 58
m?) exposed surface area and the point 4,000,000
Btu/hr, at 200 sq ft (18.58 m?) exposed surface area.
The equation for this portion of the curve is Q =
20,000A.

The second straight line is drawn on log-log graph
aper between the points 4,000,000 Btu/hr, at 200 sq
t (18.58 m?) exposed surface area and 9,950,000

Btu/hr, at 1,000 sq ft (92.9 m?) exposed surface area.
The equation for this portion of the curve is Q =
199,300A9-5%6, :

The third straight line is plotted on log-log graph
paper between the points 9,850,000 Btu/hr, at 1,000
sq ft (92.9 m®) exposed surface area and 14,090,000
Bw/hr, at 2,800 sq ft (260.12 m?) exposed surface
area. The equation for this portion of the curve is
Q= 963,408A°"338

Q = 20,000 A | Q= 199,300 A% | Q= 963,400 A3
A 0o A Q A Q

20 400,000 200 4,000,000 1,000 10,000,000
30 600,000 250 4,539,000 1,200 10,593,000
40 800,000 300 5,032,000 1,400 11,122,000
50 | 1,000,000 350 5,491,000 1,600 11,601,000
60 | 1,200,000 400 5,922,000 1,800 12,040,000
70 | 1,400,000 500 6,719,000 2,000 12,449,000
80 | 1,600,000 600 7,450,000 2,400 13,188,000
90 | 1,800,000 700 8,129,000 2,800 14,000,000

100 | 2,000,000 800 8,768,000 | and over
120 | 2,400,000 900 9,372,000
140 | 2,800,000 | 1,000 { 10,000,000

160 | 3,200,000
180 | 3,600,000
200 | 4,000,000
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For areas exceeding 2,800 sq ft (260.12 m?) it has
been concluded that complete fire involvement is
unlikely, and loss of metal strength from overheating
will cause failure in the vapor space before develop-
ment of maximum possible vapor evolution rate.
Therefore, additional venting capacity beyond the
vapor equivalent of 14,090,000 Btu/hr will not be
eftective or required. :

For tanks and storage vessels designed for pres-
sures over 1 psig, additional ventin§ for exposed
surfaces beyond 2,800 sq ft (260.12 m?) is believed to
be desirable because, under these storage conditions,
liquids are stored close to their boiling points. There-
fore, the time to bring the container contents to
boiling conditions may not be significant. For these
situattons a heat input value should be determined on
the basis of :

Q = 21,000 A%82

The flow capacities are based on the assumption
that the stored liquid will have the characteristics of
hexane, and the vapor liberated has been transposed
to equivalent free air at 60°F (15.6°C) and 14.7 psia
(101.3 kPa) by using appropriate factors in:

. 70.5Q
CFH = 9%
LVM

where 70.5 is the factor for converting pounds of gas
to cubic feet of air; Q = the total heatinput per hour
expressed in Btu; L = latent heat of vaporization;
and M = molecular weight.

No consideration has been given to possible expan-
sion from the heating of the vapor above the boiling
point of the liquid, its specific heat, or the difference
in- density between the discharge temperature and
60°F (15.6°C), since some of these changes are com-
pensating.

Since tank vent valves are ordinarily rated in CFH
standard air, the figures derived from Table 2-8 may
be used with the appropriate tank pressure as a basis
for valve selection.

Table B-2 gives for a variety of chemicals the
constants which can be used to compute the vapor
generated and equivalent free air for liquids other
than hexane, where greater exactness 1s desired.
Inspections of the table will show that the use of
hexane in deriving Table 2-8 provides results which
are within an acceptable degree of accuracy for the
listed liquids.
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Q= HEAT ABSORPTION IN BTU PER HOUR
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A= EXPOSED WETTED SURFACE AREA IN SQUARE FEET

NOTE: See Table B-1 for ap{)roximate wetted area for horizontal tanks.

Figure B-1 Curve for Determining Requirements for Emergency Venting During Fire Exposure.

1987 Edition



3044

FLAMMABLE AND COMBUSTIBLE LIQUIDS CODE

Table B-1 Approximate Wetted Areas For Horizontal Tanks
(Wetted Area Equals 75 Percent Total Area)

Tank

Diameter,

Tank
Diameter,

Feet 3 4 5 6 7 8 9 10 11 12 Feet 3 4 5 6 7 8 9 10 11 12
Tank Tank
Length, APPROXIMATE WETTED AREA OF TANKS WITH FLAT HEADS Length,  APPROXIMATE WETTED AREA OF TANKS WITH FLAT HEADS
Feet Feet
3 32 38 685 791 902 1013 1129 1244
4 39 55 39 701 810 923 1036 1155 1272
5 46. 65 88 40 718 828 944 1060 1181 1301
6 53 74 100 128 41 734 847 . 966 1083 1207 1329
7 60 84 112 142 173 42 751 866 987 1107 1233 1357
8 67 93 124 156 190 226 43 767 885 1008 1130 1239 1385
9 74 102 136 170 206 245 286 44 904 1029 1154 1284 1414
10 81 112 147 184 223 264 308 353 45 - 923 1051 1178 1310 1442
11 88 121 159 198 239 283 329 377 428 46 941 1072 1201 1336 1470
12 95 131 171 213 256 301 350 400 454 509 47 960 1093 1225 1362 1498
13 102 140 183 227 272 320 371 424 480 537 48 979 1114 1248 1388 1527
14 109 150 194 241 289 339 393 447 506 565 49 998 1135 1272 1414 1555
15 116 159 206 255 305 358 414 471 532 594 50 1157 1295 1440 1583
16 123 169 218 269 322 377 435 495 558 622 51 1178 1319 1466 1612
17 130 178 230 283 338 395 456 518 584 650 52 1199 1342 1492 1640
18 137 188 242 298 355 414 477 542 610 678 53 1220 1366 1518 1668
19 197 253 312 371 433 499 565 636 707 54 1246 1389 1544 1696
20 206 265 326 388 452 520 589 662 735 55 1263 1413 1570 1725
21 216 277 340 404 471 541 612 688 763 56 1437 1593 1753
22 225 289 354 421 490 562 636 714 792 57 1460 1622 1781
23 235 300 368 437 508 584 659 740 820 58 1484 1648 1809
24 244 312 383 454 527 605 683 765 848 59 1507 1674 1839
25 324 397 470 546 626 706 791 876 60 1531 1700 1866
26 336 411 487 565 647 730 817 905 61 1726 1894
27 347 425 503 584 668 754 843 933 62 1752 1923
28 359 440 520 603 690 777 869 961 63 1778 1951
29 371 454 536 621 711 801 895 989 64 1803 1979
30 383 468 553 640 732 824 921 1018 65 1829 2007
31 395 482 569 659 753 848 947 1046 66 1855 2036
32 496 586 678 775 871 973 1074 67 2064
33 510 602 697 796 895 999 1103 68 2092
34 524 619 715 817 918 1025 1131 69 2120
35 539 635 734 838 942 1051 1159 70 2149
36 553 652 753 860 966 1077 1187 71 2177
37 567 668 772 88! 989 1103 1216 72 2205

SI Units: I ft = 0.30 m; 1sq ft = 0.09 m%
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Table B-2 Values of LV'M for Various Flammable

Liquids
Heat of
Vaporization
Btu per Ib
| Molecular| at Boiling
Chemical LVM Weight Point
Acetaldehyde 1673 44.05 252
Acetic acid 1350 60.05 174
Acetic anhydride 1792 102.09 177
Acetone 1708 58.08 224
Acetonitrile 2000 41.05 312
Acrylonitrile 1930 53.05 265
n-Amyl alcohol © 2025 88.15 216
iso-Amyl alcohol 1990 88.15 212
Aniline 1795 93.12 186
Benzene 1493 78.11 169
n-Butyl acetate 1432 116.16 133
n-Butyl alcohol 2185 74.12 254
iso-Butyl alcohol 2135 74.12 248
Carbon disulfide 1310 76.13 150
Chlorobenzene 1422 112.56 134
Cyclohexane 1414 84.16 154
Cyclohexanol 1953 100.16 195
Cyclohexanone 1625 98.14 164
o-Dichlorobenzene 1455 147.01 120
cis-Dichloroethylene 1350 96.95 137
Diethyl amine 1403 73.14 164
Dimethyl acetamide 1997 87.12 214
Dimethy! amine 1676 45.08 250
Dimethyl formamide 2120 73.09 248
Dioxane (diethylene ether) 1665 88.10 177
Ethyl acetate 1477 88.10 157
Ethyl alcohol 2500 46.07 368
Ethyl chloride 1340 64.52 167
Ethylene dichloride 1363 98.97 137
Ethyl ether 1310 74.12 152
Furan 1362 68.07 165
Furfural 1962 96.08 200
Gasoline 1370-1470 96.0 140-150
n-Heptane 1383 100.20 138
n-Hexane 1337 86.17 144
Hydrogen cyanide 2290 27.03 430
Methyl alcohol 2680 .32.04 474
Methyl ethyl ketone 1623 72.10 191
Methyl methacrylate 1432 100.14 143
n-Octane 1412 114.22 132
n-Pentane 1300 72.15 153
n-Propyl acetate 1468 102.13 145
n-Propyl alcohol 2295 60.09 296
iso-Propyl alcohol 2225 60.09 287
Tetrahydro furan 1428 72.10 168
Toluene 1500 92.13 156
Vinyl acetate 1532 86.09 165
o-Xylene 1538 106.16 149

NOTE: For data on other chemicals, see chemistry handbook.

Appendix C Abandonment or Removal of
Underground Tanks

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

C-1 Introduction.

C-1-1 Care is required not only in the handling and
use of flammable or combustib{e liquids, but also in
abandoning tanks that have held flammable or com-
bustible liquids. This is particularly true of under-
ground service station tanks that are most frequently
used for the storage of motor fuel and occasionally
for the storage of other flammable or combustible
liquids, such as crankcase drainings (which may con-
tain some gasoline). Through carelessness, explosions
have occurred because flammable or combustible
liquid tanks had not been properly conditioned be-
fore being abandoned. '

C-1-2 In order to prevent accidents caused by im-
proper conditioning, it is recommended that the
procedures outlined below be followed when under-
ground tanks are removed, abandoned, or tempo-
rarily taken out of service.

C-1-3 Underground tanks taken out of service may
be safeguarded or disposed of by any one of the three
following means:

(a) Placed in a “temporarily out of service” condi-
tion. Tanks should be rendered “temporarily out of
service” only when it is planned that they will be
returned to active service within a reasonable geriod
or pending removal or abandonment within 90 days.

_ (b) Abandoned in place, with proper safeguard-
ing. '
(c) Removed.

C-1-4 In cases where tanks are either rendered
“temporarily out of service” or permanently aban-
doned, records should be kept of tank size, location,
date of abandonment, and method used for placing
the abandoned tank in a safe condition.

C-1-5 Procedures for carrying out each of the above
methods of disposing of underground tanks are
described in the following sections. No cutting torch
or other flame or spark-producing equipment shall
be used until the tank has been completely purged or
otherwise rendered safe. In each case, the numbered
steps given shall be carried out successively.

C-2 Rendering Tanks
Service.”

“Temporarily Out of

C-2-1 Cap or plug all lines such as fill line, gage
opening, pump suction,-and vapor -return. Secure
against tampering.

C-2-2 Disconnect piping at all tank openings.

C-3 Abandoning Underground Tanks in Place.
C-3-1 Remove all flammable or combustible liquid
from the tank and from all connecting lines.
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l(_l-3-2 Disconnect the suction, inlet, gage, and vent
ines. '

C-3-3 Fill the tank completely with an inert solid
material. Cap remaining undergound piping.

C-4 Removal of Underground Tanks.

C-4-1 Remove all flammable or combustible liquids
from tank and from connecting lines.

C-4-2 Disconnect piping at all tank openings. Re-
move sections of connecting lines that are not to be
used further and cap or plug all tank openings. After
removal, the tank may be gas freed on the premises if
it can be done safe{y at that location, or may be
transported to an area not accessible to the public and
the gas freeing completed at that location.

C-5 Disposal of Tanks. ‘ A
C-5-1 Ifatankis to be disposed of as junk, it should

be retested for flammable vapors and, if necessary,
rendered gas-free. After junking and before releas-

ing to junk dealer, a sufficient number of holes or
openings should be made in it to render it unfit for
further use. NFPA 327, Standard Procedures for Clean-
ing or Safeguarding Small Tanks and Containers, pro-
vides information on safe procedures for such oper-
ations.

Appendix D

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

The following contains additional information and
recommendations relating to the requirements in
Chapter 4. The individualgitems bear the same num-
ber as the text of Chapter 4 to which they apply.

D-4-4 The preferred method of storage of liquids in
buildings is in cutoff rooms or in attached buildings
rather than in inside rooms because of fire depart-
ment .accessibility and the advantages of providing
explosion venting where needed.

Table D-4-6.2(a) Automatic Sprinkler Protection for Solid Pile and Palletized Storage of Liquids in Containers and
Portable Tanks
(Flammable Aerosols Not Included)

Storage Conditions

Ceiling Sprinkler Design and Demand

Area (sq ft)

Minimum Minimum
Density Hose Stream Duration
Class Container Size ’ gpm/ High Ord. Maximum Demand Sprinklers &
Liquid and Arrangement sq ft Temp. Temp. Spacing (gpm) Hose Streams
5 gal. or less, with/without 0.30 3000 5000 100 sq ft 750
cartons, palletized or solid pile ) 1
IA containers greater than 5 gal,, . 2 hrs
on end or side, palletized or 0.60 5000 8000 80 sq ft 750
solid pile
IB,* 5 gal. or less, with/without
lc:t cartons, palletized or solid pile 0.30 3000 5000 100 sq ft .
& containers greater than 5 gal 500 2 hrs
1+ on pallets or solid pile, one high 0.25 5000 8000 100 q ft
containers greater than 5 gal.,
II on pallets or solid pile, more 0.60 5000 8000 80sq ft 750 2 hrs
than one high on end or side . :
18,7 IG"  portable tanks, one high 0.30 3000 5000 100 sq ft 500 2 hrs
II portable tanks, two high 0.60 5000 8000 80 sq ft 750 2 hrs
5 gal. or less, with/without 0.25 3000 5000 120 sq ft 500 “hr
cartons, palletized or solid pile ) =0sq
container greater than 5 gal,,
on pallets or solid pile, on -0.25 3000 5000 120 sq fi 500 1 hr
end or sides, up to three high
HI .
container greater than 5 gal,,
on pallets or solid pile, on 0.35 3000 5000 100 sq ft 750 2 hrs
end or sides, up to 18 feet high
portable tanks, one high 0.25 3000 5000 120 sq ft 500 1 hr
portable tanks, two high 0.50 3000 5000 80 sq ft 750 2 hrs

* See Appendix E, introductory paragraphs.

NOTES: (1) See Table 4-6.1(a) and Section 4-6 for additional information pertaining to protected palletized or solid piling of liquids.
(2) Minimum hose stream demand includes small hand hose (12 inches) required in 4-7.1.3.
(3) The design area contemplates the use of wet pipe systems. Where dry pipe systems are required, it introduces a possible delay
which needs to be compensated for by increased areas of application (plus 30 percent).

SI Units: 1 gal = 3.8L; 1sqft = 0.09 m?; 1 ft = 0.30 m.
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Table D-4-6.2(b) Automatic Sprinkler Protection Requirements for Rack Storage of Liquids
in Containers of Five Gallon Capacity or Less,* in Cartons on Conventional Wood Pallets
or Without Cartons but Strapped to Pallets
(*Flammable Aerosols Not Included)

Ceiling Sprinkler Design

& Demand In-Rack Sprinkler Arrangement and Demand Minim. Mm'f"'
Hose  Duration
Density __ Area (sq ft) Racks over 9 ft - Minim Number of Stream  Sprinkler
Class gpm/ High Ord. Max. Racks up to 9 ft (2.7 m) to 12 ft Nozzle Sprinklers Demand & Hose
Liquid sqft Temp. Temp. Spacing (2.7 m) deep (3.7 m) deep Pressure Operating (gpm) Stream
a) ord. temp. a) ord. temp. a) 8 sprinklers
sprinklers 8 feet sprinklers 8 feet if only one
apart horizontally  apart horizontally level
b) one line sprin-  b) two lines sprin- b) 6 sprinklers
klers above each klers above each ea. on two lev-
I level of storage level of storage els, if only two
(Max. y 80 sq . levels =
25’ 0.40 3000 5000 fvhd. ¢) locate in longi-  ¢) locate in trans- 80 psi. 750 2hrs
height) tudinal flue space, verse flue spaces, c) 6 sprinklers
staggered staggered verti- ea.ontop 3
vertically cally and within 20 levels, if 8 or
in. of aisle more levels
d) shields req'd.
where multilevel d) shields required d) hydraulically
where multilevel most remote
a) ord. temp. a) ord. temp. a) hydraulically
sprinklers 8 feet sprinklers 8 feet most remote—
apart horizontally  apart horizontally 6 sprinklers at
each level, up
b) one line sprin-  b) two lines betw. to max. of
klers betw. levels  levels at nearest 10 three levels
I at nearest 10 foot  foot vertical
(max 100 s vertical intervals intervals
95 030 3000 5000 o9 30 psi. 750 2 hrs
height) ’ ) locate in longi-  ¢) locate in trans-
8 tudinal flue space, verse flue spaces,
staggered -staggered verti-
vertically cally and within 20
in. of aisle
d) shields required
where multilevel | d) shields required
- where multilevel
A 025 3000 5000 (20%9 SameasClass1l  SameasClass Il 30psi. gane 500 2 hrs

NOTES: (1) See Table 4-6.1(b) and Section 4-6 for additional information pertaining to protected rack storage.
(2) Additional in-rack protection required for solid shelves, as indicated in D-4-6.2(d).
(3) See 4-6.3 for types of racks permitted.
(4) See 4-6.5 for additional information pertaining to in-rack sprinklers.
(5) Minimum hose stream demand includes small hand hose (1% inches) required in 4-7.1.3.
(6) The design area contemplates the use of wet pipe systems. Where dry pipe systems are required, it introduces a possible delay

which needs to be compensated for by increased areas of application (plus 30 percent).

SI Units: 1 gal = 3.8L; Isqft = 0.09 m% 1ft = 0.30m; 1in. = 2.5 cm.
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Table D-4-6.2(c) Automatic Sprinkler Protection for Rack Storage of Liquids
in Containers Greater Than Five Gallon Capacity

Ceiling Sprinkler Design

& Demand In-Rack Sprinkler Arrangement and Demand Minim. Mi"if"‘
Hose  Duration
Density __Area (sq ft) On-End Storage ~ Minim. Number of Stream  Sprinkler

Class gpm/ High Ord. Max. On-Side Storage  (on pallets) up to  Nozzle Sprinklers Demand & Hose
Liquid sqft Temp. Temp. Spacing Racksupto9 ft 9 ft deep racks  Pressure Operating (gpm) Stream

a) ord. temp. a) ord. temp. -+ a) hydraulically
sprinklers 8 feet sprinklers 8 feet most remote—
apart horizontally  apart horizontally 6 sprinklers at
: each level
b) one line sprin-  b) one line sprin-
1A klers above each klers above each
tier of storage tier of storage
(max- o060 3000 5000 0% 30 psi. 1000 2hrs
height) : ) locate in longi-  ¢) locate in longi-
& tudinal flue space, tudinal flue space,
staggered staggered
vertically ‘ vertically
d) shields required d) shields required
where multilevel where multilevel
a) see a) above a) see a) above a) see a) above
1B, IC b) one line sprin-  b) see b) above
& 11 . 100 s klers every three
(max. 0.60 3000 5000 fl/hdq tiers of storage ¢) see c) above 30 psi. 750 2 hrs
25’ . .
height) ¢) see ¢) above d) see d) above
d) see d) above
a) see a) above a) see a) above a) see a) above
I b) one line sprin-  b) one line sprin-
(max 120 s klers every sixth klers every third
40’ * 0.25 3000 5000 ftlhdq level (maximum) level (maximum) 15 psi. 500 1 hr
height) ¢) see ¢) above ) see c') above

d) see d) above d) see d) above
NOTES: (1) See Table 4-6.1(b) and D-4-6.2(b) for additional information pertaining to protected rack storage.

(2) Additional in-rack protection required for solid shelves, as indicated in D-4-6.2(d).

(3) See 4-6.3 for types of racks permitted.

(4) See 4-6.5 for additional information pertaining to in-rack sprinklers.

(3) Minimum hose stream demand includes small hand hose (1'% inches) required in 4-7.1.3.

(6) The design area contemplates the use of wet pipe systems. Where dry pipe systems are required, it introduces a possible delay
which needs to be compensated for by increased areas of application (plus 30 percent).

(7) Where there is only one tier of drums above the highest line of in-rack sprinklers, the ceiling water demand density may be
reduced to 0.25 gpm/sq ft over 5000 sq ft.

SI Units: 1 gal = 3.8 L; 1 sq ft = 0.09 m?% 1 ft=030m; lin. = 25 cm.
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