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This edition of NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, was prepared
by the Technical Committee on Water Spray Fixed Systems and acted on by NFPA at its June
Association Technical Meeting held June 12–15, 2011, in Boston, MA. It was issued by the
Standards Council on August 11, 2011, with an effective date of August 31, 2011, and super-
sedes all previous editions.

This edition of NFPA 15 was approved as an American National Standard on August 31, 2011.

Origin and Development of NFPA 15
The Standard for Water Spray Fixed Systems for Fire Protection, formerly Water Spray Nozzles and

Extinguishing Systems, first prepared by the Committee on Manufacturing Hazards, was tenta-
tively adopted in 1939, with final adoption in 1940. Subsequently, this standard was placed
under the jurisdiction of the Committee on Special Extinguishing Systems, and a new edition
was adopted in 1947. In 1959, the committee organization was further changed to place
primary responsibility in the hands of the Committee on Water Spray, under the general
supervision of the General Committee on Special Extinguishing Methods. In 1966, the Gen-
eral Committee on Special Extinguishing Methods was discontinued, and the Committee on
Water Spray was constituted as an independent committee. Revised editions were presented
in 1969, 1973, 1977, 1979, and 1982.

The 1985 edition incorporated several technical changes concerning special piping provi-
sions. The format of the document was also changed to more closely follow the NFPA Manual
of Style.

Given the limited changes in water spray technology over the past few years, it was appar-
ent that the 1985 edition could be reconfirmed with referenced publications being updated.

The 1996 edition represented a complete reorganization of the standard. Information was
rearranged in a more functional and concise format to improve the usability of the document.

Other major changes included a new chapter on high-speed systems, and revised require-
ments for spray nozzles, piping protection, spacing of pilot sprinklers, discharge densities,
and design calculations.

The 2001 edition represented a complete reorganization of the standard to conform to the
requirements of the 2000 edition of the Manual of Style for NFPA Technical Committee Documents.

The 2007 edition incorporated welding requirements for pipe and fittings and also coor-
dinated requirements for fire department connections with NFPA 13, Standard for the Installa-
tion of Sprinkler Systems.

The 2012 edition provides updated rules for grooved couplings to comply with changes in the
2010 edition of NFPA13. Other changes include an expanded section on designing for flammable
vapor mitigation and the addition of new contractor’s material and test certificates.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

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

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (•) between the paragraphs that
remain.

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

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

Chapter 1 Administration

1.1 Scope.

1.1.1 This standard provides the minimum requirements for
the design, installation, and system acceptance testing of water
spray fixed systems for fire protection service and the mini-
mum requirements for the periodic testing and maintenance
of ultra-high-speed water spray fixed systems.

1.1.2* Water spray fixed systems shall be specifically designed to
provide for effective fire control, extinguishment, prevention, or
exposure protection.

1.1.3* This standard shall not apply to water spray protection
from portable nozzles, sprinkler systems, monitor nozzles, water
mist suppression systems, explosion suppression, or other means
of application covered by other standards of NFPA.

1.2 Purpose. The purpose of this standard shall be to provide
the minimum requirements for water spray fixed systems based
on sound engineering principles, test data, and field experience.

1.3 Application.

1.3.1 Water spray is applicable for protection of specific hazards
and equipment and shall be permitted to be installed indepen-

dently of, or supplementary to, other forms of fire protection
systems or equipment.

1.3.2 Water spray protection is acceptable for the protection
of hazards involving each of the following groups:

(1) Gaseous and liquid flammable materials
(2) Electrical hazards such as transformers, oil switches, mo-

tors, cable trays, and cable runs
(3) Ordinary combustibles such as paper, wood, and textiles
(4) Certain hazardous solids such as propellants and pyro-

technics
(5) Vapor mitigation

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
protection from the hazards addressed in this standard at the
time the standard was issued.

1.4.1 Unless otherwise specified, the provisions of this stan-
dard shall not apply to facilities, equipment, structures, or in-
stallations that existed or were approved for construction or
installation prior to the effective date of the standard. Where
specified, the provisions of this standard shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction de-
termines that the existing situation presents an unacceptable de-
gree of risk, the authority having jurisdiction shall be permitted
to apply retroactively any portions of this standard deemed ap-
propriate.

1.4.3 The retroactive requirements of this standard shall be
permitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdic-
tion, and only where it is clearly evident that a reasonable
degree of safety is provided.

1.5 Equivalency. Nothing in this standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard. Tech-
nical documentation shall be submitted to the authority hav-
ing jurisdiction to demonstrate equivalency. The system,
method, or device shall be approved for the intended purpose
by the authority having jurisdiction.

1.6 Units and Formulas.

1.6.1 Metric units of measurement in this standard are in
accordance with the modernized metric system known as the
International System of Units (SI). Two units (liter and bar),
outside of but recognized by SI, are commonly used in inter-
national fire protection. These units are listed in Table 1.6.1,
with conversion factors.

Table 1.6.1 Unit Conversions

Name of Unit Unit Symbol Conversion Factor

Liter L 1 gal = 3.785 L
Liter per minute per

square meter
(L/min)/m2 1 gpm/ft2 = 40.746

(L/min)/m2

Cubic decimeter dm3 1 gal = 3.785 dm3

Pascal Pa 1 psi = 6894.757 Pa
Bar bar 1 psi = 0.0689 bar
Bar bar 1 bar = 105 Pa

Note: For additional conversions and information see IEEE/ASTM-SI-
10, Standard Practice for Use of the International System of Units (SI): The
Modern Metric System.
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1.6.2 If a value for measurement as given in this standard is
followed by an equivalent value in another unit, the first stated
shall be regarded as the requirement. A given equivalent value
might be approximate.

1.6.3 The conversion procedure for the SI units has been to
multiply the quantity by the conversion factor and then to round
the result to the appropriate number of significant digits.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 13, Standard for the Installation of Sprinkler Systems, 2010
edition.

NFPA 20, Standard for the Installation of Stationary Pumps for
Fire Protection, 2010 edition.

NFPA 22, Standard for Water Tanks for Private Fire Protection,
2008 edition.

NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances, 2010 edition.

NFPA 25, Standard for the Inspection, Testing, and Maintenance
of Water-Based Fire Protection Systems, 2011 edition.

NFPA 51B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Work, 2009 edition.

NFPA 70®, National Electrical Code®, 2011 edition.
NFPA72®, National FireAlarm and Signaling Code, 2010 edition.
NFPA 1963, Standard for Fire Hose Connections, 2009 edition.

2.3 Other Publications.

2.3.1 ANSI Publications. American National Standards Insti-
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSI/ASME B1.20.1, Pipe Threads, General Purpose, 2006.

ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings, 2005.

ANSI B16.3, Malleable Iron Threaded Fittings, 2006.

ANSI B16.4, Gray Iron Threaded Fittings, 2006.

ANSI B16.5, Pipe Flanges and Flanged Fittings, 2006.

ANSI B16.9, Factory-Made Wrought Steel Buttwelding Fittings,
2007.

ANSI B16.11, Forged Fittings, Socket-Welding and Threaded, 2009.

ANSI B16.18, Cast Copper Alloy Solder Joint Pressure Fittings,
2001.

ANSI B16.22, Wrought Copper and Copper Alloy Solder Joint
Pressure Fittings, 2001.

ANSI B16.25, Buttwelding Ends, 1997.

ANSI B36.10M, Welded and Seamless Wrought Steel Pipe, 2004.

ANSI B36.19M, Stainless Steel Pipe, 2002.

ANSI C2, National Electrical Safety Code, 2007.

2.3.2 ASME Publications. American Society of Mechanical
Engineers, Three Park Avenue, New York, NY 10016-5990.

Boiler and Pressure Vessel Code (BPVC), Section IX, Welding and
Brazing Qualifications, 2010.

2.3.3 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, Box C700, West Conshohocken, PA 19428-2959.

ASTM A 53, Standard Specification for Pipe, Steel, Black and
Hot-Dipped, Zinc-Coated, Welded and Seamless, 2007.

ASTM A 135, Standard Specification for Electric-Resistance-
Welded Steel Pipe, 2009.

ASTM A 182, Standard Specification for Forged or Rolled Alloy-
Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-
Temperature Service, 2009.

ASTM A 234, Standard Specification for Piping Fittings of
Wrought Carbon Steel and Alloy Steel for Moderate and High Tem-
perature Service, 2007.

ASTM A 312, Standard Specification for Seamless Welded and
Heavily Cold Worked Austenitic Stainless Steel Pipes, 2009.

ASTM A 536, Standard Specification for Ductile Iron Castings,
2009.

ASTM A 795, Standard Specification for Black and Hot-Dipped
Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe for Fire Pro-
tection Use, 2008.

ASTM B 75, Standard Specification for Seamless Copper Tube, 2002.

ASTM B 88, Standard Specification for Seamless Copper Water
Tube, 2009.

ASTM B 251, Standard Specification for General Requirements
for Wrought Seamless Copper and Copper-Alloy Tube, 2002.

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

2.3.4 AWS Publications. American Welding Society, 550 N.
W. LeJeune Road, Miami, FL 33126.

AWS A5.8, Specification for Filler Metals for Brazing and Braze
Welding, 2004.

AWS B2.1, Specification for Welding Procedures and Performance
Qualification, 2009.

AWS B2.2, Standard for Brazing Procedure and Performance
Qualification, 1991.

2.3.5 IEEE Publications. Institute of Electrical and Electron-
ics Engineers, Three Park Avenue, 17th Floor, New York, NY
10016-5997.

IEEE/ASTM-SI-10, Standard Practice for Use of the Interna-
tional System of Units (SI): The Modern Metric System, 2002.

2.3.6 Other Publications. Merriam-Webster’s Collegiate Dictionary,
11th edition, Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2010

edition.
NFPA 25, Standard for the Inspection, Testing, and Maintenance

of Water-Based Fire Protection Systems, 2011 edition.
NFPA 30, Flammable and Combustible Liquids Code, 2012

edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.
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3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having juris-
diction.

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

3.2.3* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the author-
ity having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

3.2.4 Shall. Indicates a mandatory requirement.

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

3.3 General Definitions.

3.3.1 Combined System. A system of piping that connects both
sprinklers and water spray nozzles in a common fire area, and is
supplied by a single riser and system actuation valve.

3.3.2* Combustible Liquid. Any liquid that has a closed-cup
flash point at or above 100°F (37.8°C), as determined by the test
procedures and apparatus set forth in Section 4.4 of NFPA 30.
Combustible liquids are classified according to Section 4.3 of
NFPA 30. [30, 2012]

3.3.3 Control of Burning. Application of water spray to equip-
ment or areas where a fire can occur to control the rate of burn-
ing and thereby limit the heat release from a fire until the fuel
can be eliminated or extinguishment effected.

3.3.4 Deflagration. Propagation of a combustion zone at a
velocity that is less than the speed of sound in the unreacted
medium.

3.3.5 Density. The unit rate of water application to an area or
surface expressed in gpm/ft2 [(L/min)/m2].

3.3.6 Detection Equipment.

3.3.6.1 Automatic Detection Equipment. Equipment that au-
tomatically detects heat, flame, products of combustion,
flammable gases, or other conditions likely to produce fire
or explosion and cause other automatic actuation of alarm
and protection equipment. [25, 2011]

3.3.6.2 Flammable Gas Detection Equipment. Equipment
that will automatically detect a percent volume concentration
of a flammable gas or vapor relative to a predetermined level.

3.3.7 Detonation. Propagation of a combustion zone at a ve-
locity that is greater than the speed of sound in the unreacted
medium.

3.3.8 Electrical Clearance. The air distance between the water
spray equipment, including piping and nozzles, and unenclosed
or uninsulated live electrical components at other than ground
potential.

3.3.9 Exposure Protection. Absorption of heat through appli-
cation of water spray to structures or equipment exposed to a
fire, to limit surface temperature to a level that will minimize
damage and prevent failure.

3.3.10* Fire Area. For the purpose of this standard, an area
that is physically separated from other areas by space, barriers,
walls, or other means in order to contain fire within that area.

3.3.11* Flammable Liquid. Any liquid that has a closed-cup
flash point below 100°F (37.8°C), as determined by the test pro-
cedures and apparatus set forth in Section 4.4 of NFPA 30, and a
Reid vapor pressure that does not exceed an absolute pressure of
40 psi (276 kPa) at 100°F (37.8°C), as determined by ASTM D
323, Standard Test Method for Vapor Pressure of Petroleum Products
(Reid Method). Flammable liquids are classified according to Sec-
tion 4.3 of NFPA 30. [30, 2012]

3.3.12 Impingement. The striking of a protected surface by
water droplets issuing directly from a water spray nozzle.

3.3.13 Insulation.

3.3.13.1* Insulated. Refers to equipment, structures, or ves-
sels provided with an encapsulating material that, for the ex-
pected duration of fire exposure, will limit steel temperatures
to a maximum of 850°F (454°C) for structural members or
650°F (343°C) for vessels. The insulation system shall be:
(1) noncombustible and fire retardant; (2) mildew and
weather resistant; (3) resistant to the force of hose streams;
and (4) secured by fire and corrosion-resistant fastenings.

3.3.13.2 Uninsulated. Refers to equipment, structures, or
vessels not provided with an encapsulating material that
meets the requirements defined as “insulated.”

3.3.14 Net Rate. The total rate of water discharge density, less
water wastage due to factors such as wind effects and inaccura-
cies in nozzle angles of spray.

3.3.15* Nonabsorbing Ground. Earth or fill that is not readily
permeable or absorbent to large quantities of flammable or com-
bustible liquid or water, or both.

3.3.16 Pilot Sprinkler. An automatic sprinkler or thermostatic
fixed temperature release device used as a detector to pneumati-
cally or hydraulically release the system actuation valve.

3.3.17 Rundown. The downward travel of water along a sur-
face, caused by the momentum of the water or by gravity.

3.3.18 Ultra-High-Speed Water Spray System. A type of auto-
matic water spray system where water spray is rapidly applied to
protect specific hazards where deflagrations are anticipated.

3.3.18.1 Ultra-High-Speed Water Spray System — Area Appli-
cation. The application of ultra-high-speed water spray over a
specific floor area or over the surface area of a specific object.

3.3.18.2 Ultra-High-Speed Water Spray System — Local Appli-
cation. The application of ultra-high-speed water spray on
a specific point or points of ignition, such as cutting, mix-
ing, or grinding operations.

3.3.19 Valve.

3.3.19.1 Deluge Valve. A type of system actuation valve that
is opened by the operation of a detection system installed
in the same areas as the spray nozzles or by remote manual
operation supplying water to all spray nozzles.

3.3.19.2 System Actuation Valve. The main valve that con-
trols the flow of water into the water spray system.

3.3.20 Water Spray. Water in a form having a predetermined
pattern, particle size, velocity, and density discharge from spe-
cially designed nozzles or devices.
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3.3.21 Water Spray Nozzle.

3.3.21.1 Automatic Water Spray Nozzle. A nozzle intended
to open automatically by operation of a heat responsive
element that maintains the discharge orifice closed by
means such as the exertion of force on a cap (button or
disc), that when discharging water under pressure, will dis-
tribute the water in a specific, directional pattern.

3.3.21.2* Open Water Spray Nozzle. An open water discharge
device that, when discharging water under pressure, will dis-
tribute the water in a specific, directional pattern.

3.3.22* Water Spray System. An automatic or manually actu-
ated fixed pipe system connected to a water supply and equipped
with water spray nozzles designed to provide a specific water dis-
charge and distribution over the protected surfaces or area.

3.3.23* Water Wastage. That discharge from water spray nozzles
that does not impinge on the surface being protected.

Chapter 4 General Requirements

4.1* Design Objectives. In general, water spray shall be con-
sidered effective for any one of or a combination of the follow-
ing objectives (see Chapter 7):

(1) Extinguishment of fire
(2) Control of burning
(3) Exposure protection
(4) Prevention of fire

4.2 Special Considerations.

4.2.1 A study shall be made of the physical and chemical prop-
erties of the materials for which the water spray protection is
being considered to determine the advisability of its use.

4.2.2 The flash point, specific gravity, viscosity, miscibility,
and solubility and permeability of the material, temperature
of the water spray, and the normal temperature of the hazard
to be protected are among the factors that shall be given con-
sideration.

4.2.3* Where water spray can encounter confined materials at
a high temperature or with a wide distillation range, the slop-
over or frothing hazard shall be evaluated.

4.2.4 Water Soluble Materials.

4.2.4.1 Where protecting water soluble materials, such as alco-
hol, systems shall be permitted to be designed for extinguish-
ment by control, extinguishment by dilution, or extinguishment
by an adequate application rate and coverage.

4.2.4.2 Each water soluble material shall be tested under the
conditions of use to determine the applicability of a water spray
system, unless design supportive data is available.

4.2.5* Water spray shall not be used for direct application to
materials that react with water, such as metallic sodium or cal-
cium carbide, which produce violent reactions or increase
hazardous products as a result of heated vapor emission.

4.2.6 Water spray shall not be used for applications involving
liquefied gases at cryogenic temperatures (such as liquefied
natural gas), which boil violently when heated by water.

4.2.7 An evaluation shall be conducted, given the possibility of
damage, distortion, or failure of equipment operating at high
temperatures due to water spray application.

4.3* Workmanship. Water spray system design, layout, and in-
stallation shall be entrusted to fully experienced and respon-
sible parties only.

4.4 Control of Runoff.

4.4.1* Water discharge from water spray systems shall be con-
trolled or contained to prevent the spread of fire where flam-
mable or combustible liquids are present.

4.4.2 Where flammable or combustible liquids are not present
and the potential for water damage to adjacent areas is minimal,
water discharged from water spray systems shall not be required
to be controlled or contained.

4.4.3* The control or containment system shall utilize any one
of the following:

(1) Curbing and grading
(2) Underground or enclosed drains
(3) Open trenches or ditches
(4) Diking or impoundment
(5) Any combination of 4.4.3(1) through 4.4.3(4)

4.4.4* Where the protected hazard involves the possible release
of flammable or combustible liquids, the drainage system shall be
designed to safely handle burning liquids.

4.4.5 Enclosed drain systems shall be fitted with traps or other
means to prevent the entrance of flames or burning liquids into
the system.

4.4.6 Open trenches and ditches shall be routed so as not to
expose fire fighters, critical equipment and piping, other im-
portant structures, or property of others.

4.4.7 The control or containment system shall be designed to
accommodate the total combined flow from all of the following:

(1)*All water spray systems intended to operate simultaneously
within the fire area (where the actual discharge will exceed
the design flow rate, the actual flow rate shall be used)

(2) Supplemental hose streams and monitor nozzle devices
likely to be used during the fire

(3) The largest anticipated spill or accidental release of pro-
cess liquids where applicable

(4) Any normal discharge of process liquids or cooling water
into the drainage system

(5)*Rain water, provided local conditions warrant inclusion

4.4.8* The control or containment system shall be designed to
accommodate the total combined flow for the fire’s expected
duration.

4.4.9 Where approved, the system shall be permitted to be
designed to accommodate the total combined flow for a pe-
riod less than the fire’s expected duration.

4.4.10 The water and liquids drained from protected areas
shall be collected and treated as required by local regulations.

4.4.11 Hazardous chemicals and contaminated water shall not
be discharged to open waterways or onto the property of others.

Chapter 5 System Components

5.1 General.

5.1.1 All component parts shall be coordinated to provide
complete systems.

5.1.2 Only listed materials and devices shall be used in the
installation of water spray systems.

5.1.2.1 Components that do not affect system operation, such
as drain valves and signs, shall not be required to be listed.
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5.1.2.2 Only new materials and devices shall be employed in
the installation of new water spray systems.

5.1.2.3 The use of reconditioned valves and devices, other than
automatic water spray nozzles, as replacement equipment in ex-
isting systems shall be permitted.

5.1.3 System components shall be rated for the maximum
working pressure to which they are exposed, but not less than
175 psi (12.1 bar).

5.1.4 System components installed outside, or in the presence
of a corrosive atmosphere, shall be constructed of materials that
will resist corrosion or be suitably protected from corrosion.

5.2 Water Spray Nozzles. Water spray nozzles shall be of a type
listed for use in water spray systems with the following discharge
characteristics:

(1) K factor
(2) Spray patterns at various pressures, distances, and orien-

tation angles
(3) Uniformity of water distribution over its spray pattern

5.2.1 Water spray nozzles shall be permanently marked with
their characteristics according to their listing.

5.2.2 Standard temperature ratings and color code designa-
tions of automatic water spray nozzles shall be as required for
automatic sprinklers in NFPA 13, Standard for the Installation of
Sprinkler Systems.

5.2.3 Special Coatings.

5.2.3.1 Listed corrosion-resistant spray nozzles shall be in-
stalled in locations where chemicals, moisture, or other corro-
sive vapors sufficient to cause corrosion of such devices exist.

5.2.3.2 Corrosion-Resistant Coatings.

5.2.3.2.1 Corrosion-resistant coatings shall be applied by the
manufacturer of the spray nozzle.

5.2.3.2.2 Any damage to the protective coating occurring at
the time of installation shall be repaired immediately, using
only the coating of the manufacturer of the spray nozzle in the
approved manner so that no part of the spray nozzle will be
exposed after installation.

5.2.3.3* Painting.

5.2.3.3.1 Unless applied by the manufacturer, spray nozzles
shall not be painted.

5.2.3.3.2 Any spray nozzles that have been painted by other
than the manufacturer or after installation shall be replaced with
spray nozzles of the same characteristics, including K factor, ther-
mal response (automatic nozzles), and water distribution.

5.2.4 Guards. Automatic water spray nozzles subject to me-
chanical damage shall be protected with listed guards.

5.2.5* Stock of Spare Automatic Water Spray Nozzles and Pilot
Sprinklers.

5.2.5.1 A supply of automatic water spray nozzles and pilot
sprinklers shall be maintained on the premises so that any
automatic water spray nozzles or pilot sprinklers that have op-
erated or been damaged in any way can be promptly replaced.

5.2.5.2 These automatic water spray nozzles and pilot sprin-
klers shall correspond to the types and temperature ratings of
the automatic water spray nozzles and pilot sprinklers on the
property.

5.2.5.3 The automatic water spray nozzles and pilot sprinklers
shall be kept in a cabinet where the ambient storage temperature
does not exceed 100°F (38°C).

5.2.5.4 Where required by the manufacturer, a special auto-
matic water spray nozzle and/or pilot sprinkler wrench shall be
provided to be used in the removal and installation of automatic
water spray nozzles and pilot sprinklers.

5.2.5.5 The stock of spare automatic water spray nozzles and
pilot sprinklers shall include as a minimum 1 of each type of
automatic water spray nozzle and pilot sprinkler present on the
property and shall in no case be less than the following total
quantities based on the total number of automatic water spray
nozzles and pilot sprinklers on the property:

(1) For properties with fewer than 300 automatic water spray
nozzles or pilot sprinklers, not fewer than 6 automatic
water spray nozzles or pilot sprinklers

(2) For properties with 300 to 1000 automatic water spray
nozzles or pilot sprinklers, not fewer than 12 automatic
water spray nozzles or pilot sprinklers

(3) For properties with over 1000 automatic water spray
nozzles or pilot sprinklers, not fewer than 24 automatic
water spray nozzles or pilot sprinklers

5.3 Pipe and Tube.

5.3.1 Pipe or tube used in water spray systems shall meet or
exceed one of the standards in Table 5.3.1 or be in accor-
dance with 5.3.4. In addition, steel pipe shall be in accor-
dance with 5.3.2 and 5.3.3, and copper tube shall be in
accordance with 5.3.4.

Table 5.3.1 Pipe or Tube Specifications

Materials and Dimensions Standard

Ferrous Piping (Welded and Seamless)
Stainless Steel Pipe ANSI B36.19M
Standard Specification for Seamless and

Welded Austenitic Stainless Steel Pipes
ASTM A 312

Standard Specification for Black and
Hot-Dipped Zinc-Coated (Galvanized)
Welded and Seamless Steel Pipe for
Fire Protection Use*

ASTM A 795

Standard Specification for Pipe, Steel,
Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless*

ASTM A 53

Welded and Seamless Wrought Steel Pipe ANSI B36.10M
Standard Specification for

Electric-Resistance-Welded Steel Pipe
ASTM A 135

Copper Tube (Drawn, Seamless)
Standard Specification for Seamless

Copper Tube*
ASTM B 75

Standard Specification for Seamless
Copper Water Tube*

ASTM B 88

Standard Specification for General
Requirements for Wrought Seamless
Copper and Copper-Alloy Tube

ASTM B 251

Specification for Filler Metals for Brazing
and Braze Welding (Classification
BCuP-3 or BCuP-4)

AWS A5.8

*Denotes pipe or tubing suitable for bending according to ASTM stan-
dards.
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5.3.2* Where steel pipe listed in Table 5.3.1 is used and joined
by welding or by roll-grooved pipe and fittings, the minimum
nominal wall thickness for pressures up to 300 psi (20.7 bar)
shall be in accordance with Schedule 10 for pipe sizes up to
5 in. (127 mm); 0.134 in. (3.40 mm) for 6 in. (152 mm ) pipe;
and 0.188 in. (4.78 mm) for 8 in. and 10 in. (203 mm and
254 mm) pipe.

5.3.2.1 Pressure limitations and wall thickness for steel pipe
listed in accordance with 5.3.5 shall be in accordance with the
listing requirements.

5.3.3 Where steel pipe listed in Table 5.3.1 is joined by
threaded fittings or by fittings used with pipe having cut
grooves, the minimum wall thickness shall be in accordance
with Schedule 30 [in pipe sizes 8 in. (203 mm) and larger]
or Schedule 40 [in pipe sizes less than 8 in. (203 mm)] for
pressures up to 300 psi (20.7 bar).

5.3.4 Copper tube shall be permitted in water-filled water spray
systems where system pressures do not exceed 175 psi (12.1 bar).
Copper tube specified in the standards listed in Table 5.3.1 shall
have wall thicknesses of Type K, L, or M.

5.3.5* Other types of pipe or tube investigated for suitability in
automatic water spray installations and listed for this service, in-
cluding but not limited to steel differing from that provided in
Table 5.3.1, shall be permitted where installed in accordance
with their listing limitations, including installation instructions.
Bending of pipe shall be permitted as allowed by the listing.

5.3.6 Steel Piping.

5.3.6.1 Steel pipe used in manual and open systems shall be
galvanized on its internal and external surfaces in accordance
with Table 5.3.1.

5.3.6.2 The threaded ends of galvanized pipe shall be pro-
tected against corrosion.

5.3.6.3 Water-filled steel piping shall be permitted to be black
steel.

5.3.6.4 Stainless steel pipe shall not be required to be galva-
nized.

5.3.7 Corrosion Protection. Where no other piping material
will provide the required corrosion resistance for a particular
corrosive application, listed coated pipe or an approved corro-
sion resistance system applied to piping shall be permitted.

5.3.8 Minimum Pipe Size. The minimum pipe size shall be 1 in.
(25 mm) for steel and galvanized steel, and 3⁄4 in. (19 mm) for
copper and stainless steel.

5.3.9 Pipe Bending.

5.3.9.1 Bending of steel piping of wall thickness equal to or
greater than Schedule 10 and Types K and L copper tube shall
be permitted where bends are made with no kinks, ripples,
distortions, reductions in internal diameter, or any noticeable
deviations from round.

5.3.9.2 For Schedule 40 steel piping and Types K and L cop-
per tubing, the minimum radius of bend shall be 6 pipe diam-
eters for pipe sizes 2 in. (51 mm) and smaller, and 5 pipe
diameters for pipe sizes 21⁄2 in. (64 mm) and larger.

5.3.9.3 For all other types of steel pipe, the minimum radius
of bend shall be 12 pipe diameters for all pipe sizes.

5.3.10 Pipe Identification.

5.3.10.1* All pipe, including specially listed pipe allowed by
5.3.5, shall be marked along its length by the manufacturer in
such a way as to properly identify the type of pipe.

5.3.10.2 The marking shall be visible on every piece of pipe
over 2 ft (610 mm) long.

5.4 Fittings.

5.4.1 Fittings used in water systems shall meet or exceed the
standards in Table 5.4.1.

5.4.2 In dry sections of the piping exposed to possible fire or
in self-supporting systems, ferrous fittings shall be of steel,
malleable iron, or ductile iron.

5.4.3 Galvanized fittings shall be used where galvanized pipe
is used.

5.4.4 Other types of fittings investigated for suitability in wa-
ter spray system installations and listed for this service, includ-
ing but not limited to fiberglass and steel differing from that
provided in Table 5.4.1, shall be permitted when installed in
accordance with their listing limitations, including installation
instructions.

5.4.5 Fittings shall be extra heavy pattern where pressures
exceed 175 psi (12 bar).

5.4.6 Standard weight pattern malleable iron fittings 6 in.
(150 mm) in size or smaller shall be permitted where pres-
sures do not exceed 300 psi (20.7 bar).

Table 5.4.1 Fittings Materials and Dimensions

Materials and Dimensions Standard

Cast Iron
Gray Iron Threaded Fittings, Class 125 and 250 ANSI B16.4
Cast Iron Pipe Flanges and Flanged Fittings ANSI B16.1
Malleable Iron
Malleable Iron Threaded Fittings, Class 150

and 300
ANSI B16.3

Steel
Factory-Made Wrought Steel Butt Welding

Fittings
ANSI B16.9

Butt Welding Ends ANSI B16.25
Standard Specification for Piping Fittings of

Wrought Carbon Steel and Alloy Steel for
Moderate and Elevated Temperatures

ASTM A 234

Pipe Flanges and Flanged Fittings ANSI B16.5
Forged Fittings, Socket-Welding and Threaded ANSI B16.11
Copper
Wrought Copper and Copper Alloy

Solder Joint Pressure Fittings
ANSI B16.22

Cast Copper Alloy Solder Joint Pressure Fittings ANSI B16.18
Ductile Iron
Standard Specification for Ductile Iron

Castings
ASTM A 536

Stainless Steel
Standard Specification for Forged or Rolled

Alloy-Steel Pipe Flanges, Forged Fittings, and
Valves and Parts for High-Temperature
Service

ASTM A 182
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5.4.7 Listed fittings shall be permitted for system pressures
up to the limits specified in their listings.

5.4.8 Couplings and Unions.

5.4.8.1 Screwed unions shall not be used on pipe larger than
2 in. (50 mm).

5.4.8.2 Couplings and unions of other than screwed type
shall be of types listed specifically for use in water spray or
sprinkler systems.

5.4.9 Reducers and Bushings.

5.4.9.1 A one-piece reducing fitting shall be used wherever a
change is made in the size of pipe.

5.4.9.2 Hexagonal or face bushings shall be permitted for use
in reducing the size of openings of fittings where standard
fittings of the required size and material are not available from
the manufacturer.

5.4.10* Rubber-gasketed fittings shall be permitted to be used
to connect pipe in fire-exposed areas where the water spray
system is automatically controlled.

5.4.11 Fire-exposed areas where rubber-gasketed fittings are
located shall be protected by automatic water spray systems or
other approved means.

5.5 Joining of Pipe and Fittings.

5.5.1 Threaded Pipe and Fittings.

5.5.1.1 All threaded pipe and fittings shall have threads cut in
accordance with ANSI/ASME B1.20.1, Pipe Threads, General
Purpose.

5.5.1.2* Steel pipe with wall thicknesses less than Schedule 30 [in
pipe sizes 8 in. (200 mm) and larger] or Schedule 40 [in pipe
sizes less than 8 in. (200 mm)] shall not be joined by threaded
fittings.

5.5.1.3 Where wall thicknesses are less than those required in
5.5.1.2, pipes shall be permitted to be threaded where the
threaded assembly is investigated and listed for this service.

5.5.1.4 Joint compound or tape shall be applied only to male
threads.

5.5.2* Welded Pipe and Fittings.

5.5.2.1 General. Welding shall be permitted as a means of
joining water spray system piping in accordance with 5.5.2.2
through 5.5.2.6.

5.5.2.2 Fabrication.

5.5.2.2.1 Field welding shall be permitted provided that the
requirements of 5.5.2 through 5.5.2.5 are met.

5.5.2.2.2 When welding in the field, safe welding and cutting
practices shall be followed in accordance with NFPA 51B, Stan-
dard for Fire Prevention During Welding, Cutting, and Other Hot Work.

5.5.2.2.3 Welding shall not be performed where there is im-
pingement of rain, snow, sleet, or high wind on the weld area
of the pipe product.

5.5.2.2.4 Torch cutting and welding shall not be permitted as
a means of modifying or repairing water spray systems.

5.5.2.2.5 Where longitudinal earthquake braces are provided,
tabs welded to pipe for longitudinal earthquake braces shall be
permitted.

5.5.2.2.6 Where welded piping is to be galvanized, pipe shall
be fabricated into spooled sections and shall be galvanized
after fabrication.

5.5.2.3 Fittings.

5.5.2.3.1 Welded fittings used to join pipe shall be listed fabri-
cated fittings or manufactured in accordance with Table 5.4.1.

5.5.2.3.2 Manufactured fittings joined in conformance with a
qualified welding procedure as set forth in this section shall be
permitted to be an acceptable product under this standard,
provided that materials and wall thickness are compatible with
other sections of this standard.

5.5.2.3.3 Fittings shall not be required where pipe ends are
butt-welded in accordance with the requirements of 5.5.2.4.3.

5.5.2.3.4 When reducing the pipe size in a run of piping, a
reducing fitting designed for that purpose shall be used.

5.5.2.4 Welding Requirements.

5.5.2.4.1* Welds between pipe and welding outlet fittings shall
be permitted to be attached by full penetration, partial pen-
etration, or fillet welds.

5.5.2.4.2* The minimum throat thickness shall be not less
than the thickness of the pipe, the thickness of the welding
fitting, or 3⁄16 in. (5 mm), whichever is least.

5.5.2.4.3* Circumferential butt joints shall be cut, beveled, and
fit so that full penetration is achievable. Full penetration welding
shall not be required.

5.5.2.4.4 Where slip-on flanges are welded to pipe with a single
fillet weld, the weld shall be on the hub side of the flange, and the
minimum throat weld thickness shall not be less than 1.25 times
the pipe wall thickness or the hub thickness, whichever is less.

5.5.2.4.5 Face welds on the internal face of the flange shall be
permitted as a water seal in addition to the hub weld required
in 5.5.2.4.4.

5.5.2.4.6 Tabs for longitudinal earthquake bracing shall have
minimum throat weld thickness not less than 1.25 times the
pipe wall thickness and welded on both sides of the longest
dimension.

5.5.2.4.7 Where welding is performed, the following shall
apply:

(1) Holes cut in piping for outlets shall be cut to the full inside
diameter of fittings prior to welding in place of the fittings.

(2) Discs shall be retrieved.
(3) Openings cut into piping shall be smooth bore, and all

internal slag and welding residue shall be removed.
(4) Fittings shall not penetrate the internal diameter of the

piping.
(5) Steel plates shall not be welded to the ends of piping or

fitting.
(6) Fittings shall not be modified.
(7) Nuts, clips, eye rods, angle brackets, or other fasteners

shall not be welded to pipe or fittings, except as permitted
in 5.5.2.2.5 and 5.5.2.4.6.

(8) Completed welds shall be free from cracks, incomplete
fusion, surface porosity greater than 1⁄16 in. (1.5 mm) di-
ameter, and undercut deeper than 25 percent of the wall
thickness or 1⁄32 in. (0.8 mm).

(9) Completed circumferential butt weld reinforcements
shall not exceed 3⁄32 in. (2.4 mm).
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5.5.2.5 Qualifications.

5.5.2.5.1 A welding procedure shall be prepared and qualified
by the contractor or fabricator before any welding is done.

5.5.2.5.2 Qualification of the welding procedure to be used
and the performance of all welders and welding operators
shall be required and shall meet or exceed the requirements
of American Welding Society Standard AWS B2.1, Specification
for Welding Procedures and Performance Qualification; ASME Sec-
tion IX, Welding and Brazing Qualifications; or other applicable
qualification standard as required by the AHJ, except as per-
mitted by 5.5.2.5.4.

5.5.2.5.3 Successful procedure qualification of complete
joint penetration groove welds shall qualify partial joint pen-
etration (groove/fillet) welds and fillet welds in accordance
with the provisions of this standard.

5.5.2.5.4 Welding procedures qualified under standards rec-
ognized by previous editions of this standard shall be permit-
ted to be continued in use.

5.5.2.5.5 Contractors or fabricators shall be responsible for
all welding they produce.

5.5.2.5.6 Each contractor or fabricator shall have available to
the authority having jurisdiction an established written quality
assurance procedure ensuring compliance with the require-
ments of 5.5.2.5.

5.5.2.6 Records.

5.5.2.6.1 Welders or welding machine operators shall, upon
completion of each welded pipe, place their identifiable mark or
label onto each piece adjacent to a weld.

5.5.2.6.2 Contractors or fabricators shall maintain certified
records of the procedures used and the welders or welding ma-
chine operators employed by them, along with their welding
identification, which shall be available to the authority having
jurisdiction.

5.5.2.6.3 Records shall show the date and the results of pro-
cedure and performance qualifications and shall be available
to the authority having jurisdiction.

5.5.3 Groove Joining Methods.

5.5.3.1* Pipe joined with grooved couplings shall be joined by a
listed combination of couplings, gaskets, and groove dimensions.

5.5.3.2* Grooved connections of fittings and valves, and grooves
cut or rolled on pipe shall, be dimensionally compatible with the
couplings.

5.5.3.3 Grooved couplings, including gaskets used on preac-
tion and deluge systems, shall be listed for dry pipe service.

5.5.4* Brazed Joints.

5.5.4.1* Joints for the connection of copper tube shall be
brazed using the brazing material in Table 5.3.1.

5.5.4.2 Field brazing shall be permitted.

5.5.4.3 Safe brazing practices shall be followed in accordance
with NFPA 51B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Work.

5.5.4.4 Brazing methods shall comply with all of the require-
ments of AWS B2.2, Standard for Brazing Procedure and Perfor-
mance Qualification.

5.5.4.5 Fittings used to join copper tube shall be manufac-
tured in accordance with Table 5.4.1 or shall be listed as me-
chanically formed/extruded connection systems.

5.5.4.6 No brazing shall be performed if there is impingement
of rain, snow, sleet, or high wind on the braze area of the tube
product.

5.5.4.7 Brazing shall be performed in accordance with the
following:

(1) Fittings and branch connections shall not penetrate the
internal diameter of the tubing.

(2) Copper plates shall not be brazed to the ends of tubing or
fittings.

(3) Fittings shall not be modified.
(4) Nuts, clips, eye rods, angle brackets, or other fasteners

shall not be brazed to tube or fittings.

5.5.4.8 Where the tube size in a run of tubing is being reduced,
a reducing fitting designed for that purpose shall be used.

5.5.4.9 Qualifications.

5.5.4.9.1 A brazing procedure shall be prepared and quali-
fied by the contractor or fabricator before any brazing is done.

5.5.4.9.2 Qualification of the brazing procedure to be used and
performance of all brazers and brazing operators shall be re-
quired and shall meet or exceed the requirements of AWS B2.2,
Standard for Brazing Procedure and Performance Qualification.

5.5.4.9.3 Contractors or fabricators shall be responsible for
all brazing they produce.

5.5.4.9.4 Each contractor or fabricator shall have available to
the authority having jurisdiction an established written quality
assurance procedure ensuring compliance with the require-
ments of 5.5.4.7.

5.5.4.9.5 Records.

5.5.4.9.5.1 Contractors and fabricators shall maintain certi-
fied records of the brazing procedures used and the brazers
and brazing operators employed by them.

5.5.4.9.5.2 Records shall show the date and the results of pro-
cedure and performance qualification, and shall be available
to the authority having jurisdiction.

5.5.5 Other Types. Other joining methods investigated for suit-
ability in water spray sprinkler installations and listed for this ser-
vice shall be permitted where installed in accordance with their
listing limitations, including installation instructions.

5.5.6 End Treatment.

5.5.6.1 Pipe ends shall have burrs and fins removed after
cutting.

5.5.6.2 Pipe used with listed fittings and its end treatment
shall be in accordance with the fitting manufacturer’s installa-
tion instructions and the fitting’s listing.

5.6 Hangers.

5.6.1 General. The types of hangers used shall be in accor-
dance with the requirements of NFPA 13, Standard for the Instal-
lation of Sprinkler Systems.

5.6.2 Hangers used outdoors or in locations where corrosive
conditions exist shall be galvanized, suitably coated, or fabri-
cated from corrosion-resistive materials.
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5.7 Valves.

5.7.1 Control Valves.

5.7.1.1 All valves controlling connections to water supplies and
to supply pipes to water spray nozzles shall be listed indicating
valves.

5.7.1.2 Listed underground gate valves equipped with listed in-
dicator posts shall be permitted in underground applications.

5.7.1.3 Where approved, replacement or installation of a
nonindicating valve, such as a T-wrench-operated roadway
box, shall be permitted to be installed.

5.7.1.4 Control valves shall not close in less than 5 seconds
when operated at maximum possible speed from the fully
open position.

5.7.1.5 Wafer-type valves with components that extend be-
yond the valve body shall be installed in a manner that does
not interfere with the operation of any system components.

5.7.2 System Actuation Valves.

5.7.2.1* System actuation valves shall be listed.

5.7.2.2* Accessories used to operate the actuation valve shall
be listed and compatible.

5.7.2.3* System actuation valves shall be provided with manual
means of actuation independent of the automatic release sys-
tem and detection devices.

5.7.2.4 Alarm check valves shall not require an independent
means of activation.

5.7.2.5 Manual controls of actuation valves shall not require a
pull of more than 40 lbf (178 N) or a movement of more than
14 in. (356 mm) to secure operation.

5.7.3 Drain Valves and Test Valves. Drain valves and test valves
shall be approved.

5.7.4 Identification of Valves.

5.7.4.1 All control, drain, and test connection valves shall be
provided with permanently marked weatherproof metal or
rigid plastic identification signs.

5.7.4.2 The identification sign shall be secured with corrosion-
resistant wire, chain, or other approved means.

5.8 Pressure Gauges. Required pressure gauges shall be listed
and shall have a maximum limit not less than twice the normal
working pressure where installed.

5.9 Strainers.

5.9.1* Pipeline strainers shall be specifically listed for use in
water supply connections.

5.9.2 Strainers shall be capable of removing from the water all
solids of sufficient size to obstruct the spray nozzles [normally
1⁄8 in. (3.2 mm) perforations are suitable].

5.9.3 Pipeline strainer designs shall incorporate a flushing
connection.

5.9.4 Individual or integral strainers for spray nozzles, where
required, shall be capable of removing from the water all sol-
ids of sufficient size to obstruct the spray nozzle they serve.

5.10 Fire Department Connections.

5.10.1 Unless the requirements of 5.10.1.1, 5.10.1.2, or 5.10.1.3
are met, the fire department connection(s) shall consist of two
21⁄2 in. (65 mm) connections using NH internal threaded swivel
fitting(s) with “2.5–7.5 NH standard thread,” as specified in
NFPA 1963, Standard for Fire Hose Connections. [13:6.8.1]

5.10.1.1* Where local fire department connections do not
conform to NFPA 1963, Standard for Fire Hose Connections, the
authority having jurisdiction shall be permitted to designate
the connection to be used. [13:6.8.1.1]

5.10.1.2 The use of threadless couplings shall be permitted
where required by the authority having jurisdiction and where
listed for such use. [13:6.8.1.2]

5.10.1.3 A single-outlet fire department connection shall be
acceptable where piped to a 3 in. (76 mm) or smaller riser.
[13:6.8.1.3]

5.10.2 Fire department connections shall be equipped with ap-
proved plugs or caps, properly secured and arranged for easy
removal by fire departments. [13:6.8.2]

5.10.3 Fire department connections shall be of an approved
type. [13:6.8.3]

5.10.4 Connections shall be equipped with approved plugs or
caps.

5.11 Alarms.

5.11.1 Waterflow alarm apparatus shall be listed for this service.

5.11.2 An alarm unit shall include a listed mechanical alarm
or horn or a listed electric device, bell, speaker, horn, or siren.

5.11.3* Outdoor water-motor-operated or electrically operated
bells shall be protected from the weather and shall be provided
with guards.

5.11.4 All piping to water-motor-operated devices shall be galva-
nized steel, brass, copper, or other approved metallic corrosion-
resistant material of not less than 3⁄4 in. (20 mm) nominal pipe
size.

5.11.5 Piping between the water spray system and a pressure-
actuated alarm-initiating device shall be galvanized steel, brass,
copper, or other approved metallic corrosion-resistant material
of not less than 3⁄8 in. (10 mm) nominal pipe size.

5.11.6 Drains from alarm devices shall be sized and arranged
to prevent water overflow at the drain connection when system
drains are open wide and under system pressure.

5.11.7 Electrical alarm devices used outdoors shall be listed
for this purpose.

5.11.8 Electrical fittings and devices listed for use in hazard-
ous locations shall be used where required by NFPA 70, Na-
tional Electrical Code.

5.12 Detection Systems.

5.12.1 Automatic detection equipment, release devices, and
system accessories shall be listed for the intended use.

5.12.2 The detection systems shall be automatically supervised
in accordance with NFPA 72, National Fire Alarm and Signaling
Code.

Chapter 6 Installation Requirements

6.1 Basic Requirements.

6.1.1 Hazardous Locations. Components of the electrical por-
tions of water spray systems that are installed in classified loca-
tions as defined in Article 500 of NFPA 70, National Electrical
Code, shall be listed for such use.
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6.1.2* Electrical Clearances.

6.1.2.1 All system components shall be located so as to main-
tain minimum electrical clearances from live parts.

6.1.2.2 The electrical clearances in Table 6.1.2.2 shall apply
to altitudes of 1000 m (3300 ft) or less.

6.1.2.3 At altitudes in excess of 1000 m (3300 ft), the electrical
clearance shall be increased at the rate of 1 percent for each
100 m (330 ft) increase in altitude above 1000 m (3300 ft).

6.1.3 Where the design BIL is not available and where nomi-
nal voltage is used for the design criterion, the highest mini-
mum clearance listed for this group shall be used.

6.2 Water Spray Nozzles.

6.2.1* Selection.

6.2.1.1 Open water spray nozzles shall be used.

6.2.1.2 Automatic nozzles shall be permitted where posi-
tioned and located so as to provide satisfactory performance
with respect to activation time and distribution.

6.2.1.3 The selection of the type and size of spray nozzles
shall be made with proper consideration given to such factors
as discharge characteristics, physical character of the hazard
involved, ambient conditions, material likely to be burning,
and the design objectives of the system.

6.2.1.4 Where acceptable to the authority having jurisdiction,
sprinklers shall be permitted to be used in water spray systems
and installed in positions other than anticipated by their listing to
achieve specific results where special situations require.

6.2.2 Temperature Rating. The temperature rating for auto-
matic nozzles shall be based on the maximum ambient tem-
perature and determined in accordance with NFPA 13, Stan-
dard for the Installation of Sprinkler Systems.

6.2.3 Water spray nozzles shall be permitted to be placed in
any position, within their listing limitations, necessary to ob-
tain proper coverage of the protected area.

6.2.4 The positioning of water spray nozzles shall include an
evaluation of all the following factors:

(1) The shape and size of the area to be protected
(2) The nozzle design and characteristics of the water spray

pattern to be produced
(3) The effect of wind and fire draft on very small drop sizes

or on large drop sizes with little initial velocity
(4) The potential to miss the target surface and increase wa-

ter wastage
(5) The effects of nozzle orientation on coverage characteristics
(6) The potential for mechanical damage

6.3 Piping Installation.

6.3.1 Valves.

6.3.1.1 Water Supply Control Valves. Each system shall be pro-
vided with a control valve located so as to be accessible during
a fire in the area the system protects, or any adjacent areas, or,
in the case of systems installed for fire prevention, during the
existence of the contingency for which the system is installed.

6.3.1.2 Valve Supervision. Valves controlling the water supply
to water spray systems shall be supervised in the normally open
position by one of the following methods:

(1) Central station, proprietary, or remote station alarm service
(2) Local alarm service that will cause the sounding of an au-

dible signal at a constantly attended point
(3) Locking valves open
(4) Sealing of valves and approved weekly recorded inspec-

tion where valves are located within fenced enclosures un-
der the control of the owner

6.3.1.3 Underground gate valves with roadway boxes shall
not be required to be supervised.

6.3.1.4 Location of System Actuation Valves.

6.3.1.4.1 System actuation valves shall be as close to the hazard
protected as accessibility during the emergency will permit.

6.3.1.4.2 The location of system actuation valves shall include
an evaluation of all the following factors:

(1) Radiant heat from exposing fire
(2) Potential for explosions
(3) The location and arrangement of drainage facilities in-

cluding dikes, trenches, and impounding basins
(4) Potential for freezing and mechanical damage
(5) Accessibility
(6) System discharge time

6.3.2 Pipe Support.

6.3.2.1 System piping shall be supported to maintain its integ-
rity under fire conditions.

6.3.2.2 Piping shall be supported from steel or concrete
structural members or pipe stands.

Table 6.1.2.2 Electrical Clearance from Water Spray
Equipment to Live Uninsulated Electrical Components

Nominal
System
Voltage

(kV)

Maximum
System
Voltage

(kV)

Design
BIL
(kV)

Minimum* Clearance

in. mm

To 13.8 14.5 110 7 178
23.0 24.3 150 10 254
34.5 36.5 200 13 330
46.0 48.3 250 17 432
69.0 72.5 350 25 635

115.0 121.0 550 42 1067
138.0 145.0 650 50 1270
161.0 169.0 750 58 1473
230.0 242.0 900 76 1930

1050 84 2134
345.0 362.0 1050 84 2134

1300 104 2642
500.0 550.0 1500 124 3150

1800 144 3658
765.0 800.0 2050 167 4242

Note: BIL values are expressed as kilovolts (kV), the number being
the crest value of the full wave impulse test that the electrical equip-
ment is designed to withstand. For BIL values that are not listed in the
table, clearances can be found by interpolation.
*For voltages up to 161 kV, the clearances are taken from NFPA 70,
National Electrical Code. For voltages 230 kV and above, the clearances
are taken from Table 124 of ANSI C2, National Electrical Safety Code.
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6.3.2.2.1* Pipe stands used to support piping shall be in accor-
dance with Table 6.3.2.2.1 to determine maximum heights for
pipe stands supporting various diameters of looped piping.

6.3.2.2.2* Distance between pipe stands exceeding those in
Table 6.3.2.2.2 shall be permitted where a 45-degree diagonal
is attached between the pipe stand and the loop piping. (See
Figure A.6.3.2.2.2.) For piping of other than Schedule 40, pipe
stand shall be spaced in accordance with the hanger refer-
ences of NFPA 13, Standard for the Installation of Sprinkler Systems.

Table 6.3.2.2.2 Pipe Stand Distance

Loop Size
Distance Between Pipe

Stands

in. mm ft mm

1 25 10 3048
11⁄2 40 12 3658
2 50 14 4267

21⁄2–8 65–200 15 4572

6.3.2.2.3 Pipe stands shall be constructed of Schedule
40 threaded pipe, malleable iron flange base, and shall have
a threaded cap top.

6.3.2.2.4* Pipe stands shall be anchored to a concrete pier or
footing with either expansion shields, bolts for concrete, or
cast-in-place J hooks.

6.3.2.2.5* Piping shall be attached to the pipe stand with U-bolts
or equivalent attachment.

6.3.2.3 Piping support shall be permitted to be attached di-
rectly to vessels or other equipment, provided the equipment
is capable of supporting the system and the design is certified
by a registered professional engineer.

6.3.2.4 Tapping and drilling of load-bearing structural ele-
ments shall be permitted only where the design of the structural
members takes the drilling or tapping into account, where the
design includes the additional loads created by the water spray
system, and where the design is certified by a registered profes-
sional engineer.

6.3.2.5 Where welding of supports directly to vessels or equip-
ment is necessary, it shall be done in a safe manner in conform-
ance with the provisions of all safety, structural, and fire codes
and standards.

6.3.2.6* Hangers shall be installed and located in accordance
with NFPA 13, Standard for the Installation of Sprinkler Systems.

6.3.2.7* Where the pipe support methods outlined in this stan-
dard or NFPA 13, Standard for the Installation of Sprinkler Systems,
cannot be used, water spray system piping shall be supported in a
manner equivalent to the performance requirements of this stan-
dard or NFPA 13 and the design certified by a registered profes-
sional engineer.

6.3.2.8 Piping shall be supported and braced to restrict move-
ment due to nozzle reaction and water surges so that system per-
formance and integrity is maintained.

6.3.3 Piping Drainage.

6.3.3.1 All water spray system pipe and fittings shall be in-
stalled so that the system can be drained.

6.3.3.2 Drains shall discharge to a safe location, and drain
valves, where provided, shall be accessible.

6.3.3.3 Drains shall not be directly interconnected with any
sewer systems.

6.3.3.4 The drain discharge shall conform to any health or
water department regulations.

6.3.3.5 Means shall be provided to verify water flow through
the drain.

6.3.3.6* Each system shall be provided with drain connections
for system risers, mains, and actuation valves.

6.3.3.7 Drain connections shall be sized as shown in
Table 6.3.3.7.

6.3.3.8 Auxiliary Drains.

6.3.3.8.1 Auxiliary drains shall be provided where a change in
piping direction prevents drainage of system piping through ei-
ther the main drain valve or open water spray nozzles.

6.3.3.8.2 The sizing of auxiliary drains for water spray systems
shall be in accordance with Table 6.3.3.8.2.

Table 6.3.3.7 Drain Size

Riser or Main Size
(in.)

Size of Drain Connection
(in.)

Up to 2 3⁄4 or larger
21⁄2, 3, 31⁄2 11⁄4 or larger

4 and larger 2 only

Note: For SI units, 1 in. = 25.4 mm.

Table 6.3.3.8.2 Minimum Auxiliary Drain Size for Trapped
Water Spray Piping

Volume of Trapped Piping
Drain Size

(in.)gal L

< 5 < 18.9 1⁄2
5 to 50 18.9 to 189.3 3⁄4

> 50 > 189.3 1.0

Note: For SI units, 1 gal = 3.8 L; 1 in. = 25.4 mm.

Table 6.3.2.2.1 Maximum Pipe Stand Heights

Pipe Stand Diameter

Diameter
of Pipe 11⁄2 in. 2 in. 21⁄2 in. 3 in. 4 in.

11⁄2 in. 10 ft 14 ft 18 ft 28 ft 30 ft
2 in. 8 ft 12 ft 16 ft 26 ft 30 ft

21⁄2 in. 6 ft 10 ft 14 ft 24 ft 30 ft
3 in. — 8 ft 12 ft 22 ft 30 ft

>3 in. — — — — 10 ft

Note: For SI units, 1 in. = 25.4 mm; 1 ft = 0.305 m.
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6.3.4 Protection Against Freezing.

6.3.4.1 Where used, valve rooms shall be lighted and heated.

6.3.4.2 The source of heat shall be of a permanently installed
type and shall be capable of maintaining a room temperature
at a minimum of 40°F (4°C).

6.3.4.3 Where water-filled supply pipes, risers, system risers, or
feed mains pass through open areas, cold rooms, passageways, or
other areas exposed to freezing, the pipe shall be protected
against freezing by insulating coverings, frostproof casing, or
other means capable of maintaining a minimum temperature of
40°F (4°C).

6.3.4.4 Unheated areas shall be permitted to be protected by
antifreeze systems in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems, if acceptable to the authority
having jurisdiction.

6.3.5 Protection Against Damage Where Subject to Earthquakes.
Protection of piping against damage where subject to earth-
quakes shall be in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems.

6.3.6* Protection of Piping Against Damage Where Explosion
Potential Exists. Where water spray systems are installed in
areas having an explosion potential, they shall be installed in a
manner that will minimize damage to the piping and system
control and actuation valves.

6.4 System Attachments.

6.4.1 Alarms.

6.4.1.1 All automatic water spray systems shall be provided
with a local alarm.

6.4.1.2 Any flow from a single automatic nozzle of the small-
est orifice size installed on the system or flow from any group
of nonautomatic nozzles shall result in an audible alarm on
the premises within 90 seconds after flow begins.

6.4.1.3 Where a separate detection system is used to activate the
water spray system, the alarm shall be actuated independently of
system water flow to indicate operation of the detection system.

6.4.1.4 Water flow alarms shall be installed in accordance
with NFPA 13, Standard for the Installation of Sprinkler Systems.

6.4.1.5 Electrically operated alarm attachments shall be in-
stalled in accordance with NFPA 72, National Fire Alarm and Signal-
ing Code.

6.4.1.6 Water spray system water flow alarm systems that are
not a part of a required protective signaling system shall not be
required to be supervised, but shall be installed in accordance
with Article 760 of NFPA 70, National Electrical Code.

6.4.2 Remote Manual Actuation.

6.4.2.1 At least one manual actuation device independent of
the manual actuation device at the system actuation valve shall
be installed for all automatic systems.

6.4.2.2 Where the manual release at the systems actuation valve
meets the requirements of 6.4.2.1, a separate remote manual ac-
tivation device shall not be required.

6.4.2.3 Systems that protect normally unoccupied areas shall
not require a separate manual activation means.

6.4.2.4 Remote manual actuation devices shall be located so
as to be conspicuous, unobstructed, and accessible during an
emergency.

6.4.2.5 Remote manual actuation devices shall be identified
with a permanently marked weatherproof metal or rigid plas-
tic sign identifying the system(s) controlled.

6.4.2.6 The operable part of each remote manual actuation
device shall be not less than 31⁄2 ft (1.1 m) and not more than
41⁄2 ft (1.37 m) above grade or floor level.

6.4.3* Fire Department Connections.

6.4.3.1* One or more fire department connections shall be
provided as described in this subsection.

6.4.3.2 Fire department connections shall not be required
for the following installations:

(1) Systems located in remote areas that are inaccessible for
fire department support shall not require a fire depart-
ment connection.

(2) Large-capacity systems exceeding the pumping capacity
of the fire department shall not require a fire department
connection.

(3) Ultra-high-speed water spray systems shall not require a
fire department connection.

6.4.3.3 The number of outlets and size of the outlets and piping
in the fire department connection shall be sufficient to supply
the water spray system demand.

6.4.3.4 The arrangement and other installation features of fire
department connections shall be in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems.

6.4.4 Gauges.

6.4.4.1 Pressure gauges shall be installed as follows:

(1) Below the system actuation valve
(2) Above and below alarm check valves
(3) On the air or water supply to pilot lines

6.4.4.2 Pressure gauges shall be installed so as to permit re-
moval.

6.4.4.3 Pressure gauges shall be located where they will not
be subject to freezing.

6.4.4.4 Provisions shall be made for test gauges at or near the
highest or most remote nozzle on each separate section of the
system.

6.4.4.5 At least one gauge connection shall be provided at or
near the nozzle calculated as having the least pressure under
normal flow conditions.

6.4.5 Alarm Test Connection for Wet Pipe Systems. An alarm
test connection shall be provided for all wet pipe systems in accor-
dance with NFPA13, Standard for the Installation of Sprinkler Systems.

6.4.6 Strainers.

6.4.6.1* Main pipeline strainers shall be provided for all sys-
tems utilizing nozzles with waterways less than 3⁄8 in. (9.5 mm)
and for any system where the water is likely to contain obstruc-
tive material.

6.4.6.2 Mainline pipeline strainers shall be installed so as to
be accessible for flushing or cleaning.
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6.4.6.3 Individual or integral strainers shall be provided at each
nozzle where waterways smaller than 3⁄16 in. (5 mm) are used.

6.5 Automatic Detection Equipment.

6.5.1 Protection.

6.5.1.1 Corrosion Protection. Detection equipment installed
outdoors or in the presence of possible corrosive vapors or atmo-
spheres shall be protected from corrosion by suitable materials of
construction or by suitable protection coatings applied by the
equipment manufacturer.

6.5.1.2 Protective Canopy. Detection equipment requiring pro-
tection from the weather shall be provided with a canopy, hood,
or other suitable protection.

6.5.1.3* Mechanical Damage. Detection equipment shall be
located so as to be protected from mechanical damage.

6.5.1.4 Mounting. Detectors shall, in all cases, be supported
independently of their attachment to wires or tubing.

6.5.1.5 Pilot Sprinklers. Pilot-type automatic sprinklers shall
be permitted to be supported by their piping or tubing.

6.5.2 Selection, Location, and Spacing of Detectors.

6.5.2.1 The selection, location, and spacing of automatic fire
detectors for the actuation of fixed water spray systems shall meet
or exceed the applicable requirements of NFPA 72, National Fire
Alarm and Signaling Code, and be consistent with the following:

(1) Data obtained from field experience
(2) Tests
(3) Engineering surveys
(4) Manufacturer’s recommendations
(5) Detectors’ listing criteria
(6) Nature of the hazard being protected
(7) Both normal and abnormal air velocities
(8) Range of anticipated temperatures
(9) Maximum expected rates of temperature change under

nonfire conditions
(10) Number and height of structural levels
(11) Effects of precipitation (rain and snow)
(12) Presence and magnitude of electromagnetic interference
(13) Presence of obstructions that might retard or mitigate

timely detection
(14) Other conditions that might affect the efficacy of the fire

detection employed

6.5.2.2 Detectors shall be located so as to promptly respond
to a fire, flammable gas release, or other design condition.

6.5.2.2.1 The detection system shall be capable of detecting a
fire up to the elevation of the highest level of protected equip-
ment surface.

6.5.2.2.2 Detectors shall be located so that no portion of the
hazard being protected extends beyond the perimeter line of
detectors.

6.5.2.3* Outdoor Detector Spacing.

6.5.2.3.1 Where located out of doors or in the open, the
spacing of fixed temperature or rate-of-rise detectors shall
be reduced by at least 50 percent from the listed spacings
under smooth ceilings.

6.5.2.3.2 Where testing has demonstrated acceptable perfor-
mance at other spacings, those spacings shall be permitted.

6.5.2.3.3 Pilot sprinklers spaced in accordance with 6.5.2.4
shall not require reduced spacing.

6.5.2.3.4 Where specific guidance is provided in the listing, de-
tectors specifically listed for outdoor installation shall be installed
in accordance with the listing requirements.

6.5.2.4 Pilot-Type Sprinklers.

6.5.2.4.1 The temperature rating of pilot-type sprinklers shall
be selected in accordance with NFPA 13, Standard for the Instal-
lation of Sprinkler Systems.

6.5.2.4.2 Where located under a ceiling, pilot sprinklers shall
be positioned in accordance with the requirements for auto-
matic sprinklers in NFPA 13, Standard for the Installation of Sprin-
kler Systems.

6.5.2.4.3 Maximum horizontal spacing for indoor locations
shall not exceed 12 ft (3.7 m).

6.5.2.4.4 The obstruction to water distribution rules for auto-
matic sprinklers shall not be required to be followed where
pilot sprinklers are used.

6.5.2.4.5 Pilot sprinklers shall be permitted to be spaced more
than 22 in. (559 mm) below a ceiling or deck where the maxi-
mum spacing between pilot sprinklers is 10 ft (3 m) or less.

6.5.2.4.6 Other maximum horizontal pilot sprinkler spac-
ings differing from those required in 6.5.2.4.2 and 6.5.2.4.3
shall be permitted where they are installed in accordance
with their listing.

6.5.2.4.7 Pilot sprinklers located outdoors, such as in open
process structures, shall be spaced such that the elevation of a
single level of pilot sprinklers and between additional levels of
pilot sprinklers shall not exceed 17 ft (5.2 m).

6.5.2.4.8 The horizontal distance between pilot sprinklers in-
stalled outdoors shall not exceed 8 ft (2.5 m).

6.5.2.4.9 The horizontal distance between pilot sprinklers in-
stalled outdoors on a given level shall be permitted to be in-
creased to 10 ft (3 m) where the elevation of the first level does
not exceed 15 ft (4.6 m), the distance between additional lev-
els does not exceed 12 ft (3.7 m), and the pilot sprinklers are
staggered vertically.

6.5.2.4.10 Other vertical pilot sprinkler spacings differing
from those required in 6.5.2.4.7 and 6.5.2.4.8 shall be permit-
ted where installed in accordance with their listing.

6.5.2.5 Special Situations.

6.5.2.5.1 Open-Sided Buildings.

6.5.2.5.1.1 Detectors located in open-sided buildings shall
follow the indoor spacing rules.

6.5.2.5.1.2 A line of detectors in accordance with the outdoor
detector spacing rules shall be located along the open sides of
open-sided buildings.

6.5.2.5.2 Under Open Gratings. Detectors located under open
gratings shall be spaced in accordance with 6.5.2.3.

6.5.2.6 Two or More Systems. Where there are two or more
adjacent water spray systems in one area controlled by sepa-
rate detection systems, the detectors on each system shall be
spaced independently as if the dividing line between the sys-
tems were a wall or draft curtain.
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6.5.2.7* Flammable Gas Detectors.

6.5.2.7.1 Flammable gas detectors shall be located with con-
sideration for the density of the flammable gas and its tem-
perature and proximity to equipment where leakage is more
likely to occur.

6.5.2.7.2 Access for testing, calibration, and maintenance of
flammable gas detectors shall be provided.

6.5.2.8 Radiant Energy-Sensing Fire Detectors. Radiant energy-
sensing fire detectors shall be spaced and located in accor-
dance with their listings and manufacturer’s recommenda-
tions.

6.5.3 Arrangement and Supervision of Systems.

6.5.3.1 Electrical Systems.

6.5.3.1.1 Water spray systems that depend on electric thermo-
stats, relay circuits, flammable gas detectors, or other similar
equipment shall be so arranged that such equipment is nor-
mally energized or completely supervised in a manner that will
result in positive notifications of an abnormal condition in
accordance with NFPA 72, National Fire Alarm and Signaling
Code, unless failure of the detection system results in the op-
eration of the water spray system.

6.5.3.1.2 Supervision shall include, but not be limited to, the
tripping device, solenoid valve, and any connecting wiring.

6.5.3.2 Pneumatic and Hydraulic Systems. Pneumatically and
hydraulically operated systems shall be supervised in a manner
such that failure will result in positive notification of the ab-
normal condition, unless the failure results in operation of the
water spray system.

Chapter 7 Design Objectives

7.1 System Design.

7.1.1 Systems shall be arranged for automatic operation with
supplementary manual tripping means provided.

7.1.2 Manual operation shall be permitted where automatic
operation of the system presents a hazard to personnel.

7.1.3 Manual operation of the system shall be permitted where
a system is isolated and attended by trained personnel at all times.

7.1.4 Systems shall be designed to accomplish at least one of
the design objectives defined in Section 4.1 and in accordance
with Sections 7.2 through 7.5, as applicable.

7.1.5 Systems shall be permitted to have other design objec-
tives requiring different protection where approved by the au-
thority having jurisdiction.

7.1.6* The system and water supplies shall be designed to ad-
mit water into the piping and to discharge effective water spray
from all open nozzles without delay.

7.1.7 The design shall ensure that the nozzle spray patterns
meet or overlap.

7.1.8 Nozzle spacing (vertically or horizontally) shall not ex-
ceed 10 ft (3 m).

7.1.9 Nozzles shall be permitted to exceed the spacing require-
ments of 7.1.8 where listed for spacing exceeding 10 ft (3 m).

7.1.10 Size of System and Water Demand.

7.1.10.1* A single system shall not protect more than one fire
area.

7.1.10.2* The number of systems expected to operate simulta-
neously shall be determined by evaluating the following factors:

(1) Possible flow of burning liquids between areas before or
during operation of the water spray systems

(2) Possible flow of hot gases between fire areas that could
actuate adjoining systems, thereby increasing demand

(3) Flammable gas detection set to automatically actuate systems
(4) Manual operation of multiple systems
(5) Other factors that would result in operation of systems

outside of the primary fire area

7.1.10.3 The hydraulically designed discharge rate for a single
system or multiple systems designed to operate simultaneously
shall not exceed the available water supply. (See 9.2.1.)

7.2 Extinguishment.

7.2.1 General.

7.2.1.1 Design Objective. Systems shall be designed so that ex-
tinguishment shall be accomplished and all protected surfaces
shall be cooled to prevent flashback occurring after the system is
shut off.

7.2.1.2* Extinguishment Methods. Extinguishment of fires by
water spray shall be accomplished by one or a combination of
the following methods:

(1) Surface cooling
(2) Smothering by produced steam
(3) Emulsification
(4) Dilution
(5) Other factors

7.2.1.3* Design Density. A general range of water spray applica-
tion rates that shall apply to most ordinary combustible
solids or liquids shall be from 0.15 gpm/ft2 to 0.50 gpm/ft 2

[6.1 (L/min)/m2 to 20.4 (L/min)/m2] of protected surface.

7.2.1.3.1 The specific design density for extinguishment shall
be based on test data or knowledge concerning conditions simi-
lar to those that will apply in the actual installation.

7.2.2 Cable Trays and Cable Runs.

7.2.2.1* Where insulated wire and cable or nonmetallic tubing is
to be protected by an automatic water spray (open nozzle) system
designed for extinguishment of fire that originates within the
cable or tube, the system shall be hydraulically designed to im-
pinge water directly on each tray or group of cables or tubes at a
net rate of 0.15 gpm/ft2 [6.1 (L/min)/m2] on the projected
plane containing the cable or tubing tray or run.

7.2.2.2 Cable trays and cable runs shall be permitted to be
protected by other water spray densities and methods of appli-
cation where verified by tests and where acceptable to the au-
thority having jurisdiction.

7.2.2.3* Automatic detection devices shall detect smoldering
or slow-to-develop flames.

7.2.2.4 Where it is likely that spills of flammable liquids or mol-
ten materials will expose cables, nonmetallic tubing, and tray sup-
ports, the design of protection systems shall be in accordance
with that specified for exposure protection. (See 7.4.3.8.)
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7.2.3 Belt Conveyors.

7.2.3.1 General.

7.2.3.1.1 Open nozzles shall be located to direct water spray
onto the surfaces to extinguish fire in hydraulic oil, the belt,
the contents on the belt, or the drive unit.

7.2.3.1.2 Water spray impingement on structural elements
shall provide exposure protection against radiant heat or im-
pinging flame.

7.2.3.1.3 Interlocks shall be provided between the detection
system and the machinery to shut down belt conveyor opera-
tion, including upstream feed. (See Sections 6.5 and 7.7.)

7.2.3.1.4 The water supply shall be capable of supplying both
the design flow rate and 250 gpm (946 L/min) for hose streams
for a minimum duration of 1 hour.

7.2.3.2* Drive Unit.

7.2.3.2.1 The water spray system shall be installed to protect the
drive rolls, the take-up rolls, the power units, and the hydraulic-
oil unit.

7.2.3.2.2 The net rate of water application for the drive unit
shall be not less than 0.25 gpm/ft2 [10.2 (L/min)/m2] of roll
and belt.

7.2.3.3 Conveyor Belt.

7.2.3.3.1* The water spray system shall be installed to automati-
cally wet the top belt, its contents, and the bottom return belt.

7.2.3.3.2 Discharge patterns of water spray nozzles shall en-
velop, at a net rate of not less than 0.25 gpm/ft2 [10.2 (L/min)/
m2], the top and bottom belt surface area, conveyor surfaces
where combustible materials are likely to accumulate, the struc-
tural parts, and the idler rolls supporting the belt.

7.2.3.3.3 Water spray system protection for belt conveyors
shall accomplish either of the following:

(1) Extend onto transfer belts, transfer equipment, and trans-
fer building

(2) Interlock in such a manner that the water spray system pro-
tecting the feeding belt will automatically actuate the water
spray system protecting the first segment of the downstream
equipment

7.3 Control of Burning.

7.3.1 General.

7.3.1.1* A system for the control of burning shall operate as in-
tended until there has been time for the burning material to be
consumed, for steps to be taken to shut off the flow of leaking
material, or until the burning material can be otherwise extin-
guished.

7.3.1.2 Nozzles shall be positioned to impinge water directly
on the areas of the source of fire and where spills are likely to
spread or accumulate.

7.3.1.3 The water application rate shall be at a net rate of not
less than 0.50 gpm/ft2 [20.4 (L/min)/m2] of protected area.

7.3.2* Pumps, Compressors, and Related Equipment. Pumps
or other devices that handle flammable liquids or gases shall have
the shafts, seals, and other critical parts enveloped by directed
water spray at a net rate of not less than 0.50 gpm/ft2 [20.4 (L/
min)/m2] of projected surface area of the equipment.

7.3.3 Flammable and Combustible Liquid Pool Fires. Water
spray systems designed to control pool fires resulting from a flam-
mable or combustible liquid spill fire shall be designed to apply a
net rate of not less than 0.30 gpm/ft2 [12.2 (L/min)/m2] of
protected area.

7.3.3.1 Subsection 7.3.3 shall apply to the control of pool
fires resulting from a flammable or combustible liquid spill.

7.3.3.2 The water spray system shall be designed to apply a
net rate of not less than 0.30 gpm/ft2 [12.2 (L/min)/m2] of
protected area.

7.4 Exposure Protection.

7.4.1* General. A system for exposure protection shall operate
as intended for the anticipated duration of the exposure fire.

7.4.2* Vessels.

7.4.2.1 Water spray shall be applied to vessel surfaces (including
top and bottom surfaces of vertical vessels) at a net rate of not less
than 0.25 gpm/ft2 [10.2 (L/min)/m2] of exposed surface.

7.4.2.2* Where rundown is contemplated, the distance be-
tween nozzles at different levels or elevations, protecting verti-
cal or inclined surfaces, shall not exceed 12 ft (3.7 m) as mea-
sured along the surface.

7.4.2.3* The horizontal distance between nozzles shall be such
that spray patterns meet or overlap at the protected surface.

7.4.2.4 Spherical or horizontal cylindrical surfaces below the
vessel equator shall not be considered wettable from rundown.

7.4.2.5 Where projections (manhole flanges, pipe flanges, sup-
port brackets, relief valves, etc.) will obstruct water spray cover-
age, including rundown on vertical surfaces, additional nozzles
shall be installed around the projections to maintain the wetting
pattern that otherwise would be seriously interrupted.

7.4.2.6 All uninsulated vessel skirts and any uninsulated
steel saddles greater than 12 in. (305 mm) high at the low-
est point shall have water spray applied on one exposed
(uninsulated) side, at a net rate of not less than 0.25 gpm/ft2

[10.2 (L/min)/m2].

7.4.3 Structures and Miscellaneous Equipment.

7.4.3.1* Horizontal Structural Steel. Horizontal, stressed (pri-
mary) structural steel members shall be protected by nozzles
and piping of such size and arrangement to discharge a net
rate of not less than 0.10 gpm/ft2 [4.1 (L/min)/m2] over the
wetted area, as per Figure 7.4.3.1.

7.4.3.2 Horizontal structural steel that has been encased in
fire-resistant insulating material to provide a level of fire resis-
tance acceptable to the authority having jurisdiction shall not
require water spray protection.

Wetted
surface

FIGURE 7.4.3.1 Wetted Surface of a Structural Member (a
beam or column).
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7.4.3.3 Alternative Engineering Analysis for Horizontal Struc-
tural Steel. Horizontal structural steel shall not require water
spray exposure protection where all of the following are met:

(1) Horizontal structural steel shall be analyzed and deter-
mined, through calculations certified by a registered profes-
sional engineer, to withstand the worst-case postulated fire.

(2) Calculations shall verify that the temperature of the steel
members does not exceed that which would compromise
structural integrity.

(3) The calculation methodology shall be approved and ac-
ceptable to the authority having jurisdiction.

7.4.3.4* Vertical Structural Steel. Vertical structural steel mem-
bers shall be protected by nozzles and piping of such size and
arrangement as to discharge a net rate of not less than 0.25 gpm/
ft2 [10.2 (L/min)/m2] over the wetted area. (See Figure 7.4.3.1.)

7.4.3.5 Vertical structural steel that has been encased in fire-
resistant insulating material to provide a level of fire resistance
acceptable to the authority having jurisdiction shall not re-
quire water spray protection.

7.4.3.6 Alternative Engineering Analysis for Vertical Structural
Steel. Vertical structural steel shall not require water spray ex-
posure protection where all of the following are met:

(1) Vertical structural steel shall be analyzed and determined,
through calculations certified by a registered professional
engineer, to withstand the worst-case postulated fire.

(2) Calculations shall verify that the temperature of the steel
members does not exceed that which would compromise
structural integrity.

(3) The calculation methodology shall be approved and ac-
ceptable to the authority having jurisdiction.

7.4.3.7 Metal Pipe, Tubing, and Conduit.

7.4.3.7.1 Water spray intended to protect metal pipe, tubing,
and conduit in racks shall be directed toward the underside of
the pipes, tubes, and conduit.

7.4.3.7.2 Water spray protection shall be permitted to be ap-
plied to the top of pipes on racks where water spray piping can-
not be installed below the rack due to the potential of physical
damage or where space is inadequate for proper installation.

7.4.3.7.3 The levels protected and the densities required
shall be in accordance with Table 7.4.3.7.3.

7.4.3.7.4 Water spray shall be applied to the underside of the
top level even if located immediately above a protected level.

7.4.3.7.5 Nozzles shall be selected and positioned such that
spray patterns meet or overlap at the protected surface for the
entire width of the rack.

7.4.3.7.6 Nozzles shall be positioned no more than 21⁄2 ft
(0.8 m) below the bottom of the level being protected.

7.4.3.7.7 Where the rack horizontal support members create
an obstruction to the spray pattern, nozzles shall be spaced
within the bays.

7.4.3.7.8 Vertical structural supports shall be protected in ac-
cordance with 7.4.3.4.

7.4.3.7.9 Vertically stacked piping shall be protected by water
spray directed at one side (vertical plane) of the piping at a
net rate of not less than 0.15 gpm/ft2 [6.1 (L/min)/m2].

7.4.3.8 Cable Trays and Cable Runs.

7.4.3.8.1 Where insulated wire, cable, or nonmetallic tubing
in open trays or runs is to be protected by water spray from a
spill fire exposure, a net rate of not less than 0.30 gpm/ft2

[12.2 (L/min)/m2] of projected horizontal or vertical plane
area containing the cables or tubes shall be provided.

7.4.3.8.2 Water spray nozzles shall be arranged to supply wa-
ter at this rate both over and under (or to the front and rear
of) cable or tubing runs and to the racks and supports.

7.4.3.8.3 Flame Shield Use.

7.4.3.8.3.1 Where flame shields equivalent to 1⁄16 in. (1.6 mm)
thick steel plate are mounted below cable or tubing runs, the
water density requirements shall be permitted to be reduced to a
net rate of not less than 0.15 gpm/ft2 [6.1 (L/min)/m2] over the
upper surface of the cable or rack.

7.4.3.8.3.2 The steel plate or equivalent flame shield shall be
wide enough to extend at least 6 in. (152 mm) beyond the side
rails of the tray or rack in order to deflect flames or heat ema-
nating from spills below cable or conduit runs.

7.4.3.8.4 Where other water spray nozzles are arranged to
extinguish, control, or cool exposing liquid surfaces, the water
spray density shall be permitted to be reduced to a net rate of
not less than 0.15 gpm/ft2 [6.1 (L/min)/m2] over the upper
surface, front, or back of the cable or tubing tray or run.

7.4.4 Transformers.

7.4.4.1* Transformer protection shall provide complete water
spray impingement on all exposed exterior surfaces.

7.4.4.2 Where there is insufficient space to install water spray
nozzles underneath transformers such that the water spray
cannot directly impinge upon the bottom surfaces, it shall be
permitted to protect the surfaces underneath the transformer
by horizontal projection or by nozzles directed to cool the area
below the transformer projections.

7.4.4.3 Application and Protection.

7.4.4.3.1 The water shall be applied at a net rate not less than
0.25 gpm/ft2 [10.2 (L/min)/m2] of projected area of rectan-
gular prism envelope for the transformer and its appurte-
nances, and not less than 0.15 gpm/ft2 [6.1 (L/min)/m2] on
the expected nonabsorbing ground surface area of exposure.

Table 7.4.3.7.3 Protection of Metal Pipe, Tubing, and
Conduit

Number
of Rack
Levels

Plan View
Density at

Lowest Level

Plan View
Density at

Upper Level(s)*

Levels
Requiring
Nozzles

gpm
/ft2

(L/min)
/m2

gpm
/ft2

(L/min)
/m2

1 0.25 10.2 N/A N/A All
2 0.20 8.2 0.15 6.1 All
3, 4, or 5 0.20 8.2 0.15 6.1 Alternate
6 or

more
0.20 8.2 0.10 4.1 Alternate

*The table values contemplate exposure from a spill fire.
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7.4.4.3.2 The water shall be applied at a net rate of not less
than 0.15 gpm/ft2 [6.1(L/min)/m2] on the expected nonab-
sorbing ground surface area of exposure.

7.4.4.3.3 Water spray application as specified in 7.4.4.3.1 and
7.4.4.3.2 shall be provided for special configurations, conser-
vator tanks, pumps, and so forth.

7.4.4.3.4 Where transformer components create spaces
greater than 12 in. (305 mm) in width, the surfaces shall be
individually protected.

7.4.4.3.5 Where there is insufficient clearance to achieve di-
rect impingement, it shall be permitted to protect the surfaces
underneath the transformer by horizontal projection or by
nozzles directed to cool the area below the transformer pro-
jections.

7.4.4.3.6 The water supply shall be capable of supplying both
the design flow rate and 250 gpm (946 L/min) for hose streams
for a minimum duration of 1 hour.

7.4.4.4 Water spray piping shall not be routed across the top
of the transformer tank or across the face of the transformer
cabinet.

7.4.4.5 Piping shall be permitted to be routed across the top
of the transformer tank or across the face of the transformer
cabinet, where impingement cannot be accomplished with
any other configuration and the required distance from live
electrical components is maintained. (See 6.1.2.)

7.4.4.6 Nozzles shall be positioned such that the water spray
does not envelop energized bushings or lightning arresters by
direct impingement.

7.4.4.7 Direct impingement of water spray on energized bush-
ings and/or lightning arresters shall be permitted only when au-
thorized by the manufacturer or manufacturer’s literature and
the owner.

7.5* Flammable Vapor Mitigation.

7.5.1* Design for Vapor Mitigation.

7.5.2 The water spray system shall be designed to operate within
the necessary time and shall discharge water for the duration
needed to dissolve, dilute, disperse, or cool the flammable va-
pors, gases, or hazardous materials.

7.5.3 The duration of the release of the flammable materials
shall be included in the determination of the water spray du-
ration time.

7.5.4 The minimum net rate of application shall be based on
field experience with the product or on actual test data.

7.5.5 The design area of the water spray system shall cover
the entire area of any potential spill anticipated, such as the
area of a containment dike, pit, and so forth.

7.5.6 Nozzles of the water spray system shall be located to
cover all potential leak points, such as fill and discharge con-
nections, relief valves, flexible connections, flanges, pumps,
valves, vessels, and so forth.

7.5.7 The water spray system shall be activated automatically
by gas/vapor detection in accordance with 6.5.2.7 and manu-
ally from both the system area and remotely, such as from a
control room.

7.5.7.1* It shall be permitted to have the vapor mitigation sys-
tem activated by both gas/vapor detection and another detec-
tion system, such as flame or heat detection, but the gas/vapor
detection system shall be capable of activating the water spray
system alone.

7.5.8 Notification of Personnel. Personnel shall be notified
upon receipt of any detection signal in accordance with NFPA 72,
National Fire Alarm and Signaling Code.

7.5.9 Fire Risk Analysis. A fire risk analysis shall be conducted
that considers the following additional items in the design of
the water spray system for vapor mitigation:

(1) Importance to continuity of operation
(2) Size, type, location, and construction of equipment
(3) Physical properties of the chemicals involved
(4) Water supply
(5) Value of equipment
(6) Climate
(7) Water delivery time
(8) Environment
(9) Access for fire fighting

(10) Projected flammable liquid or material spill pattern
(11) Potential for flammable vapor release
(12) Proximity of personnel to hazard area
(13) Protection of system actuation valve from fire and ex-

plosion
(14) Blast containment and pressure relief
(15) Protection of electrical circuits, including explosion-

proof equipment
(16) Potential for fire spread beyond hazard area
(17) Required replacement time for process equipment
(18) Potential for business interruption
(19) Notification of personnel upon vapor detection

7.6 Combined Systems.

7.6.1* General.

7.6.1.1 The sprinkler system portion of combined systems
shall be designed and installed in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems.

7.6.1.2 The water spray portion of any combined system shall
be designed and installed in accordance with this standard.

7.6.2* Design.

7.6.2.1 The system demand shall include the simultaneous hy-
draulic demand from all sprinklers and water spray nozzles on
the system.

7.6.2.2 The water spray component of the combined demand
shall not reduce the minimum required sprinkler discharge
density.

7.7 Automatic Detection Equipment.

7.7.1* General. Detection systems providing an actuation signal
to fixed water spray systems shall be designed in accordance with
NFPA 72, National Fire Alarm and Signaling Code.

7.7.2 The spacing, location, and position of detectors shall be
in accordance with 6.5.2.

7.7.3* The following shall be evaluated when selecting and
adjusting detection equipment:

(1) Normally changing conditions
(2) Non-fire temperature changes

7.7.4* Response Time.

7.7.4.1 The detection system shall be designed to cause ac-
tuation of the system actuation valve to operate without delay.

7.7.4.2 Where ambient conditions exist that cause false sys-
tem operations, detection systems shall be permitted to in-
clude delays that would override these conditions.
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Chapter 8 Plans and Hydraulic Calculations

8.1 General.

8.1.1* Hydraulic calculations shall be conducted as part of the
design of the piping system to determine that the required
pressure and flow is available at each nozzle.

8.1.2* Minimum operating pressure of any nozzle protecting
outdoor hazards shall be 20 psi (1.4 bar).

8.1.3 Nozzles protecting interior hazards shall have mini-
mum operating pressures in accordance with their listing.

8.1.4* Except where permitted by 8.1.5, correction for velocity
pressure shall be included in the calculations.

8.1.5* The calculations shall be permitted to ignore velocity
pressure corrections where the velocity pressure does not ex-
ceed 5 percent of the total pressure at each junction point.

8.2 Working Plans.

8.2.1 General.

8.2.1.1 Working plans shall be submitted to the authority hav-
ing jurisdiction before any equipment is installed or remodeled.

8.2.1.2 Deviation from approved plans shall require permis-
sion of the authority having jurisdiction.

8.2.1.3 Working plans, including elevations, shall be drawn to
an indicated scale, show all essential details, and include the
following pertinent data as a minimum:

(1) The dates of initial submission and revisions.
(2) The name of the owner and occupant.
(3) The name and address of the contractor and layout tech-

nician.
(4) The location, including the street address.
(5) The point of the compass.
(6) The full height cross section.
(7) The structural features.
(8) The relative elevations of nozzles, junction points, and

supply or reference points.
(9) Full information concerning water supplies, including

such items as pumps, underground mains, earthquake pro-
tection, and flow test results.

(10) The make, type, size, location, position, and direction of
spray nozzles.

(11) The make, type, model, and size of the system actuation
valve, control valve, or special system valve. The method of
control valve supervision shall be indicated on the plans.

(12) The type and location of alarm devices to be provided.
(13) The type and location of the control panel.
(14) The number of each size and type of spray nozzles on

each system.
(15) The type of pipe and schedule of wall thickness, lengths

of pipe, and whether center to center or cutting lengths
are shown.

(16) The size and type of all fittings; the dimensions and loca-
tions of shop-welded sections.

(17) The sensing devices for detection, including the type,
arrangement, and location.

(18) The hydraulic reference points shown on the plan shall
correspond to comparable reference points on the hy-
draulic calculation sheets.

(19) The calculated system demand at a reference point.

(20) The total designed water demand with the number of
systems designed to operate simultaneously at a refer-
ence point, preferably the source of supply, including
hose streams and other fire protection equipment.

(21) The density requirements and hazard surface calcula-
tion, where applicable.

(22) The design objective of the system.
(23) The make, type, and location of hangers, supports, sleeves,

sway bracing, and inserts.
(24) All control and check valves, strainers, drain pipes, and

test pipes.
(25) A graphic representation of the scale used on all plans.
(26) The weight or class, lining, and size of underground pipe,

and the depth that the top of the pipe is to be laid below
grade.

(27) Provisions for flushing underground pipe.
(28) Accurate and complete layout of the hazard to be

protected.

8.2.1.4 The working plan submittal shall include manufactur-
er’s installation instructions for any specially listed equipment,
including descriptions, applications, and limitations for any
nozzles, devices, piping, fittings, supports, and bracing materials.

8.2.1.5 Where the equipment to be installed is an addition or
change to an existing system, details of the existing system shall
be indicated on the working plans to allow for review of the de-
sign and supporting hydraulic calculations.

8.3* Hydraulic Calculations.

8.3.1 Hydraulic calculations shall be prepared on forms that
include a summary sheet, detailed worksheet, and a graph sheet.

8.3.2 Summary Sheet. The summary sheet [for sample summary
sheet, see Figure B.1(a)] shall contain all of the following infor-
mation where applicable:

(1) The date
(2) The location
(3) The name of the owner and occupant
(4) The building or plant number
(5) A description of the hazard
(6) The name and address of the contractor and calculator
(7) The name of the authority having jurisdiction
(8) The design purpose
(9) The rates of the water application (density) and applied

areas in gpm/ft2 [L/min)/m2]
(10) The total system water requirements as calculated, in-

cluding allowance for hose streams
(11) The total designed water demand with number of systems

designed to operate simultaneously at a reference point,
preferably the source of supply, including hose streams and
other fire protection equipment

(12) Water supply information

8.3.3 Detailed Worksheets. Detailed worksheets or computer
printout sheets [for sample worksheet, see Figure B.1(b)] shall con-
tain all of the following information:

(1) Sheet number, date, job number, and identification of
calculations covered

(2) Description of discharge constant (K) (or provide the
discharge curve or tabulation) for each nozzle type

(3) Hydraulic reference points
(4) Flow in gpm (L/min)
(5) Pipe size in in. (mm)
(6) Pipe lengths, center to center of fittings (or cut lengths)

in ft (m)
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(7) Equivalent pipe lengths for fittings and devices in ft (m)
(8) Friction loss in psi (bar) between reference points
(9) Total friction loss in psi (bar) between reference points

(10) Elevation head in psi (bar) between reference points
(11) Required pressure in psi (bar) at each reference point
(12) Velocity pressure and normal pressure if included in cal-

culations
(13) Notes to indicate starting points, reference to other

sheets, or to clarify data shown
(14) Combined K-factor calculations for nozzles on drops,

armovers, or sprigs where calculations do not begin at
a nozzle

(15) Where extending existing equipment, hydraulic cal-
culations indicating the previous design, volume, and
pressure at points of connection, and adequate addi-
tional calculations to indicate effect on existing
systems

8.3.4* Graph Sheet.

8.3.4.1 The graph sheet shall be plotted on semi-logarithmic
graph paper (Q 1.85).

8.3.4.2 Water supply curves and system requirements, plus hose
demand if required, shall be plotted to present a graphic sum-
mary of the complete hydraulic calculation.

8.4 Water Supply Information. The following information shall
be included on the plans and calculations:

(1) Location and elevation of static and residual test gauge,
with relation to the system actuation valve reference
point

(2) Flow location
(3) Static pressure, psi (bar)
(4) Residual pressure, psi (bar)
(5) Flow, gpm (L/min)
(6) Date
(7) Time
(8) Source of water flow test information
(9) Other sources of water supply, with pressure or elevation

8.5 Hydraulic Calculation Procedures.

8.5.1 Formulae.

8.5.1.1 Friction Loss Formula. Pipe friction losses shall be de-
termined on the basis of the Hazen and Williams formula,

p
Q

C d
= 4 52 1 85

1 85 4 87

. .

. .

where:
p = frictional resistance (psi per foot of pipe)
Q = flow (gpm)
C = friction loss coefficient
d = actual internal diameter of pipe (in.)

or in SI units,

P
Q

C dm
m

m

= × ×6 05 10
1 85

1 85 4 87
5.

.

. .

where:
Pm = frictional resistance (bars per meter of pipe)
Qm = flow (L/min)

C = friction loss coefficient
dm = actual internal diameter (mm)

8.5.1.2* Velocity Pressure Formula. The velocity pressure shall
be determined on the basis of the formula,

P
Q

Dv = 0 001123 2

4

.

where:
Pv = velocity pressure (psi)
Q = flow (gpm)
D = inside diameter (in.)

8.5.1.3 Normal Pressure Formula. Normal pressure shall be
determined on the basis of the formula,

P P Pn t v= −

where:
Pn = normal pressure [psi (bar)]
Pt = total pressure [psi (bar)]
Pv = velocity pressure [psi (bar)]

8.5.1.4 Hydraulic Junction Points.

8.5.1.4.1 Hydraulic junction point calculations shall be bal-
anced within 0.5 psi (0.03 bar).

8.5.1.4.2 The highest pressure at the junction point, and the
total flows as adjusted, shall be carried into the calculations.

8.5.1.4.3 Hydraulic junction point calculations, except for
loops, shall be balanced to the higher pressure by the formula
(corrected for elevations),

Q
Q

P
P

1

2

1

2

=

8.5.1.5 Nozzle Discharge Formula.

8.5.1.5.1 The discharge of a nozzle shall be calculated by the
formula,

Q K P=

where:
Q = flow from the nozzle (gpm)
K = nozzle K-factor
P = total pressure at flow Q (psi)

or in SI units,

Q K Pm m m=

where:
Qm = flow (L/min)
Km = nozzle K-factor (where Km equals 14.4 K)
Pm = total pressure at flow Qm (bar)

8.5.1.5.2 The normal pressure (Pn), calculated by subtracting
the velocity pressure (Pv) from the total pressure (Pt), shall be
permitted to be used to calculate the nozzle discharge, unless the
nozzle is an end nozzle, where total pressure (Pt) is permitted per
8.1.5.

8.5.2 Equivalent Pipe Lengths of Valves and Fittings.

8.5.2.1 Table 8.5.2.1 shall be used to determine equivalent
lengths of valves and fittings, unless the manufacturer’s test data
indicates that other factors are appropriate.

8.5.2.2 Specific friction loss values or equivalent pipe lengths
for system actuation valves and other devices shall be made avail-
able to the authority having jurisdiction.
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8.5.2.3 Table 8.5.2.1 shall be used with a Hazen-Williams C
factor of 120 only. For other values of C, the quantities in Table
8.5.2.1 shall be multiplied by the factors given in Table 8.5.2.3.

8.5.3* Calculation Procedure.

8.5.3.1 Worksheets shall be provided to show the flow and pres-
sure for all nozzles and junction points to the water supply.

8.5.3.2 A graph sheet shall be included with the calculations
in accordance with 8.3.4.

8.5.3.3 The friction loss for all pipes, and devices such as valves,
meters, and strainers, shall be included in the calculation.

8.5.3.4 A legend of the symbols used for all devices shall be
included.

Table 8.5.2.1 Equivalent Pipe Length Chart

Fittings and Valves

Fittings and Valves Expressed in Equivalent Feet (Meters) of Pipe

3⁄4 in. 1 in. 11⁄4 in. 11⁄2 in. 2 in. 21⁄2 in. 3 in.

ft m ft m ft m m ft ft m ft m ft m

45° elbow 1 0.3 1 0.3 1 0.3 2 0.6 2 0.6 3 0.9 3 0.9
90° standard elbow 2 0.6 2 0.6 3 0.9 4 1.2 5 1.5 6 1.8 7 2.1
90° long turn

elbow
1 0.3 2 0.6 2 0.6 2 0.6 3 0.9 4 1.2 5 1.5

Tee or cross (flow
turned 90°)

4 1.2 5 1.5 6 1.8 8 2.4 10 3.1 12 3.7 15 4.6

Gate valve — — — — — — — — 1 0.3 1 0.3 1 0.3
Butterfly valve — — — — — — — — 6 1.8 7 2.1 10 3.1
Swing check* 4 1.2 5 1.5 7 2.1 9 2.7 11 3.4 14 4.3 16 4.9

Fittings and Valves Expressed in Equivalent Feet (Meters) of Pipe

Fittings and Valves

31⁄2 in. 4 in. 5 in. 6 in. 8 in. 10 in. 12 in.

ft m ft m ft m ft m ft m ft m ft m

45° elbow 3 0.9 4 1.2 5 1.5 7 2.1 9 2.7 11 3.4 13 4.0
90° standard elbow 8 2.4 10 3.1 12 3.7 14 4.3 18 5.5 22 6.7 27 8.2
90° long turn

elbow
5 1.5 6 1.8 8 2.4 9 2.7 13 4.0 16 4.9 18 5.5

Tee or cross (flow
turned 90°)

17 5.2 20 6.1 25 7.6 30 9.2 35 10.7 50 15.3 60 18.3

Gate valve 1 0.3 2 0.6 2 0.6 3 0.9 4 1.2 5 1.5 6 1.8
Butterfly valve — — 12 3.7 9 2.7 10 3.1 12 3.7 19 5.8 21 6.4
Swing check* 19 5.8 22 6.7 27 8.2 32 9.8 45 13.7 55 16.8 65 19.8

*Due to the variations in design of swing check valves, the pipe equivalents indicated in this chart are to be
considered average.
Notes:
(1) Use the equivalent ft (m) value for the “standard elbow” on any abrupt 90° turn such as the screw-type
pattern. Use the equivalent ft (m) value for the “long turn elbow” on any sweeping 90° turn such as flanged,
welded, or mechanical joint elbow type.
(2) For internal pipe diameters different from Schedule 40 steel pipe, the equivalent feet shown shall be
multiplied by a factor derived from the following formula:

actual inside diameter

Schedule 40 steel pipe inside diameteer
factor

⎛
⎝⎜

⎞
⎠⎟

=
4 87.

Table 8.5.2.3 C Value Multipliers

Hazen-Williams C Value Multiplying Factor

100 0.713
120 1.00
130 1.16
140 1.33
150 1.51

Notes:
(1) This is based upon the friction loss through the fitting being inde-
pendent of the C factor applicable to the piping.
(2) Specific friction loss values or equivalent pipe lengths for
alarm valves, dry-pipe valves, deluge valves, strainers, and other
devices or fittings should be made available to the authority having
jurisdiction.
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8.5.3.5 The friction loss of all fittings shall be calculated
where a change in direction of the flow occurs, as follows:

(1) The friction loss for a tee or a cross shall be calculated
where the flow direction change occurs, based on the
equivalent pipe length for the smaller size of the tee or
cross in the path of the turn. Friction loss for that portion
of the flow that passes straight through the run of a tee or
a cross shall not be included.

(2) The friction loss of reducing elbows shall be calculated
based on the equivalent length value in feet of the small-
est outlet.

(3) Friction loss shall be excluded for tapered reducers and
for the fitting directly supplying the spray nozzle.

8.5.3.6 Elevation changes affecting the discharge or the total
required pressure, or both, shall be included in the calcula-
tions at the point of occurrence.

8.5.3.7 The water allowance for hose stream(s), where served
from the same supply, shall be added to the system require-
ment at the system connection to the supply main.

8.5.3.8 The total water requirements shall then be calculated
to a known water supply reference point.

8.5.3.9 Orifice plates shall not be used for balancing the system.

8.5.3.10 Pipe friction loss shall be calculated in accordance
with the Hazen-Williams formula, using C values as shown in
Table 8.5.3.10, and using the actual internal pipe diameter in
the formula.

8.5.3.11 Different C values shall be permitted to be used
where required by the authority having jurisdiction.

Chapter 9 Water Supplies

9.1 General. Every water spray system shall have at least one
automatic water supply.

9.2 Volume and Pressure.

9.2.1 The water supplies shall be capable of providing the
required flow and pressure for the required duration, includ-
ing systems designed to operate simultaneously, as specified in
Chapter 7.

9.2.2 For water supply distribution systems, an allowance for
the flow rate of other fire protection water requirements shall
be made in determining the total water supply requirement.

9.3 Acceptable Water Supply Systems.

9.3.1* Water for water spray systems shall be from one or more
water supplies, such as the following:

(1) Connections to waterworks systems, in accordance with
NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances

(2) Gravity tanks, in accordance with NFPA 22, Standard for
Water Tanks for Private Fire Protection

(3) Fire pumps with adequate water supply, in accordance
with NFPA 20, Standard for the Installation of Stationary
Pumps for Fire Protection

(4) Pressure tanks, in accordance with NFPA 22, Standard for
Water Tanks for Private Fire Protection, and NFPA 13, Standard
for the Installation of Sprinkler Systems, sized per the hydrau-
lically calculated method

9.3.2 Installation of underground private fire service mains
connecting water spray systems to water supplies shall be in
conformance with the applicable criteria of NFPA 13, Standard
for the Installation of Sprinkler Systems.

Chapter 10 System Acceptance

10.1* Certification.

10.1.1 The contractor shall prepare and submit a set of as-
built drawings and hydraulic calculations of the system and
maintenance and instruction bulletins.

10.1.2 The installing contractor shall complete the following
procedures:

(1) Notify the authority having jurisdiction and the property
owner or the property owner’s authorized representative
of the time and date that testing will be performed

(2) Perform all required acceptance tests as required by this
chapter

(3) Complete and sign the contractor’s material and test certifi-
cate(s) as indicated in Figure 10.1.2(a) and Figure 10.1.2(b),
certifying that the work has been completed and tested in
accordance with approved plans and specifications

10.2 Flushing of Pipe.

10.2.1* Supply Piping. Underground mains and lead-in con-
nections to system risers shall be flushed thoroughly before
connection is made to system piping in order to remove for-
eign materials that might have entered the underground
mains or connections during the course of the installation or
that might have been present in existing piping. The mini-
mum flow rate shall be at least that necessary to provide a
velocity of 10 ft/sec (3 m/sec). (See Table 10.2.1.)

10.2.2 Where the system cannot provide a velocity of 10 ft/sec
(3 m/sec), then the supply piping shall be permitted to be
flushed at the maximum flow rate available to the system under
fire conditions.

10.2.3 The flushing operations for all systems shall be contin-
ued for a sufficient time to ensure thorough cleaning.

10.2.4 All system pipe shall be made free of debris that would
inhibit system discharge.

10.2.5 Where flushing is not possible, cleanliness shall be de-
termined by internal examination of all sections of pipe not
flushed.

Table 8.5.3.10 Hazen-Williams C Value for Pipe and Tube

Pipe or Tube
Hazen-Williams

C Value

Unlined cast or ductile iron 100
Galvanized steel (all) 120
Plastic (listed) —

underground
150

Cement lined cast or ductile
iron

140

Copper tube or stainless steel 150
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 NFPA 15 (p. 1 of 4)© 2011 National Fire Protection Association

CONTRACTOR’S MATERIAL AND TEST CERTIFICATE
FOR WATER SPRAY SYSTEM

Property Information

Building name:

Building address:

Owner’s name:

Owner’s address:

Owner’s phone /fax /e-mail:

System Designer/Contractor

Company name:

Address:

Contact person:

Designer qualifications:

Owner’s phone /fax/e-mail:

Submittal date:

Log no.:

File no.:

Plan examiner:

Approval date:

Permit no.:

General

Building type:      ❏ New      ❏ Existing      ❏ Renovation      Area:

Construction type: ❏ Fire-resistive      ❏ Noncombustible     ❏ Ordinary     ❏ Heavy timber
 ❏ Wood frame        ❏ Mixed

Occupancy classification:

Water Spray System Type

❏ Wet        ❏ Dry        ❏ Preaction        ❏ Deluge        ❏ Spray

Sprinkler/nozzle omitted in any areas? ❏ Yes    ❏ No

Spare sprinklers/nozzles provided? ❏ Yes    ❏ No

Sprinkler/nozzle wrench provided? ❏ Yes    ❏ No

Area of coverage:       ❏ Total        ❏ Partial        ❏ Special hazard        ❏ Other

Fire Pump

Fire pump provided?       ❏ Yes    ❏ No

If yes, rated capacity:                             gpm @                             psi

Type of pump:      ❏ Electric      ❏ Diesel      ❏ Steam

FIGURE 10.1.2(a) Contractor’s Material and Test Certificate for Water Spray System
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 NFPA 15 (p. 2 of 4)© 2011 National Fire Protection Association

CONTRACTOR’S MATERIAL AND TEST CERTIFICATE
FOR WATER SPRAY SYSTEM (continued)

Hydrostatic Test

All piping tested at                              psi for                              hours

Dry piping pneumatically tested? ❏ Yes    ❏ No

Equipment operates properly? ❏ Yes    ❏ No

Do you certify as the installing contractor that additives and corrosive chemicals,         ❏ Yes    ❏ No
sodium silicate, brine, or other corrosive chemicals were not used for testing 
systems or stopping leaks?

Main Drain Test

Static pressure:                                   psi  Residual pressure:                                   psi

Instructions

Has person in charge of fire equipment been instructed as to location of          ❏ Yes    ❏ No
control valves and care and maintenance of this new equipment?

If no, explain:

Have copies of the following been left on the premises?

 1. System components instructions ❏ Yes    ❏ No

 2. Care and maintenance instructions ❏ Yes    ❏ No

 3. NFPA 25 ❏ Yes    ❏ No

Year of 
manufacture

Temperature 
ratingOrifice size QuantityModelMake

Nozzles

Alarm Valve or Flow Indicator

Alarm device
Minimum time to operate 
through test connection

Type Make Model min. sec

FIGURE 10.1.2(a) Continued
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CONTRACTOR’S MATERIAL AND TEST CERTIFICATE
FOR WATER SPRAY SYSTEM (continued)

Dry valve Q.O.D.

Make Model Serial no. Make Model Serial no.

Alarm 
operated 
properly

Time water 
reached test 

outlet

Trip point 
air 

pressure
Air 

pressure
Water 

pressure
Time to trip through 

test connection

min.

Without 
Q.O.D.
With 

Q.O.D.

sec min. secpsi psipsi Yes No

Dry Pipe Operating Test

Deluge and Preaction Valves

Operation:       ❏ Pneumatic       ❏ Electric        ❏ Hydraulic

Piping supervised?     ❏ Yes    ❏ No  Detecting media supervised?     ❏ Yes    ❏ No

Does valve operate from the manual trip, remote, or both control actions?     ❏ Yes    ❏ No

Is there an accessible facility in each circuit for testing?     ❏ Yes    ❏ No

     If no, explain:

Tests

Drain test

Reading of gauge located near water supply test connection:                    psi (                    bar)

Residual pressure with valve in test connection open wide:                    psi (                    bar)

Underground main and lean-in connections to system risers  ❏ Yes    ❏ No
flushed before connection made to sprinkler piping?

Verified by copy of the Contractor’s Material and Test Certificate  ❏ Yes    ❏ No
for Underground Piping? 

Flushed by installer of underground sprinkler piping? ❏ Yes    ❏ No

     Other, explain:

If powder-driven fasteners are used in concrete, has representative  ❏ Yes    ❏ No
sample testing been satisfactorily completed?

     If no, explain:

Make Model

Does Each Circuit Operate 
Supervision Loss Alarm?

Maximum Time to 
Operate Release?

Does Each Circuit 
Operate Valve Release?

Yes No Yes No Min Sec

FIGURE 10.1.2(a) Continued
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CONTRACTOR’S MATERIAL AND TEST CERTIFICATE
FOR WATER SPRAY SYSTEM (continued)

Blank Testing Gasket

Number used:         Locations:                 Number removed:

Welding

Welding piping?     ❏ Yes    ❏ No

If yes . . . 

Do you certify as the sprinkler contractor that welding procedures used complied with ❏ Yes    ❏ No 
the minimum requirements of AWS B2.1, ASME Section IX, Welding and Brazing 
Qualifications, or other applicable qualification standard as required by the AHJ?

Do you certify that all welding was performed by welders or welding operators ❏ Yes    ❏ No 
qualified in accordance with the minimum requirements of AWS B2.1, ASME 
Section IX, Welding and Brazing Qualifications, or other applicable qualification 
standard as required by the AHJ?

Do you certify that the welding was conducted in compliance with a documented  ❏ Yes    ❏ No
quality control procedure to ensure that (1) all discs are retrieved; (2) that openings 
in piping are smooth, that slag and other welding residue are removed; (3) the 
internal diameters of piping are not penetrated; (4) completed welds are free from 
cracks, incomplete fusion, surface porosity greater than ¹⁄₁₆ in. diameter, undercut 
deeper than the less of 25% of the wall thickness or ¹⁄₃₂ in.; and (5) completed 
circumferential butt weld reinforcement does not exceed ³⁄₃₂ in.?

Cutouts (discs)

Do you certify that you have a control feature to ensure that all cutouts (discs)  ❏ Yes    ❏ No
are retrieved?

Hydraulic Data Nameplate

Nameplate provided?     ❏ Yes    ❏ No

 If no, explain:

Date left in service with all control valves open:

Tests Witnessed by

Owner/authorized agent  Title Date

Owner/authorized agent  Title Date

Additional explanations /notes:

FIGURE 10.1.2(a) Continued
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Contractor’s Material and Test Certificate for Underground Piping

Location

PROCEDURE
Upon completion of work, inspection and tests shall be made by the contractor’s representative and witnessed by an owner’s 
representative. All defects shall be corrected and system left in service before contractor’s personnel finally leave the job.

A certificate shall be filled out and signed by both representatives.  Copies shall be prepared for approving authorities, owners, and 
contractor.  It is understood the owner’s representative’s signature in no way prejudices any claim against contractor for faulty material, poor 
workmanship, or failure to comply with approving authority’s requirements or local ordinances.

Property name

Property address

Date

Plans

Accepted by approving authorities (names)

Address

Installation conforms to accepted plans

Equipment used is approved
If no, state deviations

Yes No

Yes No

Has person in charge of fire equipment been instructed as to location of 
control valves and care and maintenance of this new equipment?
If no, explain

Yes No

Have copies of appropriate instructions and care and maintenance
charts been left on premises?
If no, explain

Yes No

Supplies buildings

Underground 
pipes and joints

Pipe types and class Type joint

standard
standard

Yes No

Yes No

Joints needing anchorage clamped, strapped, or blocked in

accordance with
If no, explain

standard
Yes No

Test 
description

 L = testing allowance (makeup water), in gallons per hour
 S = length of pipe tested, in feet
 D = nominal diameter of the pipe, in inches
 P = average test pressure during the hydrostatic test, in pounds per square inch (gauge)

Flushing:  Flow the required rate until water is clear as indicated by no collection of foreign material in burlap bags at outlets such as 
hydrants and blow-offs.  Flush at flows not less than 390 gpm (1476 L/min) for 4 in. pipe, 880 gpm (3331 L/min) for 6 in. pipe, 1560 gpm 
(5905 L/min) for 8 in. pipe, 2440 gpm (9235 L/min) for 10 in. pipe, and 3520 gpm (13,323 L/min) for 12 in. pipe.  When supply cannot 
produce stipulated flow rates, obtain maximum available.
Hydrostatic:  All piping and attached appurtenances subjected to system working pressure shall be hydrostatically tested at 200 psi 
(13.8 bar) or 50 psi (3.4 bar) in excess of the system working pressure, whichever is greater, and shall maintain that pressure ± 5 psi 
for 2 hours.
Hydrostatic Testing Allowance:  Where additional water is added to the system to maintain the test pressures required by 10.10.2.2.1, 
the amount of water shall be measured and shall not exceed the limits of the following equation (For metric equation, see 10.10.2.2.4):

New underground piping flushed according to Yes No
standard by (company)

If no, explain

How flushing flow was obtained Through what type opening

Public water Tank or reservoir Fire pump Hydrant butt Open pipe
Flushing

tests Lead-ins flushed  according to Yes Nostandard by (company)
If no, explain

How flushing flow was obtained Through what type opening

Public water Tank or reservoir Fire pump Y connection to flange 
and spigot

Open pipe

Instructions

NFPA 15 (p. 1 of 2)

L = 
148,000
SD   P

© 2011 National Fire Protection Association

Pipe conforms to  
Fittings conform to
If no, explain

❏ ❏
❏ ❏

❏ ❏

❏ ❏

❏ ❏
❏ ❏

❏ ❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏

❏ ❏

❏ ❏

FIGURE 10.1.2(b) Sample of Contractor’s Material and Test Certificate for Underground Piping. [24:Figure 10.10.1]
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NFPA 15 (p. 2 of 2)

Hydrostatic  
test

All new underground piping hydrostatically tested at Joints covered

Yes Nopsi             for hours

Leakage 
test

Total amount of leakage measured

gallons hours

Allowable leakage

gallons hours

Hydrants
Number installed Type and make All operate satisfactorily

Yes No

Control 
valves

Water control valves left wide open
If no, state reason

Yes No

Yes No

Remarks

Date left in service

Signatures

Name of installing contractor

Tests witnessed by

For property owner (signed) Title Date

For installing contractor (signed) Title Date

Additional explanation and notes

© 2011 National Fire Protection Association

❏ ❏

Hose threads of fire department connections and hydrants interchangeable with
those of fire department answering alarm

❏ ❏

❏ ❏

❏ ❏

FIGURE 10.1.2(b) Continued
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10.3 Hydrostatic Pressure Tests. All new system piping shall
be hydrostatically tested in accordance with the provisions of
NFPA 13, Standard for the Installation of Sprinkler Systems.

10.4 Operating Tests.

10.4.1 Performance. Operation tests shall be conducted to
ensure that the water spray system(s) will respond as designed,
both automatically and manually.

10.4.2* Response Time.

10.4.2.1 Under test conditions, the heat detection system,
where exposed to a heat source or open pilot sprinkler line test
valve, shall operate the system actuation valve within 40 seconds.

10.4.2.2 Under test conditions, the flammable gas detection
system shall operate within the time frame specified in the
system design.

10.4.2.3 All test times shall be recorded.

10.4.2.4 Response time for ultra-high-speed water spray sys-
tems shall comply with 12.2.2.

10.4.3 Discharge Tests on Systems with Open Nozzles.

10.4.3.1 The water discharge patterns from all of the spray
nozzles shall be observed to verify the following:

(1) Patterns are not impeded by plugging of the nozzles.
(2) Nozzles are properly positioned.
(3) Nozzle discharge patterns are not obstructed from wet-

ting surfaces to be protected as designed.

10.4.3.2* Pressure Readings.

10.4.3.2.1 Pressure readings shall be recorded at the hydrau-
lically most remote nozzle to verify that the water flow has not
been impeded.

10.4.3.2.2 A second pressure reading shall be recorded at the
system actuation valve to ensure the water supply is adequate.

10.4.3.2.3 Those readings shall be compared to the design
criteria to determine that the system is operating as designed.

10.4.3.3 The time lapse between operation of the detection
systems and water flow at the most remote water spray nozzle
shall be recorded.

10.4.3.4 The time lapse for ultra-high-speed water spray sys-
tems shall comply with 12.2.2.

10.4.4 Manual Operation. Each manual actuation device shall
be tested.

10.4.5 Multiple Systems. The maximum number of systems
that would be expected to operate in case of fire shall be tested
simultaneously to determine the adequacy and condition of
the water supply.

Chapter 11 System Maintenance

11.1 General.

11.1.1 A water spray system installed in accordance with this
standard shall be properly maintained in accordance with
NFPA 25, Standard for the Inspection, Testing, and Maintenance of
Water-Based Fire Protection Systems, and NFPA 72, National Fire
Alarm and Signaling Code, to provide at least the same level of
performance and protection as designed.

11.1.2 The owner shall be responsible for conducting sys-
tem maintenance and maintaining the system in operating
condition.

Chapter 12 Ultra-High-Speed Water Spray Systems

12.1* General.

12.1.1* Ultra-high-speed water spray systems shall be used for
the extinguishment or control of deflagrations in open, un-
confined areas or within process equipment.

12.1.2* Ultra-high-speed water spray systems shall not be used
for the extinguishment or control of detonations, or for the
suppression of deflagrations in enclosed or confined vessels
for purposes of limiting overpressurization.

12.1.3 Ultra-high-speed water spray systems shall be permit-
ted to be used to prevent a deflagration from transitioning to a
detonation.

12.1.4 Ultra-high-speed water spray systems shall conform to
the applicable requirements of the standards of the National
Fire Protection Association listed in Chapter 2.

12.2 Response Time.

12.2.1 Response time shall be the time for system operation
from the presentation of an energy source to the detector to
flow of water from the water spray nozzle being tested.

12.2.2 Ultra-high-speed water spray systems shall be designed
to have a response time of not more than 100 milliseconds.

12.2.3 Faster response times than indicated in 12.2.2 shall be
provided where required by the properties of the hazard be-
ing protected.

12.2.4 In order to meet the response time criteria, ultra-high-
speed water spray systems shall utilize water-filled piping.

12.3 Design Considerations.

12.3.1 System Types.

12.3.1.1* Ultra-High-Speed Local-Application Water Spray
System. Nozzle(s) shall be placed as close to the point of igni-
tion as possible.

12.3.1.2* Ultra-High-Speed Area-Application Water Spray Sys-
tem. Nozzles shall be spaced such that the minimum density is
applied uniformly over the entire hazard area.

12.3.1.3* Dual Application System. A system that uses both the
local- and area-application concepts shall be permitted.

12.3.1.4* Personnel Protection. Where protection of person-
nel is required, coverage by the ultra-high-speed water spray
system shall include locations where personnel are expected
to be within the hazard area and their immediate means of
egress.

Table 10.2.1 Flow Required to Produce a Velocity of
10 ft/sec (3 m/sec) in Pipes

Pipe Size Flow

in. mm gpm L/min

4 100 390 1,476
6 150 880 3,331
8 200 1,560 5,905
10 250 2,440 9,235
12 300 3,520 13,323
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12.3.2 Flow and Density.

12.3.2.1 Local Application. The design shall produce a flow
rate of not less than 25 gpm (95 L/min) per nozzle at the point of
water application.

12.3.2.2 Where higher nozzle flow rates are required for local
application based on test data or field information, the higher
rates shall be used.

12.3.2.3* Area Application. The minimum design density shall
be 0.50 gpm/ft2 [2 (L/min)/m2] of area covered by ultra-
high-speed water spray.

12.3.2.4 Where higher nozzle flow rates are required for area
applications based on test data or actual field information, the
higher rates shall be used.

12.3.3 Design Pressure.

12.3.3.1 Operating pressure at the hydraulically most remote
nozzle shall be not less than 50 psi (3.4 bar).

12.3.3.2 Static pressure maintained on the system prior to
system actuation shall be maintained at a pressure no less than
50 psi (3.4 bar).

12.3.3.3 For systems utilizing blowoff caps or rupture disks on
the nozzles, the system static pressure shall not exceed 75 percent
of the rating of the lowest rated blowoff caps or rupture disks.

12.3.4* System Volume Limitation.

12.3.4.1 No larger than a 500 gal (1893 L) system capacity
shall be controlled by one system actuation valve.

12.3.4.2 System capacity shall be permitted to exceed 500 gal
(1893 L) if the system design is such that the system response
time required by 12.2.2 is met.

12.3.5 Duration.

12.3.5.1 Systems shall have a duration of not less than 15 min-
utes.

12.3.5.2 Where the time for safe evacuation of personnel is
longer than 15 minutes, the evacuation time shall be the
required minimum system duration.

12.3.6 Fire Hose Connection. Hose connections shall not be
permitted to be supplied by the ultra-high-speed water spray
system.

12.3.7 System Operation. Systems shall be designed to operate
automatically with supplementary manual actuation means pro-
vided.

12.3.8 Discharge Delays.

12.3.8.1 Timers. Timers or similar devices to delay system ac-
tivation shall not be permitted.

12.3.8.2* Water Supply. The water supply pressure for a prop-
erly functioning ultra-high-speed water spray system shall be
maintained such that it is available at the time a system functions.

12.3.9 Nozzle Placement.

12.3.9.1* Nozzles shall be located as close as practicable to the
protected area or likely point, or points, of ignition.

12.3.9.2 Nozzles shall be positioned to provide complete water
spray impingement for the protected area or likely point, or
points, of ignition.

12.3.9.3 Local application systems requiring two or more
nozzles shall have nozzles positioned in a counter-opposed
fashion for the most efficient water spray coverage of the haz-
ard and the most efficient distribution of water onto the haz-
ard. (See Figure A.12.3.1.1.)

12.3.9.3.1 Nozzles shall be positioned in such a way that burn-
ing materials are not propelled toward personnel and so that
personnel and material-in-process cannot impede or block water
flow.

12.3.9.4 Nozzle locations that are subject to mechanical dam-
age shall be suitably protected.

12.3.10* System Actuation Valves and Accessories.

12.3.10.1* System actuation valves and accessories shall be
placed as close as practical to the water spray nozzles.

12.3.10.2 System actuation valves shall be accessible for main-
tenance and shall be protected from damage.

12.3.11 Piping.

12.3.11.1 Piping used in ultra-high-speed water spray systems
shall comply with the requirements of Chapter 5.

12.3.11.2 High-pressure flexible hydraulic hose shall be per-
mitted to be used to connect nozzles on local application sys-
tems where approved by the authority having jurisdiction.

12.3.11.3* All piping including wet pilot lines shall be sloped
at a minimum of 1 in. per 10 ft (25 mm per 3 m) of pipe.

12.3.11.4 Air bleeder valves shall be placed at all piping high
points to bleed air trapped in the system.

12.3.11.5 Piping shall be routed as directly as practical from
the system actuation valve to the protected area or hazard with
the fewest number of fittings and changes of direction.

12.3.12* Pipe Support. Piping shall be supported in accor-
dance with the requirements of 6.3.2.

12.3.13 Strainers.

12.3.13.1* Systems utilizing pilot-operated nozzles shall be
equipped with strainers in the main waterway.

12.3.13.2 Pilot lines shall be equipped with a separate
strainer capable of removing particles that are 75 percent of
the flow orifice in the solenoid.

12.3.14 Detection.

12.3.14.1 General. The detection systems shall be in accor-
dance with NFPA 72, National Fire Alarm Code.

12.3.14.2 Sensing devices shall be as follows:

(1) Response characteristics:
(a) Radiant energy-sensing devices capable of sensing the

expected wavelength emissions of the materials in
combustion.

(b) Other types of sensing devices having equivalent re-
sponse characteristics to radiant energy-sensing de-
vices shall be permitted to be used.

(2) Protected from physical damage
(3) Suitable for the electrical area classification where they

are installed
(4) Accessible for testing, cleaning, and maintenance
(5) Aimed and adjusted to minimize false actuation
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12.3.14.3 Detection for Local Application.

12.3.14.3.1 One or more detectors shall be placed as close as
physically possible to sources of ignition.

12.3.14.3.2 Detectors shall provide complete detection cover-
age for the likely point, or points, of ignition and shall not be
blocked by shielding, equipment, or personnel.

12.3.14.4 Detection for Area Application. One or more detec-
tors shall be located to provide general coverage for the area
occupied by operating personnel, including egress routes and
other possible sources of ignition within the space.

12.3.15 Control Panel.

12.3.15.1 The control panel shall conform to the require-
ments of NFPA 72, National Fire Alarm and Signaling Code.

12.3.15.2 The control panel shall be located in an area pro-
tected from physical injury and from electromagnetic energy
emitted from other electrical devices that could induce false
actuation.

12.3.15.3 Control panel enclosures shall be rated for the am-
bient environment where they are located.

12.3.16 Wiring. Wiring shall be in compliance with NFPA 70,
National Electrical Code, and NFPA 72, National Fire Alarm and
Signaling Code, in addition to the following requirements:

(1) Circuits between initiating or actuating devices and their
controllers shall be shielded.

(2) All wiring between the initiating or actuating devices and
the control panel shall be continuous with no splices.

12.4* System Acceptance. The performance of the system
shall be tested to verify that the response time criteria in Sec-
tion 12.2 will be met and that each nozzle provides the correct
coverage and flow rate.

12.5 Testing and Maintenance. Ultra-high-speed water spray
systems shall be maintained in accordance with NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems, and NFPA 72, National Fire Alarm
and Signaling Code.

12.5.1* A maintenance program in addition to the require-
ments of NFPA 25, Standard for the Inspection, Testing, and Main-
tenance of Water-Based Fire Protection Systems, and NFPA 72, Na-
tional Fire Alarm and Signaling Code, shall be established.

12.5.2 Systems not in use shall not be required to be periodi-
cally tested.

12.5.3 Systems not in use shall be tested when put back into
service.

12.5.4 Records of the tests shall be kept on file at the facility.

12.5.5 The following tests shall be conducted in addition to
the requirements of NFPA 25, Standard for the Inspection, Test-
ing, and Maintenance of Water-Based Fire Protection Systems, and
NFPA 72, National Fire Alarm and Signaling Code.

12.5.6 The following shall be completed in addition to any of
the requirements of Section 12.5:

(1) A full operational flow test shall be conducted at intervals
not to exceed 1 year, including measurement of response
time. The results of tests shall be retained on file for the life
of the system. (See A.12.4 for suggested time testing procedures.)

(2) Detectors shall be tested and inspected for physical dam-
age and accumulation of deposits on the lenses at least
monthly.

(3) Controllers shall be checked at the start of each shift for
any faults.

(4) Valves on the water supply line shall be checked at the
start of each shift to ensure they are open.

(5) Valves secured in the open position with a locking device
or monitored by a signaling device that will sound a
trouble signal at the deluge system control panel or other
central location shall not be required to be checked.

12.5.7 Response time testing shall be conducted where re-
quired by other sections of this standard.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.

A.1.1.2 Water spray systems can be independent of, or
supplementary to, other forms of protection.

The design of specific systems can vary considerably, de-
pending on the nature of the hazard and the basic purposes of
protection. Because of these variations and the wide choice in
the characteristics of spray nozzles, these systems should be
competently designed, installed, and maintained. It should be
essential that their limitations, as well as their capabilities, be
thoroughly understood by the designer. This standard does
not provide specific design guidance for dry pipe or double
interlock preaction systems.

A.1.1.3 For information on these applications, refer to the
following:

(1) NFPA 13, Standard for the Installation of Sprinkler Systems
(2) NFPA 14, Standard for the Installation of Standpipe and Hose

Systems
(3) NFPA 69, Standard on Explosion Prevention Systems
(4) NFPA 750, Standard on Water Mist Fire Protection Systems
(5) NFPA 1964, Standard for Spray Nozzles

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
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government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.3 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.2 Combustible Liquid. Combustible liquids classifica-
tions are as follows:

(1) Class II Liquid—Any liquid that has a flash point at or
above 100°F (37.8°C) and below 140°F (60°C)

(2) Class III Liquid—Any liquid that has a flash point at or
above 140°F (60°C)
(a) Class IIIA Liquid—Any liquid that has a flash point at

or above 140°F (60°C), but below 200°F (93°C)
(b) Class IIIB Liquid—Any liquid that has a flash point at

or above 200°F (93°C)

[30:4.3.2]

A.3.3.10 Fire Area. The physical separations also include dik-
ing and special drainage systems.

A.3.3.11 Flammable Liquid. Flammable liquids classifications
are as follows:

(1) Class IA Liquid—Any liquid that has a flash point below
73°F (22.8°C) and a boiling point below 100°F (37.8°C)

(2) Class IB Liquid—Any liquid that has a flash point below
73°F (22.8°C) and a boiling point at or above 100°F
(37.8°C)

(3) Class IC Liquid—Any liquid that has a flash point at or
above 73°F (22.8°C), but below 100°F (37.8°C)

[30:4.3.1]

A.3.3.13.1 Insulated. Noncombustible materials affording
2-hour fire ratings will usually satisfy the requirements of Chapter
5 when properly fastened and weather protected. For equip-
ment, structures, and vessels of nonferrous metals, somewhat
lower temperature limits than indicated in Chapter 5 might be
required, based on reliable metallurgical data.

A.3.3.15 Nonabsorbing Ground. Most soils are not consid-
ered sufficiently permeable or absorbent to be considered ab-
sorbing ground. Paving, such as concrete or asphalt, is consid-
ered nonabsorbing.

A.3.3.21.2 Open Water Spray Nozzle. A water spray nozzle is
usually a discharge device with an open waterway. However, it
is possible for nozzles to be equipped with operating elements
such as fusible links or glass bulbs for special applications.

A.3.3.22 Water Spray System. Automatic systems can be actu-
ated by separate detection equipment installed in the same area
as the water spray nozzles or by the water spray nozzles using an
operating element. In some cases, the automatic detector can
also be located in another area.

A.3.3.23 Water Wastage. Some causes of wastage are wind ve-
locity and the overcarry of discharge pattern beyond the tar-
geted surface.

A.4.1 The design objectives are as follows:

(1) Extinguishment of fire by water spray is accomplished by
cooling, smothering from produced steam, emulsification

of some liquids, dilution in some cases, or a combination of
these factors.

(2) Control of fires is accomplished by an application of water
spray to the burning materials, producing controlled burn-
ing. The principle of control can be applied where combus-
tible materials are not susceptible to complete extinguish-
ment by water spray or where complete extinguishment is
not considered desirable.

(3) Effective exposure protection is accomplished by applica-
tion of water spray directly to the exposed structures or
equipment to remove or reduce the heat transferred to
them from the exposing fire. Water spray curtains are less
effective than direct application but can, under favorable
conditions, provide some protection against fire exposure
through subdivision of fire areas. Unfavorable conditions
can include such factors as windage, thermal updrafts,
and inadequate drainage.

(4) Start of fire is prevented by the use of water sprays to dis-
solve, dilute, disperse, or cool flammable materials or to
reduce flammable vapor concentrations below the lower
flammable limit (LFL).

A.4.2.3 See NFPA 49, Hazardous Chemicals Data, and NFPA 325,
Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Vola-
tile Solids. (Note: Although NFPA 49 and 325 have been officially
withdrawn from the National Fire Codes, the information is still
available in NFPA’s Fire Protection Guide to Hazardous Materials.)

A.4.2.5 In special cases, where adequate safeguards have
been provided, water spray systems for the protection of struc-
tures, equipment, or personnel in the presence of such mate-
rials as described in 4.2.5 might be acceptable.

A.4.3 Water spray system installation is a specialized field that
is a trade in itself.

A.4.4.1 The rapid removal of spills and fire protection water
from the area protected by a water spray system can greatly
reduce the amount of fuel involved in a fire. In addition, if
water discharge is not controlled, hydrocarbons or other liq-
uid fuels can spread into adjacent areas and increase the size
of the fire, exposing additional property and making the fire
more difficult to control or extinguish.

An example of a protected hazard that might not require a
system for controlling or containing water spray discharge
would be a rubber belt conveyor located in an aboveground
conveyor housing.

A.4.4.3 Each of the methods listed has advantages and disad-
vantages. In most cases, a combination of methods should be
used in designing an effective control or containment system.

The characteristics of any hazardous materials in the pro-
tected area should be considered in the design of a control or
containment system, including volume, solubility in water,
flammability, reactivity, environmental concerns (e.g., toxic-
ity), and vapor pressure at ambient and normal processing
conditions. For example, particular attention should be given
to the removal of burning flammable liquids away from pro-
cess vessels containing reactive materials sensitive to heat.

Curbing, along with appropriate grading, can be of signifi-
cant benefit in preventing water or burning liquid from
spreading horizontally into adjacent areas. Grading should
ideally be sloped at a pitch not less than one percent away
from critical equipment and toward drains, trenches, ditches,
or other safe areas. Concrete surfacing is most desirable, but
other hard surfacing or crushed rock or equivalent is suitable.
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Process areas and buildings handling hydrocarbons or haz-
ardous chemicals normally have a closed drain system to cap-
ture leaks, spills, normal drainage, wash down, and so forth. In
some cases, it might not be practical to design the closed drain
system to accommodate the full flow from the fire protection
systems. Additionally, even where designed with adequate ca-
pacity, floor drains will often become clogged with debris dur-
ing a fire. The excess that cannot be carried off by the closed
drain system will then overflow to the surface drainage sys-
tems, which might include storm sewers, open ditches, streets,
or similar features. The proper design of area drainage should
anticipate where the excess will flow so that it can be safely
routed and controlled.

See NFPA 30, Flammable and Combustible Liquids Code, for
diking requirements for the tank storage of flammable and
combustible liquids.

Diking is not a desirable means of containing water spray
discharge where buildings, process structures, or important
equipment are being protected from exposure to flammable
or combustible liquids.

A.4.4.4 Underground or enclosed drains are preferred over
open trenches since enclosed drains provide a method of remov-
ing spilled liquids from the area without exposing equipment to
burning liquids. Further, trenches can act as collection points for
heavier-than-air vapors. If used, trenches should be routed in a
way that will not carry fire protection water and burning liquids
through another fire area. If unavoidable, fire stops (weirs)
should be provided in the trench system between the fire areas.

Trenches should be twice as wide as deep, and in no case
should the depth exceed the width. Trenches should be pro-
vided with covers that are one-third open grating and two-
thirds solid plate or concrete. (See Figure A.4.4.4.)

Drains should be in sufficient number that the required
runoff is handled without formation of significant pools.

A.4.4.7(1) The actual flow rate can be determined by plotting
the demand curve (fixed water supply systems) and the water
supply curve on semi-exponential (N1.85) graph paper. The
intersection of the demand curve and the supply curve pro-
vides a realistic estimate of the actual flow rate that would be
anticipated.

A.4.4.7(5) Judgment should be used in determining the chance
of having a major fire simultaneous with a heavy rainfall. For
areas experiencing little rainfall, drainage calculations can ig-

nore rainfall. For areas experiencing frequent rainfall, a flow rate
from rainfall might or might not be warranted, depending on
the hazards being protected and other factors. If included, a rain-
fall rate less than the highest anticipated would ordinarily be
used, as it is not likely that the maximum fire and rainfall de-
mands would occur simultaneously. The effect of rainfall on the
size of any areas designed to contain runoff should also be con-
sidered.

A.4.4.8 It is desirable to contain runoff for the anticipated dura-
tion of any fire. However, in large chemical or petrochemical
facilities, a major fire can last for 8 hours or more, resulting in
extremely large holding basins or retention ponds. Where the
anticipated incident duration results in retention basins that are
of impractical size, methods to limit the duration of runoff might
be required.

When an extended duration is anticipated, a duration of
4 hours is usually considered the practical maximum. During
that time, it is often possible to isolate equipment and reduce
the flow rate of water and other materials so that the continu-
ous discharge flow rate is less than the initial flow rate. If a
significant amount of flammable materials can be removed
from the protected area, it could be possible to shut down
water spray systems and manually fight the fire, greatly reduc-
ing the amount of material that needs to be contained.

Smaller facilities with limited holdups might not require as
long a duration. For example, if the exposing fire is caused by
a spill of 500 gal (1893 L) or less, with good drainage and
containment systems, the anticipated duration could be as
little as 30 minutes to 1 hour. In special circumstances (e.g.,
involving prompt manual response), an anticipated duration
of less than 30 minutes would be acceptable.

Finally, other standards and regulations might dictate the
amount of containment required. For example, NFPA 30,
Flammable and Combustible Liquids Code, contains requirements
for warehouses and other areas containing flammable liquids.
Also, local environmental regulations and building codes
might contain criteria for duration and amount of material to
be collected.

A.5.2.3.3 Painting of spray nozzles can retard the thermal re-
sponse of the heat-responsive element, can interfere with the free
movement of parts, and can render the spray nozzle inoperative.
Moreover, painting can invite the application of subsequent coat-
ings, thus increasing the possibility of altering the discharge pat-
tern for all types of nozzles.

A.5.2.5 The stock of spare automatic water spray nozzles and
pilot sprinklers should take into consideration the intended sys-
tem performance, the criticality of the operations, and the down
time associated with system impairment after damage or fire. Au-
tomatic water spray nozzles could have long lead times, delaying
replacement of large numbers of nozzles for several weeks.

A.5.3.2 See Table A.5.3.2.

A.5.3.5 Other types of pipe and tube that have been investi-
gated and listed for water spray applications include lightweight
steel pipe. While these products can offer advantages, such as
ease of handling and installation, cost-effectiveness, and reduc-
tion of friction losses, it is important to recognize that they also
have limitations that are to be considered by those contemplat-
ing their use or acceptance.

Corrosion studies for lightweight steel pipe have shown
that, in comparison to Schedule 40 pipe, its effective life might
be reduced, with the level of reduction being related to its wall

Steel plate
spot welded to grating

¹⁄₃

Drainage trench with steel plate
and grating cover

x in. 2x in.

¹⁄₃ ¹⁄₃

FIGURE A.4.4.4 Drainage Trench Detail.
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thickness. Further information with respect to corrosion resis-
tance is contained in the individual listings of such products.

The investigation of pipe and tube other than described in
Table 5.3.1 should involve consideration of many factors, in-
cluding the following:

(1) Pressure rating
(2) Beam strength (hangers and spacing)
(3) Unsupported vertical stability
(4) Movement during system operation (affecting water dis-

tribution)
(5) Corrosion (internal and external), chemical and elec-

trolytic
(6) Resistance to failure where exposed to elevated tempera-

tures
(7) Methods of joining (strength, permanence, fire hazard)
(8) Physical characteristics related to integrity during earth-

quakes
(9) Resistance to mechanical and, where applicable, explo-

sion damage
(10) Susceptibility to degradation due to environmental expo-

sure (ultraviolet degradation and low temperatures, etc.)

A.5.3.10.1 Where approved, the pipe identification can be cov-
ered with paint or other protective coatings before installation.

A.5.4.10 Rubber-gasketed pipe fittings and couplings should
not be installed where ambient temperatures can be expected
to exceed 150°F (66°C) unless listed for this service. If the
manufacturer further limits a given gasket compound, those
recommendations should be followed.

A.5.5.1.2 Some steel piping material having lesser wall thick-
ness than specified in 5.5.1.2 has been listed for use in water
spray systems when joined with threaded connections. The
service life of such products can be significantly less than that

of Schedule 40 steel pipe, and it should be determined if this
service life will be sufficient for the application intended.

All such threads should be checked by the installer, using
working ring gauges conforming to the Table 8, Basic Dimen-
sions of Ring Gauges for USA (American) Standard Taper
Pipe Threads, NPT, in accordance with ANSI/ASME B1.20.1,
Pipe Threads, General Purpose, 1983.

A.5.5.2 See Figure A.5.5.2(a) and Figure A.5.5.2(b).

Table A.5.3.2 Steel Pipe Dimensions

Nominal
Pipe
Size
(in.)

Schedule 10* Schedule 30 Schedule 40

Outside
Diameter

Inside
Diameter

Wall
Thickness

Inside
Diameter

Wall
Thickness

Inside
Diameter

Wall
Thickness

in. mm in. mm in. mm in. mm in. mm in. mm in. mm

1 1.315 33.4 1.097 27.9 0.109 2.8 — — — — 1.049 26.6 0.133 3.4
11⁄4 1.660 42.2 1.442 36.6 0.109 2.8 — — — — 1.380 35.1 0.140 3.6
11⁄2 1.900 48.3 1.682 42.7 0.109 2.8 — — — — 1.610 40.9 0.145 3.7
2 2.375 60.3 2.157 54.8 0.109 2.8 — — — — 2.067 52.5 0.154 3.9

21⁄2 2.875 73.0 2.635 66.9 0.120 3.0 — — — — 2.469 62.7 0.203 5.2
3 3.500 88.9 3.260 82.8 0.120 3.0 — — — — 3.068 77.9 0.216 5.5

31⁄2 4.000 101.6 3.760 95.5 0.120 3.0 — — — — 3.548 90.1 0.226 5.7
4 4.500 114.3 4.260 108.2 0.120 3.0 — — — — 4.026 102.3 0.237 6.0
5 5.563 141.3 5.295 134.5 0.134 3.4 — — — — 5.047 128.2 0.258 6.6
6 6.625 168.3 6.357 161.5 0.134† 3.4 — — — — 6.065 154.1 0.280 7.1
8 8.625 219.1 8.249 209.5 0.188† 4.8 8.071 205.0 0.277 7.0 — — — —
10 10.750 273.1 10.370 263.4 0.188† 4.8 10.140 257.6 0.307 7.8 — — — —

*Schedule 10 defined to 5 in. (125 mm) nominal pipe size by ASTM A 135, Standard Specification for Electric-
Resistance-Welded Steel Pipe.
†Wall thickness specified in 5.3.2.

60° to 75°

Flange connection

30° to 
37¹⁄₂°

Slip-on flange

Standard “vee” Welded outlet

Hole in 
pipe cut
to fit I.D.
of fitting

37¹⁄₂°

Standard “vee” butt weld

FIGURE A.5.5.2(a) Acceptable Weld Joints.
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A.5.5.2.4.1 Partial penetration welds on outlet fitting connec-
tions are considered adequate since there is no significant
load on the joint other than that caused by pressure internal
to the pipe. The load due to the internal pressure can be ac-
commodated with a weld that has a conservative weld throat
thickness, which can be calculated as follows:

Weld throat thickness (in.)   = ×PD 0 000035.

where:
P = rated system pressure (psig)
D = outside diameter of the fitting (in.)

For example, if you assume a pressure of 300 psi and an
O.D. of the outlet fitting of 3 in., the result of the thickness
calculation is 0.0315 in. When compared to the minimum
throat thickness of 3⁄16 in. (0.18 in.), there is a factor of more
than 5 times the calculated thickness value.

See Figure A.5.5.2.4.1.

A.5.5.2.4.2 The preparation of mating surfaces is important
to the proper fabrication of a weld joint. To accomplish this,
the mating surfaces should be prepared and configured to be
able to make a full penetration weld achievable, but a partial
penetration weld is acceptable.

A.5.5.2.4.3 See Figure A.5.5.2.4.3.

A.5.5.3.1 It is not the intent to require a listed combination of
couplings, fittings, or valves.

A.5.5.3.2 Material strength and pressure rating should be
considered when determining compatibility.

A.5.5.4 The fire hazard of the brazing process should be suit-
ably safeguarded.

A.5.5.4.1 Brazing fluxes, if used, should not be of a highly
corrosive type.

A.5.7.2.1 These valves include, but are not limited to, deluge
valves, alarm check valves, preaction valves, and high-speed
valves.

Lack of weld
root pene-
tration

Violation, a reducing fitting 
is required where pipe size 
reduced

Violation, fitting penetrating 
internal diameter of piping

Excessive  
gap

Insufficient pipe penetration 
of flange

Excessive pipe penetration 
of flange

Excessive weld root
penetration

3 in. (80 mm) pipe

2¹⁄₂ in. (65 mm) pipe

FIGURE A.5.5.2(b) Unacceptable Weld Joints. [For correct
pipe penetration of flange, see Figure A.5.5.2(a).]

45° min.

0 to ¹⁄₁₆ in. 
(1.5 mm)

¹⁄₁₆ in. (1.5 mm) 
min.

Typical Full Penetration Joint

45° typ.

As designed

0 to ¹⁄₁₆ in. 
(1.5 mm)

Partial Penetration Joint

³⁄₁₆ in. (5 mm) 
min.

³⁄₁₆ in. 
(5 mm) 
min.

Fillet Welded Joint

FIGURE A.5.5.2.4.1 Acceptable Joint Configurations for Welding Outlets.
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A.5.7.2.2 Accessories can include any one of or a combina-
tion of the following:

(1) Manual emergency stations
(2) Flammable gas detectors
(3) Smoke detectors
(4) Heat detectors
(5) Fire detectors
(6) Control panels

Where installing wet pilot systems, special attention should
be given to height limitations above the system actuation valve
due to concern of water column. Refer to manufacturer’s in-
formation and listing.

A.5.7.2.3 Manual means of actuation can include pneu-
matic, hydraulic, electrical, mechanical, or any combina-
tion thereof.

A.5.9.1 The strainer should be capable of continued operation
without serious increase in head loss for a period estimated to be
ample for the type of protection provided, the condition of the
water, and similar local circumstances.

A.5.10.1.1 The purpose of the fire department connection
is to augment the water supply, but not necessarily provide
the entire sprinkler system demand. Fire department con-
nections are not intended to deliver a specific amount of
water.

A.5.11.3 All alarm apparatus should be located and installed
such that all parts are accessible for inspection, removal, and
repair and should be adequately supported.

A.6.1.2 The minimum clearances listed in Table 6.1.2.2 are
for the purpose of electrical clearance under normal condi-
tions; they are not intended for use as “safe” distances during
fixed water spray system operation.

The clearances are based upon minimum general practices
related to design basic insulation level (BIL) values. To coor-
dinate the required clearance with the electrical design, the
design BIL of the equipment being protected should be used
as a basis, although this is not material at nominal line voltages
of 161 kV or less.

Up to electrical system voltages of 161 kV, the design BIL kV
and corresponding minimum clearances, phase to ground,
have been established through long usage.

At voltages higher than 161 kV, uniformity in the relation-
ship between design BIL kV and the various electrical system
voltages has not been established in practice. For these higher
system voltages, it has become common practice to use BIL
levels dependent on the degree of protection that is to be

obtained. For example, in 230 kV systems, BILs of 1050, 900,
825, 750, and 650 kV have been utilized.

Required clearance to ground can also be affected by
switching surge duty, a power system design factor that
along with BIL should correlate with selected minimum
clearances. Electrical design engineers might be able to fur-
nish clearances dictated by switching surge duty. Table
6.1.2.2 deals only with clearances required by design BIL.
The selected clearance to ground should satisfy the greater
of switching surge or BIL duty, rather than being based on
nominal voltage.

Possible design variations in the clearance required at
higher voltages are evident in the table, where a range of
BIL values is indicated opposite the various voltages in the
high voltage portion of the table. However, the clearance
between uninsulated energized parts of the electrical sys-
tem equipment and any portion of the water spray system
should not be less than the minimum clearance provided
elsewhere for electrical system insulation on any individual
component.

A.6.2.1 Water spray systems are usually applied to special
fire protection problems beyond the capability of a stan-
dard sprinkler system. They are specifically designed for
fire control, extinguishment, prevention, or exposure pro-
tection. These systems typically require that the water be
applied rapidly to all protected surfaces at the same time,
an objective that might not be possible with closed nozzles.
In addition, to protect specific surfaces, the use of special
nozzles with directional discharge is employed. The place-
ment of these nozzles to provide proper coverage is often in
conflict with the required placement to ensure prompt op-
eration where automatic nozzles are used. Thus, the stan-
dard contemplates that open nozzles will normally be em-
ployed and that a separate detection system will be used to
actuate the system.

There are cases, however, where it is desirable to use closed
nozzles to limit the discharge of water to prevent equipment
damage (such as when water spray is used to protect turbine
bearings), or there are environmental concerns. Automatic
nozzles should only be used where open nozzles present such
problems and the position of the nozzles can meet both the
coverage and response time design objectives.

A.6.3.2.2.1 See Figure A.6.3.2.2.1.

A.6.3.2.2.2 See Figure A.6.3.2.2.2.

A.6.3.2.2.4 See Figure A.6.3.2.2.4.

Open Root Butt Weld Butt Weld with Backing Ring

³⁄₃₂ in. to ¹⁄₈ in. 
(2 mm to 3 mm)

30° to 45°

³⁄₃₂ in. to ¹⁄₈ in. 
(2 mm to 3 mm)

³⁄₁₆ in. (5 mm) 
nom.

30° to 45°

¹⁄₁₆ in. to ³⁄₃₂ in. 
(1.5 mm to 2 mm)

FIGURE A.5.5.2.4.3 Acceptable Joint Configuration for Butt Welds.
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A.6.3.2.2.5 See Figure A.6.3.2.2.5(a) through Fig-
ure A.6.3.2.2.5(d).

A.6.3.2.6 In cases where the piping cannot be supported by
structural members, piping arrangements that are essentially
self-supporting are often employed together with such hang-
ers as are necessary.

A.6.3.2.7 The performance of piping support systems should
allow for expansion and contraction due to temperature change,
expansion due to internal water pressure (thrust), restrained
and/or unrestrained joints or pipe runs, heavy point loads (e.g.,
valves), and pipe deflection (span/support spacing). Manufac-
turer’s installation instructions and engineering design guides
should be consulted.

A.6.3.3.6 See Figure A.6.3.3.6.

A.6.3.6 Areas considered to have an explosion potential can
include those having the following characteristics:

(1) Highly exothermic reactions that are relatively difficult to
control, such as nitration, oxidation, halogenation, hy-
drogenation, alkylation, or polymerization

(2) Flammable liquids or gases where a flammable vapor or
release of more than 10 tons in a 5-minute time period is
possible

(3) Other particularly hazardous operations where an explo-
sion hazard might exist

length of 
pipe

3 ft 0 in.
(914 mm)

3 ft 6 in.
(1067 mm)

horizontal 
distance

2 ft 8 in.
(814 mm)

3 ft 0 in. 
(914 mm)

Pipe header

Pipe support leg

Pipe clamp

Pipe clamp

1 in. 
(25 mm) 
pipe

Note: Where diagonal braces are used as supports, the maximum 
dimension between support legs can be exceeded by one-half the total 
horizontal distance of the diagonal braces.

Diagonal Brace

3 ft 0 in. 

(914 mm)

3 ft 0 in. 

(914 mm)

1 in. 
(25 mm)

(max) = 15 ft 0 in. + (¹⁄₂ × 6 ft 0 in.) = 18 ft 0 in. 
[(max) = 4572 mm + (¹⁄₂ × 1829 mm) = 5486 mm]

2 ft 8 in.

(0.8 m)

(max) = 15 ft 0 in. + (¹⁄₂ × 2 ft 8 in.) = 16 ft 4 in.
[(max) = 4572 mm + (¹⁄₂ × 814 mm) = 4979 mm]

no brace
1 in. 
(25 mm)

45°

FIGURE A.6.3.2.2.2 Sway/Support Brace.

15 ft (4.6 m)
 maximum

Supply

Note: Avoid obstructing door 
swing when locating support legs.

FIGURE A.6.3.2.2.1 Typical Arrangement of Support Legs
for Pipe Stands.

Support Leg Footings

Support leg

This dimension 
at a depth to be 
below the frost 

line

Galv. 
anchor 
bolts

Standard galv. 
M.I. flange

2¹⁄₂ in. (64 mm) 
minimum

Concrete footing or pierGrade

Bolt Hole Locations

3 ⁷⁄₈ in. 
(91 mm) 
diameter 
bolt circle

1¹⁄₂ in. (40 mm) × 
5 in. (127 mm) flange

4 ³⁄₄ in.
(100 mm) 
diameter 
bolt circle

2 in. (50 mm) × 
6 in. (150 mm) flange

5 ¹⁄₂ in.
(140 mm) 
diameter 
bolt circle

2 ¹⁄₂ in. (65 mm) ×
7 in. (180 mm) flange

6 in.
(152 mm) 
diameter 
bolt circle

3 in. (80 mm) × 
7 ¹⁄₂ in. (190 mm) flange

FIGURE A.6.3.2.2.4 Support Leg Footings.
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To limit the potential for explosion damage, the following
guidelines should be used:
(1) System actuation valves should be remotely located [at

least 50 ft (15.2 m)] from the area to be protected,
housed within a blast-resistant valve house or behind a
blast wall designed for at least a gauge pressure of 3 psi
(20.7 kPa) static overpressure.

(2) Piping should be located underground wherever pos-
sible. Risers should rise aboveground behind a protecting
steel column or other structural element. Other piping
should be located behind structural elements providing
shielding from explosion overpressures and flying debris.

(3) The number of system actuation valves manifolded to-
gether should be limited to no more than three.

 1¹⁄₂ in. (38 mm) × 
3 in. (80 mm) 
channel iron

Right angle clamp

Slots for U-bolt

Pipe stand 2 in. (50 mm),  
2¹⁄₂ in. (65 mm), or 3 in.  
(80 mm)

Note: Pipe stand brackets are now replacing the old style pipe stand  
 without the bracket. The bracket makes installation easier and  
 allows for adjustment horizontally and vertically. The standard 
 bracket is made to fit 2 in. (50 mm), 2¹⁄₂ in. (65 mm), or 3 in. 
 (80 mm) pipe stands.

FIGURE A.6.3.2.2.5(a) Typical Pipe Stand Bracket.

Pipe 
clamp
(size 
based 
on pipe 
stand 
dia.)

Standard 
U-bolt 
(size 
based  
on loop 
piping 
dia.)

A A

B

B
PLAN

SECTION A–A SECTION B–B

Hex nuts 
both sides

Standard M.I. 
flange

Cap

1 Ring — support leg — 1 size smaller than ring size but  
 not less than 2 in. (50 mm)
2 Ring — support leg — Same size as top ring but not 
 more than 3 in. (80 mm) or less  
 than 2¹⁄₂ in. (65 mm)

FIGURE A.6.3.2.2.5(b) Acceptable Attachment for Pipe to
Support Legs — Example 1.

PLAN

AA

Support leg

System pipe

Cap

SECTION A–A

Standard M.I. 
flange

Support leg

Hex nuts

Long tangent 
U-bolt  
(size based  
on loop  
piping dia.)

FIGURE A.6.3.2.2.5(c) Acceptable Attachment for Pipe to
Support Legs — Example 2.

Channel iron

Pipe stand

3 ft 0 in.
(914 mm) maximum

Clamp

FIGURE A.6.3.2.2.5(d) Multiple Pipes Supported by One
Pipe Stand.
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(4) Fire water mains should be buried, and accessible post
indicator isolation valves should be provided.

(5) All water spray piping 21⁄2 in. (65 mm) or larger should be
of the welded-flanged type and as shown in Figure A.6.3.6.

A.6.4.3 Suitable suction provisions can entail the following:

(1) Suitable suction hydrants accessible to apparatus on pri-
mary or auxiliary supplies, or both

(2) Suitable all-weather landings or locations where pumper
apparatus can take suction at surface water supplies

A.6.4.3.1 Fire department connections should be located
and arranged so that hose lines can be readily and conve-
niently attached without interference from nearby objects in-
cluding buildings, fences, posts, or other fire department con-
nections. Where a hydrant is not available, other water supply
sources such as a natural body of water, a tank, or a reservoir
should be utilized. The water authority should be consulted
when a nonpotable water supply is proposed as a suction
source for the fire department.

See Figure A.6.4.3.1.

A.6.4.6.1 Care should be taken in the selection of strainers, par-
ticularly where nozzle waterways are less than 1⁄4 in. (6.5 mm) in
dimension. Consideration should be given to the size of screen
perforation, the volume available for accumulation without ex-
cessive friction loss, and the facility for inspection and cleaning.

A.6.5.1.3 Consideration should be given to the protection of
the detection system in areas subject to earthquake damage.

A.6.5.2.3 Where detectors are located outdoors or without a
ceiling over them to trap the heat, their spacing should be
reduced if prompt detection is to be achieved. In general,
thermal detectors are to be located within the hot air currents
created by the fire if they are to operate. A 50 percent reduc-
tion in the spacing between detectors is required in the ab-
sence of test data on a particular detector and fire size. Some
guidance might be available from the manufacturer. The sen-
sitivity of other detectors (e.g., flammable gas detectors) can
also be adversely affected by wind or the lack of walls or ceil-
ings surrounding the hazard.

Heat collectors located above the pilot sprinklers or other
thermal detectors for the sole purpose of trapping heat are
not recommended. They are considered protected canopies

Not less than 4 ft 0 in. (1.21 m)
of exposed drain pipe in   
warm room beyond valve  
when pipe extends through  
wall to outside

Angle 
valve

Drain 
pipe

Inspector’s
¹⁄₄ in. (6 mm)
test plug

Pressure gauge

Sprinkler
riser

FIGURE A.6.3.3.6 Drain Connection for System Riser.

Riser located behind and
supported by column

Vessel coverage

Blast wall System actuation valve

PIV

FIGURE A.6.3.6 Explosion Protection of Water Spray or Pip-
ing (Elevation).

Automatic drip

Header  in 
valve room

Check 
valve

Fire 
department
connection

1 in.–3 in. (25 mm–80 mm)
Waterproof mastic

FIGURE A.6.4.3.1 Fire Department Connection.
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(see 6.5.1.2). They can provide some benefit if they are of suf-
ficient size [18 in. × 18 in. (457 mm × 457 mm), or larger] to
trap heat. Smaller collectors can reduce sensitivity by causing a
“dead” air space. However, shields or canopies needed to pro-
tect the detector from the weather should not be eliminated
because of concerns they might reduce detector sensitivity.

Other types of detectors, such as UV detectors that do not rely
on air currents to detect a fire or hazardous condition might not
require a reduced spacing when they are used outdoors.

A.6.5.2.7 Use of flammable gas detectors should consider the
following:

(1) Calibration. Automatic flammable gas detection equip-
ment should be calibrated for the specific flammable gas
to be detected.

(2) Operation — Alarms. Flammable gas detectors typically are
equipped with two independently adjustable alarms for de-
tection of flammable gas. Each unit should be equipped
with a visual indication of alarm points, unit malfunction,
and normal operation. Typically, the first alarm point is set
between 10 percent and 25 percent of the LFL, and the sec-
ond alarm point trips the water spray system between 25 per-
cent and 65 percent of the LFL. Where the analyzers alarm
in a continuously manned location, remote manual opera-
tion of the water spray system from a continuously manned
location is sometimes utilized with the flammable gas analyz-
ers alarming only in lieu of the automatic trip arrangement.

(3) Inadvertent Activation. A reduction in the potential to inad-
vertently activate a system can be attained by designing cross-
zone activation into the system. With a cross-zone activation
scheme, the activation of a water spray system is triggered by
the “high” alarm condition of any two or more detectors
comprising the system.

(4) Wiring. Flammable gas detectors should not be wired in
series.

(5) Multiple-Channel Systems. Where a multiple-channel flam-
mable gas detector system is utilized, continuous, instan-
taneous analysis should be provided on all channels and
an alarm or trip should be indicated immediately at the
analyzer. No more than one water spray system should be
actuated by a single multiple-channel analyzer.

A.7.1.6 Prompt operation of the water spray system is needed
to meet the design objectives. In most installations, the deliv-
ery of effective water spray from all open nozzles should take
place within 30 seconds after detection. This can be accom-
plished by the remote starting of fire pumps. The use of de-
vices such as timers would delay system actuation and nega-
tively affect the system’s intended performance.

A.7.1.10.1 Single systems should be designed to limit flow
rates to as small as practicable, with consideration given to the
water supplies and other factors affecting reliability of the pro-
tection. Large system size could decrease system reliability and
increase transfer time, water wastage, and environmental im-
pact. Large systems should generally be limited to a discharge
rate of 2500 gpm to 3000 gpm (9463 L/min to 11,355 L/min).

A.7.1.10.2 For large areas protected by many adjacent sys-
tems, it might not be necessary to base the design flow rate on
all systems operating simultaneously. Provided that floor
drainage is sloped and sectionalized to reduce the flow of
flammables to adjacent areas and assuming that detection sys-
tems are carefully designed, the maximum design flow rate
could be determined by adding the flow rate for any system to
the flow rates for all immediately adjacent systems. [See example
in Table A.7.1.10.2(a) and Table A.7.1.10.2(b).] The largest sum

Table A.7.1.10.2(b) Determining Design Flow Rate for Combined System, Flow Balanced to
Highest Pressure

Flow Flow Flow Flow

System gpm L/min System gpm L/min System gpm L/min System gpm L/min

1 2062 7805 2 2208 8357 3 1950 7381 4 2300 8706
2 2208 8357 3 1950 7381 4 2357 8921 5 2530 9576
3 1950 7381 4 2357 8921 5 2592 9811 6 1844 6979

Total 6220 23,542 Total 6515 24,659 Total 6899 26,113 Total 6674 25,261

Notes:
(1) The combination of Systems 3, 4, and 5 creates the largest flow at the highest pressure at the point of
supply (or other common hydraulic point). Therefore, the design flow rate for this installation is selected as
6899 gpm at 105 psi (26,113 L/min at 5.0 kPa). Total water demand would be 6899 gpm (26,113 L/min), plus
an allowance for hose stream application.
(2) Systems shall be permitted to be combined in a logical manner such that systems that can be expected to
be involved in the same incident and are expected to operate simultaneously are combined to determine the
design flow rate.

Table A.7.1.10.2(a) Determining Design Flow Rate for Multiple Water Spray Fixed Systems

System 1 System 2 System 3 System 4 System 5 System 6

Flow 1800
gpm

6813
L/min

2100
gpm

7949
L/min

1950
gpm

7381
L/min

2300
gpm

8706
L/min

2400
gpm

9084
L/min

1700
gpm

6435
L/min

Pressure 80 psi 3.8 kPa 95 psi 4.6 kPa 105 psi 5.0 kPa 100 psi 4.8 kPa 90 psi 4.3 kPa 85 psi 4.1 kPa

Note: Flow and pressure are required at the point of supply (other common hydraulic point).
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determined from considering all logical combinations should
be used. This maximum anticipated flow rate basis is valid
when the systems selected are judged to represent the worst-
case situation. Assuming that the above conditions are met,
some fires involving several adjacent water spray systems could
be adequately controlled with fewer systems operating. Care-
ful engineering judgment should be used in the determina-
tion and calculation of the actuation, capacity, and duration of
adjacent water spray systems.

A.7.2.1.2 The following are extinguishment methods:

(1) Surface Cooling. Where extinguishment by surface cooling
is contemplated, the design provides for complete water
spray coverage over the entire surface. Surface cooling is
not effective on gaseous products or flammable liquids
and is not generally satisfactory for combustible liquids
having flash points below 140°F (60°C).

(2) Smothering by Steam Produced. Where this effect is contem-
plated, the intensity of the expected fire should be suffi-
cient to generate adequate steam from the applied water
spray, and conditions should be otherwise favorable for
the smothering effect. The water spray is to be applied to
essentially all the areas of expected fire. This effect should
not be contemplated where the material protected could
generate oxygen when it is heated.

(3) Emulsification. This effect should be contemplated only for
liquids not miscible with water. The water spray should be
applied over the entire area of flammable liquids. For those
liquids having low viscosities, the coverage should be uni-
form, and the minimum rate required should be applied
with the nozzle pressure not less than the minimum on
which approval is based. For more viscous materials, the cov-
erage should be complete but need not be so uniform, and
the unit rate of application can be lower. A water additive
that reduces the surface tension of water can be considered
where the effect of emulsification is contemplated.

(4) Dilution. Where extinguishment by dilution is contemplated,
the material should be miscible with water. The application
rate should be adequate to effect extinguishment within the
required period of time based on the expected volume of
material and the percentage of dilution necessary to render
the liquid nonflammable, but not less than that required for
control and cooling purposes.

(5) Other Factors. The system design can contemplate other
extinguishing factors, such as a continuous film of water
over the surface where the material is not miscible with
water and has a density much greater than 1.0 (such as
asphalt, tar, carbon disulfide, and some nitrocellulose so-
lutions). Water spray can also be used on some materials
to produce extinguishment as a result of rapid cooling
below the temperature at which the material will decom-
pose chemically at a self-sustaining rate.

For further information on the effect of droplet size, refer
to the NIST publication “Engineering Criteria for Water Mist
Fire Suppression Systems.”

A.7.2.1.3 Limited test data exist that document the mini-
mum water application rates needed for extinguishment of
certain combustibles or flammables. Much additional test
work is needed before minimum rates can be established
for all materials.

A.7.2.2.1 For this example, it is intended that the insulation
or tubing is subject to ignition and propagation of fire.

A.7.2.2.3 Interlocks should be provided between the fire detec-
tion system and the electrical systems to de-energize all power
circuits that are not connected to critical processes.
A.7.2.3.2 For further information on conveyor belt roller
protection, see Figure A.7.2.3.2.
A.7.2.3.3.1 For further information on typical conveyor belt
protection, including return belt, see Figure A.7.2.3.3.1(a) and
Figure A.7.2.3.3.1(b).
A.7.3.1.1 System operation for a duration of several hours
might be necessary before the required activities are completed.

Elevation of typical
take-up roller protection

Elevation of typical
end roller protection

FIGURE A.7.2.3.2 Typical Roller Protection.

Supply main

Cross main

Branch line

High-velocity
spray nozzle (typical)

Detector

Handrail

Optional if
metal plate
used

Detector

Return belt

Concrete deck

Spray nozzles,
upper and lower
belt, and idler

FIGURE A.7.2.3.3.1(a) Typical Conveyor Belt Protection.
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A.7.3.2 Control of burning by directional water spray is not in-
tended to preclude the installation of exposure protection for
pump and compressor connections, exposed piping, compressor
casings, drivers, lubrication systems, and related equipment.

A.7.4.1 Generally, the upper portions of equipment and the
upper levels of supporting structures are less severely exposed by
fire than are the lower portions or levels, due to the accumula-
tion at grade level of fuel from spillage or equipment rupture.
Consideration can thus be given to reducing the degree of (or
eliminating) water spray protection for the upper portions of
high equipment or levels of structures, provided a serious accu-
mulation of fuel or torch action from broken process piping or
equipment cannot occur at these elevations and serious fire ex-
posure does not exist. Examples are certain types of distillation
columns [above the 30 ft or 40 ft (9.2 m or 12.2 m)] level and
above the third or fourth level of multilevel open structures.

The densities specified for exposure protection include a
safety factor of 0.05 gpm/ft2 [2.0 (L/min)/m2] to compen-
sate for unanticipated wastage.

To determine the duration of the exposing fire, consideration
should be given to the properties and quantities of the exposing
combustibles and the anticipated effect of available manual fire
fighting. System operation for several hours might be required.

A.7.4.2 It has been established that uninsulated vessels, under
average plant conditions, enveloped with flame can be expected
to absorb heat at a rate of at least 20,000 Btu/hr/ft2 (63,100 W/
m2) of exposed surface wetted by the contents. Unwetted, unin-
sulated steel equipment absorbs heat rapidly, and failure occurs
from overpressure or overheating, or both, when such equip-
ment is exposed to fire. Figure A.7.4.2(a) is a time–temperature

Open sprinkler

Water spray nozzle

Spray nozzle lower belt
Open sprinkler upper belt

Heat detector

Supply main

FIGURE A.7.2.3.3.1(b) Typical Hooded Conveyor.

Note: For SI units, 1 Btu/ft2 • hr = 3.155 W/m2; ⁵⁄₉ (°F – 32) = °C;
1 gal = 0.00379 m3 = 3.785 L; 1 ft = 0.305 m.
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Tank diameter D in ft (m)

Approximate nominal capacity in thousands of gal (L)

Estimated time for volatile liquid contents of atmospheric 
storage tanks to reach 100°F (37.8°C) when absorbing  
heat at 20,000 Btu/ft2 • hr (63,100 W/m2) from a starting 
temperature of 70°F (21.1°C) for tank contents and  
60°F (15.6°C) for tank steel.

FIGURE A.7.4.2(a) Time–Temperature Curve for Vessels Containing Volatile Materials Heated
to 100°F (37.8°C).
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curve showing the lengths of time required for vessels of different
sizes containing volatile materials to have their contents heated
to 100°F (38°C) from a starting temperature of 70°F (21°C) for
tank contents and 60°F (16°C) for the tank steel. (See Transac-
tions of the ASME, January, 1944.)

The application of water spray to a vessel enveloped by
fire will reduce the heat input rate to a value on the order of
6000 Btu/hr/ft2 (18,930 W/m2) of exposed surface wetted
by the contents where the unit rate of water application is
0.20 gpm/ft2 [8.2 (L/min)/m2] of exposed surface.
The 6000 Btu/hr/ft2 (18,930 W/m2) rate was also estab-
lished in Rubber Reserve Company Memorandum 123. Fig-
ure A.7.4.2(b) shows the estimated time for volatile liquid
contents of atmospheric storage tanks to reach the boiling
point where absorbing heat at 6000 Btu/hr/ft2 (18,930 W/
m2). This value can be compared with Figure A.7.4.2(a) to
show the benefits derived from water spray systems.

Where the temperature of a vessel or its contents should be
limited, higher densities than specified in 7.4.2.1 might be
required.

Internally insulated or lined vessels require special consid-
eration to determine water spray requirements.

A.7.4.2.2 See Figure A.7.4.2.2.

A.7.4.2.3 See Figure A.7.4.2.3.

A.7.4.3.1 The locations of nozzles should preferably be on
alternate sides of the horizontal structural steel.

The wetted surface of a structural member (a beam or col-
umn) is defined as one side of the web and the inside surface
of one side of the flanges.

A.7.4.3.4 The locations of nozzles should preferably be on
alternate sides of the vertical structural steel.

A.7.4.4.1 See Figure A.7.4.4.1.

A.7.5 Water spray systems can sometimes be effective at prevent-
ing or reducing the magnitude of a fire or explosion by what is
referred to as vapor mitigation. This is the process of using a
water spray system to dilute or disperse a vapor cloud to such a
degree that it is no longer flammable or at least less flammable.

In the case of water-soluble materials, this is done by spraying
water into the vapor cloud so that the water dilutes or absorbs the
material to a point where it is no longer flammable. The water
spray system must deliver water at sufficient velocity and quantity
to absorb the expected quantity of vapor released. The amount
of water needed will vary with the material in question.

Water-soluble materials include materials such as ammo-
nia, alcohols, and acetone.

In the case of non–water soluble materials, this is done
by using the water spray system to deliver water at sufficient
flow and pressure to force air movement to such an extent
that the air movement disperses the vapor cloud to below
the material’s lower explosion limit (LEL). If adequate air
movement is not achieved, the vapor cloud will still be flam-
mable, presenting a hazard.

If the hazard is located inside a building or in a confined
area, it may not be possible to force enough air movement to
dilute the vapor cloud below the LEL due to the limited vol-
ume of air compared to the volume of flammable vapor.

Non–water soluble materials include materials such as fuel
oil, gasoline, and propane.
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A.7.5.1 Due to the unique characteristics of each fire risk,
this standard does not provide comprehensive design crite-
ria to prevent fires in all types of hazardous locations. Tech-
nology in this area is under constant development. The user
of this standard should recognize the complexity of fire
protection requirements for hazardous locations. The de-
signer is responsible for demonstrating the validity of the
approach.

The material below is Paragraph 4.6 from CSB Report No.
2004-10-I-IL, Vinyl Chloride and Monomer Explosion.

Deluge systems can sometimes prevent vapor cloud
fires and explosions through several mechanisms:

(1) Dispersing vapor and inducing air flow into the re-
lease, ultimately reducing the vapor concentration
below the lower flammable limit.

(2) Absorbing the substance released; this however de-
pends on the properties of the substance, primarily
its solubility in water.

(3) Cooling and condensing vapors from materials
with high boiling point temperatures, which may
also reduce the vapor concentration below its lower
flammability limit.

(4) Preventing ignition by reducing the potential for
static electricity-generated sparks, and by cooling
hot surfaces.

Buildings should be amenable for the dispersion of flam-
mable vapor, either by natural migration or venting or by

6 ft 0 in. 
(1829 mm)

7 ft 0 in. 
(2137 mm)

To
approx.

Horizontal Tanks

PLAN Lower Level

PLAN Upper Level

ELEVATION

FIGURE A.7.4.2.3 Typical Horizontal Tank Protection.

1 ft 0 in. (305 mm)

6 in. 
(152  mm)

2 ft 0 in.
(610 mm)
approx.

CL

Clip (typical)

Supply

Open drain 

12 ft 0 in. 
(3658 mm) 
maximum

12 ft 0 in. 
(3658 mm) 
maximum

12 ft 0 in. 
(3658 mm) 
maximum

FIGURE A.7.4.2.2 Typical Vertical Tank with Skirt Protec-
tion. Refer to 7.4.2.6.
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automatically actuated exhaust. The solubility of the vapor
is a key determinant of the applicability for vapor mitiga-
tion by water spray.

A.7.5.7.1 It is necessary to activate the water spray system by
vapor/gas detection so that the system activates on vapor re-

lease and can mitigate or disperse the subsequent vapor cloud
before ignition occurs. It might also be advantageous to equip
the water spray system with a flame or heat detection system in
addition to the vapor/gas detection system to activate the sys-
tem in case of fire since a vapor mitigation system can provide
some degree of exposure protection.

A.7.6.1 Examples of combined systems include the follow-
ing:

(1) Open-nozzle water spray protection for a vessel com-
bined with area protection provided by a deluge system

(2) Automatic nozzle water spray protection for cable trays
combined with area protection provided by a wet pipe
system

A.7.6.2 Generally, the water spray component of a combined
system is intended to supplement the protection provided by
the sprinkler or deluge portion. The water spray usually is in-
tended to cover a specific hazard or to cover specific areas or
equipment items that cannot be otherwise adequately cov-
ered. Therefore, the required density from the sprinkler sys-
tem should not be reduced when supplemental water spray is
provided.

However, it would be acceptable to adjust the extent of
water spray coverage when a portion of the coverage is
provided by the sprinkler deluge portion of a combined
system. For example, pressure vessels within the process
structure protected by area deluge are typically provided
with supplemental water spray on the bottom surfaces
where the top surfaces are adequately covered by the del-
uge system above.

A.7.7.1 Different arrangements from those required for
other types of detection systems might be required. In par-
ticular, it should be remembered that most listed detection
devices are tested in an indoor, ceiling-mounted environ-
ment, while many water spray systems are installed out-
doors. This can affect the type of detector chosen and its
installed spacing.

A.7.7.3 Installations with temperature fluctuations include
transformer protection involving heat exchangers having auto-
matic fans and installations involving industrial ovens and fur-
naces. Additionally, protection of machinery involving move-
ment of a hazardous material, such as a belt conveyor, would
require a detection system having a faster response time than
normal and appropriate interlocks to stop drive units, as well as
other modifications.

A.7.7.4 Though not an aspect that can be designed prior to
installation, the response time goal for the detection system is
generally 40 seconds from exposure to initiation of the system
actuation valve. The intent of the paragraph is to ensure that
artificial delays are not built into the detection (initiating de-
vice) system.

A.8.1.1 See Annex B for sample calculations forms.

A.8.1.2 The minimum operating pressure is required for
proper pattern development and to overcome the effects of
wind. For nozzles with orifices of 3⁄8 in. (9.5 mm) or less, a mini-
mum pressure of 30 psi (1.4 kPa) is recommended.

A.8.1.4 See Annex B for sample calculations.

++
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FIGURE A.7.4.4.1 Typical Transformer Layout.
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A.8.1.5 If v Pt≤ 2 7. , then the velocity pressure does not
need to be calculated.

The starting equation is the basic formula for calculating
velocity pressure, as follows:
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where:
Pv = pressure, velocity (psi)
Q = flow (gpm)
D = pipe diameter (inside) (in.)
Pt = pressure, total (psi)
v = velocity (ft/sec)
A = cross-sectional area (in.2)

The fifth line of the equation corrects the flow to units of
cubic feet per second, while the sixth line of the equation
corrects the flow to units of feet. The next step is to substitute
area times velocity for the flow rate, then pi times the diameter
squared divided by four for the area. By reducing the numbers
and solving for v, the velocity in the pipe needs to remain at or
lower than 2.7 times the square root of the total pressure as
proposed.

The velocity is something that many computer models are
already solving for, and it is a calculation the user can perform
to determine if velocity pressure actually needs to be taken
into account prior to doing the velocity pressure.

A.8.3 The standard abbreviations and symbols in Fig-
ure B.1(d) should be used.

A.8.3.4 See Figure B.1(c).

A.8.5.1.2 The velocity pressure, Pv , is determined by trial and
error. It is necessary to estimate the flow, Q, in the pipe on the
upstream side of the nozzle, which is used to determine a trial
Pv , a trial q, and a trial Q. After determining the trial Q, use this
value to determine a new Pv . If the new Pv is approximately
equal to the trial Pv , consider the trial Q to be the actual Q and
proceed with calculations. If the Pv does not check with the
trial Pv , estimate Q again and proceed with successive correc-
tions until an actual Pv is obtained that checks with a trial Pv .

The velocity pressure Pv is a measure of the energy required to
keep the water in a pipe in motion. At the end of the nozzle or

end section of a system (when considering the junction of sec-
tions of systems) the total pressure available in a pipe at that point
should be considered as causing flow. However, at other nozzles
or junction points, the pressure causing flow will be the normal
pressure, which is the total pressure minus the velocity pressure.
FigureA.8.5.1.2(a) and FigureA.8.5.1.2(b) can be used for deter-
mining velocity pressures, or velocity pressure can be determined
by dividing the flow in gpm squared by the proper constant from
Table A.8.5.1.2.

The following assumptions are to be used in applying veloc-
ity pressure to the calculations:

(1) At any nozzle along a pipe, except the end nozzle, only
the normal pressure can act on a nozzle. At the end
nozzle, the total pressure can act.

(2) At any nozzle along a pipe, except the end nozzle, the
pressure acting to cause flow from the nozzle is equal to
the total pressure minus the velocity pressure on the up-
stream side.

(3) To find the normal pressure at any nozzle except the end
nozzle, assume a flow from the nozzle in question and deter-
mine the velocity pressure for the total flow on the upstream
side. Because the normal pressure is equal to the total pres-
sure minus the velocity pressure, the value of the normal
pressure so found should result in a nozzle flow approxi-
mately equal to the assumed flow. If not, a new value should
be assumed and the calculations repeated.

Velocity pressure has the effect of reducing the flow from
the side outlet of a junction. Ignoring velocity head can intro-
duce a significant error, resulting in an actual nozzle pressure
that is less than required. This is especially true where veloci-
ties are high [in excess of 20 ft/sec (6 m/s)].

The example shown in Figure A.8.5.1.2(b) has been crafted
to illustrate situations where a design, if not corrected for an
excessive velocity pressure, could yield results that underesti-
mate the required flow and pressure for the system.

A.8.5.3 Experience has shown that good results are obtained
if the calculations are made in accordance with this section. It
is recognized that satisfactory results can be obtained by using
other methods. However, in order to simplify the checking of
calculations and to obtain more consistent correlation be-
tween calculated system characteristics and actual system char-
acteristics, it is desirable to use a standard method. The flow
from nozzles can be obtained from discharge curves rather
than individual calculations at the preference of the calcula-
tor. Similarly, flow characteristics of lines or sections of systems
can be obtained by plotting results on charts made up to N1.85

rather than by calculating constants (K-values).

A.9.3.1 Afire department connection should not be considered
as a primary source of water supply for a water spray system.

A.10.1 See NFPA 13, Standard for the Installation of Sprinkler
Systems, and NFPA 24, Standard for the Installation of Private Fire
Service Mains and Their Appurtenances, for further information
on system acceptance.

A.10.2.1 When planning the flushing operations, consider-
ation should be given to disposal of the water issuing from the
test outlets.

A.10.4.2 Some detection circuits might be deliberately desen-
sitized in order to override unusual ambient conditions. In
such cases, the response in 10.4.2 might be exceeded.
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Testing of integrated tubing systems might be related to
this test by means of a standard pressure impulse test specified
by the listing laboratory.

One method of testing heat detection uses a radiant heat
surface at a temperature of 300°F (149°C) and a capacity of
350 W at a distance of 1 in. (25 mm) but not more than 2 in.
(50 mm) from the nearest part of the detector. This method of
testing with an electric test set should not be used in hazard-
ous locations. Other test methods can be employed, but the
results should be related to the results obtained under these
conditions.

A.10.4.3.2 During the acceptance discharge test, it might be
advisable to partially close the system control valve to reduce
the system supply pressure to the minimum pressure required
by the system calculation. With the gauge at the deluge valve
reading the minimum pressure, the test gauges at the most
remote nozzle should be read to verify minimum required
nozzle pressure. Additionally, pattern and coverage from each
open nozzle should be observed to verify adequate operation.

A.12.1 This standard deals with fixed piped ultra-high-speed
water spray systems. There are specialized self-contained ultra-
high-speed deluge systems, which are outside the scope of this
standard. The supervised systems can be used alone or with

the ultra-high-speed deluge systems discussed in this standard.
Nonsupervised systems should not be used without fixed pipe
ultra-high-speed backup as described in this standard. The fol-
lowing two small self-contained deluge systems are currently in
use [the military ordnance industry (both government and
private facilities) is currently the primary user].

(1) The portable deluge system is a transportable self-contained
ultra-high-speed deluge system. The system uses multiple op-
tical fire detectors, multiple nozzles, and a pressurized water
tank [typically 100 gal (379 L) of water]. Response time does
not exceed 100 milliseconds (detection to water at the
nozzle). The portable system is intended to protect short-
term operations. This system is supervised.

(2) A fixed pressurized sphere ultra-high-speed deluge system is
a self-contained system. The system uses one or more optical
fire detectors, at least one pressurized [typically 500 psi
(3448 kPa)] water sphere [typically 2.5 gal to 8 gal (10 L to
30 L)] with a rupture disc and internal squib), and an elec-
tronic controller. Response time is less than 10 milliseconds
(detection to water at the nozzle). The sphere discharges
water when the squib fires, opening the rupture disc. A
screen breaks the water into small-atomized particles and
collects the residual squib fragments. This system is not cur-
rently supervised.
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A.12.1.1 Extinguishment of fires using ultra-high-speed wa-
ter spray systems is accomplished by surface cooling, by dis-
persion or dilution of the combustible material, by cooling
the expanding flame front, or by a combination of these
factors.

Examples of facilities where such systems are advanta-
geous include rocket fuel manufacturing or processing,
solid propellant manufacturing or handling, ammunition
manufacturing, pyrotechnics manufacturing, and the
manufacture or handling of other volatile solids, chemicals,
dusts, or gases. Other facilities where the very rapid appli-
cation of water spray is desirable can be considered. Where
used to protect process equipment, these systems will not
prevent overpressures. This equipment should be protected
in accordance with NFPA 68, Standard on Explosion Protection
by Deflagration Venting.

A.12.1.2 For the design of deflagration suppression systems
for purposes of limiting overpressure, refer to NFPA 69, Stan-
dard on Explosion Prevention Systems.
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FIGURE A.8.5.1.2(b) Metric Units. Graph for the Determination of Velocity Pressure.

Table A.8.5.1.2 Constants for Determining Velocity Pressure

Pipe Schedule
Pipe Size

(in.)

Constant Based
on

Actual I.D.

40 1 1,080
40 11⁄4 3,230
40 11⁄2 5,980
40 2 16,200
40 21⁄2 33,100
40 3 78,800
40 31⁄2 141,000
40 4 234,000
40 5 577,000
40 6 1,204,000
30 8 3,780,000
40 8 3,620,000
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There is no fire protection system that can stop the detona-
tion process when the explosive goes to a high-order state. In
many cases, there is a fire or deflagration before the incident
progresses to a detonation. An example of high explosives pro-
cess applications is the extrusion dies for C-4 explosives. In this
situation, there is a high probability that there will be deflagra-
tion that can be suppressed with an ultra-high-speed water
spray system before the transition to a detonation.

A.12.3.1.1 See Figure A.12.3.1.1.

A.12.3.1.2 See Figure A.12.3.1.2.

A.12.3.1.3 An example of a dual application system could be
one that protects a specified area from the ceiling and also has
nozzles located to protect a specific point or points of likely
ignition (see Figure A.12.3.1.3).

A.12.3.1.4 For additional information, refer to U.S. Depart-
ment of Defense standard DOD 6055.9-STD, Ammunition and
Explosives Safety Standards.

To protect personnel, the process equipment should be
interlocked to shut down upon activation of the ultra-high-
speed water spray system.

A.12.3.2.3 A commonly used density for preventing propaga-
tion and structural damage is 0.5 gpm/ft2 [200 (L/min)/m2].

Some hazards, particularly the extinguishment of pyrotech-
nic fires, require significantly higher density rates. These rates
can be as high as 3.0 gpm/ft2 [11 (L/min)/m2] for area cover-
age, or 50 gpm (189 L/min) per nozzle for point protection cov-
erage. Tests have shown that fires involving some pyrotechnic
materials require a water flow of 200 gpm (757 L/min) or more
to extinguish.

A.12.3.4 As speed is a strong function of volumetric capac-
ity, it is recommended that ultra-high-speed water spray sys-
tems be kept as small as possible. Tests have shown that
systems having a capacity in excess of 500 gal (1893 L) are
less likely to be capable of delivering water to the nozzles
within 100 milliseconds. The capacities of various sizes of
pipe are given in Table A.12.3.4 for convenience in calculat-
ing system capacity.

A.12.3.8.2 Initial pressure to an ultra-high-speed water spray
system is ordinarily obtained from an elevated tank, a pressure
tank, or an excess pressure pump. A fire pump can be used to
provide the required flow and pressure after the system has
started to operate.

A.12.3.9.1 The time for the water to travel from the nozzle to
the hazard is not currently included in the total response time,
but research efforts are under way to determine the impact of
water travel.

Air bleeder
valve (at high
point of system)

Discharge 
nozzle

Specific point of hazard
System riser

FIGURE A.12.3.1.1 Ultra-High-Speed Local Application for
a Point of Hazard.

Air bleeder
valve (at high
point of system)

Discharge 
nozzle

System riser

Note:    – High-speed water spray nozzle in the pendant position.

FIGURE A.12.3.1.2 Ultra-High-Speed Area Application for a
Small Room.

System 
riser

Discharge nozzle

Air bleeder
valve (at high
point of system)

Specific point of hazard

Note:    – High-speed water spray nozzle in the pendant position.

FIGURE A.12.3.1.3 Ultra-High-Speed Dual Application System.
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A.12.3.10 System actuation valves commonly in use are the
squib-operated valve [see Figure A.12.3.10(a)] and the solenoid-
operated valve [see Figure A.12.3.10(b)].

A.12.3.10.1 Consideration should be given to personnel, op-
erations, and maintenance of protected equipment.

A.12.3.11.3 Trapped air in an ultra-high-speed water spray
system dramatically increases system response time. Piping sys-
tems must be sufficiently sloped to allow removal of all
trapped air.

A.12.3.12 Pipe movement can be caused by system activation
or from the force of a deflagration.

A.12.3.13.1 Strainers minimize sediment from interfering
with the proper seating of the poppet.

A.12.4 Response time is commonly measured by placing a
waterflow detector on the nozzle and measuring the time from
presentation of an energy source to the sensing device and
commencement of water flow at the nozzle.

The following two methods are commonly used to measure
response time:
(1) Digital Timer. A millisecond digital timer is started when a

saturating energy source is presented to the sensing de-
vice and stopped by the actuation of a waterflow switch at
the nozzle.

(2) High-Speed Video Recording System. A high-speed video cam-
era and recorder (at least 120 frames/second) can be
used to provide a very accurate measurement. It can also
be used to measure the water travel time from the nozzle
to the hazard.

Table A.12.3.4 Capacity of One Foot of Pipe (Based on Actual Internal Pipe Diameter)

Nominal
Diameter

(in.)

Gal Nominal
Diameter

(in.)

Gal

Sch 40 Sch 10 Sch 40 Sch 10

3⁄4 0.028 — 3 0.383 0.433
1 0.045 0.049 31⁄2 0.513 0.576

11⁄4 0.078 0.085 4 0.660 0.740
11⁄2 0.106 0.115 5 1.040 1.144
2 0.174 0.190 6 1.501 1.649a

21⁄2 0.248 0.283 8 2.66b 2.776c

Note: For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 gal = 3.785 L.
a0.134 wall pipe
bSchedule 30
c0.188 wall pipe
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Main drain
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FIGURE A.12.3.10(a) Ultra-High-Speed System Using Squib-Operated Valve.
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A.12.5.1 A good preventive maintenance program is needed
to keep systems operational and reduce false activations. Expe-
rience has shown that increasing the time period beyond 6
weeks results in a significant increase of false activations and
other system problems. The following items should be consid-
ered when establishing maintenance procedures:

(1) System checks.
(a) Measure all voltages.
(b) Put all controllers in bypass, and check for loose wires

and/or relays.
(c) Clean all dirt and debris from control panel.
(d) Check all lamps on control panel.
(e) Spot check conduit fittings for moisture and/or loose

wire nuts.
(f) Check squib-operated valve o-rings (damp or wet

primers).
(g) Check OS&Y valve limit switches on water supply lines.

(2) Sensing devices.
(a) Remove each lens and clean.
(b) Remove each barrel, and check grounding springs,

when used.
(c) Tighten each terminal screw in sensing devices.
(d) Clean and inspect all optical integrity rings, when used.
(e) Check for moisture and/or corrosion inside sensing

device housings.
(f) Check each detector for proper alignment.
(g) Check housing for continuity.
(h) Reactivate system, and check for problems.

(3) Flow tests should be conducted as follows:
(a) Annually for active systems.
(b) After major maintenance or modification.
(c) After reactivating an inactive system.

(4) Priming water — squib-operated system.
(a) Check weekly.
(b) Open vent.
(c) Crack priming valve.
(d) Allow water to flow for a few minutes, close priming

valve, then the vent valve.
(5) Squib-operated valve.

(a) Trip system at least annually by firing primers.
(b) Replace primers at least annually.

(6) Solenoid-operated valves.
(a) Trip system at least annually.
(b) Check solenoid valve for leaks.

Annex B Hydraulic Calculations

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

B.1 Forms for Hydraulic Calculations. See Figure B.1(a)
through Figure B.1(d).

B.2 Sample Calculations. Figure B.2(a) shows a hypothetical
water spray system layout. Figure B.2(e) and Figure B.2(f) show a
sample calculation for this system, using pipe sizing and nozzles
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FIGURE A.12.3.10(b) Ultra-High-Speed System Using Solenoid-Operated Valves.
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ft (m) in. (mm)

❏  NFPA 13

Area of sprinkler operation

System gpm (L/min) required

“C” factor used:

Total gpm (L/min) required

Calculation
Summary

Density

Area per sprinkler

Hose allowance gpm (L/min): Inside

Hose allowance gpm (L/min): Outside

Rack sprinkler allowance

❏  Other (Specify)

❏  NFPA 15

❏  Specific ruling Made by Date

S
ys
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m

 D
es

ig
n

W
at

er
 S

u
p

p
ly

C
om

m
od

it
y 

S
to
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ge

R
ac

k

psi (kPa) required

Overhead

psi (kPa) required Ref. Pt.

Make
Size

Model
K-factor

Temperature rating

At base of riser

Underground

System nos. operating

❏  Single row

❏  Double row

❏  Multiple row

Longitudinal

Commodity

Date and time

Static psi (kPa)

Residual psi (kPa)

gpm (L/min) flowing

Elevation

Storage height

Location

Source of information

Storage method: Solid piled

Glass

Area

Location

Aisle width

% Palletized % Rack

Transverse

Horizontal barriers provided

❏  Conventional pallet

❏  Slave pallet

❏  Automatic storage

❏  Solid shelving

❏  Open

❏  Encapsulated

Clearance from Top of Storage to CeilingFlue Spacing in in. (mm)

Water Flow Test

Rated capacity
At psi (kPa)

Elevation

Pump Data

Capacity

Elevation

Proof flow gpm (L/min)

Tank or Reservoir

System Type

Sprinkler or Nozzle

Well

❏  Nonencapsulated

❏  LT HAZ ORD HAZ EX HAZ1

Figure Curve

2 3

❏  Wet ❏  Dry ❏  Deluge ❏  Preaction

HYDRAULIC DESIGN INFORMATION SHEET

% Plastics

Name

Location

Building

Contractor

Calculated by

Construction: ❏  Combustible ❏  Noncombustible

Occupancy

Ceiling Height ft (m)

Drawing No.

Contract No.

System No.

Date

❏ ❏ 1 2❏ ❏❏

FIGURE B.1(a) Sample Summary Sheet.
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Nozzle
Ident. &
LocationReference

Flow
in

gpm
(L/min)

Req.
psi

(bar) Notes

Equiv. Pipe 
Length
ft (m)

Friction
Loss
psi/ft

(bar/m)
q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

q

Q

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Lgth.
Ftg.
Tot.

Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe
Pt
Pf
Pe

q

Q

Lgth.
Ftg.
Tot.

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pt
Pv
Pn

Pipe
Size
in.

(mm)

Pipe 
Fittings

& Devices
ft (m)

Normal
Pressure

psi
(bar)

Sheet No. ofContract No.

Name and Location

HYDRAULIC CALCULATIONS

FIGURE B.1(b) Sample Worksheet.
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with constants such that the velocity pressures generally exceed
5 percent of the total pressures, and the designer elected to in-
clude velocity pressures. Figure B.2(g) and Figure B.2(h) show a
sample calculation for this system, using pipe sizing and nozzles
with constants such that velocity pressures are less than 5 percent
of the total pressures, and the velocity pressures were not in-
cluded in the calculation. Figure B.2(c) and Figure B.2(d) show a
graphical representation of the results of hydraulic calculations

shown in Figure B.2(g) and Figure B.2(h), assuming 250 gpm
(946 L/min) outside hydrant flow requirements and 4.0 psi
(0.28 bar) of underground friction loss.

Calculations for the system in Figure B.2(b) are fairly
straightforward until one attempts to balance at junction
point “C.” The side outlet of the tee at “C” only sees the nor-
mal pressure. In this example, due to the high velocity
through “C,” the normal pressure available to “B” is less than
that required to satisfy the individual nozzle demand. This
requires actually increasing the total pressure coming into “C”
to satisfy the rule for both velocity head correction and for
pressure balance. If not, the nozzles fed by line “C–B” will be
denied adequate flow. [Refer to Figure B.2(b).] The 28.2 psi pres-
sure at “C” from the side outlet is used as a minimum normal
pressure starting point, to which the assumed velocity pressure
of 13.6 psi is added, to get a new total pressure of 41.8 psi. The
flow straight through the tee at point “C” is then increased by
the ratio of (41.8/29.7)1/2.

Figure B.2(i) and Figure B.2(j) present calculations in
which velocity pressure is ignored. For the example system
shown, correcting the velocity pressure indicates that the sys-
tem would require 12.1 percent more flow (785.2 gpm vs.
700.5 gpm) and 26.9 percent more pressure (120.2 psi versus
94.7 psi).

The alternatives for correcting the system to a more bal-
anced configuration include increasing the pipe size to re-
duce the effect of velocity pressure (though this can result in
an alteration of the specified nozzle’s spray pattern) and modi-
fying the piping arrangement (for example, using bull-headed
tees at critical junctions). Whether or not a correction is
made, the velocity pressure at each side outlet should be ex-
amined to determine if corrective action is desired.

Symbols or 
Abbreviations Item

Pressure in psig
Pressure in bars
Flow rate in U.S. gallons per minute
Flow increment in gpm to be added at a specific  

location
Flow increment in liters per minute (L/min) to be 

added at a specific location
Summation of flow in gpm at a specific location
Summation of flow in L/min at a specific location
Total pressure at a point in a pipe
Pressure loss due to friction between points 

indicated in location column
Pressure due to elevation difference between 

indicated points. This can be a plus value or a 
minus value. Where minus, the symbol (–)  
should be used; where plus, no sign need be 
indicated.

Velocity pressure at a point in a pipe
Normal pressure at a point in a pipe
90° elbow
45° elbow
Long turn elbow
Cross
Tee, flow turned 90°

P
Pm
gpm
q

qm

Q
Qm
Pt
Pf

Pe

Pv
Pn
E
EE
Lt E
Cr
T

Symbols or 
Abbreviations Item

Gate valve
Deluge valve
Dry-pipe valve
Alarm valve
Swing check valve
Strainer
Pounds per square inch gauge
Velocity of water in pipe in feet per second
Velocity of water in pipe in meters per second
Acceleration due to gravity in feet per second 

(generally 32.0 or 32.16 is used)
Acceleration due to gravity 9.807 meters  

per second
A constant
A constant (SI)
Hazen and Williams friction loss coefficient
Frictional resistance per foot of pipe in psi  

per foot
Frictional resistance per meter of pipe in bars 

per meter
Actual internal diameter of pipe used, in inches
Actual internal diameter of pipe in millimeters

GV
Del V
DPV
AL V
CV
St
psig
v
vm
g

gm

K
Km
C
p

pm

d
dm

FIGURE B.1(d) Abbreviations and Symbols for Hydraulic Calculations.
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FIGURE B.1(c) Sample Graph Sheet.
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