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2010 Edition 

Pursuant to Section 5 of the NFPA Regulation:. Governing Committee Projects, the National Fire 

Protection Association has issued the following Tentative Interim Am endment to NFPA 20, Strmdanl 

for the Installation of Stationary Pumps for Fire Pro/Prtion. 2010 edi tion. The TIA wa~ processed by the 

Techuical Committee on Fire Pump ~. and was issued by the Standards Council on :VIarch 3, 2010, with 

an effectiYe date of March 23, 2010. 

A Tentative Imerim Amendment is tentative because it has not been processed through the entire 

standards-making procedures. It is interim because it is eficcti,·e only between edit ions of the 

standard. A TL-\ automatically becomes a proposal of the proponent for the next edition o f the 

standard ; as such , it then is su l~e c t to all of the procedures of th e standards-making process. 

1. Add a new 5.8 as follows: 

5.8 Protection of Control Wiring for Pumps in Series. 

5.8.1 * Inte rconnect control wiring of pumps in series which are not located in the same room and 

which affects starting of the supply (lower zone) pump(s) shall be protected against fire and physical 

damage in the same manner as power conductors described in FPA 70. Article 695. 

A.5.8.1 The following methods should be considered acceptable: 

( 1) Be encased in a minimum 50 mm (2 in.) of concrete(2) Be protected by a fire-rated assembly 

listed to achieve a minimum fire rating of2 hours and dedicated to the fire pump circui t(s) (3) Be a 

listed electrical circuit protective system with a minimum 2-hour fire rating ( 4 Be protected by a listed 

fire-rated assembly that has a minimum fire rating of 2 hours and contains only emergency alarm 

and / or control wiring circuits dedicated to fire pumps or emergency systems generators or legally 

1·equircd generators. and no power wiri ng circuits 

5.8.2 The motor on the supply Oows;r zone) vump(s) shall start on the opening of the control circuit 

(remote start) loop. 

5.8.3 The in;;,tallcd controllers shall meet the requirements of 10.5.2.5 and/ or 12.7.2.4 as applicable. 

Issue Date: March 3, 2010 

Effective Date: March 23, 2010 

(Note: For further information on NFPA Codes and Standards, plea.,;e see '" "~-lll. ! .hL.!lr ~ .u:. oddist ) 
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NFPA® 20 

Standard for the 

Installation of Stationary Pumps for Fire Protection 

2010 Edition 

This edition of NFPA 20, Standard for lhe Installation of Slatiunary Pu.mjJs for Fire ProiRrtion, was 

prepared by the Technical Committee on Fire Pumps and acted on by NFPA at its June Association 

Technical Meeting held june 8-11 , 2009, in Chicago, IL. It was issued by the Standards Council on 
August 6, 2009, with an effective date of August 26, 2009, and supersedes all previous editions. 

This edition of NFPA 20 was approved as an American National Standard on August 26, 2009. 

Origin and Development of NFPA 20 

The first National Fire Protection Association standard for automatic sprinkle rs was pub-

lished in 1896 and contained paragraphs on steam a nd rotary fire pumps. 

The Committee on Fire Pumps was organized in 1899 with five members from underwriter 
associations. Modern committee membership has included representatives ofUnderwriters Labo-

ratories of both the United States and Canada, Insurance Services Office, Factory Mutual, Indus-

trial Risk Insurers, national trade associations, state governments, engineering o rganizations, and 
ptivate individuals. 

Early fire pumps were only secondat}' supplies for sprinklers, standpipes, and hydrants and 

were started manually. Today, fire pumps have greatly increased in number and in appl ications-
many are the majo r or only water supply, and almost all are started automatically. Early pumps 
usually took suction by lift from standing or flowing water supplies because the famed National 

Standard Steam Fire Pump and rotary types suited that service. Ascendancy of the centrifugal 
pump resulted in positive head supply to horizontal shaft pumps from public water supplies and 

aboveground tanks. Later, vertical shaft turbine-type pumps were lowered into wells or into wet 
pits supplied from ponds o r other belowground sources of water. 

Gasoline engine-driven pumps first appeared in this standard in 1913. From a n early 
status of relative unreliability a nd of supplemental}' use only, first spark-ignited gasoline e n-

gines and then compression ignition diesels have stead ily developed engine-drive n pumps to 
a p lace alongside electric-driven un its for total reliability. 

Fire protection now calls for larger pumps, higher pressures, and more valied units for a wide 

range of systems protecting both life and property. Hydraulically calculated and designed sprin-
kler and special fire protection systems have changed concepts of water supply completely. 

Since the formation of this Committee, each edition of FPA 20 has incorporated appropriate 

provisions to cover new developments and has omitted obsolete pro,~ s i o n s. NFPA action on 

successive editions has been taken in the following years: 1907, 1910-19 13, 1915, 1918-1921, 
1923-1929, 1931-1933, 1937, 1939, 1943, 1944, 1946-I948, 1951, 1953, 1955, 1957, 1959-1 972, 
1974, 1976, 1978, 1980, 1983, 1987, 1990, 1993, 1996, 1999,2003, and 2007. 

The 1990 edition included several amendments with regard to some of the key compo-

nents associated with electric-d riven fire pumps. In addi tion, amendments were made to 
a llow the document to conform more closely to the FPA Manual of Styli!. 

The 1993 edition included significant revisions to Cha pters 6 and 7 with t·egard to the 
a rra ngement of the power supply to e lectric-driven fire pumps. T hese clarifications were 

inte nded to provide the ne cessary requirements to make the system as reliable as possible. 

The 1996 edition continued the changes initiated in the 1993 ed ition, and Chapters 6 and 7, 
which addressed elecuic drives and contro llers, underwent significant revision. ew infom1ation 

was also added regarding engine<ooling provisions, earthquake protection, and backflow preven-

ters. Chapter 5, which addressed provisions for high-rise buildings, was removed, as were capacity 
limitations on in-line and end suction pumps. Additionally, pr o \ ~s i o n s regarding suction pipe 

fi ttings were updated. 

NFPA a nd Natio nal Fire Pro tectio n Associatio n are registered trademarks of the National Fire Protection Association , Quincy, MassachusetL' 02169. 
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20-2 INSTALI.ATION OF STAT IONARY PUMPS FOR FIRE PROTECTIO 

The 1999 edition of the standard included requirements for positive displaceme nt pumps for both water mist and 
foam systems. The document title was revised to reflect this change, since the 1999 edi tion addressed requirements fo r 
pumps other than centrifugal. Enfo rceable language was added, particularly regarding protection of equipme nt. 

Revisions for the 2003 edition included updating the document to conform with the latest edition of the Manual of 
Style fo r NFPA Technical Committee Documents. Provisions were also added to address the use of fire pump drivers using 
variable speed pressure limiting control. Acceptance test criteria were added to the document for re placement of 
critical path components of a fire pump installatio n. 

For the 2007 edition, requirements for variable speed drives were refined, requi rements fo 1· break tanks were 
added , and component replacement testing tables were included. 

The 2010 edition now includes a new chapter on fire pumps for high-rise buildings. Requirements fo r pumps 
a rra nged in series we re also added to the general requirements chapte r. Chapter 11 of the sta ndard has been reo rga-
nized. 
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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 "lmporlant Notices and Dis-

claimers Concerning NFPA Documents. " They can also be obtained 

on request from NFPA or viewed at www.njpa.org!disclaimers. 

NOTICE: An asterisk (*) following the numbe r or lette r 

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 pa1·agraph, 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 

o ne or more complete pa ragraphs have been deleted, the de-

letion is indicated by a bulle t ( •) between the pa ragraphs 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 

revisio n of inte rnal paragraph references a nd o the r refer-
e nces as appropriate . Requests for interpretations or revisions 

of extracted text shall be sent to the technical commiuee 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 deals with the selection and installation 

of pumps supplying liquid for private fire protection. 

1.1.2 The scope of this docume nt shall include liquid sup-

plies; suction, discharge, and auxiliary equipment; power sup-

plies, including power supply arrangements; electric drive and 

control; diesel engine drive and control; steam turbine drive 

and control ; and acceptance tests and operation. 

1.1.3 This standard does not cove1· system liquid supply ca-

pacity and pressure requirements, nor does it cover require-

ments for periodic inspection, testing, and maintenance of 
fi re pump systems. 

1.1.4 This standard does not cover the requireme nts for in-
stallation wiring of fire pump units. 

2010 Edition 

1.2 Purpose. The purpose of this standard is to provide a rea-
sonable degree of protection for life and property from fire 
through installa tion requirements for stationary pumps for 
fire protection based upon sound engineering principles, test 
data, and field experience. 

1.3 Application. 

1.3.1 This standard shall apply to centrifugal single-stage 
and multistage pumps of th e horizontal o r vertical shaft 
design a nd positive displaceme nt pumps of the horizontal 
or vertical shaft design. 

1.3.2 Requirements are established for the design a nd instal-
lation of single-stage and mul tistage pumps, pump drivers, 
and associated equipment. 

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

1.4.1 Unless othe rwise specified, the provisions of this stan-
dard shall not a pply to facilities, equipme nt, structures, or 
installations 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 ln those cases where the authority having jurisdiction 
determines that the existing situation presen ts an unaccept-
able degree of risk, the authority having jurisdiction shall be 
permitted to apply retroactively any portions of this standard 
deemed appropriate. 

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 eviden t that a reasonable 
degree of safety is provided. 

1.5 Equivalency. Nothing in this standard is intended to 
preven t the use of syste ms, me thods, or d evices of equiva-
le nt or superior quality, strength , fire resistance, effective-
ness, durability, a nd safety over those prescribed by this 
standard. 

1.5.1 Technical docume ntation shall be submitted to the a u-
thority having jurisdiction to demonstrate equivale ncy. 

1.5.2 The system, method, or device shall be approved for the 
intended purpose by the authority havingjurisdiction. 

1.6 Units. 

1.6.1 Metric unit ~ of measurement in this standard are in 
accordance with the modemized meu·ic system known as the 
International System of Units (SI). 

1.6.2 Liter a nd bar in this standard are outside of but recog-
nized by SI. 

1.6.3 Units a re listed in Table 1.6.3 with conversion f.tctors. 

1.6.4 Conversion. The conversion procedure is to multiply 
the quantity by the conversion factor and then round the re-
sult to an appropriate number of significant digits. 

1.6.5 Trade Sizes. Where industry utili zes nominal dimen-
sions to represent materials, products, o r pe rformance, direct 
conve rsions have not been utilized and appropriate trade sizes 
have bee n included. 

• 



DEFINIT IO S 20-7 

Table 1.6.3 System of Units 

Unit 
Name of Unit Abbreviation Conversion Factor 

Meter(s) m 1 ft = 0.3048 m 
Foot (feet) ft 1m = 3.281 ft 
Millimeter(s) mm 1 in. = 25.4 mm 
Inch (es) in. 1 mm = 0.03937 in. 
Liter(s) L 1 gal = 3.785 L 
Gallon(s) (U.S.) gal 1 L = 0.2642 gal 
Cubic dm3 1 gal = 3. 785 dm 3 

decime ter(s) 
Cubic meter (s) mg 1 ft3 = 0.0283 m3 

Cubic foot (feet) ft3 1 m 11 = 35.31 ft11 

Pascal(s) Pa 1 psi = 6894.757 Pa; 
1 bar= 105 Pa 

Pound(s) per psi 1 Pa = 0.000145 psi; 
square inch 1 bar = 14.5 psi 

Bar bar I Pa = 10- 5 bar; 
1 psi = 0.0689 bar 

ote: For additional conversions and infonnation, see IEEE/ ASTM 
Sll 0, Sta11dard for Use of the International System of Units (Sf): The Modem 
Metric System. 

Chapter 2 Referenced Publications 

2.1 General. T he documents or portions thereof listed in this 
chapter are referenced within this standard and shall be con-
sidered part of the requ iremen ts of this document. 

2.2 NFPA Publications. ational Fire Protection Association, 
I Bauerymarch Park, Quincy, MA02169-747l. 

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

NFPA 22, Standard j11r Water Tanks for Private Fire Protection, 
2008 edition. 

NFPA 24, Standard for the Installation of Private Fire Se111ice 
Mains and Thei1·Appurtenances, 2010 edition. 

1 FPA 25, Standard for the Inspection, Testing, and Maintenance 
oJ V!'ater-Based Fire Protection Systems, 2008 edi tion. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 2006 edition. 

FPA 51 B, Standard for Fire Prevention During Welding, Cut-
ting, and Other Hot Wol11, 2009 edition . 

NFPA 7rP, National Electrical Code®, 2008 edition. 
NFPA 101®, Life Safety Code®, 2009 edition. 
NFPA J 10, Standard for Emergency and Standby Power Systems, 

2010 edition. 
NFPA 1963, Standard for Fire Hose Connections, 2009 edition. 

2.3 Other Publications. 

2.3.1 AGMAPublications. American Gear ManufacturersAsso-
ciation, 1500 King Su·eet, Suite 201, Alexandria, VA 22314-2730. 

AGMA 390.03, Handbook for Helical and Master Gears, 1995. 

2.3.2 ANSI Publications. Amet·ican ational Standards Insti-
tute , Inc., 25 West 43rd Street, 4th Floor, New York, NY I 0036. 

ANSI Bl 5.1, Safety Standard for Mechanical Power Transmis-
sion Apparatus, 2000. 

ANSI/ IEEE C62. 1, IEEE Standard for Gapped Silicon-Carbide 
Surge Arresters Jm· A C Power Circuits, I989. 

ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide SuTge A1c 
resters for Alternating Cummt Power Circuits(> 1 kV), 2005. 

ANSI/ IEEE C62.41 , IEEE Recommended Practice for Surge Volt-
ages in Low-Voltage A C Power Circuits, 1 991. 

2.3.3 HI Publications. Hydraulic Institute, 6 Campus Drive, 
First Floor North, Pa rsippany, NJ 07054-4406 .. 

Hydraulic Institute Standards for Centrifugal, Rotmy and Recip-
rocating Pumps, 14th edition, 1983. 

HI 3.6, Rntary Pump Tests, I994. 

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

IEEE/ ASTM Sll 0, Standard for Use of the international S)'Stem 
of Units (Sf): The Modem Metric System, 2003. 

2.3.5 NEMAPublications. National Electrical Manufacturers 
Association, 1300 North 17th Street, Suite 1847, Rosslyn, VA 
22209. 

1EMA MG-1 , Motors and Generators, 1998. 

2.3.6 UL Publications. Und erwriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

ANSI/UL 142, Standard for Steel Aboveground Tanks for Flam-
mable and Combustible Liquids, 2006. 

ANSI/UL 508, Standard for industrial Cuntrol Equipment, 2005. 

2.3. 7 Other Publications. 

Merriam-Webster$ Collegiate Dictionmy, 11th edi tion, Merriam-
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 
FPA 14, Standard jo1· the i nstallation of StandpifJI' and Hose 

Systems, 2007 edition. 
NFPA 37, Standard for the Installation and Use of Stationary 

Combustion Engines and Gas Turbines, 2006 edition. 
NFPA 7(JID, National Electrical Code®, 2008 ed ition. 

NFPA 110, Standard for Eme~gen cy and Standby Power Systems, 
2010 edition. 

NFPA 1451 , Standard for a Fire Se111ice Vehicle OfJerations Train-
ing Program, 2007 edition. 

NFPA 500rP, Building Construction and Safety Cadi'®, 2009 
edition. 

Chapter 3 Definitions 

3.1 General. The defin itions contained in this chapter shall 
apply to the te rms used in this standard. Where terms are not 
defined in this chapter or within another chapter, they shall 
be defined using the ir ordinarily accepted meanings within 
the context in which they are used. Ml'rriam-Websters Collegiate 
Dirtionmy, 11th edition , shall be the source for the ordinari ly 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authOI·ity having juris-
diction. 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 
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3.2.3* Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the autho r-
ity havingjurisdiction and concerned with evaluation of products 
or services, that maintains periodic inspection of production of 
listed equipment or mate rials 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 recommenda tion or that which is 
advised but not required. 

3.2.6 Standanl. A document, the main text of which contains 
only mandatory provisions using the word "shall" to indicate 
requirements and which is in a fo rm generally suitable for 
mandatory reference by anothe r standard or code or for adop-
tion into law. NonmandatoiJ' provisions shall be located in an 
appendix o r annex, footnote, or fine-prin t note and are not to 
be considered a part of the requirements of a standard. 

3.3 General Dermitions. 

3.3.1 Additive. A liquid such as foam concentrates, emulsifi-
ers, and hazardous vapor suppression liquids and foaming 
agents in tended to be injected into the water stream at or 
above the water pressure. 

3.3.2 Aquifer. An underground formation that contains suf-
ficient saturated permeable mater·ial to yield significant quan-
tities of water. 

3.3.3 Aquifer Performance Analysis. A test designed to deter-
mine the amount of underground water available in a given field 
and proper well spacing to avoid interference in that field. Basi-
cally, test results provide information concerning transmissibility 
and storage coefficient (available volume of water) of the aquifer. 

3.3.4 Automatic Transfer Switch. See 3.3.48.2.1. 

3.3.5 Branch Circuit. See 3.3.7.1. 

3.3.6 Break Tank. A tank providing suction to a fire pump 
whose capaci ty is less than the fire protection demand (flow 
rate times flow duration). 

3.3.7 Circuit. 

3.3.7.1 Branch Circuit. The circuit conductors between 
the final overcurrent device protecting the circuit and the 
outlet(s). [70: Art. 100) 

3.3.7.2 Fault Tolerant External Control Circuit. Those con-
trol circuits either entering or leaving the fire pump control-
ler enclosure, which if broken, disconnected, or shorted will 
not prevent the controller from starting the fire pump from 
all other internal or external means and can cause the con-
troller· to start the pump under these conditions. 

3.3.8 Circulation Relief Valve. See 3.3.55.5. 1. 

3.3.9 Corrosion-Resistant Material. Materials such as brass, 
copper, Monel®, stainless steel, or other equiva lent corrosion-

resistant materials. 

3.3.10 Diesel Engine. See 3.3.13.1. 

3.3.11 Disconnecting Means. A device, or group of devices, o r 
o ther means by which the conductors of a ci rcuit can be dis-
connected from their source of supply. [70: Art. 100] 

3.3.12 Drawdown. The vertical difference between the 
pumping water level and the static water level. 
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3.3.13 Engine. 

3.3.13.1 Diesel Engine. An internal combustion engine in 
which the fuel is ignited entirely by the heat resulting from 
the compression of the air supplied for combustion. The 
o il-diesel engine, which operates on fuel oil injected after 
compression is practically completed, is the type usually 
used as a fire pump driver. 

3.3.13.2 Internal Combustion Engine. Any engine in which 
the working medium consists of the products of combus-
tion of the air and fuel supplied. Th is combustion usually is 
effected within the working cylinder but can take place in 
an external chamber. 

3.3 .14 Fault Tolerant External Control Circuit. See 3.3. 7. 2. 

3.3.15 Feeder. All c ir·cuit conductors between the service 
equipment, the source of a separately derived system, or other· 
power supply source and the final branch-circuit overcurrent 
device. [70: Art. 100) 

3.3.16 Frre Pump Alarm. A supervisory signal indicating an 
abnormal condition requir·ing immediate attention. 

3.3.17 Frre Pwnp Controller. A group of devices that serve to 
govern, in some predetermined manner, the starting and stop-
ping of the fire pump driver and to monitor and signal the 
status and condition of the fi re pump unit. 

3.3.18 Fire Pwnp Unit. An assembled unit consisting of a fire 
pump, driver, controller, and accessories. 

3.3.19 Flexible Connecting Shaft. A device that incorporates 
two flexible joints and a telescoping e le me nt. 

3.3.20 Flexible Coupling. A device used to con nect the 
shafts or othe r torque-transmitting com ponents from a 
driver to the pump, and that permits minor angular and 
parallel misalignment as restricted by both the pump and 
coupling manufacturers. 

3.3.21 Flooded Suction. The condition where water flows 
from an atmosphe ric vented source to the pump without the 
average pressure at the pump inle t flange dropping below at-
mospheric pressure with the pump operating at 150 percent 
of its rated capacity. 

3.3.22 Groundwater. That water that is available from a well, 
driven into water-bearing subsurface strata (aqu ifer). 

3.3.23* Head. Aqualllity used to express a form (or combina-
tion of forms) of the energy content of water per unit weight 
of the water referred to any arbitrary datum. 

3.3.23.1 Net Positive Suction Head (NPSH) (h •. ,). The total 
suction head in feet (meters) of liquid absolute, deter-
mined at the suction nozzle, and referred to datum, less the 
vapor pressure of the liquid in feet (meters) absolute. 

3.3.23.2 Total Discharge Head (hd). T he reading of a pres-
sure gauge at the d ischarge of the pump, converted to feet 
(meters) ofliquid, and referred to datum, plus the velocity 
head at the point of gauge attachment. 

3.3.23.3 Total Head. 

3.3.23.3.1 * Total Head (H ), Horizontal Pumps. The measure 
of the work increase, per pound (kilogram) of liquid, im-
parted to the liquid by the pump, and therefore the algebraic 
difference between the total discharge head and the total suc-
tion head. Total head, as detennined on test where suction lift 
exists, is the sum of tl1e total discharge head and total suction 
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lift. Where positive suction head exists, the total head is the 
total discharge head minus the total suction head . 

3.3.23.3.2* Total Head (H), Vertical Turbine Pumps. The dis-
tance from the pumping liquid level to the cemer of the 
discharge gauge plus the total discharge head. 

3.3.23.4 Total Rated Head. The total head developed at 
rated capacity and rated speed for e ithe r a horizontal split-
case or a vertical shaft turbine- type pump. 

3.3.23.5 Total Suction Head. Suction head exists where the 
total suction head is above atmospheric pre sure. Total suc-
tion head, as determined on test, is the reading of a gauge 
at the suction of the pump, converted to feet (mete rs) of 
liquid, and referred to datum, plus the velocity head at the 
point of gauge attachment. 

3.3.23.6* Velocity Head (h.,). Figu red from the ave rage ve-
locity ( v) obtained by dividing the flow in cubic feet per 
second (cubic meters pe r second) by the actual area of 
pipe cross section in square feet (square meters) and de ter-
mined at the poin t of the gauge con nection. 

3.3.24 High-Rise Building. A building where the floor of an 
occupiable story is greater tha n 75ft (23 m) above the lowest 
level of fire departmen t vehicle access. [5000, 2009] 

3.3.25 Internal Combustion Engine. See 3.3. 13.2. 

3.3.26 Isolating Switch. See 3.3.48.1. 

3.3.27 Liquid. For the purposes of this standard, liquid refers 
to water, foam-water solu tion , foam concentrates, water addi-
tives, or other liquids for fire protection purposes. 

3.3.28 Liquid Level. 

3.3.28.1 Pumping Liquid Level. The level, with respect to 
the pump, of the body of liquid from which it takes suction 
whe n the pump is in operation. Measurements are made 
the same as with the static liquid level. 

3.3.28.2 Static Liquid Level. The level, with respect to the 
pump, of the body of liquid from which it takes suction whe n 
the pump is not in operation. For vertical shaft. turbine- type 
pumps, the distance to the liquid level is measured vertically 
from the h01izontal centerline of the discharge head or tee. 

3.3.29 Loss of Phase. T he loss of one or more, but not all , 
phases of the po lyphase power source. 

3.3.30 Manual Transfer Switch. See 3.3.48.2.2. 

3.3.31 Maximum Pump Brake Horsepower. T he maximum 
brake horsepower required to d1·ive the pump at rated speed. 
The pump manufacture r de termines this by shop test under 
expected suction and discharge conditions. Actual fie ld condi-
tions can vary from shop condi tions. 

3.3.32 Motor. 

3.3.32.1 Dripproof Guarded Motor. A dripproof machine 
whose ventilati ng openings are guarded in accordance 
with the definition for drip proof moto r. 

3.3.32.2 DripprooJMotor. An open motor in which the ven-
tilating openings are so constructed that successful operation 
is not inte1fered with when d rops of liquid o r solid particles 
strike or enter the e nclosure at any angle fwm 0 to 15 degrees 
downward from the vet-tical. 

3.3.32.3 Dust-Ignition-Proof Motor. A totally enclosed mo-
tor who e e nclosure is designed and constructed in a man-

ner that will exclude ignitiblc amounts of dust o r amoun ts 
that might affect performance or rating and that will not 
permit arcs, sparks, o1· heat othe rwise generated or liber-
ated inside of the e nclosure to cause ignition of exterior 
accumulations or atmospheric suspensions of a specific 
dust on or in the vicin ity of the e nclosure. 

3.3.32.4 Electric Motor. A motor that is classified accord-
ing to mechanical pro tection and methods of cooling. 

3.3.32.5 Explosionproof Motor. A totally enclosed motor 

whose e nclosure is designed and constructed to withstand 
an explosion of a specified gas or vapor that could occur 
within it a nd to prevent the ignition of the specified gas or 
vapor surrounding the motor by sparks, flashes, or explo-

sions of the specified gas or vapor that could occur within 
the motor casing. 

3.3.32.6 Guarded Motor. An open motor in which all 
openings giving direct access to live metal or rotating pans 
(except smooth ro tatin g surfaces) are limi ted in size by the 
structural parts o r by screens, baffles, grilles, expanded 
metal, or other means to prevent accide ntal contact with 

hazardous parts. Open ings giving direct access to such live 
or rotating parts shall not permit the passage of a cylindri-
cal rod 0. 75 in. ( 19 mm) in diame ter. 

3.3.32.7 Open Motor. A motor having ventilating openings 
that permi t passage of ex te rnal cooling air over and around 

the windings of the motor. Where applied to large appara-
tus without qualification , the term designates a motor hav-
ing no restriction to ventilation o ther than that necessi-
tated by mechanical construction. 

3.3.32.8 Totally Enclosed Fan-Cooled Motor. A totally en-
closed moto r equipped for extetior cooling by means of a fan 
or fans integral with the motor but external to t.he e nclosing 

parts. 

3.3.32.9 Totally Enclosed Motor. A motor enclosed so as to 

prevent th e free exchange of a ir be tween the inside a nd 
the outside of the case but not sufficiently enclosed to be 
termed airtight. 

3.3.32.10 Totally Enclosed Nonventilated Motor. A totally en-

closed motor that is no t equipped for cooling b)' means 
external to the enclosing parts. 

3.3.33 Net Positive Suction Head (NPSH) (h.,). See 3.3.23. 1. 

3.3.34 On-Site Power Production Facility. The no rmal supply 
of e lectric powe1· for the si te that is expected to be constantly 
producing powe r. 

3.3.35 On-Site Standby Generator. A faci lity producing elec-
tric power on site as t.he alternate supply of electrical power. It 
diffe rs from an on-site power production facility in that it is 
not constantly producing powe r. 

3.3.36 Pressure-Regulating Device. A device designed for the 
purpose of reducing, regulating, controlling, or restricting wa-
ter pressu,·e. [ 14, 2007] 

3.3.37 Pump. 

3.3.37.1 Additive Pump. A pump that is used to inject ad-
ditives into the water stream. 

3.3.37.2 Can Pump. A \'ertical shaft turbine- type pump in 
a can (suction vessel) (()I' installation in a pipeline to raise 
water presslll-e . 
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3.3.37.3 Centrifugal Pump. A pump in which the pressure 
is developed principally by the action of centrifugal force. 

3.3.37 .4 End Suctian Pump. A single suction pump having 
its suction nozzle on the opposite side of the casing from 
the stuffing box and having the face of the suction nozzle 
perpe ndicular to the longitudinal axis of the shaft. 

3.3.37.5 Fire Pump. A pump that is a provider of liquid 

flow and pressure d edicated to fire protection. 

3.3.37.6 Foam Concentrate Pump. See 3.3.37.1, Additive 

Pump. 

3.3.37.7 Gear Pump. A positive displacement pump char-

acterized by the use of gear tee th and casing to displace 
liquid. 

3.3.37.8 Horizontal Pump. A pump with the shaft normally 
in a hodzontal position. 

3.3.37.9 Horizontal Split-Case Pump. A centrifugal pump 
characterized by a housing that is split paralle l to the shaft. 

3.3.37.10 In-Line Pump. A centrifugal pump whose drive 
unit is supported by the pump having its suction and dis-
charge flanges o n approximately the same centerline. 

3.3.37.11 Packaged Fire Pump Assembly. Fire pump unit 

components assembled at a packaging facility and shipped as 
a unit to the installation site. The scope oflisted components 

(where required to be listed by this standard) in a pre-
assembled package includes the pump, driver, controller, and 
other accessories identified by the packager assembled onto a 
base with o r without an enclosure. 

3.3.37.12 Piston Plunger Pump. A positive displacement 

pump characterized by the use of a piston or plunger and a 
cylinder to displace liquid. 

3.3.37.13 Positive Displacement Pump. A pump that is char-
acterized by a method of producing flow by captwing a spe-
cific volume of fluid per pump revolution and reducing the 
fluid void by a mechanical means to displace the pumping 
fluid. 

3.3.37.14 Pressure Maintenance (Jockey or Make-Up) Pump. 
A pump designed to maintain the pressure on the fire pro-
tection syste m (s) between preset limits when the system is 
not flowin g wate r. 

3.3.37.15 Rotary Lobe Pump. A positive d isplacement 

pump characterized by the use of a rotor lobe to carry fluid 
between the lobe void and the pump casing from the inle t 
to the outlet. 

3.3.37.16 Rotary Vane Pump. A positive displacement pump 

characterized by the use of a single rotor with vanes that move 
with pump rotation to create a void and displace liquid. 

3.3.37.17 Vertical Lineshaft Turbine Pump. A vertical shaft 
cemrifugal pump with rotating impelle r o r impellers a nd 
with discha rge from the pumping element coaxial with the 
shaft. The pumping e lement is suspe nded by the conduc-
tor system, which e ncloses a syste m of vertical shafting used 

to tra nsmit power to the impellers, the prime mover be ing 
external to the flow stream. 

3.3.38 Pwnping Liquid Level. See 3.3.28.1. 

3.3.39 Qualified Person. A person who, by possession of a 

recognized degree, certificate, professional standing, or skill, 
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and who, by knowledge, training, and experie nce, has demon-
strated the abili ty to deal with problems related to the subject 
matter, the work, or the proj ect. [1451, 2007] 

3.3.40 Series Fire Pwnp Unit. All fire pump units that operate 
in a series arrangement where the first fire pump takes suction 
directly from a water supply and each sequential pump takes 
suction from the p receding pump; pumps taking suction from 
tanks or break tanks are not considered series fire pump units 
even if fire pumps at lower elevations are used to refill the 
tanks or break tanks. 

3.3.41 * Service. The conductors and equipment for de liver-
ing electric energy from the serving utility to the wiring system 
of the premises served. [70: Art. 100] 

3.3.42* Service Equipment. The necessary equipment, usually 
consisting of a circuit breake r(s) o r switch (es) and fuse(s) and 
the ir accessories, connected to the load e nd of service conduc-
tors to a building or other structure, o r an otherwise desig-
nated area, and intended to constitute the main control and 
cutoff of the supply. [70: Art. 100] 

3.3.43 Service Factor. A multiplie r of an ac motor that, when 
applied to the rated horsepowe r, indicates a permissible 
horsepowe r loading that can be carried at the rated voltage, 
freque ncy, and temperature. For example, the multiplier 
1.15 indicates that the motor is permitted to be overloaded to 
1.15 times the rated ho rsepower. 

3.3.44 Set Pressure. As applied to variable speed pressure 
limiting control systems, the pressure that the variable speed 
pressure limiting control system is set to maintain. 

3.3.45* Signal. An indicator of status. 

3.3.46 Speed. 

3.3.46.1 Engine Speed. The speed indicated on the engine 
nameplate. 

3.3.46.2 Motor Speed. The speed indicated on the motor 
name plate. 

3.3.46.3 Rated Speed. The speed for which the fire pump 
is listed and that appears on the fire pump nameplate. 

3.3.47 Static Liquid Level. See 3.3.28.2. 

3.3.48 Switch. 

3.3.48.1 Isolating Switch. A switch intended for isolating an 
electric circuit from its source of powe r. It has no interrupting 
rating, and it is intended to be operated only after the circuit 
has been opened by some other means. 

3.3.48.2 Tra11s[er Switch. 

3.3.48.2.1 Automatic Trat!sfer Switch (An'). Self-acting 
equipment for transferring the connected load from one 
power source to another power source. [110, 2010] 

3.3.48.2.2 Manual Transfer Switch. A switch operated by 
direct manpower fo r transferring one or mor·e load con-
ductor connections from one power source to another. 

3.3.49 Total Discharge Head (hd). See 3.3.23.2. 

3.3.50 Total Head (II), Horizontal Pwnps. See 3.3.23.3.1. 

3.3.51 Total Head (II), Vertical Turbine Pumps. See 3.3.23.3.2. 
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3.3.52 Total Rated Head. See 3.3.23.4. 

3.3.53 Total Suction Head (h,). See 3.3.23.5. 

3.3.54 Total Suction Lift (hJ. Suction lift that exists where the 
total suction head is below a tmospheric pressure. Total suc· 
tion lift, as determined on test, is the reading of a liquid ma-
nometer at the suction nozzle of the pump, converted to fee t 
(meters) of liquid, and referred to datum , minus the velocity 
head at the point of gauge attachmen t. 

3.3.55 Valve. 

3.3.55.1 Dump Valve. An automatic ya]ve installed on the 
discharge side of a positive displacement pump to relieve 
pressure prior to the pump driver reaching operating speed. 

3.3.55.2 Low Suction Th1·ottling Valve. A pilot-operated 
valve installed in discharge piping that maintains positive 
pressure in the suction piping, while monito ring pressure 
in the suction piping th rough a sensing line. 

3.3.55.3 Pressure Control Valve. A pi lo t-operated pressu re-
reducing valve des igned for the purpose of reducing the 
downstream wate r pressure to a specific value unde r 
both flowin g (residual ) and nonflowing (sta tic) condi-
tion s. [14, 2007] 

3.3.55.4 Pressure-Reducing Valve. A valve designed for the 
purpose of reducing the downstream water pressure under 
both flowi ng (residual ) and non flowing (static) conditions. 
[14, 2007] 

3.3.55.5 &lief Valve. A device that allows the d iversion of 
liquid to limit excess pressw·e in a system. 

3.3.55.5. 1 Circulation &lief Valve. A valve used to cool a 
pump by discharging a small quantity of water, this valve is 
separate from and inde pendent of the main relie f valve. 

3.3.55.6 Unloader Valve. A valve that is designed to relieve 
excess flow below pump capaciry at set pump pressure. 

3.3.56 Variable Speed Pressure Limiting Control. A speed con-
tro l system used to limit the total discharge pressure by reduc-
ing the pump d river peed from rated speed. 

3.3.57 Variable Speed Suction Limiting Control. A speed con-
trol system used to mainta in a minimum positive suc tion 
pressu re at the pump inl et by reducing the pump drive r 
speed whi le monito ring pressure in the suc tio n piping 
through a sensing line. 

3.3.58 Velocity Head (hv). See 3.3.23.6. 

3.3.59 Wet Pit. A timber, concrete, or masonry e nclosure hav-
ing a screened inlet ke pt partially filled with wate r b)' an open 
body of water such as a pond, lake, or stream. 

Chapter 4 General Requirements 

4.1 Pumps. 

4.1.1 This standard shall apply to centrifugal single-stage and 
multistage pumps of the horizontal or vertical shaft design 
and positive displacement pumps of the horizontal or vertical 
shaft design. 

4.1.2 Other Pumps. 

4.1.2.1 Pumps othe r than those speci fied in this standard a nd 
having d ifferent design features shall be permitted to be in-
stalled where such pumps a re listed by a testing laboratory. 

4 .1.2.2 T hese pumps shall be limited to capacities of less than 

500 gpm (1892 L/ min ). 

4.2* Approval Required. 

4.2.1 Stationary pumps sh all be selected based on the condi-
tions under which they are to be installed a nd used. 

4.2.2 The pump manufacturer or its authorized representa-

tive shall be given complete information concerning the liq-

uid and power supply characteristics. 

4.2.3 A complete plan and detailed data describing pump, 
driver, controller, power supply, fittings, suction and discharge 

connections, and liquid supply conditions shall be pre pared 
for approval. 

4.2.4 Each pump, driver·, controlling equipment, power sup-

ply and arrangeme nt, and liquid supply shall be approve d by 

the authority having jurisdiction for the specific fie ld condi-

tions e ncountered. 

4.3 Pump Operation. 

4.3.1 In the even t of fire pump operation, qualified person-

nel shall respond to the lire pump location to determine that 

the fire pump is operating in a satisfactory manne r. 

4.3.2 System Designer. T he system designe r shall be identi-

fied on the system d esign documents. Acceptable minimum 

evidence of qualifica tions or certification shall be provided 

when requested by the authority havingjurisdiction . Qualified 

personnel shall include, but no t be limited to, one or more of 
the following: 

( I ) Personnel who are factory trained and certified for fire 

pump system design of the specific type and brand of sys-

tem being designed 

(2) *Pe rsonne l who arc certified by a nationally r·ecognized 

fire protection certification organization acceptable to 
the authority havingjurisdiction 

(3) Personnel who are registe red , licensed, o r certified by a 

state or local authority 

4.3.2.1 Additional evidence of quali fication o r certification 

sha ll be permitted to be required by the AHJ. 

4.3.3 System Installer. Installation personne l shall be quali-

fied o r shall be supe rvised by persons who are qualified in the 

inst.•llation, inspection, and testing of fire protection systems. 

Minimum evidence of qualifications or certification shall be 

provided when re quested by the authority havingjurisdiction . 

Qualified personnel shall include, bm not be limited to, one 

or more of the following: 

( 1) Personne l who are factory trained and certified fo r fire 

pump system designed of the specific type and brand of 

system being designed 

(2)*Personne l who are certified by a natio nally recognized 

fire protection certification organization acceptable to 

the a uthori ty having jurisdictio n 

(3) Personne l who arc registered, licensed, or certified by a 

state o r local authority 

4.3.3.1 Addi tional evidence of qualification or certi fica tion 

shall be permitted to be required by the AHJ. 
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4.3.4* Service Personnel Q ualifications and Experience. 

4.3.4.1 Setvice personnel shall be qualified and experienced 
in the inspection, testing, and maintenance of fire protection 
systems. Qualified personnel shall include, but not be limited 
to, one or more of the fo llowing: 

( I ) Pe rsonnel who a re fac tory trained and certified for fire 
pump system design of the specific type and brand of sys-
tem being designed 

(2)*Pe rsonne l who a re certified by a nationally recognized 
fire protection certification organization acceptable to 
the authority having jurisdiction 

(3) Personne l who are registered , licensed, or certified by a 
state o r local autho rity 

( 4) Personne l who are employed a nd qualified by an organi-
zation listed by a nationally recognized testing laboratory 
for the servicing of fire pro tectio n systems 

4.3.4.2 Additional evidence of qua lification or certification 
shall be permitted to be required by the AHJ. 

4.4 Fire Pump Unit Performance. 

4.4.1 * The fire pump unit, consisting of a pump, drive r, and 
controller, shall perform in compliance with this standard as 
an entire uni t when installed o r when components have been 
replaced. 

4.4.2 The comple te fire pump uni t shall be fie ld acceptance 
tested for proper performance in accordance with the provi-
sions ofthis standard. (See Section 14. 2.) 

4.5 Certified Shop Test. 

4.5.1 Certified shop test curves sho\ving head capacity and 
brake horsepower of the pump shall be furnished by the 
manufacLUrer to the purchaser. 

4.5.2 The purchaser shall fu rnish the data required in 4.5 .1 
to the authority havingjurisdiction. 

4.6 Liquid Supplies. 

4.6.1 * Reliability. The adequacy and dependabili ty of the wa-
ter source are of primary importance and shall be fu lly deter-
mined, with due allowance for its reliability in the future. 

4.6.2* Sources. 

4.6.2.1 Any source of water that is adequate in quality, quan-
tity, and pressure shall be perm itted to provide the supply for a 
fi re pump. 

4.6.2.2 Where the water supply from a public service main is 
not adequate in quality, q uantity, or pressure, a n alternative 
water source shall be provided. 

4.6.2.3 The adequacy of the water supply shall be dete rmined 
and evaluated prior to the specification and installation ofthe 
fire pump. 

4.6.2.3.1 Where the maximum flow available from the water 
supply cannot provide a flow of 150 percent of the rated flow 
of the pump, but the water supply can provide the greatet· of 
100 pe rcent of ra ted flow or the maximum flow demand of the 
fire protection system(s), the wate r supply shall be deemed to 
be adequate. In this case, the maximum flow shall be consid-
ered the highest flow that the water supply can achieve. 

4.6.2.3.2 Whe re the water supply cannot provide 150 percent 
of the rated flow of the p ump, a p lacard shall be p laced in the 
pump room indicating the minimum suction pressure that the 
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fire pump is allowed to be tested at and also indicating the 
required flow rate. 

4.6.2.4 For liquids other than water, the liquid source for the 
pump shall be adequate to supply the maximum required flow 
rate for any simultaneous demands for the required duration 
and the required number of d ischarges. 

4.6.3 Level. The minimum water level of a well or we t pit shall 
be determined by pumping at not less tha n 150 percent of the 
fire pump ra ted capacity. 

4.6.4* Stored Supply. 

4.6.4.1 A stored supply plus reliable automatic refill shall be 
sufficient to meet the demand placed upon it for the design 
duration. 

4.6.4.2 A reliable method of replenishing the supply shall be 
provided. 

4.6.5 Head. 

4.6.5.1 Except as provided in 4.6.5.2, the head avai lable 
from a water supply sha ll be figured on the basis of a flow of 
150 percent of rated capacity of the fire pump. 

4.6.5.2 Where the water supply cannot provide a flow of 
150 percent of the rated flow of the pump, but the water sup-
ply can provide the flow demand of the fi re protection system, 
the head available from the water supply shall be permitted to 
be calculated on the basis of the maximum flow avai lable as 
allowed by 4.6.2.3.1. 

4.6.5.3 This head shall be as indicated by a flow test. 

4.7 Pumps, Drivers, and Controllers. 

4. 7.1 * Fire pumps shall be dedicated to and listed for fi re pro-
tection service. 

4.7.2 Acceptable drivers for pumps at a single installa tion 
sha ll be electric motors, diesel engines, steam tu rbines, or a 
combination thereof. 

4.7.3* A pump shall not be equipped with more than one driver. 

4.7.4 Each fire pump shall have its own dedicated driver un-
less o thenvise permitted in 8.5.3.1. 

4.7.5 Each driver shall have its own dedicated controller. 

4.7.6* The driver shall be selected in accordance with 9.5.2 (elec-
uic motors), 11.2.2 (diesel engines), o r 13.1.2 (steam turbines) 
to provide the required power to operate the pump at rated 
speed and maximum pump load under any flow condition. 

4.7.7* Maximum Pressure for Centrifugal Pumps. 

4.7.7.1 The net pump shutoff (chum) pressure plus the maxi-
mum static suction pressure, adjusted for elevation, shall not ex-
ceed the pressure for which the system components are rated. 

4.7.7.2* Pressure relief valves and pressure regulating devices 
in the fi re pump installation shall not be used as a means to 
meet the requirements of 4.7.7.1. 

4.7.7.3 Variable Speed Pressure Limiting Control. 

4.7.7.3.1 Va riable speed pressure limiting contro l drivers, as 
defined in this standard , shall be acceptable to limit system 
pressure. 

4. 7. 7 .3.2* The set p ressure plus the maxim um pressure vali-
ance of the variable speed pressure limiting controlled systems 
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during variable speed operation and adjusted for elevation 
shall not exceed the pressure rating of any system component. 

4.8* Centrifugal Fire Pump Capacities. 

4.8.1 A centri fugal fire pump for ti re protection shall be se-
lected so that the greatest single demand fo r any fire protec-
tion system conn ected to the pump is less than or equal to 
1. 50 percent of the rated capacity (flow) of the pump. 

4 .8.2* Centrifugal fire pumps shall have o ne of the rated ca-
pacities in gpm (L/ min) identified in Table 4.8.2 and shall be 
rated at net pressures of 40 psi (2.7 bar) or more. 

Table 4.8.2 Centrifugal Fire Pump Capacities 

gpm L/ min gpm L/ min 

25 95 1,000 3,785 

50 189 1,250 4,731 
100 379 1,500 5,677 
150 568 2,000 7,570 

200 757 2,500 9,462 

250 946 3,000 11 ,355 

300 1,136 3,500 13,247 

400 1,514 4,000 15,140 

450 1,703 4,500 17,032 
500 1,892 5,000 18,925 
750 2,839 

4.8.3 Centrifugal fire pumps with ratings over 5000 gpm 
(18,925 L/ min ) shall be subject to individua l review by either 
the authority having jurisdiction or a listi ng laboratory. 

4.9 Nameplate. Pumps sha ll be provided with a nameplate. 

4. 10 Pressure Gauges. 

4. 10.1 Discharge. 

4.10.1.1 A pressure gauge having a dial not less than 3.5 in. 
(89 mm ) in diame ter sha ll be connected near the discharge 
casting with a nominal 0.25 in. (6 mm) gauge valve. 

4.10.1.2 The dial shall indicate pressure to at least twice the 
rated working pressure of the pum p but not less than 200 psi 
(13.8 bar) . 

4.10.1.3 T he face of the dial shall read in bar, pounds pe r 
square inch , or both with the ma nufacturer's standard g radu-

a tions. 

4.10.2* Suction. 

4.10.2.1 Unless the requireme nts of 4.10.2.4 are met, a gauge 
having a dial not less than 3.5 in. (89 mm) in diameter shall be 
connected to the suc tion pipe near the pump with a nominal 
0.25 in. (6 mm) gauge valve. 

4.10.2.1.1 Whe re the minim um pump suction pressure is be-
low 20 psi ( 1.3 bar) under any flow condition, the suction 
gauge shall be a compound pressure and vacuum gauge. 

4.10.2.2 The face of the dial shall read in inches of mercury 
(millimeters of mercury) or psi (bar) fo r the suction range. 

4.10.2.3 The gauge sha ll have a pressure range two times the 
nned maximum suction p ressure of the pump. 

4.1 0.2.4 The requirements of 4.1 0.2 shall not apply to vertical 
shaft turbine-type pumps taking suction from a well or o pen 
wet pit. 

4.11 Circulation Relief Valve. 

4.11.1 Automatic Relief Valve. 

4.11.1.1 Unless th e requirements of 4. 11.1. 7 are met, each 
pump(s) shall have an automatic relief valve listed fo r the fi re 
pump service installed a nd set be low the shutoff pressure at 
minimum expected suction pressure. 

4.11.1.2 The valve shall be installed on the d ischarge side of 
the pump before the discha rge check valve. 

4. 11 .1.3 The valve shall provide now of sufficient wateJ- to 
prevent the pump from overheating when operating with no 
discharge. 

4.11.1.4 Provisio ns shall be made for discha rge to a d rain. 

4.11.1.5 Circulation relief valves shall not be tied in with the 
packing box or drip rim d rains. 

4.11.1.6 The automatic relief valve shall have a nominal size 
of 0.75 in. (19 mm) for pumps with a rated capacity not ex-
ceeding 2500 gpm (9462 L/ min) and have a nominal size of 
1 in. (25 mm) for pumps with a rated capacity of 3000 gpm to 
5000 gpm (11 ,355 L/ min to 18,925 L/ min ). 

4.11.1.7 T he requirements of 4.1 1.1 shall no t apply ro e ngine-
driven pumps for which e ngine cooling water is taken from 
the pump discharge. 

4.12* Equipment Protection. 

4. 12.1 * General Requirements. The fire pump, d river, conu·ol-
ler, water supply, and power supply shall be protected against 
possible interruption of ser.rice through damage caused by ex-
plosion, fire, Oood, earthquake, rodents, insects, windstorm , 
freezing, vandalism, and other adverse cond itions. 

4 .12.1.1 * Indoor Fire Pump Units. 

4.12.1.1.1 Fire pump uni ts serving high-rise buildings shall 
be protected from surrounding occupancies by a minimum of 
2-hour fire-rated co.nstruction or physically separated from the 
protected bui lding by a minimum of 50 ft ( 15.3 m). 

4.12.1.1.2 1ndoor fire pump rooms in non-high-rise build-
ings o r in separate fi re pump bui ld ings shall be physically 
separated or protected by fi re-rated construction in accor-
dance with Table 4.12.1.1.2. 

4 .12.1.1.3 The location of and access to the fire pump room 
shall be preplan ned with the fire department. 

Table 4.12.1.1.2 Equipment Protection 

Pump 
Room/ House 

ot sprinklered 
o t sprinklered 

Fully sprinkle red 

Fully sprinklcred 

Building(s) 
Exposing Pump 
Room/ House 

'ot sprinklered 
Fully spri n kle red 
Not sprinklered 

Fully sprinkle red 

Required 
Separation 

2 how- fit-e-rated 
or 

50ft ( 15.3 m) 

I hour fire-rated 
or 

50ft (15.3 m) 
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4.12.1.1.4* Except as permitted in 4.12.1.1.5, rooms contain-
ing fire pumps shall be free from storage, equipment, and 
penetrations not essential to the operation of the pump and 
related components. 

4.12.1.1.5 Equipment re late d to domestic water distribu-
tion shall be pe rmitted to be located within the same room 
as the fire pump equipment. 

4.12.1.2 Outdoor Fire Pump Units. 

4.12.1.2.1 Fire pump units that are outdoors shall be located 
at least 50ft ( 15.3 m) away from any buildings and othe r fire 
exposures exposing the building. 

4.12.1.2.2 Outdoor installatio ns shall be required to be pro-
vided with protection against possible interruption, in accor-
dance with 4.1 2.1. 

4.12.1.3 Fire Pump Buildings or Rooms with Diesel Engines. 
Fire pump buildings or rooms e nclosing diesel e ngine pump 
drivers and day ta nks shall be protected with an automatic 
sprinkle1· system installed in accordance with NFPA 13, Stan-

d ani for the Installation of Sprinkler Systems. 

4.12.2 EquipmentAccess. 

4.12.2.1 Access to the fire pump room shall be pre-planned 
with the fire department. 

4.12.2.1.1 Fire pump rooms not directly accessible from the 
outside shall be accessible through an enclosed passageway 
from an enclosed stairway or exterior exit. The e nclosed pas-
sageway shall have a minimum 2-hour fire-resistance rating. 

4.12.3 Heat. 

4.12.3.1 An approved o r listed source of heat shall be pro-
vided for maintaining the te mperature of a pump room o r 
pump house, where required, above 40°F (5° C). 

4.12.3.2 The requireme nts o f 1 1.6.5 shall be followed fo r 
highe r temperature requireme nts fo r internal combustion 
engines. 

4.12.4 Normal Lighting. Artificial light shall be provided in a 
pump room or pump house. 

4.12.5 Emergency Lighting. 

4.12.5.1 Emergency lighting shall be provided in accordance 
wi th NFPA 101, Life Safety Code. 

4.12.5.2 Emergency lights shall no t be connected to an en-

gine starting battery. 

4.12.6 Ventilation. Provision shall be made for ventilation of a 
pump room or pump h ouse. 

4.12. 7* Drainage. 

4.12.7.1 Floors shall be pitched fo r adequate drainage of es-
caping water away from critical equipme nt such as the pump, 
drive r, controller, and so forth. 

4.12.7.2 T he pump room or pump house shall be provid ed 
with a floor d rain that will discharge to a frost-free location. 

4.12.8 Guards. Couplings and fl exible connecting shafts 
sha ll be installed with a coupling guard in accordance with 
Section 8 of ANSI B 15.1, Safety Standard for M echanical Power 

Transmission AfJfmrat-us. 
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4.13 Pipe and Fittings. 

4.13.1 *Steel Pipe. 

4.13.1.1 Steel p ipe shall be used aboveground except fo r con-
nection to underground suction and underground discharge 
piping. 

4.13.1.2 Where corrosive water conditions exist, steel suction 
pipe shall be galvanized or painted on the inside prior to in-
stallation with a paint recommended for subme rged surfaces. 

4.13.1.3 Thick bituminous linings shall not be used. 

4.1 3.2* Joining Method. 

4.13.2.1 Sections of steel piping shall be joined by means of 
screwed , flanged mechanical grooved join ts or other ap-
proved fittings. 

4.13.2.2 Slip-type fittings shall be permitted to be used where 
installed as required by 4.14.6 and whe re the piping is me-
cha nically secured to prevent slippage. 

4.13.3 Concentrate and Additive Piping. 

4.13.3.1 Foam concentrate or additive p iping shall be a ma-
terial that will not corrode in th is service. 

4.13.3.2 Galvanized pipe shall not be used for foam concen-
tra te service. 

4.13.4 Drain Piping. Drain pipe a nd its fi ttings that discharge 
to atmosphere shall be permitted to be constructed of metallic 
or polymeric materials. 

4.13.5 Piping, Hangers, and Seismic Bracing. Pipe, fi ttings, 
hangers, and seismic bracing for the fire pump unit, including 
the suction and d ischarge piping, shall comply wi th the appli-
cable requireme nts of NFPA :13, Standa.r·d fm· the i nstallation of 

Sfrrinkler Systems. 

4.13.6* Cutting and Welding. Torch cutting or welding in the 
pump house shall be permitted as a means of modifYing or 
repairing pump house piping when it is performed in accor-
dance with NFPA 51B, Standard for Fin Prevention During Y\'tdd-
ing, Cutting, and Other H ot Work. 

4.14 Suction Pipe and Fittings. 

4.14.1 * Components. 

4.14.1.1 The suction components shall consist of all pipe, 
valves, and fitt ings fro m the pump suction flange to th e con-
nection to the public o r private wate r service ma in, storage 
tank, o r reservoir, and so forth, that feeds water to the pump. 

4.14.1.2 'v\'here pumps are installed in series, the suc tion 
pipe fo•· the subsequent pump(s) shall begin at the system side 
of the discharge valve of the previous pump. 

4.14.2 Installation. Suction pipe shall be installed and tested 
in accordance with NFPA 24, Standard for the Installation of Pri-
vate Fire Se~11ice Mains and Their Appurtenances. 

4.14.3 Suction Size. 

4.14.3.1 *Unless the requirements of 4.1 4.3.2 are met, the size 
oft he suction pipe for a single pump or of the suction header 
pipe for multiple pumps (operating together) shall be such 
that, with all pumps operating at maximum flow (150 percent 
of rated capacity or the maximum flow avai lable fro m the wa-
ter supply as discussed in 4.6.2.3.1), the gauge pressure a t the 
pump suction flanges shall be 0 psi (0 ba1·) or higher. 
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4.14.3.2 The requ iremen ts of 4.14.3. 1 shall not apply whe re 
the supply is a suction tank "~t h its base at o r above the same 
elevation as the pump, where the gauge pressure at the pump 
suction flange shall be permitted to drop to -3 psi ( - 0.2 ba r) 
with the lowest water level after the maximum system de mand 
and duration have been supplied. 

4.14.3.3 The suction pipe shall be sized such that, wi th the 
pump(s) operating at 150 percent of rated capacity, the veloc-
ity in that po rtion of the suction pipe located within 10 pipe 
diameters upstream of the pump suction tlange does not ex-
ceed 15ft/ sec (4.5i m/ sec). 

4.14.3.4 Th <' size of that po rtion of the suction pipe located 
with in lO pipe diameters upstream of the pump suction flange 
shall be not less than that specified in Section 4.26. 

4.14.4* Pumps with Bypass. 

4.14.4.1 Where the suction supply is of sufficiem pressure to 

be of materia l value without the pump, the pump shall be 
installed with a b)•pass. (See Figm·e A.4.14.4.) 

4.14.4.2 The size of the bypass shall be at least as large as the 
pipe size required for discharge pipe as specified in Section 4.26. 

4.14.5* Valves. 

4.14.5.1 A listed outside screw a nd yoke (OS&Y) gate valve 
shall be installed in the suction pipe. 

4.14.5.2 No valve other than a listed OS&Y valve shall be in-
stalled in the suction pipe within 50 ft (15.3 m) of the pump 
suction flange. 

4.14.6* Installation. 

4.14.6.1 General. Suction pipe shall be laid carefully to avoid 
air leaks and air pocke ts, e ith er of which can seriously aHe ct 
the operation of the pump. 

4.14.6.2 Freeze Protection. 

4.14.6.2.1 uction pipe shall be installed below the frost line 
or in frostproof casings. 

4.14.6.2.2 Where pipe enters streams, ponds, or reservoirs, 
special attention shall be given to prevent freezing either un-
derground or undenvater. 

4.14.6.3 Elbows and Tees. 

4.14.6.3.1 Unless the requirements of 4.14.6.3.2 are met, el-
bows and tees "~th a centerline pla ne parallel to a horizontal 
split-case pump shaft shall not be pennitted. (See FigureA.4.14.6.) 

4.14.6.3.2 The requirements of 4. 14.6.3. 1 shall not apply to 
elbows and tees with a cen terline plane parallel to a horizonta l 
split-case pump shaft where the distance be tween the flanges 
of the pump suction intake a nd th e elbow and tee is g reater 
than I 0 times the suction pipe dia me te r. 

4.14.6.3.3 Elbows with a centerline plane perpendicular to 

the horizontal split-case pump shaft shall be permitted at any 
location in the pump suction in take. 

4.14.6.4 Eccentric Tapered Reducer or Increaser. Where the 
suction pipe and pump suction fla nge are no t of the same size , 
they sha ll be connected wi th an eccentric tapered reducer o r 
increaser installed in such a way as to avoid air pockets. 

4.14.6.5 Strain Relief. V\'herc the pump and its suction supply 
a rc on separate foundations with rigid interconnecting pipe, the 
pipe shall be provided with strain relief. (See FignreA.6.J. l (a).) 

4.14.7 Multiple Pumps. Where a single suction pipe supplies 
more than one pump, the suction pipe layout at the pumps 
sha ll be a rra nged so tha t each pump will receive its propor-
tional supply. 

4.14.8* Suction Screening. 

4.14.8.1 'Where the water supply is obtained from a n open 
sou1·ce such as a pond or wet pit, the passage of mate rials that 
might clog the pump shall be obstructed. 

4.14.8.2 Double intake screens shall be prm~dcd at the suc-
tion intake. 

4.14.8.3 Screens shall be removable, or an in situ cleaning 
shall be provided. 

4.14.8.4 Below minimum water level, these screens shall have 
an effective net area of opening of J in.2 for each I gpm 
( 170 mm2 for each 1 L/ min) atl 50 percent of rated pump ca-
pacity 

4.14.8.5 Screens shall be so a rranged that they can be 
cleaned or re paired without distu rbing the suction pipe. 

4.14.8.6 .\1esh crcens shall be brass, copper, Monel, stainless 
steel, or other equivalem cormsion-resistant metallic materia l 
wire screen of0.50 in. (12.7 mm ) maximum mesh and No. 10 
B&S gauge. 

4.14.8.7 Where flat panel mesh screens are used , the wire 
shall be secured to a metal frame sliding vertically at the en-
trance to the intake. 

4.14.8.8 Where the screens are located in a sump or d epres-
sion, they shall be equipped with a debris-lifting rake . 

4 .14.8.9 Periodically, the system sha ll be test pumped, the 
screens shall be re moved for inspection, and accumulated de-
bris shall be removed. 

4.14.8.10 Continuous slot screens shall be brass, copper, 
Monel , stainless steel , or o ther equivalent corrosion-resistant 
metallic mate rial of 0. 125 in. (3.2 mm) maximum slot and 
profile wi re construction. 

4.14.8.11 Screens shall have at least 62.5 pe rce nt open area. 

4.14.8.12 Whe re zebra mussel infestation is p resent or rea-
sonably a nticipated at the site, the screens shall be constructed 
of a material wi th de monstrated resistance to zebra mussel 
attachme nt or coated with a mate rial with demonstrated resis-
tance to zebra mussel attach me nt at low velocities. 

4.14.8.13 The overall area of the screen sha ll be 1.6 times the 
net screen opening a rea. (SI'l' strfen rift ails in Figurr A . 7.2.2.2.) 

4.14.9* Devices in Suction Piping. 

4.14.9.1 No dc,~c e or assembly, unless identified in 4.14.9.2, 
that will stop, resuict the starting of, or resui ct the d ischarge of a 
fi re pump or pump driver shall be installed in the suction piping. 

4.14.9.2 The fo llowing devices shall be permitted in the suc-
tion pi ping where the fo llowing requirements are met: 

( I ) Check valves and hackflow preventio n devices and assem-
blies shall be permitted where required by other NFPA 
standards o r the a uthority havingjurisdiction. 

(2) Where the au thority having jurisdiction requires positive 
pressure to be ma intained on the suction piping, a p res-
sure sensing line for a low suction pressure control, spe-
ci fically listed for fire pump sen•ice, sha ll be permi tted to 
be connected to the suction piping. 
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(3) Devices shall be permitted to be installed in the suction 
supply piping o r sto red water supply and arranged to ac-
tivate a signal if the pump suction p•·essure or water level 
fa lls below a predetermined minimum. 

(4) Suction strainers shall be permitted to be installed in the 
suction piping where required by o the r sections of this 
standard. 

(5) Other devices specifically perm itted or required by this 
standard shall be pe rmitted. 

4.14.10* Vortex Plate. For pump(s) taking suction from a 
stored water supply, a vortex plate sha ll be installed at the 
entrance to the suc tion pipe. [See Figure A. 6.3.J (a) .} 

4.15 Discharge Pipe and Fittings. 

4.15.1 The discharge compone nts shall consist of pipe, 
valves, and fittings extending from th e pump discharge flange 
to the system side of the d ischa rge valve. 

4.15.2 The pressure ratingofthe discharge compone nts shall 
be adequate for the maximum total discharge head with the 
pump ope rating at shutoff and rated speed but shall not be 
less than the rating of the fire protectio n system. 

4.15.3* Steel p ipe with flanges, screwed j o ints, or mechanical 
grooved j oints shall be used above ground. 

4.15.4 All pump discharge pipe shall be hydrostatically tested 
in accordance with NFPA 13, Standard for the Installation of 
SprinkLer Systems, and NFPA 24, Standard for the Installation of 

Private Fire Service Mains and Their Appurtenances. 

4.15.5* T he size of pump discha rge pipe and fittings shall not 
be less than that given in Section 4.26. 

4.15.6* A listed check valve or backflow preventer shall be in-

stalled in the pump d ischarge assembly. 

4.15.7 A listed indicating gate o r butterfly valve shall be in-
stalled on the fire pro tection system side of the pump dis-
charge check valve. 

4.15.8 Where pumps are installed in series, a butterfly valve 
shall not be installed be tween pumps. 

4.15.9 Low Suction Pressure Controls. 

4.15.9.1 Low suction th rottling valves or variable speed suc-
tion limiting controls for pump drivers that are listed for fire 
pump service and that are suction pressure sensitive shall be 
permitted whe re the authority h aving jurisdiction requires 
positive pressure to be maintained on the suction piping. 

4.15.9.2 When a low suction throttling valve is used , it shall 
be installed according to manufacturers' recommendations in 
the pipi ng between the pump and the discharge check valve. 

4.15.9.3* The size of the low suction throttling valve shall not 
be less than that give n for discharge piping in Section 4.26. 

4.15.10* Pressure Regulating Devices. No pressure regulating 
devices shall be installed in the discharge pipe except as per-
mitted in this standard. 

4.16* Valve Supervision. 

4.16.1 Supervised Open. Where provided, the suctio n valve, 
discharge valve, bypass valves, and isolation valves on the back-
flow prevention device o r assembly shall be supe rvised open 
by one of the following methods: 

(1 ) Central station, proprie ta ry, or remote station signaling 
service 
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(2) Local signaling service that will cause the sounding of an 
audible signa l at a constantly attended point 

(3) Locking valves open 
( 4) Sealing of valves and approved weekly recorded inspec-

tion whe re valves are located within fe nced enclosures un-
der the contro l of the owner 

4.16.2 Supervised Closed. The test outle t con tro l valves shall 
be supervised closed. 

4.17* Protection of Piping Against Damage Due to Movement. 
A clearance of no t less than I in. (25 mm) shall be provided 
around pipes that pass through walls o r floors. 

4.18 Relief Valves for Centrifugal Pumps. 

4.18.1 *General. 

4.18.1.1 Where a diesel e ngine fire pump is installed and 
where a total of 12 1 percent of the net rated shutoff (churn) 
pressure p lus the maximum static suction pressure, adjusted 
for elevation, exceeds the pressure for which the system com-
ponents a re rated, a pressure relief valve shall be installed . 

4.18.1.2* Pressure relief valves shall be used only where spe-
cifically permitted by this standard. 

4.18.1.3 Where an electric variable speed pressure limiting 
con trol driver is installed, and the maximum total discha rge 
head adjusted for e levation with the pump operating at shut-
off and rated speed exceeds the pressure rating of the system 
compone nts, a pressure relief valve shall be installed. 

4.18.2 Size . The relief valve size shall be determined by o ne of 
the methods specified in 4.18.2.1 or 4.18.2.2. 

4 .18.2.1 * T he re lief valve shall be permitted to be sized hy-
draulically to discharge sufficient water to prevent the pump 
d ischarge pressure, adjusted for elevation , from exceeding the 
pressure rating of the system compone nts. 

4.18.2.2 If the relief valve is not sized hydraulically, the relief 
valve s ize shall not be less than that given in Section 4.26. 
(See aL.w 4. 18. 7 and A. 4. 18. 7 for conditions that affect size.) 

4.18.3 Location. The relief valve shall be located between the 
pump and the pump discharge check valve and shall be so 
attached tha t it can be readily removed fo r re pairs without 
disturbing tl1e piping. 

4.18.4 '!ype. 

4.18.4.1 Pressure relief valves shall be either a listed spring-
loaded or a pilot-operated diaphragm type. 

4.18.4.2 Pilot-operated pressure relief valves, where attache d 
to vertical shaft turbine pumps, shall be arranged to p revent 
rel ieving of water at water pressures less than the pressure 
relief setting of the valve. 

4 .18.5* Discharge. 

4 .18.5.1 The re lief valve shall discharge into an open pipe or 
into a cone o r funnel secured to the outle t of the valve. 

4.18.5.2 Water discharge from the relief valve shall be readily 
visible or easily detectable by the pump operator. 

4.18.5.3 Splashing of water into the pump room shall be 
avoided. 

4.18.5.4 !fa closed-type cone is used , it shall be provided wi th 
means for de tecting mo tion of water through the cone. 
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4.18.5.5 If the relief valve is provided with means for detec t-
ing motion (flow) of water through the valve, then cones or 
funnels at its outlet shall not be required. 

4.18.6 Discharge Piping. 

4.18.6.1 Except as permiued in 4.18.6.2, the re lief valve 
discharge p ipe shall be of a size no t less than that given in 
Section 4.26. 

4.18.6.2 The discharge pipe shall be pe rmitted to be sized 
hydraulicall)' to discharge sufficient water to prevent the 
pump discharge pressure, adjusted for e leva tion, from exceed-
ing the pressure rating of the system components. 

4 .18.6.2.1 If the p ipe employs more than one elbow, the next 

larger pipe size shall be used. 

4.18.6.3 Relief valve discharge piping returning water back to 
the supply source, such as an aboveground storage tank, shall 
be run independe ntly and not be combined with the d is-
charge from other relief valves. 

4.18.7* Discharge to Source of Supply. Where the relief va lve 
is piped back to the source o f supply, the re lief va lve and pip-
ing shall have sufficient capacity to prevent pressure from ex-
ceeding that for which system components are rated. 

4.18.7.1 Where a pressure relief'"'llve has been piped back to 
suction, a ci rculatio n relief valve sized in accorclance with 
4.11.1.6 and discharged to atmosphere shall be p rovided 
downstr·eam of the pressure relief valve. 

4.18.8* Discharge to Suction Reservoir. Where the supply of 
\vater to the pump is taken from a suction reservoir of limited 
capacity, the drain pipe shall discha rge into the reservoir at a 
point as far from the pump suction as is necessar)' to prevent the 
pump from drafting air introduced by the drain pipe discharge. 

4.18.9 Shutoff Valve. A shutoff valve shall no t be installed in 
the relief valve supply or discharge piping. 

4.19 Pumps Arranged in Series. 

4.19.1 Series Fire Pump Unit Performance. 

4.19.1.1 A series fire pum p unit (pumps, drivers, controlle rs, 
and accessories) sha ll perform in compliance with this stan-
dard as an e nti re u nit. 

4.19.1.2 Within 20 seconds after a demand to start, pumps in 
series sha ll supply a nd maintain a stable discharge pressure 
(±10 percent) throughout the entire range of operation. 

4.19.1.2.1 The discharge pressure shall be permitted to be ad-
justed and restabilized whenever the flow condition changes. 

4.19.1.3 The complete series fire pump unit shall be fi e ld 
acceptance tested for proper perfo rmance in acco rdance with 
the provisions of this standa rd. (SPeSPction 14.2. ) 

4.19.2 Fire Pump Arrangement. 

4.19.2.1 No more than three pumps shall be allowed to oper-
ate in series. 

4.19.2.2 No pump in a se ries pump unit shall be shut down 
automatically for any condition of suction pressure. 

4.19.2.3 o p1·essure reducing or pressure regulating valves 
sha ll be installed be twee n fire pumps arranged in series. 

4.19.2.4 The pressure at a ny point in any pump in a series fire 
pump uni t, with all pumps running at shu toff and rated speed 

a t the maximum static suction suppl)', shall not exceed any 
pump suction, discharge, or case working pressure rating. 

4.20 Water Flow Test Devices. 

4.20.1 General. 

4.20.1.1 * A fire pump ins talla tion shall be arranged to a llow 
the rest of the pump at its rated condi tions as we ll as the suc-
tion supply at the maximum fl ow available from the fire pump. 

4.20.1.2* 'Where water usage or discharge is not permitted for 
the duration of the test specified in Chapter 14, the outlet shall 
be used to test the pump and suction supply and deter·mine that 
the system is oper.1ting in accordance with the design. 

4.20.1.3 The flow shall continue until the fl ow has stabilized. 
(See 14.2.5.4.) 

4.20.1.4 Where a test heade r is installed , it shall be installed 
o n an exterior wall or in a nothe r location outside the pump 
room that allows for water· d ischar·ge d uring testing in accor-
dance with 14.2.7.2. 

4.20.2 Meters and Testing Devices. 

4.20.2.1 Testing Devices. 

4.20.2.1.1 * Metering devices or fixed nozzles for pump testing 
shall be listed. 

4.20.2.2 Metering devices o r fixed nozzles shall be capable of 
water £low of not less than 175 percent of Idle d pump capacity. 

4.20.2.3 All of the meter system piping shall be permiued to 
be sized hydraulically but shall not be smaller than as specified 
by the meter manufacturer. 

4.20.2.4 If the meter system pipi ng is not sized hydraulicall)', 
then all of the meter system p iping shall be sized as specified 
by the meter manufacturer but not less than the meter device 
sizes shown in Section 4.26. 

4.20.2.5 Fo r nonhydraulically sized piping, the minimum size 
meter for a given pump capacity shall be permitted to be used 
where the meter system piping does not exceed 100 ft (30.5 m) 
equivalent length. 

4.20.2.6 For no nhrdraulically sized piping, where meter system 
piping exceeds 100 ft (30.5 m ), including length of straight pipe 
plus equivalent length in fittings, elevation, and loss th rough 
meter, the next larger size of piping shall be used to minimize 
friction loss. 

4.20.2.7 The primal)' e lement shall be sui table for that pipe 
size and pump rating. 

4.20.2.8 The readout instrument shall be sized for the pump-
rated capacity. (SPt• Section 4.26. ) 

4.20.2.9 When clischarging back into a tank, the discharge 
nozzle(s) or pipe shall be located at a point as far from the 
pump suctio n as is necessar)' to prevent the pump from draft-
ing air introduced by the discharge of test water into the tank. 

4.20.3 Hose Valves. 

4.20.3.1 * General. 

4.20.3.1.1 Hose valves shall be listed. 

4.20.3.1.2 The numbe r and size of hose valves used for pump 
testing shall be as specified in Section 4.26. 
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4.20.3.1.3 Where outlets are being utilized as a means to test 
the fire pump in accordan ce with 4.20.1.1, one of the following 
me thods shall be used: 

(1)*Hose valves mounted on a hose valve header wi th supply 
pipe sized in accordance with 4.20.3.4 and Section 4.26 

(2) Wall hydrants, yard hydran ts, or standpipe outlets of suffi-
ciem numbe r and size to a llow testing of the pum p 

4.20.3.2 Thread Type. Thread types shall be in compliance 
with one of the following: 

(1) Hose valve(s) shall have the NH standard exte rnal thread 
for the valve size specified , as stipulated in NFPA 1963, Stan-
dard for Fire Hose Cormeclions. 

(2) Whe re local fire departme nt connections do not conform 
to NFPA 1963, the authority having jurisdiction shall d es-
ignate the threads to be used. 

4.20.3.3 Location. 

4.20.3.3.1 Where the hose valve header is located ou tside o r 
a t a distance from the pump a nd th ere is danger of freezing, a 
listed indicating butterfly or gate valve a nd drain valve o r ball 
d rip shall be located in the pipeline to the hose valve header. 

4.20.3.3.2 T he valve req ui1·ed in 4.20.3.3.1 shall be at a point 
in the line close to the pump. (See FigureA.6.3.1(a).) 

4.20.3.4 Pipe Size. The pipe size sha ll be in accordance with 
o ne of the following two me thods: 

( I ) Where the pipe between the hose valve header and the con-
nection to the pump discharge pipe is over 15 ft. (4.5 m) in 
length , the next larger p ipe size than that required by 
4.20.3.1 .3 shall be used. 

(2)*This pipe is permitted to be sized by hydraulic calcula-
tions based on a total flow of l 50 pe rcent of rated pump 
capacity, including the following: 

(a) This calculation shall include f1ic tion loss for the total 
le ngth of pipe plus equivalen t lengths of fittings, control 
valve, and hose valves, plus elevation loss, from the 
pump discharge flange to the hose valve outlets. 

(b) The installation shall be p roven by a test flowing the 
ma.ximum water available. 

4.21 Steam Power Supply Dependability. 

4.21.1 Steam Supply. 

4.21.1.1 Careful considera tion shall be given in each case to 
the dependability of the steam supply and the steam supply 
syste m. 

4.21.1.2 Consideration shall include the possible effect of in-
terruption of transmissio n piping either o n the property or in 
adjo ining build ings that could threaten the property. 

4 .22 Shop Tests. 

4 .22.1 General. Each individual pum p shall be tested at the 
fac to•)' to provide detailed performance data and to demon-
stra te its compliance with specifications. 

4.22.2 Preshipment Tests. 

4 .22.2.1 Before shipment from the factory, each pump shall 
be hyd rostatically tested by the manufacture r fo r a period of 
not less than 5 minu tes. 

4 .22.2.2 The test p ressure shall no t be less than one and one-
ha lf ti mes the sum of the pump's shutoff h ead plus its maxi-
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mu m allowable suction head, but in no case shall it be less 
than 250 psi (17.24 ba1·) . 

4.22.2.3 Pump casings shall be essemially tight at the test pres-
sure. 

4.22.2.4 During the test, no objectionable leakage shall occur 
at any j o int. 

4.22.2.5 In the case of vertical tu rbine-type pumps, bo th the 
d ischarge casting and pump bowl assembly shall be tested. 

4.23* Pump Shaft Rotation. Pump shaft rotation shall be de-
termined a nd correctly specified when fi re pumps and equip-
ment involving that ro ta tion are o rdered. 

4.24* Other Signals. Where required by other sections of this 
standard, signals shall call a tte n tion to improper conditio ns in 
the fire pump equipmen t. 

4.25* Pressure Maintenance (Jockey or Make· Up) Pumps. 

4.25.1 Pressure main tenance pumps shall not be required to 
be listed. Pressure main tenance pumps shall be approved . 

4.25.1.1 * T he pressure maintenance pump shall be sized to 
replenish the fire protection system pressure due to allowable 
leakage and no rmal drops in pressure. 

4.25.2 Pressure maintenance pum ps shall have rated capaci-
ties no t less than any normal leakage ra te. 

4.25.3 Pressure ma intena nce pumps shall have discha rge 
pressure sufficie nt to main tain the desired fi re p rotection sys-
te m pressure. 

4.25.4* Excess Pressure. 

4.25.4.1 Whe re a centrifugal-type pressure maintenance 
pump has a total discharge pressure with the pump operating 
at shutoff exceeding the wo1·king pressure rating of the fire 
p rotection equipment, o r whe re a turbine vane (peripheral) 
type of pump is used , a relief valve sized to prevent overpres-
suring of the system shall be installed on the pump discha rge 
to preve nt da mage to the fire protection system. 

4.25.4.2 Running period timers shall no t be used where 
jockey pumps are utilized that have the capabili ty o f exceed-
ing the working pressure of the fire pro tection systems. 

4.25.5 Piping and Components for Pressure Maintenance 
Pumps. 

4.25.5.1 Steel pipe shall be used fo r suction a nd discha rge 
piping on pressure maintenance pumps, which includes pack-
aged prefabricated syste ms. 

4.25.5.2 Valves and components for the pressure mainte-
na nce pump shall not be required to be listed . 

4.25.5.3 An isolation valve shall be installed on the suction 
side of the pressure main tenance pump to isolate the pump 
for repair. 

4.25.5.4 A check valve and isolation valve shall be installed in 

the discharge pipe. 

4.25.5.5* Indicating valves shall be installed in such places as 
needed to make the pump, check valve, a nd miscellan eous 
fi ttings accessible for repair. 

4.25.5.6 T he pressure sensing line for the pressure mainte-
nance pump shall be in accordance with Section 4.30. 
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4.25.5. 7 The isolation \"alves serving the pressure mainte-
nance pump shall not be required to be supervised. 

4.25.6 The primary or standby fire pump shall not be used as 
a prcsslll·e maintenance pump. 

4.25.7 The controller for a pressure maintenance pump shall 
be listed but shall no t be required to be listed for fire pump ser-
vice. 

4.25.8 The pressure maintenance pump is not required to 

have secondary or standby power. 

4.26 Summary of Centrifugal Fire Pump Data. The sizes indi-
cated in Table 4.26(a) <Jnd Table 4.26(b) shall be used as a 
minimum. 

4.27 Backflow Preventers and Check Valves. 

4.27.1 Check valves and back.flow prevention devices and as-
semblies shall be lisLCd for fire protection service. 

4.27.2 Relief Valve Drainage. 

4.27.2.1 Where the back.llow prevention device or assembly 
incorpo1·ates a relief valve, the relief vah-e shall discharge to a 
d rain appro priately sized fo r the maximum anticipated flow 
from the relicfvalve. 

4.27.2.2 An air gap shall be provided in accordance wi th the 
manufacturer's recomme ndations. 

4.27.2.3 Water discharge from the re lief valve shall be readily 
visible or easily detectable. 

4.27.2.4 PeJ-formance of the requi rements in 4.27.2.1 
through 4.27.2.3 hall be documented by engi neering calcula-
tions and tests. 

4.27.3 Devices in Suction Piping. Where located in the suc-
tion pipe of the pump, check valves and back.flow preven tion 
devices or assemblies shall be located a minimum of 10 pipe 
d iameters fi-om the pump suction flange. 

4.27.3.1 Where a back.llow preventer with butte1·fly control 
valves is installed in the suc tion p ipe, the backJlow prevemer is 
required to be at least 50 ft ( 15.2 m ) from the pump suction 
flange (as measured along the route of pipe) in acc01·dance 
with 4.14.5.2. 

4.27 .4 Evaluation. 

4.27 .4.1 Where the authority hm~ng j lllisdiction requires the 
installation of a backflow prevention device or assembly in con-
nection with the pump, special consideration shall be given to 
the increased pressure loss resulting from tl1 e installation. 

Table 4.26(a) Summary of Centrifugal Fire Pump Data (U.S. Customary) 

Minimum Pipe Sizes (Nominal) (in.) 

Pump Rating Relief Valve 
(gpm) Suction*t Discharge* Relief Valve Discharge Meter Device 

25 % 

50 11)2 l Y-1 1 v. 11Jl 

100 2 2 1\.-<i 2 
150 2'h 2\12 2 21Jl 

200 3 3 2 21J2 

250 3'h 3 2 2'h 
300 4 4 2\.-<i 31Jl 

400 4 4 3 5 
450 5 5 3 5 
500 5 5 3 5 

750 6 6 4 6 
1000 8 6 4 8 
1250 8 8 6 8 
1500 8 8 6 8 
2000 10 10 6 10 

2500 10 10 6 10 
3000 12 12 8 12 
3500 12 12 8 12 
4000 14 12 8 14 

4500 16 14 8 14 

5000 16 14 8 14 

Notes: 
( I ) The pressure relief valve shall be permitted to be sized in accordance with 4.18.2. 1. 

(2) The pressure relief v<tlve discharge shall be permitted to be siled in accordance with 4.!8.6.2. 

(3) The flowmeter device shall be permitted to be sized in accordance with 4. I9.2.2. 

(4) The hose header supply shall be permitted 10 be sized in accordance with 4.19.3.4. 

*Actual diameter of pump flange is permitted to be different from pipe diameter. 
tAppl ies only to that portion of suction pipe specified in 4. 14.3.4. 

1 v.. 
2 
2'h 
3 
3 

3'12 
31)2 
4 

4 
5 

5 
6 
6 
8 
8 

8 
8 

10 
10 
10 
10 

Number and Hose 
Size of Hose Header 

Valves Supply 

I - I IJ2 
1 - l'h l 'h 

1-2 \1~ 2 1J2 
1 -2 112 2 1Jl 
1 - 21)1 2 '12 

I- 2 'h 3 
1 -2!1.? 3 
2 - 21J2 4 
2- 2!12 4 
2- 21J2 4 

3 - 2!12 6 
4- 21J2 6 
6-2!1.? 8 
6- 2!12 8 
6-2\12 8 

8-2'1.! 10 
12 - 2!12 10 
12 -21)2 12 
16- 2!12 12 
16-2!12 12 
20-2'1.! 12 
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Table 4.26(b) Summary of Centrifugal Fire Pump Data (Metric) 

Minimum Pipe Sizes (Nominal) (mm) 

Number and 

Pump Rating Relief Valve Meter Size of Hose Hose Header 
(L/ min) Suction*t Discharge* Relief Valve Discharge Device Valves Supply 

95 25 25 19 25 32 1-38 25 
189 38 32 32 38 50 1- 38 38 
379 50 50 38 50 65 1- 65 65 
568 65 65 50 65 75 1- 65 65 
757 75 75 50 65 75 1-65 65 

946 85 75 50 65 85 1-65 75 
1, 136 100 100 65 85 85 l-65 75 
1,514 100 100 75 125 100 2-65 100 
1,703 125 125 75 125 100 2-65 100 
1,892 125 125 100 125 125 2-65 100 

2,839 150 150 100 150 125 3 -65 150 
3,785 200 150 150 200 150 4 - 65 150 
4,731 200 200 150 200 150 6-65 200 
5,677 200 200 150 200 200 6 - 65 200 
7,570 250 250 150 250 200 6-65 200 

9,462 250 250 200 250 200 8 - 65 250 
11 ,355 300 300 200 300 200 12 - 65 250 
13,247 300 300 200 300 250 12-65 300 
15,140 350 300 200 350 250 16- 65 300 
17,032 400 350 200 350 250 16- 65 300 
18,925 400 350 200 350 250 20-65 300 

Notes: 

( I ) The pressure relief valve shall be permitted to be sized in accordance with 4.18.2. 1. 

(2) T he pressw·e re liefvah'e d ischarge shall be pe rm itted to be sized in accordance with 4.18.6.2. 

(3) T he flow meter device shall be permitted to be sized in accordance with 4.19.2.2. 

( 4) T he hose heade r supply shall be permitted to be sized in accordance with 4.19.3.4. 

*Actual d iameter of pump flange is pe rmitted to be d ifferent from pipe diam ete r. 

t Applies on ly to that ponio n of suction pipe specified in 4.14.3.4. 

4.27 .4.2 Where a backflow prevention device is installed, the 
fi nal arrangement shall provide e ffective pump performance 
with a minimum suction pressure ofO psi (0 bar) at the gauge 
at 150 percent of rated capacity. 

4.27.4.3 If ava ilable suction supplies do not permit the flow-
ing of 150 percent of rated pump capacity, the fina l arrange-
ment of the backflow prevention device shall provide effective 
pump pe rfo rmance with a minimum suction pressure of 0 psi 
(0 b<t r) at the gauge at the maximum allowable discharge. 

4.27.4.4 The d ischarge sha ll exceed the fire protection sys-
tem design flow. 

4.27.4.5 Determination of effective pump performance shall 
be documented by e ngineering calculations and tests. 

4.28 Earthquake Protection. 

4.28.1 * Unless the require me nts of 4.28.2 are met a nd whe re 
local codes requi re seismic design, the fire pump, driver, die-
sel fuel tank (where installed) , and fire pump controller shall 
be <tttached to their foundations with materials capable of re-
sisting lateral movement of horizontal forces equal to one-half 
the weight of the equipment. 
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4.28.2 The requirements of 4.28.1 shall not apply where the 
authority having jurisdiction requires horizontal fo rce factors 
other than 0.5; in such cases, NFPA I 3, Standard jo1· the Installa-

tion of Sprinkler Systems, shall apply fo r seismic design. 

4.28.3 Pumps with high cente rs of gravity, such as vertical 
in-line pumps, shall be mounted at the ir base a nd braced 
above the ir center of gravity in accordance with the require-
ments of 4.28. 1 o r 4.28.2, whichever is applicable. 

4.28.4 Where the system riser is also a part of the fire pump 
discha rge piping, a flexible pipe coupling shall be installed at 
the base of the system riser. 

4.29 Packaged Fire Pump Assemblies. 

4.29.1 A packaged pump house and/ o r skid uni t[s] shall in-
clude detailed design information acceptable to the authority 
having j urisd iction. 

4.29.2 All electrical components, clea rances, and wi ring shall 
meet the minimum requireme nts of the applicable NFPA 70, 
National Electrical Code, a rticles. 
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4.29.3 Packaged and prefabricated skid unit(s) shall meet all 
the require ments in this standard, includi ng those described 
in Sections 4. 12 through 4. 17. 

4.29.4 Careful consideration shall be given to the possible 
effects o f system component damage during shipme nt to the 
project site. 

4.29.4.1 The structural integrity shall be maintained wi th 
minimal flexing and movement. 

4.29.4.2 The necessary supports and restraints shall be in-
stalled to prevent damage and breakage dming transit. 

4 .29.5 T he packaged fire pump shall have the correct lifting 
po ints mat·ked to ensure safe rigging of the unit. 

4.29.6 All packaged pump house and/ or pump skids shall 
meet the requirements of Section 4.28 through 4.28.4. 

4.29. 7 Suction and discharge piping sha ll be thoroughly in-
spected, including checking all flanged and mechanical connec-
tions per manufacturers' recommendations, after th e pump 
house or skid unit is set in place on the permanent foundation. 

4.29.8 T he units shall be properly anchored and grouted in 
accordance with Section 6.4. 

4.29.9* T he interior floor sha ll be solid with grading to pro-
vide for proper drainage for the fire pump components. The 
structura l frame for a packaged pump shall be mounted to a 
properly engineered footing designed to withstand the live 
loads of the packaged unit and the applicable wind loading 
requirem ents. The foundation footings shall include the nec-
essary anchor poin ts required to secure the package to the 
fo undation. 

4.29.10 A high skid-resistant, solid structural plate floor with 
grout holes shall be permitted to be used where protected 
from corrosion and drainage is provided for a ll incidental 
pump room sp illage or leakage. 

4.30* Pressure Actuated Controller Pressure Sensing Lines. 

4.30.1 For all pump installations, includingjockey pumps, each 
conu·o ller shall have its own individual pressure sensing line. 

4.30.2 The pressure sensing line connection for each pump, 
including jockey pumps, shall be made betwee n that pump's 
discharge check valve and discharge con trol valve. 

4.30.3* The pressure sensing line shall be brass, rigid copper 
pipe Types K, L, or M, o r Series 300 stainless stee l pipe or tube, 
and the fittings shall be of 1/ 2 in. (15 mm) no minal size. 

4.30.4 Check Valves or Ground-Face Unions. 

4.30.4.1 Whet-e the require ments of 4.30.4.2 are not m et, 
there shall be two check valves installed in the pressure sens-
ing line at least 5 ft ( I .52 m) apart with a nominal 0.09375 in. 
(2.4 mm) hole drilled in the clapper to se ~> ' e as dampe ning. 
{St>P Figure A. 4.30(a) and Figw'l' A. 4.30(b).} 

4.30.4.2 Where the water is clean , ground-face unions 
with noncorrosive diaphragms drilled with a nominal 
0.09375 in. (2.4 mm ) orifice shall be permitted in p lace of 
the check valves. 

4.30.5 Shutoff Valve. The re shall be no shuto ff valve in the 

pressure sensing line. 

4 .30.6 Pressure Switch Actuation. Pressure switch actuation a t 
the low adjustment setting shall initiate the pump starting se-
quence (if the pump is not already in operation). 

4.31 Break Tanks. Whe re a break tank is used to provide the 
pump suction water supply, the installation shall comply with 
this section. 

4.31.1 Application. Break tanks shall be used fo r one or more 
o f the following reasons: 

( I) As a backflow preventio n device between the water supplr 
and the fire pump suction pipe 

(2) To eliminate fluctuations in the water supply pressure and 
provide a steady suction pressure to the fire pump 

(3) To provide a qu a nti~ · of stored water on site where the 
normal water supply wi ll not provide the required quan-
tity of water required by the fire pt·oteCLion system 

4.31.2 Break Tank Size. Th e tank sha ll be sized for a mini-
mum duratio n of 15 minutes with the fire pump operating 
a t 150 percent of ra ted capacity. 

4.31.3 Refill Mechanism. The t·efill mechanism shall be listed 
and arranged fo r automatic operation. 

4.31.3.1 If the break tank capacity is less than the maximum 
system demand for 30 minutes, the refill mechanism shall 
meet the requirements in 4 .3 1.3.1. 1 through 4·.3 1.3.1.5. 

4.31.3.1.1 Dual automatic refill lines, each capable of refilling 
the tank at a minimum rate of 150 percent of the fire pump(s) 
capacity, shall be installed. 

4.31.3.1.2 If available supplies do not permit refilli ng the 
tank at a min imum rate of !50 percent of the rated pump 
capacity, each refill line shall be capable of refilling the tank at 
a rate that mee ts or exceeds l I 0 percent of the maximum fire 
protection syste m de ign fl ow. 

4.31.3.1.3 A manual tank fill bypass designed for and capable 
of refilling the tank at a minimum rate of 150 percent of the 
fire pump(s) capacity shall be provided. 

4.31.3.1.4 If available supplies d o not permit refilling the 
tank at a minimum ra te of 150 percent of the rated pump 
capacity, the manual fill bypass shall be capable of refilling the 
tank a t a rate that meets or exceeds 11 0 pe rcen t of the maxi-
mum fire protection system design flow. 

4.31.3.1.5 A local visible a nd audible low liquid level signal 
shall be provided in the vicin ity of the tank fill mechanism. 

4.31.3.2 If the break tank is sized to provide a minimum dura-
tion of 30 minutes of the maximum system demand, the reflll 
mechanism shall meet the requirements in 4.3 1.3.2.1 through 
4.31 .3.2.5. 

4.31.3.2.1 The refill mecha nism shall be designed for and 
capable of refill ing the tank at I 10 percent of the rate required 
to provide the total fire protectio n system demand [ II 0% 
x (Total Demand - Tank Capacity) I Duration]. 

4.31.3.2.2 A manual ta nk fill bypass shall be designed for and 
capable of t·efilling the tank at 110 percent o f the ra te required 
to provide the total fire protection system demand [ I I 0% x 
(Total Demand- Tank Capacity) I Duration] . 

4.31.3.2.3 The pipe between the municipal connection and 
the automatic fill valve shall be installed in accordance with 

FPA 24, Standard Jm· the Installation of ?rival<> Fil'l' Snvire Mains 

and Tlu,ir AfJ/JnrtnumrPs. 

4.31.3.2.4 The automatic fi lling mecha nism shall be main-
tained at a minimum temperature of 40°F (4.4°C). 
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4.31.3.2.5 The automatic filling mechanism shall activate a 
maximum of6 in. (152 mm) below the overflow level. 

4.31.4 Installation Standard. The break tank shall be installed 
in accordance with NFPA 22, Standard for Water Tanks for Private 

Fire Protection. 

4.32 Field Acceptance Test of Pump Units. Upon completio n 
of the entire fire pump installatio n, an acceptance test shall be 
conduCLed in accordance with the provisio ns of this standard. 
(See Chapter 14.) 

Chapter 5 Fire Pumps for High-Rise Buildings 

5.1 General. 

5.1.1 Application. 

5.1.1.1 This chapter applies to all fi re pumps within a build-
ing wherever a building is defined as high-rise per 3.3.24. 

5.1.1.2 The provisions of all other chapters of this standard 
sha ll apply unless specifically addressed by th is chapter. 

5.2 Types. 

5.2.1 Fire pumps used for high-rise application shall be of a 
type addressed by Chapter 6 or 7 (centrifugal pumps) of this 
standard. 

5.2.2 Fire pumps complying with Chapter 8 (positive dis-
placement pumps) shall be allowed for local applicatio ns. 

5.3 Equipment Access. Location and access to the fire pump 
room shall be pre pla n ned with the fire department. 

5.4 Fire Pump Test Arrangement. Whe re the water supply to a 
fire pump is a tank, a listed t1owmeter or a test header dis-
charging back into the tank with a calibrated nozzle(s) ar-
ranged for the a ttachment of a pressure gauge to determine 
pitot pressure shall be pe rmitted. 

5.5 Auxiliary Power. Whe re electric m otot·s are used and the 
he ight of the structure is beyond the pumping capability of 
the fire department apparatus, a reliable emergency source of 
power in accordance with Section 9.6 shall be provided fo r the 
fire pump installation. 

5.6* Fire Pump Backup. Fire pumps serving zones that are par-
tially or wholly beyond the pumping capability of the fire depart-
ment apparatus shall be provided with an auxiliary means that is 
capable of providing the full fire protection demand. 

5. 7 Water Supply Tanks. 

5.7.1 Water tanks shall be installed in accordance with 
NFPA 22, Standard fqr Water Tanks for Private Fire Protection. 

5.7.2 When a water tank serves domestic and fire protection 
systems, the domestic supply connection shall be connected 
above the leve l required for fire p rotection demand . 

5. 7.3 Water tanks supplying suction to fire pumps serving zones 
that are partially or wholly beyond the pumping capability of the 
fire deparunent apparatus shall meet the requirements in 5.7.3.1 
through 5.7.3.5 with a minimum of two automatic fill valves with 
separate piping connected to the zone below or primary water 
supply to the building. A manual fill valve shall also be provided. 

5. 7 .3.1 Two or more \vater tanks shall be provided. Alte rnatively, 
a water tank shall be permitted to be divided into compartments 
such that the compartmen ts function as individual tanks. 
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5.7.3.2 Water tank(s) shall be sized for the full fi re p rotec tio n 
demand and arranged so that at least 50 percent of the fire 
pro tection d emand is stored with any one compa rtment or 
tank out of service. 

5. 7 .3.3 An automatic refill valve shall be provided for each tank 
or tank compartment. 

5.7.3.4 A manual refill valve shall be p rovided. 

5.7.3.5 Each refill valve shall be sized and arranged to inde-
pende ntly supply the system fire protectio n demand. 

6.1 General. 

6.1.1 "' Types. 

Chapter 6 Centrifugal Pumps 

6.1.1.1 Centrifugal pumps shall be of the overhung impeller 
design and the impeller between bearings design. 

6.1.1.2 The overhung impeller design shall be close coupled 
or separately coupled single- or two-stage end-suction-type 
[see FiguTe A.6.l.l (a) and Figunt A.6.1.l(b)] or in-line-type [see 

FigureA.6.l.J(c) throughFigureA.6.1. 1(e)} pumps. 

6.1.1.3 The impe ller between bearings design shall be sepa-
rately coupled single-stage or multistage axial (horizontal) split-
case-type [see Figure A.6.1.1(/)] or radial (vertical) split-case-type 
{seeFigur-eA.6. 1.1(g)] pumps. 

6.1.2* Application. Centrifugal pumps shall not be used where 
a static suction lift is required. 

6.2* Factory and Field Perfonnance. 

6.2.1 Pumps shall furn ish not less than 150 percen t of rated 
capacity at not less than 65 percent of total rated head. 

6.2.2 T he shutoff head shall not exceed 140 percent of rated 
head for any type pump. (See FigureA .6.2.) 

6.3 Fittings. 

6.3.1 * Where necessary, the following fittings fo r the pump 
shall be provided by the pump manufacturer or an autho rized 
representative: 

(1) Automatic air release valve 
(2) Ci rculation reliefvalve 
(3) Pressure gauges 

6.3.2 \\'here necessary, the fo llowing fittings shall be provided: 

(1) Eccentric tapered reducer at suction inlet 
(2) Hose valve manifold \\ ~t h hose valves 
(3) Flow measuring device 
( 4) Relief valve and discharge cone 
(5) Pipeline strainer 

6.3.3 Automatic Air Release. 

6.3.3.1 Unless the require me n ts o f 6.3.3.2 are met, p um ps 
that are automatically contro lled sha ll be p rovided with a 
listed float-operated air release valve having a nominal 0.50 in. 
(12.7 mm) min imum diameter d ischarged to atmosphere. 

6.3.3.2 T he requirements of6.3.3.1 shall not apply to overhung 
impeller-type pumps witl1 top cente rline d ischarge or that are 
vertically mounted to naturally vent the air. 

-



VERTICAL SHAFT TURBINE- lY PE PUMPS 20-23 

6.4 Foundation and Setting. 

6.4.1 *Ove rhung impeller and impeller between beaiings design 
pumps and diiver shall be mounted on a common grouted base 

plate. 

6.4.2 Pumps of the overhung impeller close coupled in-line 
type {see FigureA.6. J.J(r)] shall be permitted to be mounted on a 
base attached to the pump mounting base pla te. 

6.4.3 The base plate shall be securely attached to a solid foun-
dation in such a way that proper pump and d river shaft align-
ment is ensu1·ed. 

6.4.4* The foundation sha ll be sufliciently suhstantialto fo rm 
a permanent and rigid support for the base pla te. 

6.4.5 T he base plate, with pump a nd drive r mounted on it, 
shall be set level on the foundation. 

6.5* Connection to Driver and Alignment. 

6.5.1 Coupling Type. 

6.5. 1.1 Separately coupled-type pumps with elecu·ic motor 
drive rs shall be connected by a flexible coupling o r flexible con-

necting shafi.. 

6.5. 1.2 All coupling types sha ll be listed fo r the service refer-
enced in 6.5. 1.1. 

6.5.2 Pumps and drivers on separa tely coupled-type pumps 
shall be aligned in accordance with the coupling and pump 
manufacturers' specifications and the Hydraulic l nstilule Stan-

dards for t.l'ntlifugal, Rotmy and RPcijJmml ing Pumps. (SPI' A. 6. 5. ) 

Chapter 7 Vertical Shaft Turbine- Type Pumps 

7 .I* General. 

7 .1.1 *Suitability. Where the water supply is located below the 
discharge fla nge centerline and th e wate r supply pressure is 
insufficient fo r geLLing the water to the fire pump, a vertical 
shaft turbine-type pump sha ll be used. 

7 .1.2 Characteristics. 

7.1.2.1 Pumps sha ll furnish not less than 150 percent of rated 
capacity at a total head of not less than 65 percent of the total 
rated head. 

7.1.2.2 The total shutoff head shall no t exceed 140 percent of 
the total rated head on vertical turbine pumps. (SPP Figure A.6.2.) 

7.2 Water Supply. 

7.2.1 Source. 

7.2.1.1 * The water supply shall be adequate , dependable, and 
acceptable to th e authority havingjurisdiction. 

7.2.1.2* T he acceptance of a well as a wate1· supply source sha ll 
be dependent upon satisfactory developmem o f the well and 
establishment of sa tisfactory aquifer characte risti cs. 

7.2.2 Pump Submergence. 

7.2.2.1 * Well Installations. 

7 .2.2.1.1 Prope r submergence of the pump bowls shall be pro-
vided for reliable operation of the fire pump unit. Submergence 
o ft11e second impeller from the bottom of the pump bowl assem-
bly shall be not less than 10ft (3.2 m) below the pumping water 
level at 150 percent of rated capacity. (See Figw'l' A. 7.2.2.1.) 

7.2.2.1.2* The submergence shall be increased by 1 ft (0.3 m) 
for each I 000 ft (305 m) o f elevation above sea level. 

7.2.2.2* Wet Pit Installations. 

7.2.2.2.1 To provide submergence for priming, the elevation of 
the second impeller from the bottom of the pump bowl assembly 
shall be such that it is below the lowest pumping wate r level in the 
open body of water supplying the pit. 

7.2.2.2.2 For pumps with ra ted capacities of 2000 gpm 
(7570 L/ min ) or greate1·, additional submergence is re-
quired to prevent the forma tion of vortices and to provide 
require d net positive suc tion head (NPSH ) in o rde r to p re-
vent excessive cavi tatio n . 

7.2.2.2.3 The required submergence shall be obtained from 
the pump manufacturer. 

7.2.2.2.4 The d istance between the bottom of the strainer 
and the bottom of the we t pit shall be at least one-half of the 
pump bowl diam eter but not Jess than 12 in. (305 mm ). 

7.2.3 Well Construction. 

7.2.3.1 It shall be the responsibilit)' of the groundwater supply 
contractor to pe rfo rm the necessary groundwate r investigation 
to establish the reliability of the supply, to develop a well w pro-
duce the required supply, and to pe1fonn all work and install all 
equipment in a thorough a nd workmanlike manne1·. 

7.2.3.2 The vertical turbine- type pump is designed to oper-
ate in a vertical position with all parts in correct alignment. 

7.2.3.3 To support the requirements of7.2.3.1, the well shall be 
of ample diame ter and sufficien tly plumb to receive t11e pump. 

7.2.4 Unconsolidated Formations (Sands and Gravels) . 

7.2.4.1 All casings shall be of steel of such diameter and in-
stalled to such depths as the formation could justif)• and as best 
meet the conditions. 

7.2.4.2 Both inner and o u ter casi ngs shall have a minimum 
wall thickness of 0.375 in. (9.5 mm). 

7.2.4.3 Inner casi ng diame ter shall be not less than 2 in. 
(51 mm ) la rger than the pump bowls. 

7.2.4.4 The outer casing shall e xtend down to approx ima te ly 
the top of the wate r-bearing fo rmation. 

7.2.4.5 The inner casing of lesser diameter and the well screen 
shall extend as fa r into the formation as the water-bearing stra-
tum could justify and as best meets t11e conditions. 

7 .2.4.6 The well screen is a vi tal part of the constructio n, and 
careful attention shall be g iven LO its selection . 

7.2.4.7 The well screen shall be the same diameter as the inne r 
casing and of the proper length and percent open area to pro-
vide an enu-ance velocity not exceeding 0.15 fl/sec (46 mm/ sec). 

7.2.4.8 The screen shall be made of a corrosion- and acid-
resistant mate rial, such as stainless steel or Monel. 

7 .2.4.9 Monel shall be used where it is an ticipated that the chlo-
Ji de content of the well water will exceed 1000 parts per million. 

7.2.4.10 The screen shall have adequate stre ngth to resist the 
ex te rnal forces that will be appl ied afte r it is installed and to 
minimize the likelihood of damage d llling the installation. 

7.2.4.ll The bottom of the well screen shall be sealed prop-
erly with a plate of the same mate rial as the screen . 
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7.2.4.12 The sides of the o uter casing shall be sealed by the 
introduction of neat cement p laced under pressure from the 
bottom to the top. 

7.2.4.13 Ceme nt shall be allowed to set for a minimum of 
48 hours before drilling operations are continue d. 

7.2.4.14 The immediate area surrounding the well screen not 
less than 6 in. (152 mm) shall be filled with clean and well-
rounded gravel. 

7.2.4.15 T his gravel shall be of such size and quali ty as will 
create a gravel filte r to ensure sand-free production and a low 
velocity of wate1· leaving the formation a nd e ntering the well. 

7.2.4.16 TubularWells. 

7.2.4.16.1 Wells for fire pumps not exceeding 450 gpm 
( 1703 L/ min) developed in unconsolidated formations 
without an a rtificial g ravel pack, such as tubular wells, shall 
be acceptable sources of water supply for fire pumps no t 
exceeding 450 gpm (1703 L/ min). 

7.2.4.16.2 Tubular wells shall comply with all the requirements 
of 7.2.3 and 7.2.4, except compliance with 7.2.4.11 through 
7.2.4.15 shall not be required. 

7.2.5* Consolidated Fonnations. Where the drilling penetrates 
unconsolidated formations above the rock, surface casing shall 
be installed, seated in solid rock, and cemented in place. 

7 .2.6 Developing a Well. 

7.2.6.1 Deve loping a new well and cleaning it of sand or rock 
particles (not to exceed 5 ppm) shall be the responsibility of 
the groundwater supply contractor. 

7.2.6.2 Such deve lopmem shall be performed with a test 
pump and not a fire pump. 

7.2.6.3 Freedom from sand shall be d e term~n e d whe n the 
test pump is operated at 150 percen t of rated capacity of the 
fire pump fo r which the well is being prepared. 

7.2.7* Test and Inspection of Well. 

7.2. 7.1 A test to determine the Wdter production of the well 
shall be made. 

7.2.7.2 An acceptable water measuring device such as an ori-
fice, a venturi meter, o r a calibrated pi tot tube shall be used. 

7.2.7.3 The test shall be witnessed by a represen tative of the 
customer, contracto r, and authority havingjurisdiction, as re-

quired. 

7.2.7.4 The test sha ll be continuous for a period of at least 
8 ho urs at 150 percent of the rated capacity of the fire pump 
with 15-minute-inte rva l readings over th e period of the tesL 

7.2.7.5 The test sha ll be evaluated with consideration given to 
the effect of o ther wells in the vicinity and any possible sea-
sonal variation in the water table at the we ll site. 

7.2.7.6 Test d ata shall describe the sta tic wate r level and the 
pumping water leve l at 100 percent and 150 percent, respec-
tively, of the rated capacity of the fire pump for which the well 
is being prepared. 

7.2.7.7 All existing wells within a 1000 ft (305m) radius of th e 
fire well shall be monitored throughout the test period. 
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7.3 Pump. 

7 .3.1 * Vertical Thrbine Pump Head Component. 

7.3.1.1 The pump head shall be e ither the aboveground or 
belowground discharge type. 

7 .3.1.2 The pump head shall be designed to support the driver, 
pump, column assembly, bowl assembly, maximum down thntst, 
and the o il tube tension nut o r packing con tainer. 

7.3.2 Column. 

7.3.2.1 * The pump column shall be furnished in sections not 
exceeding a nominal length of 10ft (3m), shall be not less than 
the weight specified in Table 7.3.2.1 (a) and Table 7.3.2.1 (b), and 
shall be connected by threaded-sleeve couplings or flanges. 

Table 7.3.2.l(a) Pump Column Pipe Weights (U.S. 
Customary) 

Nominal Size 
(in.) 

6 

7 
8 
9 

10 
12 
14 

Outside Diameter 
(O.D.) (in.) 

6.625 
7.625 
8.625 
9.625 

10.75 
12.75 
14.00 

Weight per Unit 
Length (Plain 
Ends) (lb/ ft) 

18.97 
22.26 
24.70 
28.33 
31.20 
43.77 
53.57 

Table 7.3.2.l(b) Pump Column Pipe Weights (Metric) 

Nominal Size 
(mm) 

150 
200 
250 
300 
350 

Outside Diameter 
(O.D.) (mm) 

161 
212 
264 
3 15 

360 

Weight per Unit 
Length (Plain 
Ends) (kg/ m) 

28.230 
36.758 
46.431 
65.137 
81.209 

7.3.2.2 The e nds of each section of threaded pipe shall be 
faced parallel and machined with threads to permit the ends 
to butt so as to form accurate a lignme nt of the pump column . 

7.3.2.3 All column flange faces shall be paralle l and ma-
chined for rabbet fit to permit accurate alignment. 

7.3.2.4 Where the static water level exceeds 50ft (15.3 m) 
be low ground, oil-lubricated-type pumps sha ll be used. (See 

Figure A. 7. 1. 1. ) 

7.3.2.5 Where the pump is of the enclosed line shaft oil-
lubricated type, the shaft-enclosing tube shall be furnished in 
interchangeable sections not over 10 ft (3 m) in length of 
extrd-strong pipe. 

7.3.2.6 An automatic sight feed oile r sha ll be provided on a 
suitable mo unting bracket with connection to the shaft tube 
for oil-lubricated pumps. (See Figure A. 7. 1.1.) 

• 



VERTICALSHAITTURBINE- TYPE PUMPS 20-25 

7.3.2.7 The pump line shafting shall be sized so critical speed 
shall be 25 percent above and below the operating speed of the 
pump. 

7 .3.2.8 Operating speed shall include all speeds from shutoff to 
the 150 percent point of the pump, which vary on engine drives. 

7.3.2.9 Operating speed for variable speed pressure limiting 
control drive systems shall include all speeds from rated to 
minimum operating speed. 

7 .3.3 Bowl Assembly. 

7.3.3.1 The pump bowl shall be of close-grained cast iron, 
bronze, or othe r suitable material in accordance with the 
chemical analysis of the water and experience in the area. 

7.3.3.2 Impellers shall be of the enclosed type and shall be of 
bronze or other suitable material in accordance with the 
chemical analysis of the water and experience in the area. 

7 .3.4 Suction Strainer. 

7 .3.4.1 A cast or heavy fabricated, corrosion-resistant metal 
cone or basket-type strdiner shall be attached to the suction 
manifold of the pump. 

7 .3.4.2 The suction suainer shall have a free area of at least four 
times the area of the suction connections, and the openings shall 
be sized to restrict the passage of a 0.5 in. (12.7 mm) sphere. 

7 .3.4.3 For installations in a wet pit, this suction suainer shall be 
required in addition to the in take screen. (See Figure A. 7.2.2.2.) 

7 .3.5 Fittings. 

7.3.5.1 The following fittings shall be required for attachment 
to the pump: 

( l ) Automatic air release va lve as specified in 7.3.5.2 
(2) Wate r level detector as specified in 7.3.5.3 
(3) Discharge pressure gauge as specified in 4.1 0. 1 
( 4) Relief valve and discharge cone where required by 4. 18. 1 
(5) Hose valve header and hose valves as specified in 4.20.3 or 

metering devices as specified in 4.20.2 

7.3.5.2 Automatic Air Release. 

7.3.5.2.1 A nominal 1.5 in. (38 mm) pipe size or larger auto-
matic air release valve shall be provided to vent air from the col-
umn and the discharge head upon the starting of the pump. 

7.3.5.2.2 This valve shall also admit air to the column to dis-
sipate the vacuum upon sLOpping of the pump. 

7.3.5.2.3 This valve shall be located at the highest point in the 
discharge line between the fire pump and the discharge check 
valve. 

7.3.5.3* Water Level Detection. Water level detection shall be 
required for all vertical turbine pumps installed in wells to moni-
tor the suction pressure available at the shutoff, I 00 percent flow, 
andl50 percent flow poin ts, to detennine if the pump is opelat-
ing within its design conditions. 

7.3.5.3.1 Each well installation shall be equipped with a sui t-
able water level detector. 

7.3.5.3.2 If a n air line is used , it shall be brass, copper, or 
series 300 stainless steel. 

7.3.5.3.3 Air lines shall be s trappe d to column pipe at 10 ft 
(3 m) inte rvals. 

7.4 * Installation. 

7 .4.1 Pump House. 

7.4.1.1 The pump house shall be of such design as will offer 
the least obstruction to the convenient handling and hoisting 
of vertical pump parts. 

7.4.1.2 The requirements of Sections 4.12 and 11.3 shall also 
apply. 

7 .4.2 Outdoor Setting. 

7.4.2.1 If in special cases the authority having jurisdiction 
does not require a pump room and the unit is installed out-
doors, the driver shall be screened or enclosed and adequately 
protected again t tampering. 

7.4.2.2 The screen or enclosure required in 7.4.2.1 shall be eas-
ily removable and shall have provision for ample ventilation. 

7.4.3 Foundation. 

7.4.3.1 Certified d imensio n prints shall be obtained from the 
manufacturer. 

7.4.3.2 The foundation for venical pumps shall be substantially 
built to carry the en tire weight of the pump and drive r plus the 
weight of the water contained in it. 

7.4.3.3 Foundation bolts shall be provided to firmly a nchor 
the pump to the foundation. 

7.4.3.4 T he foundation shall be of sufficient area and strength 
that the load per square inch (square millimeter) on concrete 
does not exceed design standards. 

7.4.3.5 The top of the foundation shall be carefully leveled to 
permit the pump to hang freely over a well pit on a short-coupled 
pump. 

7.4.3.6 On a well pump, the pump head shall be positioned 
plumb over the well, which is not necessa1ily level. 

7.4.3.7 Sump or Pit. 

7.4.3.7.1 Where the pump is mounted over a sump or pit, 
!-beams shall be permitted to be used. 

7 .4.3. 7.2 Where a right-angle gear is used, the d rive r shall be 
installed parallel to the beams. 

7.5 Driver. 

7.5.1 Method of Drive. 

7.5.1.1 The driver provided shall be so constructed that the 
total thrust of the pump, which includes the weight of the 
shaft, impellers, and hydraulic thrust, can be carried on a 
thrust bearing of ample capaci ty so that it will have an average 
life rating of 5 years continuous operation. 

7.5.1.2 Al l d rivers shall be so constructed that axial adjust-
ment of impelle rs can be made to permi t proper installation 
and operation of the equipment. 

7.5.1.3 Vertical shaft turbine pumps shall be driven by aver-
tical hollow shaft clecu·ic motor o r vertical hollow shaft righ t-
angle gear d rive with d iesel engine or steam turbine except as 
permitted in 7.5. 1.4. 

7.5.1.4 The requirements of 7.5.1.3 shall not apply to d iesel 
engines and steam turbines designed and listed for vertical 
installation with vertical shaft tu rbine-type pumps, wh ich shall 
be permitted to employ solid shafts and shall not require a 
right-angle gear d rive but shall require a nonreverse ratchet. 
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7.5.1.5 Motors shall be of the vertical hollow-shaft type and 
comply wi th 9.5.1.9. 

7.5.1.6 Mass Elastic System. 

7.5.1.6.1 For drive systems that include a right angle gear 
d rive, the pump manufacturer shall provide a complete mass 
elastic system torsio nal analysis to ensure there are no damag-
ing stresses or critical speeds within 25 pe rcent above and be-
low the opera ting speed of the pump and drive. 

7.5.1.6.2 The to rsional analysis specified in 7.5.1.6.1 shall in-
clude the mass elastic characte ristics fo r a wetted pump with 
the specific impelle r trim, coupling, right-angle gear, flexible 
connecting shaft, and e ngine, plus the excitatio n characte ris-
tics of the engine. 

7.5.1.6.3 For variable speed vertical ho llow shaft electric mo-
tors, the pump manufacturer shall provide a complete mass 
elastic system torsio nal a nalysis to e nsure there are no damag-
ing stresses or critical speeds within 25 percent above and be-
low the opera ting speed of the pump and drive. 

7 .5.1. 7 Gear Drives. 

7.5.1.7.1 Gear drives and flexible connecting shafts sha ll be 
acceptable to the authority havingjurisdiction. 

7.5.1.7.2 Geat· drives shall be of the venical ho llow-shaft type, 
permitting adjustme nt of the impe llers fo r proper installation 
and ope ra tion of the equipme nt. 

7.5.1.7.3 The gear d rive sha ll be equipped with a nonreverse 
ratche t. 

7.5.1.7.4 All gear drives shall be listed and rated by the manu-
facturer at a load equal to the maximum horsepower and thrust 
of the pump fo r which the gear d rive is intended. 

7.5.1.7.5 Water-cooled gear drives shall be equipped with a vi-
sual means to determine whethe r water circulation is occurring. 

7 .5.1.8 F1exible Connecting Shafts. 

7 .5.1.8.1 The flexible connecting shaft shall be listed for this 
service. 

7.5.1.8.2 T he operating angle for the flexible connecting shaft 
shall not exceed the limits specified by the manufacturer for the 
speed and horsepower tra nsmitted under any static or operating 
condi tions. 

7 .5.2 Controls. The conu·ollers for the moto r, diesel engine, o r 
steam turbine shall comply with specifications for eithe r electtic-
d tivc conu·ollers in Chapter 10 or engine drive controllers in 
Chapter 12. 

7 .5.3 Variable Speed Vertical Turbine Pumps. 

7.5.3.1 T he pump supplier shall infmm the contro ller manu-
fac turer of any and all critical resonant speeds within the operat-
ing speed range of tl1e pump, which is from zero up to full speed . 

7.5.3.2 When wate r-lubricated pumps with line shaft bearings 
are installed, the pump manufacturer shall inform the conlroller 
manufacturer of the maximum allowed time for water to reach 
the top bearing under the condition of the lowest anticipated 
w..lter level of the well or reservoir. 

7.6 Operation and Maintenance. 

7.6.1 Operation. 

7.6.1.1 * Before the unit is started for the first time after instal-
lation, all field-installed electrical connections and discha rge 
piping from the pump shall be checked. 
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7.6.1.2 Vl'i th the top drive coupling removed , tl1e drive shaft 
shall be centered in the top drive coupling fo r prope r align-
me nt and the motor shall be operated mome marily to ensure 
that it rotates in the proper direction. 

7.6.1.3 With the top drive coupling re installed , th e impe llers 
shall be set fo r proper clearance according to the manufactur-
er 's instructions. 

7.6.1.4* With the precautio ns of 7.6.l.lthrough 7.6.1.3 take n, 
the pump sha ll be started and allowed to run . 

7.6.1.5 T he operation shall be observed for vibration while 
running, with vibration limi ts according to the Hydraulic Insti-
tute Standards for Centrifugal, Rotary and Recipmcaling PurnjJs. 

7.6.1.6 T he driver shall be obse1ved for proper operatio n. 

7.6.2 Maintenance. 

7.6.2.1 T he manufacturer 's instructions shall be carefully 
fo llowed in making repa irs and d isma ntling and reassem-
bling pumps. 

7.6.2.2 When spa re o r replacement pa rts are o rdered, the 
pump serial number stamped on the nameplate faste ned to 
the pump head sha ll be included in orde r tO make sure the 
proper parts a re provided. 

7.6.2.3 Ample head room a nd access for re moval of the 
pump shall be maintained. 

Chapter 8 Positive Displacement Pumps 

8.1 * General. 

8.1.1 Types. Positive displacement pumps shall be as de fined 
in 3.3.37.13. 

8.1.2* Suitability. 

8.1.2.1 T he positive displacement-typ e pump shall be listed 
for the in tended application. 

8.1.2.2* The listing shall ve rify the characteristic performa nce 
cwves for a given pump model. 

8.1.3 Application. 

8.1.3.1 Positive d isplacement pumps shall be permitted to 
pump liquids for fi re protection applications. 

8.1 .3.2 T he selected pump shall be appropriate fo t· the viscos-
ity of the liquid. 

8.1.4 Pump Seals. 

8.1.4.1 The seal type acceptable for positive d isplacement 
pumps shall be eithe r mechanical or lip seal. 

8.1.4.2 Packing shall not be used . 

8.1.5* Pump Materials. Materials used in pump construction 
shall be selected based on the corrosion po tential of the e nvi-
ronme nt, fluids used , and operational conditions. (See 3.3. 9 for 
corrosion-1·esistant materials.) 

8.1.6 Dump Valve. 

8.1.6.1 A dump valve shall be pmvided on all closed head 
systems to allow the positive d isplaceme nt pump to b leed off 
excess pressure and achieve operating speed before subject-
ing the d river to full load. 
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8.1.6.2 The dump valve shall operate only lor the duration 
necessary for the positive displacement pump to achieve oper-

ating speed. 

8.1.6.3 Dump Valve Control. 

8.1.6.3.1 Automatic Operation. When a n e lectrically oper-
ated dump valve is used, it shall be controlled by the positi,·e 
displacement pump controlle r. 

8.1.6.3.2 Manual Operation. Means shall be prm~decl at the 
controller w ensure dump valve operation during manual starL 

8.1.6.4 Dump \r<l lves shall be listed. 

8.1.6.5 Dump Yalve discharge shall be permitted to be piped to 

the liquid supply tank, pump suction, drain, o r liquid supply. 

8.2 Foam Concentrate and Additive Pumps. 

8.2.1 Additive Pumps. Additive pumps shall meet the require-
ments for foam concentrate pump . 

8.2.2* Net Positive Suction Head. Net positive suction head 
(NPSH ) shall exceed the pump manufacturer's required 1 PSI-I 
plus 5 ft ( 1.52 m) of liquid. 

8.2.3 Seal Materials. Seal materials shall be compatible with 
the foam concentr.ue or additive. 

8.2.4* Dry Run. Foam concentrate pumps shall be capable of 
dry running for 10 minutes without damage. 

8.2.5* Minimum Flow Rates. Pu m ps shall have foam concen-
u·ate flow r·ates to meet the maximum foam flow demand for 
their intended service. 

8.2.6* Discharge Pressure. The discharge pressure of the pump 
shall exceed the maximum water pressure under any oper<~ti n g 

condition at the point of foam concentrate ir~ ec tion. 

8.3 Water Mist System Pumps. 

8.3.1 * Positive d isplacement pumps for '"<Iter shall hilve ad-
equate capacities to meet the maximum system demand for their 

intended service. 

8.3.2 PSI-I shall exceed the pump manufacturer' s required 
NPSH plus 5 ft ( 1.52 m) of liquid. 

8.3.3 The inlet pressure to the pump shall not exceed the pump 
manufacturer's recommended maximum inlet pressur·e. 

8.3.4 When the pump output has the pote ntial to exceed the 
system flow require ments, a means to relieve the excess flow such 
as an unloader ' '" lve or o rifice shall be provided. 

8.3.5 Where the pump is equipped with an unloader valve, it 
shall be in addition to the safety r·elief valve as outlined in 8.4.2. 

8.4 Fittings. 

8.4.1 Gauges. A compound suction gauge and a discharge 
pressure gauge shall be furnished . 

8.4.2* General Information for Relief Valves. 

8.4.2.1 All pumps shall be equipped with a listed safety relief 
valve capable of r e li e~ng 100 percent o f the rated pump capacity 
at a pressure not exceeding 125 percent of the re lief valve set 

pressure. 

8.4.2.2 T he pressure relief valve sha ll be set such that the 
pressure required to discharge the ra ted pump capacity is at or 
below the lowest rated pressure of any component. 

8.4.2.3 The re lief valve shall be installed on the pump dis-
charge to prevent damage to the fire protection system. 

8.4.3* Relief Valves for Foam Concentrate Pumps. For foam 
concentrate pumps, safety relief valves shall be piped to re turn 
the valve discharge to the concentrate supply tank. 

8.4.4* Relief Valves for Water Mist Pumps. 

8.4.4.1 For posi tive disp lacement wate r mist pumps, safe ty 
rel ief vah·es shall discharge to a drain or to a water supply at 
atmospheric pressure. 

8.4.4.2 A means of preven ting overheatin g sha ll be pro-
vided when the rel ief va lve is plumbed to discharge to the 
pump suction. 

8.4.5* Suction Strainer. 

8.4.5.1 Pump· shall be equipped with a removable and clean-
able suction stra iner insta lled at least lO pipe diameters from 
the pump suctio n inlet. 

8.4.5.2 Suction strainer p ressure drop shall be calculated to 

ensure that sufficient 1 PSH is available to the pump. 

8.4.5.3 The net o pen area of the strainer shall be at least four 
times the area of the suction piping. 

8.4.5.4 Striliner mesh size shall be in accordance with the 
pump man ufac tu rer's recommendatio n. 

8.4.6 Water Supply Protection. Design of the system shall in-
clude protection of potable water supplies and prevention of 
cross connection or con tamination. 

8.5 Pump Drivers. 

8.5. 1 * The d river shall be sized for and have enough power to 
operate the pump and d rive train at all design points. 

8.5.2 Reduction Gears. 

8.5.2.1 lf a reduction gear is provided between the driver and 
the pump , it shall be listed for the intended use. Red uction 
gears shall meet the requirements of AGMA 390.03, 1-landlJook 

for H eliml and Masll'r Gear:>. 

8.5.2.2 Gears shall be AGMA CliiSS 7 o r better, and pinions 
shall be AGMA Class 8 or better. 

8.5.2.3 Bearings shall be in accordance with AGMA standa rds 
and applied for a n LIO life of 15,000 hours. 

8.5.2.4 For drive systems that include a gear case, the pump 
manufacturer shall provide a complete mass e lastic system tor-
sional ana lysis to e nsure the re arc no damaging stresses or 
critical speeds within 25 percent above and below the operat-
ing speed of the pump(s) and driver. 

8.5.2.4.1 For variable speed drives, the a nalysis of8.5.2.4 shall 
include all speeds clown to 25 percent be low the lowest oper-
ating speed obtainable with the variable speed drive. 

8.5.3 Common Drivers. 

8.5.3.1 A single driver shall be permitted to drive more than 
one positive displacement pump. 

8.5.3.2 Re dundan t pump systems shall not be permitted to 

share a common dr·iver. 

8.6* Controllers. See Chapte rs I 0 ancl l 2 for requ ireme nts for 
controlle rs. 
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8.7 Foundation and Setting. 

8.7.1 The pump and driver sha ll be mounted o n a commo n 
grouted base plate. 

8.7.2 The base plate shall be securely attached to a solid foun-
da tion in such a way that proper pump and driver shaft align-
ment will be maintained . 

8.7.3 The foundation shall provide a solid support for the 
base plate. 

8.8 Driver Connection and Alignment. 

8.8.1 The pump and driver shall be connected by a listed , 
closed coupled , flexible coupling or timing gear type of belt 
drive coupling. 

8.8.2 The coupling shall be selected to ensure that it is capable 
of transmi tting the horsepower of the dtiver and does not exceed 
the manufacturer's maximum recommended horsepower and 
operating speed. 

8.8.3 Pumps and drivers shall be aligned once final base plate 
p lacement is complete. 

8.8.4 Alignment shall be in accordance with the coupling 
manufacturer's speci fications. 

8.8.5 T he operating angle for the flexible coupling shall no t 
exceed the recommended to lerances. 

8.9 Flow Test Devices. 

8.9.1 A positive displaceme nt pump installation shall be ar- · 
ranged to allow the test of the pump at its rated conditions as 
well as the suction supply at the maximum flow available from 
the pump. 

8.9.2 Additive pumping systems shall be equipped with a flow 
meter or orifice plate installed in a test loop back to the addi-
tive supply tank. 

8.9.3 Wa ter pumping systems shall be equipped with a flow-
meter or orifice p late installed in a test loop back to the water 
supply, tank, inlet side of the water pump, o r d rain. 

Chapter 9 Electric Drive for Pumps 

9.1 General. 

9.1.1 T his chapte r covers the minimum pet·formance and 
testing requireme nts o f the sources and transmission of e lec-
trical power to motors driving fire pumps. 

9.1.2 This chapte r a lso cove rs the minimum pe rformance 
requireme nts of a ll interme diate equipment between the 
source(s) and the pump, including the motor(s) but ex-
cepting th e e lectric fire pump contro lle r, transfer switch, 
and accessories (see Chapter 10). 

9.1.3 All electrical equipment and installation methods shall 
comply with NFPA 70, National Electrical Code, Article 695, and 
other applicable articles. 

9.1.4* All power supplies shall be located and arranged to 

protect against damage by fire from within the premises and 
exposing hazards. 

9.1.5 All power supplies shall have the capacity to run the fire 
pump on a continuous basis. 

9.1.6 All power supp lies shall comply with the voltage drop 
requirements of Section 9.4. 

9.1.7* Phase converters shall not be used to supply powe r to a 
fire pump. 
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9.2 Normal Power. 

9.2.1 An electric motor-driven fire pump shall be provided with 
a normal source of power as a continually available source. 

9.2.2 T he normal source of power required in 9.2.1 and its rout-
ing shall be arranged in accordance with one of the following: 

( I ) Service connection dedicated to the fire pump installation 
(2) On-site power production facili ty connection d edicated 

to the tire pump installation 
(3) Dedicated feed er connection derived d irectly from the 

dedicated service to the fire pump installation 
(4) As a feeder connection whe re all o f the fo llowing condi-

tions are met: 

(a) The protected facility is part of a multibuild ing 
campus-style arrangement. 

(b) A backu p source of power is provided from a source 
independent of the no rmal sou rce of power. 

(c) ll is impractical to supply the normal source of 
power through the arrangement in 9 .2.2(1), 
9.2.2(2), o r 9.2.2 (3). 

(d ) The arrangement is acceptable to the a utho rity hav-
ingjurisdiction. 

(e) The ove rcurrent pro tection device(s) in each d iscon-
necting means is selectively coordinated with any 
other supply side overcurrent protective device(s). 

(5) Dedicated transfo rmer connection directly from the ser-
vice meeting the requirements of Article 695 of NFPA 70, 
National Electrical Code 

9.2.3 For fire pump installations using the arrangement of 
9.2.2(1 ), 9.2.2(2), 9.2.2(3), or 9.2.2(5) for the normal source 
of power, no more than one disconnecting means and associ-
ated overcurrent protection device sha ll be installed in the 
power supply to the fire pump controller. 

9.2.3.1 Where the disconnecting means permi tted by 9.2.3 is 
installed, the disconnecting means shall meet all of the following: 

( I ) They shall be identified as being suitable for use as service 

equipment. 
(2) They shall be lockable in the closed position. 
(3) *They shall be located remote from othe r building discon-

necting means. 
(4) *They shall be located remote from othe r fire pump 

source disconnecting means. 
(5) They shall be marked "Fire Pump Disconnecting Means" in 

letters that are no less than 1 in. (25 mm) in heigh t and that 
can be seen without opening enclosure doors or covers. 

9.2.3.2 Where the disconnecting means permitted by 9.2.3 is 
installed, a placard shall be placed adjacent to the fire pump 
controller stating the location of this disconnecting means 
a nd the location of a ny key needed to unlock the disconnect. 

9.2.3.3 Whe re the disconnecting means pe rmitted by 9.2.3 is 
installed, the disconnect shall be supe rvised in the closed po-
sition by o ne of the fo llowing methods: 

(1) Central station, p roprietary, or remote station signal device 
(2) Local signaling senrice that will cause the sounding of an 

audible signa l at a constan tly attended location 
(3) Locking the d isconnecting means in th e closed position 
( 4) Sealing of disconnecting means and approved weekly re-

corded inspections where the disconnecting means are 
located within fenced enclosures or in buildings under 
the control of the owner 
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9.2.3.4 Where the overcurrent prOLection permitted by 9.2.3 
is installed , the overcurrent protection device shall be rated to 
carry indefinitely the sum of the locked rotor currem of the 
fire pump motOr(s) and the pressure maintenance pump mo-
tor(s) and the fu ll-load current of the associate d fire pump 
accessory equipment. 

9.3 Alternate Power. 

9.3.1 Except for an arrangement described in 9.3.3, at least 
o ne a lternate source of power shall be provided where the 
he ight of the structure is beyond the pumping capacity o f the 
fire department apparatus. 

9.3.2* Other Sources. Except for a n a rrangement described in 
9 .3.3, at least one alternate source of power shall be provided 
where the normal source is not reliable. 

9.3.3 An alternate source o f power is not required where a 
backup e ngine-driven or backup steam turbine-driven fire 
pump is installed in accordance with this standard. 

9.3.4 Where provided, the a lternate source of power shall be 
supplied from one of the fo llowing sources: 

( 1) A generator installed in accordance with Section 9.6 
(2) One of the sources identified in 9.2.2( l), 9.2.2(2), 9.2.2(3), 

or 9.2.2(5) where the power is provided independem of the 
normal source of power 

9.3.5 Whe re provided, the alternate supply shall be arranged 
so that the power to the fire pump is not disrupted when over-
head lines are de-energized for fire department operations. 

9.3.6 1\vo or More Alternate Sources. Whe re the alternate 
source consists of two o r more sources of power and one of the 
som ces is a dedicated feeder de rived fi·om a utility service 
separate from that used by the normal source, the disconnect-
ing means, overcurrent prOlective device, and conductors 
shall not be required to meet the requirements of Section 9.2 
and shall be perm itted to be insta lled in accordance with 
NFPA 70, National Electti.cal Code. 

9.4* Voltage Drop. 

9.4.1 Unless the requirements of 9.4.2 or 9.4.3 are met, the 
voltage at the controller line terminals sha ll not drop more 
than 15 percent below normal (controller-rated voltage) un-

der motOr-starting conditions. 

9.4.2 The requirements of9.4.1 shall not apply tO emergency-
run mechanical starting. (Sel' 10.5.3.2. ) 

9.4.3 The requirements of 9.4. 1 shall not apply to the bypass 
mode of a variable speed pressure limiting conu·ol (sl'.e 10.10.3), 
provided a successful start can be demonstr.Hed on the standby 

gen-set. 

9.4.4 The voltage at the motor terminals shall not drop more 
than 5 percent below the voltage rating of the motor when the 
motor is operating at 115 pe rcent of the full-load current rat-
ing of the motOr. 

9.5 Motors. 

9.5.1 General. 

9.5.1.1 All motors shall comply with EMA MG-1, lvlotors and 
Generators, shall be marked as complying with NEMA Design B 
standards, and shall be specifically listed for fire pump service. 
(See Table 9.5.1.1. ) 

Table 9.5.1.1 Horsepower and Locked Rotor Current Motor 
Designation for NEMA Design B Motors 

Motor Designation 
Locked Rotor (NFPA 70, Locked 

Current Rotor Indicating 
Rated Three-Phase Code Letter) "F" to 

Horsepower 460 V (A) and Including 

5 46 J 
711! 64 H 

10 81 H 
] !j 116 G 

20 145 G 
25 183 G 
30 217 G 
40 290 G 
50 362 G 
60 435 G 
75 543 G 
100 725 G 
125 908 G 
150 1085 G 
200 1450 G 
250 1825 G 
300 2200 G 
350 2550 G 
400 2900 G 
450 3250 G 
500 3625 G 

9.5.1.2 The require ments of 9.5.1.1 shall no t apply to d irect-
current, high-voltage (over 600 V), large-horsepower [over 
500 hp (373 kW)], single-phase, universal-type, or· wound-rotor 
motors, 'vhich shall be permitted to be used where approved. 

9.5.1.3 Pan-winding motors shall have a 50-50 winding ratio 
in order to have equal curre nts in both windings while run-
ning at nominal speed. 

9.5.1.4 Motors used "~th var;able speed controlle rs shall addi-
tionally meet the applicable requirements of EMAMG-1, Motors 
and Generatars, Part 31 and shall be marked for inverter duty. 

9.5.1.5* The corresponding values oflocked rotor current fo r 
motors rated at other voltages shall be determined by multi-
plying the values shown by the ratio of 460 V to the rated 
voltage in Table 9.5. 1.1 . 

9.5.1.6 Code letters of motors fo r all other voltages shall con-
form with those shown for 460 V in Table 9.5.1.1. 

9.5.1. 7 All motOrs shall be ra ted for con tinuous duty. 

9.5. 1.8 Electric motor-induced transients shall be coordi-
nated with the provisions of l 0.4.3.3 to prevent nuisance trip-
ping of motor controller protective devices. 

9.5.1.9 Motors for Vertical Shaft Thrbine-Type Pumps. 

9.5.1.9.1 Motors for vertical shaft turbine-type pumps shall 
be dripproof, squirrel-cage induction type. 

9.5.1.9.2 The motOr shall be equipped with a non reverse 
ratchet. 
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9.5.2 Current Limits. 

9.5.2.1 The motor capacity in horsepower shall be such tha t 
the maximum mo ror curre nt in any phase under any condi-
tio n of pump load and voltage unbalance shall no t exceed the 
motor-rated full-load current multiplied by the se rvice facto r. 

9.5.2.2 The following shall apply to the service fac tor: 

( I ) The maximum service facto r at which a motor shall be 
used is 1.15. 

(2) Where the motor is used with a variable speed pressure 
lim iti ng controlle r, the service factor shall no t be used . 

9.5.2.3 These service factors shall be in accordance with 
NEMA MG-1, Motors and Generators. 

9.5.2.4 General-purpose (ope n a nd d ripproof) motors, to-
tally e nclosed fan-cooled (T EFC) motors, and tota lly enclosed 
nonventilated (TENV) moto rs shall not have a service factor 
larger than 1.15. 

9.5.2.5 Motors used at a ltitudes above 3300 ft ( 1000 m) sh all 
be o perated o r derated accord ing to NEMA MG-1, Motors and 

Generators, Part 14. 

9.5.3 Marking. 

9.5.3.1 Marking o f motor termina ls sha ll be in accordance 
with NEMA MG-1, Motors and Generators, Part 2. 

9.5.3.2 A motor terminal connecting diagram fo r multiple 
lead mo to rs shall be fu rnished by the motor m an ufacturer·. 

9.6 On-Site Standby Generator Systems. 

9.6.1 Capacity. 

9.6.1.1 Whe re on-site generator systems are used to supply 
power to fire pump m otors to meet the requirements of9.3.2, 
they shall be of suffic ient capacity to allow normal starting a nd 
running of the m otor (s) d riving the fire pump(s) while sup-
plyi ng all othe r simulta neously o perated load (s) wh ile m eet-
ing the requirem en ts of Sectio n 9.4. 

9.6.1.2 A tap ahead of the o n-site generator disconnecting 
means sha ll not be required. 

9.6.2* Power Sources. 

9.6.2.1 On-site s tandby generator syste ms shall comply with 
Sectio n 9.4 a nd sha ll meet the requi rements o f Level 1, 
Type 10, C lass X system s of NFPA 110, StcmdardforEmergency 

and Standby Power Systems. 

9.6.2.2 The engine shall nm and continue to produce rated 
nameplate power without shutdown or de-rate for alanns and 
warnings, or failed engine sensors, except for overspeed shut-
down. 

9.6.2.3 The fuel supply capacity shall be sufficie nt to provide 
8 hours of fire pump operatio n at I 00 percent of the rated pump 
capacity in additio n to the supply requi red fo r other demands. 

9.6.3 Sequencing. Auto ma tic seque ncing of the fire pumps 
shall be permitted in accorda nce with I 0.5.2.5. 

9.6.4 Transfer of Power. T ransfer· of power· to the fi r·e pump 
con trolle r between the no rmal supply and one a lternate su p-
ply shall take place wi thin the pump room. 

9.6.5* Protective Devices. Protective devices installed in the 
on-site power source ci rcuits a t the generator shall allow in-
sta ntaneous pickup o f the full pump roo m load and shall com-
ply with NFPA 70, National Electrical Code, Section 700.27. 
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9.7 Junction Boxes . Where fi re pump wiring to o r fro m a fi re 
pump controller is routed th rough a junction box, the fo llow-
ing requirem en ts sha ll be m et: 

(1) The j unction box shall be securely mounted . 
(2) *Mo unting and installation of a junction box shall not violate 

the enclosure type rating of the fi re pump conu·olle r (s). 
(3)*Mo un ting and installa tion of a junction box shall no t vio-

late the integri ty of the fi re pump contro ller(s) and shall 
not affect the sho rt circuit rating of the controller(s). 

(4) As a min imu m, a Type 2, d ripproof e nclosure Uunctio n 
box) sha ll be used . The enclosure sha ll be listed to match 
the fire pump controller enclosure type rating. 

(5) Te rminals, junctio n blocks, and splices, where used , sha ll be 
listed. 

9.8 Listed Electrical Circuit Protective System to Controller 
Wuing. 

9.8.1 * Whe re single conductors (individual conductors) a re 
used, they shall be te rminated in a separate junction box. Single 
conductors (individual conductors) shall not enter the fire 
pump enclosure separate ly. 

9.8.2* The raceway be tween a junction box and the fire pump 
controlle r sha ll be sealed a t the junction box end with a n ide n-
ti fied compo und and in accordance with the insu·uctio ns of 
the e lectrical circuit protective systems if p rovided. 

9.8.3 Sta ndard wiring between the junction box and the con-
trolle r is accep table. 

9.9 Raceway Terminations. 

9.9.1 Listed condui t hubs shall be used to te rminate raceway 
(conduit) to the fi re pump controller. 

9.9.2 The type rating of the condu it hub (s) shall be a t least 
equal to that o f the fi re pump controlle r. 

9.9.3 The installation instructio ns of the manufacturer of the 
fire pump con tro ller shall be followed . 

9.9.4 Al tera tions to the fire pump contro lle r, o ther than con-
d uit e ntry as allowed by NFPA 70, National Electrical Code, shall 
be approved by the authority having jurisdiction. 

Chapter 10 Electric-Drive Controllers and 
Accessories 

10.1 General. 

10.1.1 Application. 

10.1.1.1 T his chap ter covers the minimum performance and 
testing requiremen ts fo r con tro llers and transfer switches for 
e lectric motors driving fire p u mps. 

10.1.1.2 Accessory devices, including tire pump alarm and sig-
naling means, are included whe re necessary to ensure the mini-
mum performance of the equipme nt men tioned in 10.1.1.1. 

10.1.2 Performance and Testing. 

10.1.2.1 Listing. Al l contro llers a nd transfer switches shall be 
specifically listed for e lecu·ic moto r-driven fire pump service. 

10.1.2.2* Marking. 

10.1.2.2.1 The con trolle r and Uansfer switch shall be sui table 
for the available short-circuit curre nt at the line terminals of 
the controlle r and transfer switch. 
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10.1.2.2.2 The controller and transfer switch shall be marked 
"Suitable for use on a c ircui t capable of delivering not more 
than __ amperes RMS symmetrical at __ volts ac." o r " __ 

amperes RMS symmetrical at_ volts ac short-circuit current 
ra ting," o r equivalem, where the blank spaces shown shall 
have appropriate values filled in for each installation. 

10.1.2.3 Preshipment. All conu·ollers sha ll be completely as-
sembled, wired, and tested by the manufacturer before shipment 
fi·om the factory. Comrollers shipped in sections shall be com-
pletely assembled, wired , and tested by the manufacturer before 
shipment from the factory. Such controlle rs shall be reassembled 
in the fie ld, and the proper assembly shall be verified by the 
manufacturer or designated representative. 

10.1.2.4 Service Equipment Listing. All contro lle rs and trans-
fer switches shall be listed as ··suitable for use as service equip-
m ent'' where so used. 

10.1.2.5 Additional Marking. 

1 0.1.2.5.1 All conu·olle rs shall be marked "Electric Fire Pump 
Controller" and shall show plainly the name of the manufacturer, 
identifying designation, maximum operating pressure, enclo-
sure type designation, and complete elecuical rating. 

10.1.2.5.2 Where multiple pumps serve d ifferent areas or 
portions of the facil ity, an appro priate sign shall be conspicu-
ously attached to each controller indicating the area, zone, or 
portion ofthe system served by tha t pump or pump contro lle r. 

10.1.2.6 Service Arrangements. It sha ll be the responsibili ty of 
the pump manufacturer or its designated representative to make 
necessary arrangements for the services of a manufacturer's rep-
resentative when needed fo r se n~ce and adjusunem of the equip-
ment during the installation, testing, and warranty periods. 

10.1.2.7 State of Readiness. The conu·olle r shall be in a fully 
functional state within 10 seconds upon application ofac power. 

10.1.3* Design. All e lec trical control equipme n t design shall 
comply wi th NJPA 70, National Electrical Code, Article 695, and 
o ther applicable documents. 

10.2 Location. 

10.2.1 * Comrollers shall be located as close as is practical to the 
motors they con trol and shall be within sight of the motors. 

10.2.2 Comrolle rs shall be located or protected so that they 
will not be damaged by water escaping from pumps or pump 
connections. 

10.2.3 Current-carrying parts of controllers shall be not less 
than 12 in. (305 mm ) above the floor level. 

10.2.4 Working clearances a round com rollers shall comply 
with NN)A 70, Naliona[ /,'lf'rtrical Code, Article 110. 

10.3 Construction. 

10.3.1 Equipment. All equipmen t sha ll be suitable fo r usc in 
locations subject to a moderate degree of mo isture, such as a 
damp basement. 

10.3.2 Mounting. All equipm ent shall be mounted in a substan-
tial manner on a single noncombustible supporting structur·e. 

1 0.3.3 Enclosures. 

10.3.3.1 * The structure or panel shall be securely mounted in , as 
a minimum, a National Electrical Manufactu rers Association 
(NEMA) Type 2, dripproof enclosure(s) or a n enclosure(s) with 
an ingress pmtection (IP) rati ng oflP3 l. 
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1 0.3.3.2 Where the equipment is located outside, or where spe-
cial environments exist, suitably rated enclosures shall be used. 

10.3.3.3 The enclosure(s) shall be grounded in accordance 
with NFPA 70, National Elerl1ical Corle, Article 250. 

10.3.4 Connections and Wiring. 

10.3.4.1 All busbars and connections shall be readily acces-
sible for maintenance work after installation of the controlle r. 

10.3.4.2 All busbars and connections shall be arranged so 
that disconnection of the external circuit conductors will not 
be required. 

10.3.4.3 Means shall be provided on the exterior of the control-
ler to read all li ne currents and all line voltages with an accuracy 
within ±5 percent of motor nameplate voltage and current. 

10.3.4.4 Continuous-Duty Basis. 

10.3.4.4.1 Unless th e requirements of 1 0.3.4.4.2 are me t, bus-
bars and other wiring e leme n ts of the controlle r shall be de-
signed on a continuous-duty basis. 

10.3.4.4.2 The requiremen ts of 10.3.4.4.1 shall not apply to 

conductors that are in a cir·cuit o nly during the motor starting 
pe riod , which shall be permitted to be designed accordingly. 

10.3.4.5 Field Connections. 

10.3.4.5.1 A fi re pump controller sha ll not be used as a junc-
tion box to supply other equipment. 

10.3.4.5.2 No undcrvoltage, phase loss, frequency sensitive, or 
other device(s) shall be field installed that automatically or 
manually prohibits electrical actuation of the motor contactor. 

10.3.4.6 Electrical supp ly conductors fo r pressure ma inte-
nance Uockey or make-up) pump(s) shall not be connected to 
the fi re pump controller. 

10.3.5 Protection of Control Circuits. 

10.3.5.1 Circuits that are necessary for proper operatio n of 
the controller shall not have overcurrent protective devices 
connected in them. 

10.3.5.2 The secondaq• of the transformer and control cir-
cuitry shall be permined to be ungrounded except as required 
in I 0.6.5.4. 

10.3.6* External Operation. All switching equipment for 
manual use in connecting or disconnecting or starting or stop-
ping the motor shall be externa lly operable. 

10.3.7 Electrical Diagrams and Instructions. 

10.3.7.1 An electrical sche ma tic d iagram shall be provided 
and permanently a ttached to the inside o f the controller en-
closure. 

10.3. 7.2 All the fie ld wiring te r minals shall be plainly marked 
to correspond with the fie ld connection diagram furn ished. 

10.3. 7 .3* Complete instructions covering the operatio n of the 
controller shall be provided and conspicuously mounted on 
the controller. 

10.3.8 Marking. 

10.3.8.1 Each motor control device and each switch and cir-
cu it breaker shall be marked to plain ly indicate the name of 
the manufacturer, the designated identif)•ing number, and the 
e lectrical rating in volts, horsepower, a mperes. frequency, 
phases, and so forth , as appropdatc. 
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10.3.8.2 The markings shall be so located as to be visible after 
installation. 

10.4 Components. 

10.4.1 *Voltage Surge Arrester. 

10.4.1.1 Unless the requirements of 10.4.1.3 or 10.4.1.4 are 
met, a voltage surge arrester complying with ANSI/ IEEE C62.1 , 
fEEE Standard for Gapped Silicon-Carbide Surge A 77l!Sters for A C Power 
Circuits, or ANSI/IEEE C62. 11 , IEEE Standard for Metal-Oxide SU7ge 
An<>sten for Alll'mating Cunmt Power Circuits (> 1 k\1), shall be in-
stalled from each phase to ground. (See 10.3.3.3.) 

10.4.1.2 The surge arrester shall be rated to suppress voltage 
surges above line voltage. 

10.4.1.3 The require me nts of 10.4.1.1 a nd 10.4.1.2 shall not 
apply to controllers rated in excess of 600 V. (See Section 10. 6.) 

10.4.1.4 Th e requirements of 10.4.1.1 a nd 10.4.1.2 sha ll 
not apply where the controller can withstand without dam-
age a 10 kV impulse in accordance with ANSI/ IEEE C62.41, 
fEEE R.Pcommended Practice for Surge Voltages in Low-Voltage A C 

Powe1· Ci1·cuits. 

10.4.2 Isolating Switch. 

10.4.2.1 General. 

10.4.2.1.1 The isolating switch shall be a manually operable 
motor circuit switch or a molded case S\vitch having a horse-
power rating equal to or greate r than the motor horsepower. 

10.4.2.1.2* A molded case switch having an ampere rating not 
less than 11 5 percent of the motor rated fu ll-load current and 
also suitable for interrupting the motor locked rotor current 
shall be permitted. 

10.4.2.1.3 A molded case isolating switch shall be permitted 
to have self-protecti ng instantaneous short-circuit overcurrent 
protection , provided that th is switch does not trip unless the 
circuit breaker in the same controller trips. 

10.4.2.2 Externally Operable. The isolating switch shall be ex-
ternally operable. 

10.4.2.3* Ampere Rating. T he ampere rating of the isolating 
switch shall be at least 11 5 percent of the full-load current rating 
of the motor. 

10.4.2.4 Warning. 

10.4.2.4.1 Unless the require ments of 10.4.2.4.2 are met, the 
following warning shall appear on or immediately adjacent to 
the isolating switch: 

WARNING 

DO NOT OPEN OR CLOSE THIS SWITCH WHILE 
THE CIRCUIT BREAKER (DISCONNECTING MEANS) 

IS IN CLOSED POSITION. 

10.4.2.4.2 Instruction Label. The requirements of 10.4.2.4.1 
shall not apply where the requirements of 10.4.2.4.2.1 and 
10.4.2.4.2.2 are met. 

10.4.2.4.2.1 Where the isolating switch and the circuit breaker 
are so interlocked that the isolating switch can be neither opened 
nor closed while the circuit breaker is closed, the warning label 
shall be permitted to be replaced with an instruction label that 
directs the order of operation. 

10.4.2.4.2.2 This label shall be permitted to be part ofthe label 
required by 10.3.7.3. 
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10.4.2.5 Operating Handle. 

10.4.2.5.1 Unless tJ1e requirements of 10.4.2.5.2 arc met, the 
isolating switch operating handle shall be provided with a spring 
latch that shall be so ar....-,mged that it requires the use of the other 
hand to ho ld the latch released in order to permit opening or 
closing of the switch. 

10.4.2.5.2 The requirements of 10.4.2.5.1 shall not apply 
where the isolating switch and the ci rcuit breaker are so inter-
locked that the isolating switch can be neither opened no r 
closed while the circuit b reaker is closed. 

10.4.3 Circuit Breaker (Disconnecting Means). 

10.4.3.1 * General. The motor branch circuit sha ll be pro-
tected by a circuit breaker that shall be connected directly to 
the load side of the isolating switch a nd shall have one pole for 
each ungrounded ci rcuit conductor . 

10.4.3.2 Mechanical Characteristics. The circuit breaker shall 
have the fo llowing mechanical characte ristics: 

(1) It shall be externally operable. (See 10.3.6.) 

(2) It shall trip ft·ee of the handle. 
(3) A nameplate with the legend "Circuit breaker-disconnect-

ing means" in letters not less than % in. (10 mm) high shall 
be located on the outside of the controller enclosure adj a-
cent to the means for operating the circuit breaker. 

10.4.3.3* Electrical Characteristics. 

10.4.3.3.1 The circuit breaker shall have the following elec-
trical characteristics: 

(1) A continuous current rating not less than 115 percent of 
the rated full-load curre n t of the motor 

(2) Overcurrent-sensing elements of the non thermal type 
(3) Instantaneous short-circuit overcurre nt protectio n 
(4)*An adequate in te rrupting rating to provide the suitability 

rating 10.1.2.2 of the controller 
(5) Capability of allowing normal and emergency starting and 

running of the motor without tripping (see 10.5.3.2) 
(6) An instantaneous trip setting of not more than 20 times 

the fu ll-load current 

10.4.3.3.2* Curre n t limiters, where integral parts of the circuit 
breaker, shall be permi tted to be used to obtain the required 
interrupting rating, provided all the following requirements 
are me t: 

( 1) The breaker shall accept current limiters of only one rating. 
(2) The current limiters shall hold 300 percent of full-load 

moto r curre nt for a minimum of 30 minutes. 
(3) The curre nt limiters, whe re installed in the breaker, shall 

not open at locked rotor curre nt. 
( 4) A spare set of current limiters of correct rating shall be 

ke pt readily available in a compartment or rack within the 
controller enclosure. 

10.4.4 Locked Rotor Overcurrent Protection. The o nly other 
overcurrcnt protective device that shall be required and per-
mitted between the isolating switch and the fi re pump motor 
shall be located within the fi re pump controller and shall pos-
sess the following characte ristics: 

(1 ) For a squirrel-cage o r wound-rotor induction motor, the 
device shall be as follows: 

(a) Of the time-delay type having a tripping time between 
8 seconds and 20 seconds at locked rotor current 

(b) Calibrated and set at a minimum of 300 percent of 
motor full-load cu t-re n t 
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(2) For a direct-current motor, the device shall be as follows: 

(a) Of the instantaneous type 
(b) Calibrated and set at a minimum of 400 percent of 

motor full-load current 

(3)*There shall be visual means 01· markings clearly indica ted 
on the device that proper settings have been made. 

( 4) It shall be possible to reset the device for operation imme-
diately after tripping, with the tripping characteristics 
thereafter remaining unchanged. 

(5) Tripping shall be accomplished by opening the circuit 
breaker, which shall be of the external manual rese t type. 

I0.4.5 Motor Starting Circuitry. 

I0.4.5.I Motor Contactor. The motor contactor shall be horse-
power rated and shall be of the magnetic type with a contaCL in 
each ungrounded conductor. 

I 0.4.5.1.1 Running contactors shall be sized for both the 
locked rotor currents and the continuous running c u r r e nL~ 
encountered. 

I0.4.5.1.2 Starting contactors shall be sized for both the 
locked ro tor curre nt and the acceleration (starting) encoun-
tered. 

I 0.4.5.2 Timed Acceleration. 

10.4.5.2.1 Fo r electrical operation of reduced-vo ltage con-
trollers, timed automatic acceleration of the motor shall be 
provided. 

I 0.4.5.2.2 The period of motor acceleration shall not exceed 
JO seconds. 

10.4.5.3 Starting Resistors. Starti ng resistors shall be de-
sig ned to pe rmit one 5-second starting operation every 
80 seconds fo r a pe ri od of not less tha n 1 hour. 

1 0.4.5.4 Starting Reactors and Autotransformers. 

10.4.5.4.1 Starling reacto rs and autotransformers sha ll com-
ply with the r·equirements of AJ'I!SI/UL 508, Standard f or lndu.1-

l1ial Co111rol Equijnnent, Table 92. I . 

10.4.5.4.2 Star·ting reactors and autotransformers over 200 hp 
shall be permitted to be designed to Part 3 of AJ SI/UL 508, 
Stanl.lard Jor llldttSIIial Control Equipment, Table 92. 1, in lieu of Part. 4. 

10.4.5.5 Soft Start Units. 

10.4.5.5.1 Soft stan uni ts sha ll be horsepower rated or specifi-
cally designed for the service. 

I0.4.5.5.2 The bypass cont.-'\ctor shall comply with 10.4.5. 1. 

10.4.5.5.3 Soft start uni ts shall comply with the dULy cycle 
requirements in accordance with 10.4.5.4.1 and I 0.4.5.4.2. 

10.4.5.6 Operating Coils. For controlle rs of 600 V or less, the 
operating coil (s) fo r any motor contactor(s) and any bypass 
contactor (s), if provided , shall be supplied direclly from the 
main power vo ltage and not through a transformer. 

1 0.4.5. 7* Single-Phase Sensors in Controller. 

10.4.5.7.1 Sensors shall be permitted to prevent a three-
phase motor from starting under single-phase condition. 

10.4.5.7.2 Such sensors sha ll not cause disconnection of the 
motor if it is running at the time of single-phase occurrence. 

10.4.5.7.3 Such sensors sha ll be monitored to provide a local 
visible signal in the even t of malfunction of the sensors. 

10.4.6* Signal Devices on Controller. 

10.4.6.1 Power Available Visible Indicator. 
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10.4.6.1.1 A visible indicator shall monito r the availabili ty of 
power in all phases at the line terminals of the motor contac-
tor o r of the bypass contactor, if provided. 

10.4.6.1.2 If the visible indicator is a pilot lamp, it shall be acces-
sible for replacemenL. 

10.4.6.1.3 When power is supplied from multiple power 
sources, monitoring of each power source for phase loss shall 
be permitted at any point e leCLrically upstream of the line ter-
minals of the contactor, provided all sources are monitored. 

10.4.6.2 Phase Reversal. 

10.4.6.2.1 Phase reversal of the power som ce to which the 
line te rminals of the moto r contactor are con nected shall be 
indicated by a visible indicator. 

1 0.4.6.2.2 \1\'hen power is supplied from multiple power 
sources, monitoring of each power source for phase reversal shall 
be petmitted at any point elecuically upstream of the line temli-
nals of the contactor, pr o , ~ d e d all sources are monitored. 

10.4.7* Fire Pump Alarm and Signal Devices Remote from 
Controller. 

10.4.7.1 Where the pump room is not constamly attended, 
audible or visible signals powered by a source not exceeding 
125 V shall be provided at a poim of constalll attendance. 

10.4.7.2 T hese fire pump alarms a nd signals shall indicate 
the information in 1 0.4.7.2. I through 1 0.4. 7.2.4. 

10.4.7.2.1 Pump or Motor Running. The signal shall actua te 
whenever the controlle r has operated into a motor-running 
condition. This signal circuit shall be ene rgized by a separate 
reliable supetviscd power sou rce or from the pump motor 
power, reduced to not more than 125 V. 

10.4.7.2.2 Loss of Phase. 

10.4.7.2.2.1 The fire pump alarm shall actuate whenever any 
phase at the line terminals of the motor contactor is losL. 

10.4.7.2.2.2 All phases shall be monito red. Such monitoting 
shall detect loss of phase whether the motor is running or at rest. 

10.4.7.2.2.3 V\'he n power is supplied from multiple power 
sources, monito ring of each power source for phase loss shall 
be permiued at any point electrica lly upstream of the line ter-
minals of the contactor, provided all sources a re monitored. 

10.4.7.2.3 Phase Reversal. (See 10.4.6.2.) This fire pump 
alarm circuit sha ll be ene rgized by a separate reliable super-
vised power source or from the pump motor power, reduced 
to not more than 125 V. The fi re pump alarm sha ll actuate 
whenever the th ree-phase power at the li ne terminals of the 
motor contactor is reversed. 

10.4.7.2.4 Controller Connected to Alternate Source. Whe re 
two sources of power are supplied to meet the requirements of 
9.3.2, this signal shall indicate whenever the alternate source is 
the source supplying power to the contro ller. This signal cir-
cuit shall be energized by a separa te, reliable , supervised 
power· source, reduced to not more than 125 V. 

10.4.8 Controller Contacts for Remote Indication. Control-
lers shall be equipped with con tacts (open o r closed) to oper-
ate circuits for the conditions in 10.4.7.2.1 th rough 10.4.7.2.3 
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and when a controlle r is equipped with a transfer switch in 
accordance with 10.4.7.2.4. 

10.5 Starting and Control. 

10.5.1 *Automatic and Nonautomatic. 

10.5.1.1 An automatic contro ller shall be se lt~ ac tin g to start, 
run, a nd pro tect a motor. 

1 0.5.1.2 An automatic controller shall be arranged to start 
the driver upon actuation of a pressure switch or no npressure 
switch actuated in accordance with 10.5.2.1 o r 10.5.2.2. 

10.5.1.3 An automa tic controller shall be operable also as a 
nonautomatic contro lle r. 

1 0.5.1.4 A nonautomatic conu·oller shall be actuated by manu-
ally initiated electrical means and by manually initiated mechan i-
cal means. 

10.5.2 Automatic ControUer. 

10.5.2.1 * Water Pressure Control. 

10.5.2.1.1 Pressure-Actuated Switches. 

10.5.2.1.1.1 There shall be provided a pressure-actuated 
switch or electronic pressure sensor having adjustable h igh-
and low-calibrated se t-points as part of the contro llec 

10.5.2.1.1.2 The requirements of 10.5.2.1.1.1 shall not apply 
in a nonpressure-actua ted conu·oller, whe re the pressure-
actuated switch shall not be required. 

10.5.2.1.2 The re shall be no pressure snubbe r o r restrictive 
orifice employed within the pressure switch or pressure re-
sp onsive means. 

10.5.2.1.3 There shall be no valve or other restrictions within 
the controller ahead of the pressure switch or pressure re-
sponsive means. 

10.5.2.1.4 This switch shall be responsive to water pressure in 
the tire protection system. 

10.5.2.1.5 The pressure-sensing element of the switch shall be 
capable of withstanding a momentary surge pressure of 400 psi 
(27.6 bar) or 133 percent offire pump controller rated operating 
pressure, whichever is higher, without losing its accuracy. 

10.5.2.1.6 Suitable provision shall be made for relieving pres-
sure to the pressure-actuated switch to allow testing of the opera-
tion of the controller a nd the pumping unit. [See FigureA.4.30(a) 

and Figunt A. 4.30(b ) .} 

10.5.2.1.7 Water pressure control shall be in accordance with 
10.5.2.1.7.l through 10.5.2.1.7.5. 

10.5.2.1.7.1 Pressure switch actuation at the low adjusunent 
se tting shall initiate pump starting sequence (if pump is not 
a lready in operation ). 

10.5.2.1.7.2* A listed pressure recording device shall be in-
stalled to sense and record the pressm·e in each fire pump 
controller pressure-sensing line a t the input to the controller. 

10.5.2.1.7.3 T he recorder shall be capable of operating for at 
least 7 days without being reset or rewound. 

10.5.2.1.7.4 T he pressure-sensing element of the recorder 
shall be capable of withstanding a mome ntary surge pressure 
of at least 400 psi (27.6 bar) o r 133 pe rcent of fire pump con-
trolle r rated operating pressure , whichever is greater, wi thout 
losing its accuracy. 
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10.5.2.1.7.5 For variable speed pressure lim iting con trol, a 
Y2 in. (1 5 mm ) nom ina l size inside diame te r pressu1·e line 

shall be connected to the d ischarge piping a t a point recom-
me nded by the va r iable speed contro l manufacturer. The 
conn ectio n shall be between the discha rge check valve a nd 
the discharge contro l va lve. 

1 0.5.2.2 Nonpressure Switch- Actuated Automatic ControUer. 

10.5.2.2.1 onpressure switch- actuated automatic tire pump 
controlle rs shall commence the controller's starting seque nce 
by the a utomatic o pening of a remote contact(s). 

10.5.2.2.2 The pressure switch shall not be required. 

10.5.2.2.3 There shall be no means capable of stopping the 
fire pump motor excep t those on the tire pump controller. 

1 0.5.2.3 Fire Pro tection Equipment Control. 

10.5.2.3.1 Where the pump supplies special wate r contro l 
equipment (deluge valves, dry pipe valves, etc.), it shall be 
pe rmiued to stan the motor be fo re the pressure-actuated 
switch(es) would do so. 

10.5.2.3.2 Unde r such conditio ns the controller shall be 
equipped to start the motor upon operation of the fire protec-
tio n equipme nt. 

10.5.2.3.3 Starting of the motor shall be in itiated by the 
opening of the control circuit loop containing this ti re protec-
tion equipment. 

10.5.2.4 Manual Electric Control at Remote Station. Where 
addi tio nal control stations for causing nonautomatic continu-
ous operation of the pum ping unit, independen t of the 
pressure-actuated switch, are provided at locations remote 
from the controller, such sta tions shall not be opera ble to stop 
the motor. 

10.5.2.5 Sequence Starting of Pumps. 

10.5.2.5.1 The controlle r fo r each unit of multiple pump units 
shall incorporate a sequential timing device to prevent any one 
driver from starting simultaneously with any other drive r. 

10.5.2.5.2 Each pump supplying suction pressure to another 
pump shall be arranged to start within 10 seconds before the 
pump it supplies. 

10.5.2.5.3 If water requirements call for more than one 
pumping unit to o perate, the un its shall start at inte rvals of 
5 to 10 seconds. 

10.5.2.5.4 Failure of a lead ing driver to start shall no t prevent 
subseque nt pumping units from starling. 

10.5.2.6 External Circuits Connected to Controllers. 

1 0.5.2.6.1 External control circuits that extend outside the fire 
pump room shall be arranged so that failure of any external cir-
cuit (open, ground-fault, or short circuit) shall not prevent op-
eration of pump (s) fi·om all o ther internal or exte rnal means. 

10.5.2.6.2 Breakage, disconnecting, shorting of the wi res, 
ground fault, or loss of power to these ci rcuits shall be permit-
ted to cause contin uous running of the tire pump but sha ll not 
prevent the controller(s) from starting the fire pump(s) due 
to causes othe1· than these exte rnal circui ts. 

10.5.2.6.3 All control conductors with in the fi re pump room 
that a re no t fault toleran t as described in 1 0.5.2.6. 1 and 
I 0.5.2.6.2 shall be protected against mechan ical inju ry. 
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10.5.3 Nonautomatic Controller. 

1 0.5.3.1 Manual Electric Control at Controller. 

10.5.3.1.1 There shall be a manually operated switch on the 
control panel so arranged that, when the motOr is started manu-
ally, its operation cannot be affected by the pressure-actuated 
switch. 

10.5.3.1.2 T he arrangement shall also provide that the unit 
will remain in opera tion until manually shut down. 

10.5.3.2* Emergency-Run Mechanical Control at Controller. 

10.5.3.2.1 The controllf' r shall bf' equipped with an emergency-
run handle or lever that operates to mechanically close the 
motor-circuit switching mechanism. 

10.5.3.2.1.1 This handle or lever shall provide for nonauto-
matic continuous running operation of the motor(s), indepen-
dent of any e lectric control circuits, magnets, or equivalent de-
vices and independent of the pressm e-activated conu·ol switch. 

10.5.3.2.1.2 Means shall be incorpora ted for mechanically 
latching or holding the handle or lever for manual operation 
in the actuated positio n. 

10.5.3.2.1.3 T he mechan ical latching shall no t be automatic, 
but at the option of the operatOr. 

10.5.3.2.2 The handle or lever shall be arranged to move in 
one directio n o nly from the off position to the final position. 

10.5.3.2.3 The motor starte r shall return automatically to th e 
off position in case th e operator releases the starter handle or 
lever in any position but the full running position. 

10.5.4 Methods of Stopping. Shutdown shall be accom-
plished by the me thods in 10.5.4.1 and 10.5.4.2. 

10.5.4.1 Manual. Manual shutdown shall be accomplished by 
operation of a pushbutton on the outside of the controller 
enclosure tha t, in the case of automatic controllers, shall re-
turn the controller to the full automatic position. 

10.5.4.2 Automatic Shutdown After Automatic Start. Where 
provided , automatic shutdown a fter a utomatic start shall com-
ply with the following: 

( I ) Unless the requi rements of 10.5.4.2(3) are met, auto-
matic shutdown shall be pe rmitted only where the con-
troller is arranged for automatic shutdown afte r all start-
ing and running causes have returned to normal. 

(2) A running period timer set for at least 10 minutes running 
time shall be permitted lO commence at initial operation . 

(3) The requirements of I 0.5.4.2 ( I ) shall not apply a nd auto-
matic shutdown shall not be permitted where the pum p 
constitutes the sole supply of a fire sprinkler or standpipe 
system or wh ere the amhority having jurisdiction has re-
quired manual shutdown. 

10.6 Controllers Rated in Excess of 600 V. 

10.6.1 Control Equipment. Controllers rated in excess of 600 V 
shall comply 'vith the requirements of Chapter 10, except as pro-
vided in 10.6.2 through 10.6.8. 

10.6.2 Provisions for Testing. 

I 0.6.2.1 T he provisions of I 0.3.4.3 shall not apply. 

10.6.2.2 An ammete r (s) shall be provided on the controller 
with a suitable means for reading the current in each phase. 

10.6.2.3 An indicating voltmeter (s), deriving power of not 
more than 125 V from a tra nsfo rmer (s) connected to the high-
voltage supply, shall also be prO\ ~ d e d with a suitable means for 
reading each phase voltage. 

1 0.6.3 Disconnecting Under Load. 

10.6.3.1 Pwvisions shall be made to prevent the isolating 
witch from being opened uncle •· load. 

10.6.3.2 A load-break disconnecting means shall be permit-
ted to be used in lieu of the isolating switch if the fault closing 
and interrupting ratings equal or exceed the require ments of 
the installation. 

10.6.4 Pressure-Actuated Switch Location. Special p recautions 
shall be taken in locating the pressure-actuated switch called fo r 
in 10.5.2.1 to prevent any water leakage from coming in contact 
with high-voltage components. 

10.6.5 Low-Voltage Control Circuit. 

10.6.5.1 T he low-voltage control circuit shall be supplied 
from the high-voltage source through a stepdown transform-
er (s) protected by high-voltage fuses in each primary line. 

10.6.5.2 The transformer power supply sha ll be interrupted 
when the isolati ng switch is in the open posi tion. 

10.6.5.3 The secondary of the transfo rme r and control ci•·-
cuitry shall otherwise comply with 10.3.5. 

I 0.6.5.4 One secondary line of the h igh voltage transfonner or 
tra nsformers shall be grounded unless all control and operator 
de,~ces are rated fo r use at the high (plimary) voltage. 

10.6.5.5 Current Transformers. Unless ra te d at the incoming 
line voltage, the secondaries o f all curren t transfo rmers used 
in the high voltage path sha ll be grounded. 

10.6.6 Indicators on Controller. 

1 0.6.6.1 Specifications for controllers rated in excess of 600 V 
differ from those in 10.4.6. 

10.6.6.2 A visible indicator shall be provided to indicate that 
power is available. 

1 0.6.6.3 The cun·ent supply for the visible indicator shall come 
from the secondary of the conu·o) circuit mmsfom1er through 
resistors, if found necessary, o r from a small-capacity stepdown 
u-ansformer, which shall reduce the control transf01mer second-
ary voltage to that required [o r the visible indicator. 

1 0.6.6.4 If the '~ s ibl e indicawr is a pilot lamp, it shall be acces-
sible for replacement. 

10.6.7 Protection of Personnel from High Voltage. Necessary 
provisions shall be made, including such interlocks as might be 
needed, to protect personnel from accidental contact with high 
voltage. 

10.6.8 Disconnecting Means. A contactor in combination with 
current-limiting motor circuit fuses shall be permiued to be 
used in lieu of the circuit breake r (disconnecting means) re-
quired in 1 0.4.3. 1 if all of the fo llowing requirements are me t: 

( 1) Current-limiting motor ci t·cuit fuses shall be mounted in 
the enclosure between the isolating switch and the con-
tacto r and shall interrupt the short-circu it current avail-
able at the controller input terminals. 

(2) These fuses shall have an adequate interrupting rating to 
provide the suitability rating (see 10. 1.2.2) of the controller. 
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(3) The current-limiting fuses shall be sized to hold 
600 percen t of the full-load current rating of the moto r 
for at least 100 seconds. 

( 4) A spare set of fuses of the correct rating shall be kept 
readily available in a compar tme nt or rack within the con-
trolle r enclosure. 

10.6.9 Locked Rotor Overcurrent Protection. 

10.6.9.1 Tripping of the locked rotor overcurrent device re-
quired by 10.4.4 shall be pe rmitted to be accomplished by 
opening the motor contactor coil circuit (s) to drop o ut the 
contactor. 

10.6.9.2 Means shall be provided to resto re the contro ller to 
normal operation by an external manually reset device. 

10.6.10 Emergency-Run Mechanical Control at Controller. 

10.6.10.1 The controller shall comply with 10.5.3.2.1 and 
10.5.3.2.2 except that th e mechanical latching can be au tomatic. 

10.6.10.2 Whe re the contacto r is latched in , the locked rotor 
overcurrent protection of 1 0.4.4 shall not be required. 

10.7* Limited Service Controllers 

10.7.1 Limitations. Limited service contro llers consisting of au-
tomatic controllers for across-the-line starting of squirrel-<:age 
motors of 30 hp or less, 600 V 01· less, shall be permitted to be 
installed where such use is acceptable to the authority having 
j urisd iction. 

10.7 .2 Requirements. The provisions of Sections 10.1 through 
10.5 shall apply, unless specifically addressed in 10. 7.2.1 tJuough 
10.7.2.4. 

10.7.2.1 In lieu of 10.4.3.3.1 (2) and 10.4.4, the locked roto1· 
overcurrent protection shall be permitted to be achieved by us-
ing an inverse time nonadjustable circuit breaker having a stan-
dard rating between 150 percent and 250 percent of tl1e motor 
full-load current. 

10.7.2.2 In lie u of10.1.2.5.1, each contro ller shall be ma rked 
"Limited Service Controller" a nd shall show plainly the name 
of the manufacturer, the identifying designation, a nd the 
complete electrical rating. 

10.7.2.3 T he controller shall have a short-circuit curre nt rat-
ing not less tha n 10,000 A. 

10.7.2.4 T he ma nually ope ra te d isolating switch specified in 
10.4.2 shall not be required. 

10.8* Power Transfer for Alternate Power Supply. 

10.8.1 General. 

10.8.1.1 Where required by the a utho rity having jurisdiction 
o r to meet the require me nts of 9.3.2 whe re a n o n-site electri-
cal power tra nsfer device is used for power source selectio n, 
such switch shall comply with the provisions of Section 10.8 as 
well as Sections 10.1, 1 0.2, and I 0.3 and 1 0.4.1. 

10.8.1.2 Manual u·ansfer switches shall no t be used to trans-
fe r power between the normal supply a nd the a lternate supply 
to the fire pump controlle r. 

10.8.1.3 No remote device(s) shall be installed that will pre-
vent automatic operation of the u·ansfer switch. 

10.8 .2* Fire Pump Controller and Transfer Switch Arrange-
ments. 

10.8.2.1 Arrangement I (Listed Combination Fire Pun1p Con-
troller and Power Transfer Switch). 

10.8.2.1.1 Self-Contained Power Switching Assembly. Where 
the power transfer switch consists of a self-<:ontained power 
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switching assembly, such assembly shall be housed in a barri-
e red compartment of the fi re pump controlle r or in a separate 
enclosure attached to the controller and marked "Fire Pump 
Powe r Transfer Switch." 

1 0.8.2.1.2 Isolating Switch. 

10.8.2.1.2.1 An isolating swi tch, complyi ng with 10.4.2, located 
within t11e power transfer switch enclosure or compartment shall 
be provided ahead of the alternate input terminals of tJ1e transfer 
switch. 

10.8.2.1.2.2 T he isolating switch shall be suitable for the avail-
able short circuit of the alternate source. 

10.8.2.1.3 Circuit Breaker. T he transfer switch emergency 
side shall be provided with a circuit breaker complying with 
10.4.3 and 10.4.4. 

10.8.2.1.4 Cautionary Marking. The fire pump con tro ller and 
transfer switch (see 10.8.2. 1) shall each have a camionary mark-
ing to indicate that the isolation switch for both the contro ller 
and the transfe r switch is opened before servicing the control-
ler, transfer switch , or motor. 

10.8.2.2 Arrangement II (Individually Listed Fire Pump 
Controller and Power Transfer Switch) . T he following shall 
be provided: 

(1) A fi re pump controlle r power transfer switch complying 
with Sections 9.6 a nd 10.8 and a fi re pump contro ller shall 
be provided. 

(2) An isola ting switch, or service d iscon nect where required, 
a head of the normal input terminals of the transfe r switch 
shall be provided . 

(3) The transfer switch overcurrent protection shall be se-
lected o r set to indefinitely carry the locked rotor current 
of the fire pump motor where the alternate source is sup-
plied by a second u tility. 

( 4) An isolating switch a head of the alte rnate source input 
te rminals o f the transfe r switch shall meet the fo llowing 
requi rements: 

(a) The isolating switch shall be lockable in the on position. 
(b) A placard shall be externally installed on the isolating 

switch stating "Fire Pump Isolating Switch," with let-
ters at least I in. (25 mm) in he igh t. 

(c) A placard shall be placed adj acent to the fire pump con-
u·oller stating the location of the isolating switch and 
the location of the key (if me isolating switch is locked) . 

(d ) The isolating switch shall be supervised to indicate 
when it is not closed, by one of the following methods: 

1. Central station, proprietai)', or remote station 
signal service 

ii . Local signaling service that will cause the sound-
ing of an audible signal at a constantly attended 
point 

iii . Locking the isolating switch closed 
I V. Sealing of isolating switches and a pproved 

weekly recorded inspections where isolating 
switches are located within fenced enclosures o r 
in buildings unde r the control of the owner 

(e) This supervision shall operate an audible and visib le 
signal on the transfer switch and permit monitoring 
a t a remote poin t where required. 

10.8.2.3 Transfer Switch. Each fire pump shall have its own 
dedicated tra nsfer switch (es) where a transfer switch(es) is re-
quired. 
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1 0.8.3 Power Transfer Switch Requirements. 

10.8.3.1 Listing. The power transfer switch shall be specifi-
cally listed fo r fire pump service. 

10.8.3.2 Suitability. The power transfer switch shall be sui t-
able for the available sho rt-circuit currents a t the transfer 
switch normal and alternate input terminals. 

10.8.3.3 Electrically Operated and Mechanically Held. The 
power transfer switch shall be electrically operated and me-
chanically held. 

10.8.3.4 Horsepower or Ampere Rating. 

10.8.3.4.1 Where rated in horsepower, the power transfer 
switch shall have a horsepower rating at least equal to the mo-
tor horsepower. 

10.8.3.4.2 Where rated in amperes, the power transfer switch 
shall have an ampere rating not less than 11 5 percent of the 
moto r full-load current a nd also be suitable for switching the 
motor locked rotor current. 

10.8.3.5 Manual Means of Operation. 

10.8.3.5.1 A means for safe manual (nonelectrical) operation 
of the power transfer switch shall be provided. 

10.8.3.5.2 This manual means shall not be requi red to be 
exte rnally operable. 

10.8.3.6 Undervoltage-Sensing Devices. Unless the require-
me nts of 1 0.8.3.6.5 are met, the requirements of 10.8.3.6. 1 
through 10.8.3.6.4 shall apply. Turning off the no rmal source 
isolating switch or the normal source circuit breaker shall not 
inhibit the transfer switch from operating as required by 
I 0.8.3.6.1 through 10.8.3.6.4. 

10.8.3.6.1 The power transfe r switch shall be provided with 
undervoltage-sensing devices to monitor all ungrounded lines 
of the normal power source. 

10.8.3.6.2 Where the voltage on any phase at the load termi-
nals of the circuit breaker within the fire pump controller falls 
below 85 p ercent of mo to r-rated voltage, the power transfer 
switch shall a utomatically initiate starting of the standby gen-
erator, if provided and no t running, and initiate transfe r to 
the alternate source. 

10.8.3.6.3 Where the voltage on all phases of the normal source 
re turns to within acceptable limits, the fire pump controller shall 
be petmitted to be retransferred to the normal source. 

10.8.3.6.4 Phase reve rsal of the normal source power (see 
10. 4. 6. 2) shall cause a simulated normal source powe r fa il-
ure upon sens ing phase reversal. 

10.8.3.6.5 The require ments ofl0.8.3.6.1 through 10.8.3.6.4 
shall no t apply whe re the power transfer switch is electrically 
upstream of the fire pump controller circuit breaker, a nd volt-
age shall be permitted to be sensed at the input to the power 
transfer switch in lieu of at the load terminals of the fire pump 
controlle t· cit·cuit breaker. 

1 0.8.3. 7 Voltage- and Frequency-Sensing Devices. Unless the re-
quirements of 10.8.3.7.3 are met, the requirements of 10.8.3.7.1 
and 10.8.3.7.2 shall apply. 

10.8.3.7.1 Voltage- and frequency-sensing devices shall be 
provided to monito r at least one ungrounded conductor of 
the alternate power source. 

• 

10.8.3.7.2 Transfer to the a lternate source shall be inhibited 

until there is adequate voltage and frequency to serve the fire 

pump load. 

10.8.3.7.3 Where the alte rnate source is provided by a sec-

o nd utility power source, the require ments of 1 0.8.3.7.1 
a nd 10.8.3. 7.2 shall n ot app ly, and undervoh age-sensing de-

vices shall monitor all ungrounded conductors in lieu of a 
freque ncy-sensing device. 

1 0.8.3.8 Visible Indicators. Two visible indicators shall be pro-

vided to externally indicate the power source to which the fire 

pump controller is connected. 

10.8.3.9 Retransfer. 

10.8.3.9.1 Means shall be provided to delay retransfer from 

the alternate power source to the normal source until the nor-

mal source is stabili zed . 

10.8.3.9.2 This time delay sha ll be automatically bypassed if 
the alte rnate source fails. 

10.8.3.10 In-Rush Currents. Means shall be provided to pre-

vem higher than normal in-rush currents when transfe rring 

the fire pump motor from one source to the o ther. 

10.8.3.11 Overcurrent Protection. The power transfer switch 

shall not have integral short circuit or overcurrent protection. 

10.8.3.12 Additional Requirements. The following shall be 

provided: 

(1) A device to delay starting of the alternate source gcne•·a-

tor to prevent nuisance starting in the event of momen-
tary dips and interruptions of the no rmal source 

(2) A circuit loop to the alte rnate source generato r whereby 
e ithe r the opening or closing of the circuit will start the 

alternate source generator (whe n commanded by the 
power transfe r switch) (sPP 10.8.3.6) 

(3) A means to prevem sending of the signal for starting of the 

alternate source generato•· when commanded by the power 

transfe r switch , if the alte rnate isolating switch or the alter-

nate circuit breaker is in the open or tripped position 

10.8.3.12.1 The alternate isolating switch and the alternate cir-
cuit breaker shall be moni tored to indicate when one of them is 

in the open or u;pped position, as specified in 10.8.3. 12(3). 

10.8.3.12.2 Supervision shall operate an audible and visible sig-

nal on the fire pump controller/ automatic transfer switch com-

bination and permit monitoring at a •·emote point ' "here re-
quired. 

10.8.3.13 Momentary Test Switch. A momentary test switch, 

exte rnally operable, shall be provided on the enclosure that 

will simulate a normal power source failure. 

10.8.3.14 Remote Indication. Auxiliary open or closed con-

tacts mechanically operated by the fire pump power transfer 

switch mechanism shall be provided for remote indication in 

accordance with 10.4.8. 

10.9 Controllers for Additive Pump Motors. 

10.9.1 Control Equipment. Controllers for additive pump mo-

tors shall comply with the requirements of Sections 10. 1 
through I 0.5 (and Section I 0.8, where required) unless spe-

cifically addressed in 10.9.2 through 10.9.5. 
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10.9.2 Automatic Starting. In lieu of the pressure-actuated 
switch described in 10.5.2.1 , automatic starting shall be capable 
of being accomplished by the automatic opening of a closed cir-
cuit loop contain ing this fire protection equipment. 

10.9.3 Methods of Stopping. 

10.9.3.1 Manual shutdown shall be provided. 

10.9.3.2 Automatic shutdown shall not be permitted . 

10.9.4 Lockout. 

10.9.4.1 Where requi red, the controller shall contain a lock-
out feature where used in a duty-standby application. 

10.9.4.2 Where supplied, this lockout shall be indicated by a 
visible indicator and provisions for a nnunciating the condi-
tion at a remote location. 

10.9.5 Marking. The controller shall be marke d "Additive 
Pump Controller." 

10.1 0* Controllers with Variable Speed Pressure Limiting Con-
trol or Variable Speed Suction Limiting Control. 

10.10.1 Control Equipment. 

10.10.1.1 Controllers equipped with variable speed pressure 
limiting control or variable speed suction limiting control 
shall comply with the requireme nts of Chapter 10, except as 
provided in 10.10.1 through 10.10.11 . 

10.10.1.2 Controllers with variable speed pressure limiting 
control or variable speed suction limiting control sha ll be 
listed for fire service. 

10.10.1.3 The variable speed pressure limiting control or 
variable speed suction limiting control shall have a horse-
power rating at least equal to the motor horsepower or, where 
rated in amperes, shall have an a mpere rating not less than the 
motor full-load current. 

10.10.2 Additional Marking. In addition to the markings re-
quired in 10.1.2.5.1, the controller shall be marked with the 
maximum ambient temperature ra ting. 

10.10.3* Bypass Operation. 

10.10.3.1 * Upon failure of the variable speed pressure li miting 
control to keep the system pressure at or above the set pressure of 
the variable speed pressure limiting control system, the control-
ler shall bypass and isolate the variable speed pressure limiting 
control system and operate the pump at rated speed. 

10.10.3.1.1 Low Pressure. If the system pressure remains be-
low the set pressure for more than 15 seconds, the bypass op-
eration shall occur. 

10.10.3.1.2* Drive Not Operational. If the v-ariable speed drive 
indicates that it is not operational within 5 seconds, the bypass 
ope ration shall occur. 

10.10.3.1.3* Means shall be provided to prevent higher than 
normal in-rush currents when transferring the fire pump mo-
tor from the variable speed mode to the bypass mode. 

10.10.3.2 Whe n the variable speed pressure limiting contro l is 
bypassed , the un it shall remain bypassed until manually restored. 

10.10.3.3 The bypass contactors shall be operable using the 
emergency-run handle o r lever defined in I 0.5.3.2. 
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10.10.4 Isolation. 

10.10.4.1 The variable speed drive shall be line and load iso-
lated when not in operation. 

10.10.4.2 T he variable speed drive load isolation contacto r 
and the bypass contactor shall be mechanically and e lectrically 
interlocked to pt-event simul taneous closure. 

10.10.5* Circuit Protection. 

10.10.5.1 Separate variable speed drive circuit protection shall 
be provided between the line side of the variable speed drive and 
the load side of the circuit breaker required in 10.4.3. 

10.10.5.2 The circuit p rotection required in 10.10.5.1 shall 
be coordinated such that the circuit breaker in 10.4.3 does not 
trip due to a faull condition in the variable speed ci rcuitry. 

10.10.6 Power Quality. 

10.10.6.1 Power quality correction equipment shall be lo-
cated in the variable speed circuit. As a min imum , 5 percent 
line reactance shall be provided. 

10.10.6.2 Coordination sha ll not be required where the 
system voltage does not exceed 480 V and cable lengths 
between the motor and con troller do not exceed 100 ft 
(30.5 m) (see 10.10.6.)). 

10.10.6.3* Where higher system voltages o r longer cable 
lengths exist, the cable length and motor requ irements shall 
be coordinated. 

10.1 0. 7 Local Control. 

10.10.7.1 All contro l devices requi red to keep the controller 
in automatic operation shall be within lockable enclosures. 

10.10.7.2 The va1·iable speed pressure sensing e lement con-
neclCd in accordance with 10.5.2.1.7.5 shall only be used to 
control the variable speed d rive. 

10.10.7.3 Means shall be provided to manually select be-
tween variable speed and bypass mode. 

10.10.7.4 Common pressure control shall not be used for 
multiple pump installations. Each controlle r pressure sensing 
contro l ci rcuit shall o perate independently. 

10.10.8 Indicating Devices on Controller. 

10.10.8.1 Drive Failure. A visible indicator shall be provided 
to indicate when the variable speed drive has failed. 

10.10.8.2 Bypass Mode . A visible indicator shall be provided 
to indicate when the controller is in bypass mode. 

10.10.8.3 Variable Speed Pressure Limiting Control Over-
pressure. Visible indication shall be provided on all controllers 
equipped with variable speed pressure limiting control to ac-
tuate at 115 perce n t o f set pressure. 

10.10.9 Controller Contacts for Remote Indication. Control-
lers shall be equipped with contacts (open or closed) to oper-
ate circuits for the conditions in 10.1 0.8. 

I 0.1 0.10 System Performance. 

10.10.10.1 *The controller shall be provided with suitable ad-
justing means to accoun t fo r various fie ld conditions. 

10.10.10.2 Operation at reduced speed shall not result in 
motor overheating. 
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10.10.10.3 The maximum operating frequency shall not ex-

ceed line frequen cy. 

10.10.11 Critical Settings. Means shall be provided and per-
manently attached to the inside of the controller e nclosure to 
record the following settings: 

(1) Variable speed pressure limiting set point setting 
(2) Pump start pressure 
(3) Pump stop pressUJ·e 

I 0.10.12 Variable Speed Drives for Vertical Pumps. 

10.10.12.1 The pump supplier shall inform the controller 
mauufacturer of any and all critical resonant speeds within the 
operating speed range of the pump, which is from zero speed up 
to full speed. The controller shall avoid operating at or ramping 
through these speeds. The controller shall make use of skip fre-
quencies with sufficient bandwidth to avoid exciting the pump 
into resonance. 

10.10.12.2 When water-lubricated pumps with line shaft bear-
ings are installed, the pump manuf-acture r shal l inform the 
controller manufacture r of the maximum allowed time for 
water tO reach the top bearing under the condition of the 
lowest anticipated wate r level of the well or reservoir. The con-
troller shall provide a ramp up speed within this time period. 

10.10.12.3 The ramp down time shall be approved or agreed 
to by the pump manufacture r. 

10.10.12.4 Any skip frequencies employed and their band-
width shall be included along with the information required 
in 10.1 0.11. 

10.10.12.5 Ramp up and ramp down times for water-
lubricated pumps shall be included along with the informa-
tion requit·ed in 10.1 0. 11. 

Chapter 11 Diesel Engine Drive 

11.1 General. 

11.1.1 This chapter provides requi rements for minimum per-
fo rma nce of diesel engine drivers. 

11.1.2 Accessory devices, such as monitoring and signaling 
means, are included where necessary to e nsure minimum per-
formance of the aforementioned equipmen t. 

11.1.3* Engine Type. 

11.1.3.1 Diesel engines for tire pump drive shall be of the 
compression ignition type. 

ll .l.3.2 Spark-ignited inte rnal combustion e ngines shall not 
be used . 

11.2 Engines. 

11.2.1 Listing. Engines shall be listed for lire pump service. 

11.2.2 Engine Ratings. 

11.2.2.1 Engines shall have a nameplate indicating the listed 
horsepower rating availa ble to drive the pump. 

11.2.2.2* The horsepower capability of the e ngine, when 
equipped for fire pump service, shall have a 4-hour minimum 
horsepower rating not less than 10 percent greater than the 
listed horsepower on the engine nameplate. 

11.2.2.3 Engines shall he acceptable for horsepower ratings 
listed by the testing laboratory for standard SAE conditions. 

11.2.2.4* A deduction of 3 pe•·cent from engine horsepower rat-
ing at standard SAE conditions shall be made for diesel engines 
for each 1000 ft (300m) of a ltitude above 300ft (91 m). 

11.2.2.5* A deduction of 1 percent from engine horsepower 
rating as corrected to standard SAE conditions shall be made 
for diesel e ngines fo r every I OoF (5.6°C) above 77oF (25°C) 
ambient temperature. 

11.2.2.6 \-\'here right-angle gear drives (see 1 1. 2.3.2) are used 
between the vertica l tu rbine pump and its driver, the horse-
power requirement of the pump shall be increased to allow for 
power loss in the gear drive. 

11.2.2.7 After the requirements of l 1.2.2.1 through 11.2.2.6 
have been complied with, e ngines shall have a 4-hour mini-
mum horsepower ra ting equal to or greater than the brake 
horsepow·er required to drive the pump at its rated speed un-
der any conditions listed fo r e nvironmental conditions under 
pump load. 

11.2.3 Engine Power Connection to Pump. 

11.2.3.1 Horizontal Shaft Pumps. 

11.2.3.1.1 Engines shall be connected to ho rizon tal shaft 
pumps by means of a flexible coupling or flexible conneCLing 
shaft listed for th is service. 

11.2.3.1.2 The flexible coupling shall be direc tly attached to 
the engine tlywheel adapter o r stub shaft. (See Sertion 6.5.) 

ll.2.3.2 Vertical Shaft Turbine-Type Pumps. 

11.2.3.2.1 Unless the requirements of 11.2.3.2.2 are me t. en-
gines shall be connected to vertical shaft pumps by means of a 
righ t-angle gear drive with a listed flexible connecting shaft 
that will prevent undue su-a in on either the engine o r gear 
drive. (See Section 7.5.) 

11.2.3.2.2 The r c quir e m e nL ~ of 11.2.3.2.1 shall not apply to 
d iesel engines and steam turbines designed and listed for ver-
tical installatio n with ve rtical shaft turbine-type pumps, which 
shall be pe rmitted to emp loy solid shafts and sha ll not require 
a right-angle drh·e but hall require a nonrcverse t-atchet. 

11.2.4 Engine Speed Controls. 

11.2.4.1 Speed Control Governor. 

11.2.4.1.1 Engines shall be provided with a governo r capable 
of regulating engine speed wi thin a range of 10 pe rcent be-
tween shutoff and maximum load condition of the pump. 

11.2.4.1.2 The governor shall be field adjustable and set and 
secured to maintain rated pump speed at maximum pump load. 

11.2.4.2* Electronic Fuel Management Control. 

11.2.4.2.1 Alternate Electronic Control Module. Engines that 
incorporate an electronic control module (ECM) to accom-
plish and control the fuel ir~jection process shall have an alter-
nate ECM permanen tly mounted and wired so the engine can 
produce its full rated power output in the event of a failure of 
the primary ECM. 

11.2.4.2.2 ECM Voltage Protection. ECMs shall be protected 
from transient voltage spikes a nd reverse de current. 
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11.2.4.2.3 ECM Selector Switch. 

11.2.4.2.3.1 Operation. The transition from the primary ECM 
to the alternate ECM shall be accomplished automatically upon 
fai lure of the primary ECM, and a hand/ automatic switch with-
out an off position shall be provided. 

11.2.4.2.3.2 Supervision. A visual indicator shall be provided on 
the engine instrume nt panel and a supervisory signal shall be 

provided to the controller when the ECM selector s'vitch is posi-
tioned to the alternate ECM. 

11.2.4.2.3.3 Contacts. 

(A) The contacts fo r each circuit shall be rated for both the 
minimum and maximum current and voltage. 

(B) The total resista nce of each ECM circuit through the 
selector switch shall be approved by the engine man ufacturer. 

11.2.4.2.3.4 Enclosure. 

(A) The selector switch shall be enclosed in a NEMA Type 2 
dripproof e nclosure. 

(B) Where special e nvironments exist, suitably rated enclo-
sures shall be used. 

11.2.4.2.3.5 Mounting. 

(A) The selector switch and enclosure shall be e ngine mounted. 

(B) The selector switch enclosure and/ or the selector Mvitch 
inside shall be isolated from engine vibration to prevent any de-
terioration of contact operation. 

11.2.4.2.4* Engine Power Output. The ECM (or its connected 
sensors) shall not, for any reason, intentionally cause a reduc-
tion in the e ngine's ability to produce rated power output. 

11.2.4.2.5 ECM Sensors. Any sensor necessary for the function 
of the ECM that affects the e ngine's ability to produce its rated 
power output shall have a redundant sensor that shall operate 
automatically in the event of a fa ilure of the primmy sensor. 

11.2.4.2.6 ECM Engine Supervision. A common supervisory 
signal shall be provided to the controller in the event of any of 
the following: 

( 1) Fuel injection failure 
(2) Low fuel pressure 
(3) Any primary sensor failure 

11 .2.4.2.7 ECM and Engine Power Supply. 

11.2.4.2.7.1 In the standby mode, the e ngin e standby battery 
sh all be used to power the ECM . 

11.2.4.2.7.2 These e ngines shall no t require mo re than 
0.5 ampere from the bau ery or bauery cha rger while the 
e ngine is not running. 

11.2.4.3 Variable Speed Pressure Limiting Control or Variable 
Speed Suction Limiting Control (Optional) . 

11.2.4.3.1 Variable speed pressure limiting contro l or vari-
able speed suction limiting control systems used on diesel en-
gines for fire pump drive shall be listed for fire pump service 
and be capable of limi ting the pump output to tal rated head 
(pressu1·e) or suction p1·essure by reducing pump speed. 

11 .2.4.3.2 Variable speed contro l systems shall not re place 
the engine governor as defined in 11.2.4.1. 
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11.2.4.3.3 In th e event o f a failu re o f the variable speeds con-
tro l system, the e ngine shall be fu lly functional with the gover-
nor defined in 11.2.4.1. 

11.2.4.3.4 A pressure sensi ng line shall be provided to the 
e ngine with a Y2 in. (12.7 mm) nominal size inside diame te r 
line, from a connection between the pump discharge fla nge 
and the discha rge check valve. 

11.2.4.4 Engine Overspeed Shutdown Control. 

11.2.4.4.1 Engines shall be provided with an overspeed shut-
down device. 

11.2.4.4.2 The overspeed device shall be arranged to shut 
down the engine in a speed range of 10 to 20 percent above 
rated engine speed and to be manually reset. 

11.2.4.4.3 A means shall be provided to indicate an overs peed 
trouble signal to the automatic e ngine controller such that the 
controller canno t be reset until the overspeed shu tdown de-
vice is manually reset to no rmal operating position. 

11.2.4.4.4 Means shall he provided for verifying overspeed 
switch and circuitry shutdown function. 

11.2.4.5 Engine Running and Crank Termination Control. 

11.2.4.5.1 Engines shall be provided with a speed-sensitive 
switch to signal e ngine running and crank termination. 

11.2.4.5.2 Power for th is signal shall be taken from a source 
other than the engine gene rator or altemator. 

11.2.5 Instrumentation. 

11.2.5.1 Instrument Panel. 

11.2.5.1.1 All engine instruments shall be placed on a panel 
secured to the engine or inside an engine base plate-mounted 
contro lle r. 

11.2.5.1.2 The e ngine instrument panel shall not be used as a 
junctio n box o r condui t fo r any ac supply. 

11.2.5.2 Tachometer. 

11.2.5.2.1 A tachometer shall be provided to indicate revolu-
tions per minute of the e ngine, including zero, at all times. 

11.2.5.2.2 The tachometer shall be the totalizing type, or an 
ho ur meter shall be provided to record total time of engine 
operation. 

11.2.5.2.3 Tachometers with digital d isplay shall be permitted 
to be blank wh en the engine is not running. 

11.2.5.3 Oil Pressure Gauge. Engines shall be provided with 
an oil pressure gauge to ind icate lubricating oil pressure. 

11.2.5.4 Temperature Gauge. Engines shall be provided with 
a temperature gauge to indicate engine coolant temperature 
at all times. 

11.2.6 Wiring Elements. 

11.2.6.1 Automatic Controlle r Wiring in Factory. 

11.2.6.1.1 * All connecting wires for automatic controllers shall 
be harnessed or flexibly enclosed, mounted on the engine, and 
connected in an engine j unction box to terminals numbered to 
correspond with numbered te1·minals in the controller. 

11 .2.6.1.2 All wiring on the e ngine, including starting cir-
cuiuy, shall be sized on a continuous-duty basis. 
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11.2.6.2* Automatic Control Wiring in the Field. 

11.2.6.2.1 Inte rconnections between the au tomatic control-
ler and the engine junction box shall be made using stranded 
wire sized on a continuous-duty basis. 

11.2.6.2.2 The de interconnections between the automatic 
controller a nd e ngine junction box and any ac powe r supply 
to the engine shall be routed in separate conduits. 

11.2.6.3 Battery Cables. 

11.2.6.3.1 Battery cables shall be sized in accordance with the 
engine manufacturer's recommendations considering the 
cable length required for the specitic battery location. 

11.2.7 Starting Methods. 

11.2.7.1 Starting Devices. Engines shall be equipped with a 
reliable starting device and shall accelerate lO rated oll(put 
speed within 20 seconds. 

11.2.7.2 Electric Starting. V\'here eleCLric starting is used , the 
e lectric stalling device shall take current from a storage bat-
tely(ies). 

11.2.7.2.1 Batteries. 

11.2.7.2.1.1 Each engine shall be provided with two storage 
battery units. 

ll.2.7.2.1.2 Lead-acid batteries shall be furnished in a d1y 
charge condition with electrolyte liquid in a separate container. 

11.2.7.2.1.3 ickel-cadmium or other kinds of batteries shall 
be permitted to be installed in lieu of lead-acid batteries pro-
vided they meet the engine manufacturer's requirements. 

11.2.7.2.1.4 At 40°F (4.5°C), each battery unit shall have 
twice the capacity sufficient to maintain the c ranking speed 
recommended by the engine manufacturer through a 
3-minute attempt-to-stan cycle, which is six consecutive cycles 
of 15 seconds of cranking and 15 seconds of rest. 

11.2. 7.2.1.5* Batteries shall be sized on a calculated capacity of 
72 hours of standby power followed by three 15- second 
attempt-to-stan cycles per battery unit, without ac powe r be ing 
avai lable for battery charging. 

11.2.7.2.2* Battery Isolation. 

11.2.7.2.2.1 Engines with only one cra nking mo to r shall in-
clude a main battery contactor installed between each battery 
and the cranking moto r for battery isolation. 

(A) Main batte ry contactors shall be listed for fi re pump 
driver service. 

(B) Main battery contacwrs shall be rated for the cranking 
motor current. 

(C) Main battery contactors shall be capable of manual me-
chanical operation including positive methods such as spring-
loaded, over-center ope rator to energize the starting motor in 
the event of controller circuit failure. 

11.2.7.2.2.2 Engines \vith two cranking motors shall have one 
cranking mo to r dedicated to each baucry. 

(A) Each cranking mowr shall meet the cranking require-
ments of a single cranking motor system . 

(B) To activate cranking, each cranking motor shall have an 
integral solenoid relay to be operated by the pump set controller. 

(C) Each cra nking motor imegral sole no id relay shall be ca-
pable of being e nergized from a manual operawr listed a nd 
rated for the cranking motor soleno id relay and include 

spring-loaded, over-center o peration to energize the starting 
motor in the even t o f conu-oller circuit failure. 

11.2. 7 .2.3 Battery Loads. 

11.2.7.2.3.1 Nonessential loads shall not be powered from 
the engine starting batteries. 

11.2.7.2.3.2 Essential load s, including the engine, controller, 
and all pump equipme nt combined, shall not exceed 0.5 am-
pere each for a total of 1.5 amperes, on a continuous basis. 

11.2.7.2.4* Battery Location. 

11.2.7.2.4.1 Storage battel'ies shall be rack supported above 
the lloor, secured against displacement, and loca ted where 
they will not be subject to excessive temperature, vibration, 
mechanical injury, or flooding with water. 

11.2.7.2.4.2 Current-carrying parts shall not be less than 
12 in. (305 mm) above the lloor level. 

11.2.7.2.4.3 Storage baue ries shall be readily accessible for 
servicing. 

11.2.7.2.4.4 Storage batte l'ies shall not be located in front of 
the engine-mounted instruments and controls. 

11.2.7.3 Hydraulic Starting. 

11.2.7.3.1 Whe re hydraulic starting is used , the accumulators 
and othe r accessories shall be enclosed or so protected that 
they arc not subject to mechanical injury. 

11.2.7.3.2 The e nclosure shall be installed as close to the en-
gine as practical so as to prevent serious pressure drop be-
tween the engine and the enclosure. 

11.2.7.3.3 The diesel e ngine as installed shall be \vithout 
sta rting aid except tha t a the rmostatically controlled e lectric 
water jacket heater sha ll be employed. 

11.2.7.3.4 The diesel as installed shall be capable of carrying 
its full rated load within 20 seconds after cranking is initiated 
with the intake air, room ambien t temperature, and all sta rt-
ing equipme nt at 32°F (0°C). 

11.2.7.3.5 Hydra ulic starting means shall comply with the fol-
lowing conditions: 

(1) The hydra ulic cranking device shall be a selkontained 
ystcm that will provide the required cranking fo rces and 

engine starting revolutions per minute (rpm) as recom-
mended by the engine ma nufacture r. 

(2) Electrically operated means shall automatically provide 
and maintain the stored hydraulic pressure within the 
predetermined pressure limits. 

(3) The means of automatically maintaining the hydraulic 
system within the predetermined pressure limits shall be 
energized from the main bus and the final eme rgency bus 
if one is provided. 

( 4) Means shall be provided to manually recharge the hydrau-
lic system. 

(5) The capacity of the hydraulic cranking system shall pro-
vide not fewe r than six cranking cycles of not less than 
15 seconds each . 

(6) Each cranking cycle- the first three to be automatic from 
the signaling source - shall provide the necessary number 
of revolutions at the required rpm to permit the diesel en-
gine to meet the requirements of carrying its fu ll rated load 
within 20 seconds after cranking is initiated with intake air, 
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room ambient temperature, and hydraulic cranking system 
at 32•F (O•C). 

(7) The capacity of the hydraulic cranking system sufficient for 
three starts under conditions described in 11.2. 7.3.5(5) shall 
be held in reserve and arranged so that the operatio n o f a 
single control by one person will permit the reserve capacity 
to be employed. 

(8) All contro ls for engine shutdown in the event of overspeed 
shall be 12 V de or 24 V de source to accommodate controls 
supplied on engine, and the following also shall apply: 

(a) In the event of such failure, the hydraulic cranking sys-
tem shall provide an interlock to prevent the engine 
from recranking. 

(b) The inte rlock shall be manually reset fot· auto matic 
sta rting when engine fai lure is corrected. 

11.2.7.4 Air Starting. 

11.2.7.4.1 In addition to the requiremen ts of Section 11.1 
through 11.2.7, 11.2.8.1, 11.2.8 through 11.6.2, 11.6.4, and 
11.6.6, the require men ts of l 1.2. 7.4 shall a pply. 

11.2. 7.4.2 Automatic Controller Connections in Factory. 

11.2.7.4.2.1 All conductors for automatic controllers shall be 
harnessed o r flexibly enclosed, mounted o n the e ngine, and 
connected in an engine junction box to te rminals numbered 
to correspond with numbered terminals in the controlle r. 

11.2.7.4.2.2 These requiremen ts shall ensure ready connec-
tion in the fie ld between the two sets of terminals. 

11.2.7.4.3 Signal for Engine Running and Crank Tennination. 

11.2.7.4.3.1 Engines shall be provided with a speed-sensitive 
switch to signal running and crank terminatio n. 

11.2.7.4.3.2 Power for this sig nal shall be taken from a source 
other than the engine compressor. 

11.2.7 .4.4* Air Starting Supply. 

11.2.7.4.4.1 T he air supply container shall be sized fo r 
180 seconds of continuous cra nking without recharging. 

11.2.7.4.4.2 There shall be a separate, suitably powered a uto-
matic air compressor or means of obtaining air fmm some 
other system, independent of the compressor driven by the 
fi re pump engine. 

11.2.7.4.4.3 Suitable supe tvisory service shall be maintained 
to indicate h igh and low a ir pressure conditions. 

11.2. 7.4.4.4 A bypass conductor with a manual valve or switch 
shall be installed for direct application of air from the air con-
tainer to the engine starte r in the event of control circuit failure. 

11.2.8 Engine Cooling System. 

11.2.8.1 T he engine cooling system shall be included as part 
of the engine assembly and shall be one of the fo llowing 
closed-ci rcuit types: 

(l) A heat exchanger type that includes a circulating pump 
driven by the engine, a heat exchanger, and a n engine 
jacket temperature regulating device 

(2) A radia tor type that includes a circulating pump driven by 
the engine, a radiator, a n e ngine jacket temperature regu-
lating device, and an e ngine-driven fan for providing posi-
tive movement of air through the radia to r 

11 .2.8.2 A means shall be provided to maintain 120•F ( 49°C) 
at the combustion chamber. 
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11.2.8.3 An opening shall be provided in the ci rcuit fo r fi lling 
the system, checking coolant level, and adding make-up cool-
ant when required. 

11.2.8.4 The coolan t shall comply wi th the recommendation 
of the engine manufacture r. 

11.2.8.5* Heat Exchanger Water Supply. 

11 .2.8.5.1 The cooling water supply for a heat exchanger-
type system shall be from the dischat·ge of the pump taken off 
prior to the pump discharge check valve. 

11.2.8.5.2 The cooling water flow requi red shall be se t based 
on the maximum ambient cooling water. 

11.2.8.5.3 Heat Exchanger Water Supply Components. 

11.2.8.5.3.1 Threaded rigid piping shall be used for th is con-
nection. 

11.2.8.5.3.2 The pipe connection in the direction o f flow 
shall include an indicating manual shutoff valve, an approved 
flush ing-type strainer in addi tion to the one that can be a part 
of the p ressure regulator, a pressure regulator, an automatic 
valve, and a second indicating manual shutoff valve o r a 
spring-loaded check valve. 

11.2.8.5.3.3 The indicating manual shutoff valves sha ll have 
permanen t labeling with minimum '12 in. (12. 7 mm) text 
th at indicates the fo llowing: For the valve in the heat ex-
changer water supply, "Normal / Open" for the no rmal o pe n 
position whe n the con troller is in the au tomatic positio n 
and "Caution: Nona utomatic/Closed" for the e me rgency or 
manual position . 

11 .2.8.5.3.4 The p ressure regulator shall be of such size and 
type that it is capable o f and adjusted for passing approx i-
mately 120 percen t of the cooling water required when the 
engine is opet·a ting at maximum brake hot·sepower and when 
the regulator is supplied with water a t the pressure of the 
pump when it is pumping at 150 percen t of its rated capacity. 

11 .2.8.5.3.5 Automatic Valve. 

(A) An automatic valve listed for fire p ro tection service shall 
permit flow of cooling watet· to the engine when it is running. 

(B) Energy to operate the automa tic valve shall come from 
the d iesel driver or its batteries a nd shall not come from the 
building. 

(C) The automatic valve shall be no rmally closed. 

(D) T he automatic valve shall not be required on a vertical 
shaft turbine-type pump or any other pump when there is no 
pressure in the d ischarge when the pump is id le. 

11.2.8.5.3.6 A pressu re gauge shall be installed in the cooling 
wate r supply system o n the e ngine side of the last valve in the 
heat exchanger water supply and bypass supply. 

11.2.8.5.3.7 Potable Water Separation (Optional.) Where two 
levels of separation for possible contaminants to the ground 
or potable water source are required by the authority having 
jurisdiction, dual spring-loaded check valves o r backflow pre-
venters shall be installed. 

(A) * The spring-loaded check valve(s) shall replace the sec-
ond indicating manual shutoff valve(s) in the cooling loop 
assem bly as stated in 11 .2.8.5.3.3. 
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(B)* lfbackflow preventers are used, the devices shall be listed 
for fire protection senrice and installed in parallel in the water 
supply and water supply bypass assembly. 

(C) Where the autho rity havingjurisdictio n requires the in-
stallation of bacl,flow prevention devices in connection with 
the e ngine, special conside ration shall be given to the in-
creased pressure loss, which will require that the cooling loop 
pipe size be evaluated and documented by e ngineering calcu-
lations to demonstrate compliance with the engine manufac-
turer's recommendation. 

11.2.8.6* Heat Exchanger Water Supply Bypass. 

11.2.8.6.1 A threaded rigid pipe bypass line shall be installed 
around the heat exchanger water supply. 

11.2.8.6.2 The pipe connection in the direction of flow sha ll 
include an indicating manual shutoff valve, an approved 
flushing-type strainer in addition to the one that can be a part 
of the pressure regula tor, a pressure regulator, and an indicat-
ing manual shutoff valve or a spring-loaded check valve. 

11.2.8.6.3 The indicating manual shutoff valves shall have 
permanen t labeling with minimum Y2 in . (12.7 mm) text that 
indica tes the following: For the valve in the heat exchanger 
water supply bypass, "Normal/Closed " for the normal closed 
position when the controller is in the automatic position and 
"Emergency/ Open" for manual operation or when the engine 
is overheating. 

11.2.8. 7 Heat Exchanger Waste Outlet. 

11.2.8.7.1 An outlet shall be provided for the wastewater line 
from the heat exchanger, and the discharge line shall not be 
less than one size larger than the inle t line. 

11.2.8.7.2 The outlet line shall be as short as practical, shall 
provide discharge into a visible open waste cone, and shall 
have no valves in it. 

11.2.8.7.3 The outlet shall be permitted to d ischarge to a 
suction resenroir provided a visual flow indicator and tempera-
ture indicator are installed. 

11.2.8.7.4 When the waste outle t piping is longer than 15ft 
( 4.6 m ) and/ or its outlet d ischarges are more than 4ft (1.2 m) 
higher than the heat exchanger, the p ipe size sha ll be in-
creased by at least one size. 

11.2.8.8 Radiators. 

11.2.8.8.1 The heat from the primary circuit of a radiator 
sh all be dissipated by a ir movement through the radiator cre-
ated by a fan included with, and driven by, the engine. 

11.2.8.8.2 The radiaLOr shall be designed to limit maximum 
e ngine operating temperature with an inlet air temperature of 
120°F (49°C) at the combustion air cleaner inlet. 

11.2.8.8.3 The radiator shall include the plumbing to the en-
gine a nd a flange on the air discharge side for tl1e connection 
of a flexible duct from the discharge side to the discharge air 
ventilator. 

11.2.8.8.4 Fan. 

11.2.8.8.4.1 The fan sha ll push the air through the radiator to 
be exhausted from the room via the air discharge ventilator. 

11.2.8.8.4.2 To ensure adequate ai rflow through the room 
and the rad iator, the fan sha ll be capable of a 0.5 in. water 
column (13 mm water column) restriction created by the com-

bination of the a ir supply a n d the discharge ventilators in ad-
dition to the radiator, fan guard, and other engine compo-
nent obstructions. 

11.2.8.8.4.3 The fan shall be guarded for personnel protection. 

11.2.9 Engine Lubrication. 

11.2.9.1 The e ngine manufacturer's recommendations for 
oil heaters shall be followed . 

11.3* Pump Room. 

11 .3.1 The floor or surface around the pump and engine shall 
be pitched for adequate drainage of escaping water av.'<~y ti·om 
clitical equipment, such as pump, engine, controller, fuel tank, 
and so forth. 

11.3.2* Ventilation. 

11.3.2.1 Ventilation shall be provided for the followin g 
functions: 

(J) To control the maximum temperature to J 20°F (49°C) at 
the combustion air cleaner inlet with engine running at 
rated load 

(2) To supply air for e ngine combustion 
(3) To remove any hazardou s vapors 
( 4) To supply and exhaust ai r as necessary for radiator cool-

ing of the e ngine when required 

11.3.2.2 The ventilation system components hall be coOI·di-
nated with the engine operation. 

11.3.2.3* Air Supply Ventilator. 

11.3.2.3.1 The air supply ventilator shall be considered to 
include anything in the air supply path to the room. 

11.3.2.3.2 The total air upply path to the pump room shall 
not restrict the flow of the air more tl1an 0.2 in. water column 
(5.1 mm water column). 

11.3.2.4* Air Discharge Ventilator. 

11.3.2.4.1 The air discharge ventilator shall be considered to 
include anything in the air discharge path from the engine to 
the outdoors. 

11.3.2.4.2 The air discharge ven tilator shall allow sufficient 
air to exit the pump room to satisfy 11.3.2. 

11.3.2.4.3 Radiator-Cooled Engines. 

11.3.2.4.3.1 For radiator-cooled engines, the rad iator d is-
charge shall be ducted outdoors in a manner that will prevent 
recirculation. 

11.3.2.4.3.2 The duct shall be attached to the radiator via a 
tlexible section. 

11.3.2.4.3.3 The a ir discharge path for radiator-cooled en-
gines shall not restrict the tlow of air more than 0.3 in. water 
column (7.6 mm water column). 

11.3.2.4.3.4 A recirculation duct shall be permitted for cold 
weather operation provided that the following requiremen ts 
are met: 

(J) The recirculation airflow shall be regulated by a thermo-
statically controlled damper. 

(2) The control damper shall fully close in a fai lure mode. 
(3) The recirculated air shall be ducted to prevent direct •·e-

circulation to the radiator. 
(4) The recirculation duct shall not cause the tempera ture at 

me combustion air cleaner inlet to rise above l 20°F ( 49°C). 
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11.3.3 The e ntire pump room shall be protected with fire 
sprinklers in accordance with NFPA 13, Standard for the Instal-

lation of Sprinkler Systems, as a n Extra Hazard Group 2 space. 

11.4 Fuel Supply and Arrangement. 

11.4.1 General. 

11.4.1.1 Plan Review. Before any fuel system is installed, plans 
shall be prepared and submitted to the authori ty havingjuris-
diction for agreement on suitability of the system for prevail-
ing conditions. 

11.4.1.2 Tank Construction. 

11.4.1.2.1 * Tanks sh all be designed and constructed in ac-
cordance with recognized engineering standards such as 
A SI / UL 142, Standard for Steel Abnvl'ground Tanks for Flam-

mable and Combustible Liquids. 

11.4.1.2.2 Tanks shall be securely mounted on noncombus-
tible supports. 

11.4.1.2.3 Tanks used in accordance witJ1 the rules of tJ1is stan-
dard shall be limited in size to 1320 gal (4996 L). For situations 
where fuel tanks in excess of 1320 gal (4996 L) are being used, 
me rules ofNFPA 37, Standard for the Installation and Use of Station-

my Combustion Engines and Cas Turbines, shall apply. 

11.4.1.2.4 Fuel tanks shall be enclosed with a wall, curb, or 
dike sufficien t to hold the entire capacity of the tank. 

11.4.1.2.5 Each tank shall have suitable fill , drain , and vent 
connections. 

11.4.1.2.6 Fill pipes that e nter the top of the tank shall termi-
nate within 6 in. (152 mm ) of the bottom of the tank and shall 
be installed o r a rranged so that vibration is minimized. 

11.4.1.2.7 The fuel tank shall have one 2 in. (50.8 mm) NPT 
threaded port in the top, near me center, of me tank to accom-
modate me low fuel level switch. 

11.4.1.2.8 Tank Venting. 

11.4.1.2.8.1 Normal vents shall be sized in accordance with 
ANSI/UL 142, Standard for Steel Aboveground Tanks for Flammable 

and Combustible Liquids, or omer approved standards. Alterna-
tively, the normal vent shall be at least as large as the largest 
filling or withdrawal connection, but in no case shall it be less 
than 1\14 in. (32 mm) nominal inside d iameter. 

11.4.1.2.8.2 \'ent piping shall be arranged so that the vapors 
are discharged upward o r ho rizontally away from adjacent 
walls and so that vapors wi ll no t be trapped by eaves or o the r 
obstructions. Outlets shall terminate at least 5 ft (1.5 m) from 
building ope nings. 

11.4.1.2.9 Engine Supply Connection. 

11.4.1.2.9.1 The fuel supply pipe connection shall be located 
on a sid~ of the tank. 

11.4.1.2.9.2 The engine fuel supply (suction) pipe connec-
tion shall be located on the tan k so that 5 percent of the tank 
volume provides a sump volume not usable by the engine. 

11.4.2* Fuel Supply Tank and Capacity. 

11.4.2.1 * Fuel supply tank(s) shall have a capacity at leas t 
equal to I gal per hp (5.07 L pe r kW), plus 5 percent vo lume 
for expansion and 5 pe rcent volume for sump. 

11.4.2.2 Whether larger-capacity fuel supply tanks are re-
quired shall be determined by prevailing conditions, such as 
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refill cycle and fuel heating due to recirculation, and shall be 
subject to special conditions in each case. 

11.4.2.3 The fuel supply tank and fuel shall be reserved exclu-
sively for me fire pump d iesel engine. 

11.4.2.4 A means shall be pr o\~ded wi th in the tank fo r low 
fuel level signal initiation. 

11.4.2.5 There shall be a separate fuel line and separate fuel 
supply tank for each engine. 

11.4.2.6 Tank Level Indication. 

11.4.2.6.1 Means other than sight tubes for continuous indicat-
ing of we amount of fuel in each storage tank shall be p ro~ded. 

11.4.2.6.2 A fuel level indicator shall be provided to activate 
at the two-thirds tan k level. 

11.4.3* Fuel Tank Supply Location. 

11.4.3.1 Diesel fuel supply tanks shall be located above 
ground in accorda nce with municipal or other o rdinances 
and in accordance with requirements of the authority having 
jurisdiction and shall not be buried. 

11.4.3.2 In zones where freezing temperatures [32°F (0°C)] are 
possible, me fuel supply tanks shall be located in me pump room. 

11.4.3.3 The supply tank shall be loca ted so the fuel supply 
pipe connection to the e ngine is no lower than the level of the 
engine fuel transfer pump. 

11.4.3.4 The engine manufacture r's fuel pum p static head 
pressure limits shall not be exceeded whe n the level of fuel in 
the tank is at a maximum. 

11.4.3.5 If a double-wall tank is installed, ilie interstitial space 
between the shells of the diesel fue l storage tank shall be 
monito red for leakage and annuncia ted by the engine drive 
controller. The signal shall be of the supervisory type. 

11.4.4* Fuel Piping. 

11.4.4.1 Flame-resistant reinforced flexible hose listed for 
this service with threaded connections shall be provided at the 
engine for connection to fuel system piping. 

11.4.4.2 Fuel piping shall not be galvanized steel or copp er. 

11.4.4.3 The fuel return line shall be installed according to 
the e ngine manufacturer's recommendatio n. 

11.4.4.4 There shall be no shutoff valve in me fuel re turn line 
to the tank. 

11.4.4.5* Fuel Line Protection. A guard , pipe protection, or 
approved double-walled pipe shall be provided for all exposed 
fuel lines. 

11.4.4.6 Fuel Solenoid Valve. Where an e lectric sole noid valve 
is used to control the engine fuel supply, it shall be capable of 
manual mechanical operation or of being manually bypassed 
in the event of a control circuit failure. 

11.4.5* Fuel Type. 

11.4.5.1 * The type and grade of diesel fue l shall be as specified 
by the engine manufacturer. 

11.4.5.2 In areas where local air quality management regula-
tions allow only the use of DF #] fuel, and no diesel fire pump 
driver is available listed for use with DF #I fuel, an engine listed 
for use wim DF #2 shall be pennitted to be used but shall have me 
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nameplate rated horsepower derated I 0 percent, provided the 
engine manufacturer approves tl1e use of OF # I fuel. 

11.4.5.3 The grade of fuel shall be indicated on the engine 
nameplate required in 1 1.2.2. 1. 

11.4.5.4 The grade of fuel oil shall be indicated on the fuel 
tank by le tters that are a minimum of6 in. (1 52 mm) in height 
and in contrasting color to the tank. 

11 .4.5.5 Residual fuels, domestic heating furnace oils, and 
drained lubrication oils shall not be used. 

11.5 Engine Exhaust. 

11.5.1 Exhaust Manifold. Exhaust manifo lds and turbocharg-
ers shall incorporate provisions to avoid hazard to the opera-
tor or to flammable material acljacent to the engine. 

11.5.2* Exhaust Piping. 

11.5.2.1 Each pump e ngine shall have an independent ex-
haust system. 

11.5.2.2 A flexible connection with a section of stainless steel, 
seamless or welded corrugated (not interlocked), not less than 
12 in. (305 mm) in length shall be made between the engine 
exhaust outlet and exhaust pipe. 

11.5.2.3 The exhaust pipe shall not be any smaller in diameter 
than the engine exhaust outlet and shall be as short as possible. 

11.5.2.4 The exhaust pipe shall be covered witl1 high-
temperature insulation or otherwise guarded to protect person-

nel from injwy 

11.5.2.5 The exhaust pipe and muAler, if used, shall be sui t-
able for the use intended, and tl1e exhaust back pressure shall 
not exceed the e ngine manufacturer's recommendations. 

11 .5.2.6 Exhaust pipes shall be installed with clearances of at 
least 9 in. (229 mm ) to combustible materials. 

11.5.2.7 Exhaust pipes passing directly through combustible 
roofs shall be guarded at the point of passage by ventilated 
metal th imbles that extend not less than 9 in. (229 mm) above 
and 9 in. (229 mm) below roof construction a nd are at least 
6 in. (152 mm) larger in diameter than the exhaust p ipe. 

11.5.2.8 Exhaust pipes passing directly th rough combustible 
walls o r partitions shall be guarded at the poi nt of passage by 
one of the following methods: 

(1) Metal ventilated thimbles no t less than 12 in. (305 mm) 
larger in diameter than the exhaust p ipe 

(2) Metal or burned clay thimbles built in brickwork or other 
approved materials providing not less tl1an 8 in . (203 mm) 
of insulation between the thimble and construction material 

11 .5.2.9* Exhaust e mission after treatme nt devices that have 
the potential to adversely impact the performance and re li-
ability of the e ngine shall no t be pcrmiued. 

11 .5.2.10 Where I-equired by the authority having jurisdic-
tion, the installation of an exhaust emissio n after treatment 
device shall be of tl1e active regene ratio n type with a pressure 
limiting device that shall permit the e ngine exhaust to bypass 
the after treaunent device whe n the engine manufacturer's 
maximum allowed exhaust backpressu re is exceeded . 

11.5.3 Exhaust Discharge Location. 

11.5.3.1 Exhaust from th e e ngine sha ll be p iped to a safe 
point outside the pump room and arra nged to exclude water. 

11.5.3.2 Exhaust gases shall not be discharged where they will 
affect persons o r e nda nger buildings. 

11.5.3.3 Exhaust systems sh all terminate ou tside the structure 
at a point where hot gases, sparks, or products of combustion 
will discharge to a safe location. [37:8.2.3.1 ] 

11.5.3.4 Exhaust system terminations shall not be directed 
toward combustible material or structures, or into atmo-
spheres containing fl ammable gases, flammable vapors, or 
combustible dusts. [37:8.2.3.2] 

11.5.3.5 Exhaust systems equipped witl1 spark-arresting muf-
flers shall be permitted to te rminate in Division 2 locations as 
defined in Article 500 of NFPA 70, Nationcll Electrical Code. 

[37:8.2.3.3] 

11.6* Diesel Engine Driver System Operation. 

11.6.1 Weekly Run. 

11.6.1.1 Engines shall be d esigned and installed so that they 
can be started no less than once a week and run for no less 
tha n 30 minutes to attain normal running temperature. 

11.6.1.2 Engines shall run smoothly at rated speed , except for 
engines addressed in 11.6.1.3. 

11 .6.1.3 Engines equipped with variable speed pressure limit-
ing control shall be penn itted to run at reduced speeds provided 
fact01y-set pressure is maintained and they run smoothly. 

11.6.2* Engine Maintenance. Engines shall be designed and 
installed so that they can be kept clean, d ry, and well lubri-
cated ro ensure adequate performance. 

11.6.3 Battery Maintenance. 

11.6.3. 1 Storage batteries shall be designed a nd installed so 
that they can be kept charged at all times. 

11 .6.3.2 Storage battei-ies shall be designed and installed so 
that they can be tested frequently to determine the condition 
of the battery cells a nd the amount of charge in the bauery. 

11.6.3.3 Only disti lled watei- shall be used in batte1y cells. 

11.6.3.4 Battery plates shall be kept submerged at a ll times. 

11.6.3.5 T he automatic feature of a bauery charger shall not 
be a substitu te for proper maintenance ofbauery and charger. 

11.6.3.6 T he battery and charger s ht~ ll be designed t~nd in-
stalled so that per iodic inspection of both batte1y and charger 
is physically possible. 

11.6.3.6.1 This inspection shall determine that the charger is 
operating correctly. the water level in the battery is correct, 
and the battery is holding its prope r charge. 

11.6.4* Fuel Supply Maintenance. 

11.6.4.1 The fue l storage tanks shall be designed and in-
stalled so that they can be kept as full and maintained as prac-
tical a t all times but never below 66 percent (two-thirds) of 
tank capacity. 

11.6.4.2 T he tanks shall be designed and installe d so th at they 
can a lways be ti lled by means that will ensure removal of all 
water a nd foreig n material. 

11.6.5* Temperature Maintenance. 

11.6.5.1 T he temperature of the pump room, pump house, or 
area where engines arc installed shall be designed so that the 
tempe rature is main tained at tl1e minimum recommended by 
the engine manufacturer and is never less tl1an tl1e minimum 
recommended by tl1e engine manufacturer. 
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11.6.6 Emergency Starting and Stopping. 

11.6.6.1 The sequence for emergency manual operation, ar-
ranged in a step-by-step manne r, shall be posted on the fire pump 
engine. 

11.6.6.2 It shall be the engine manufacture r 's responsibility 
to list any specific instructions pertaining to the operation of 
this equipment during the emergency operation. 

Chapter 12 Engine Drive Controllers 

12.1 Application. 

12.1.1 T his chapter provides requirements for minimum per-
formance of automatic/ no nautomatic diesel engine control-
le rs for diesel engine-driven fire pumps. 

12.1.2 Accessory devices, such as fire pump alarm and signal-
ing means, are included where necessary to e nsure minimum 
performance of the equipment mentioned in 12.1.1. 

12.1.3 General. 

12.1.3.1 All controllers shall be specifically listed for diesel 
engine-driven fire pump service. 

12.1.3.2 All controllers shall be comple tely assembled, 
wired, and tested by the manufacturer before shipment 
from the factory. 

12.1.3.3 Markings. 

12.1.3.3.1 All controllers shall be marked "Diesel Engine Fire 
Pump Conu·oJier" and shall show plainly the name of the manu-
facmrer, the identifYing designation, rated operating pressure, 
enclosure type designation, and complete electrical rating. 

12.1.3.3.2 Where multiple pumps setving different areas or 
portions of the faci lity are provided, an appropriate sign shall be 
conspicuously attached to each controller indicating the area, 
zone, or portion of the system setved by that pump or pump 
con troller. 

12.1.4 It shall be the responsibili ty of the pump manufacturer 
o r its designated representative to make necessary arrangements 
for the services of a contro ller manufacturer's representative, 
where needed, for sen,ices and adjustment of the equipment 
duting the installation, testing, and warranty petiods. 

12.2 Location. 

12.2.1 *Controllers shall be located as close as is practical to the 
engines they control and shall be within sight of the engines. 

12.2.2 Controllers shall be so located or so protected that they 
will not be damaged by water escaping from pumps or pump 
connections. 

12.2.3 Current carrying parts of controllers shall not be less 
than 12 in. (305 mm) above the floor level. 

12.2.4 Working clearances around commllers shall comply 
with NFPA 70, National Electrical Code, Article II 0. 

12.3 Construction. 

12.3.1 Equipment. 

12.3.1.1 *All equipme nt shall be suitable for use in locations 
subject to a moderate degree of moisture, such as a damp 
basemen l. 
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12.3.1.2 Reliabi lity of operation sha ll not be adversely af-
fected by normal dust accumulations. 

12.3.2 Mounting. All equipment not mounted on the engine 
shall be mounted in a substantial man net· on a single noncom-
bustible supporting structure. 

12.3.3 Enclosures. 

12.3.3.1 * Mounting. 

12.3.3.1.1 The structure or panel shall be securely moun ted 
in, as a minimum , a NEMA Type 2 dripproof enclosure(s) or 
an e nclosure(s) with an ingress protection (IP) rating ofiP 31. 

12.3.3.1.2 Where the equipment is located outside or special 
environments exist, suitably rated enclosures shall be used. 

12.3.3.2 Grounding. The enclosures shall be grounded in ac-
cordance with NFPA 70, National ElPctriral Code, Article 250. 

12.3.4 Locked Lockable Cabinet. All switches required to 
keep the controller in the automatic position shall be within 
locked enclosw·es having breakable glass panels. 

12.3.5 Connections and Wiring. 

12.3.5.1 Field Wiring. 

12.3.5.1.1 All wiring between the controllet· and the diesel 
engine shall be stranded and sized to carry the charging or 
control currents as required by the controller manufacturer. 

12.3.5.1.2 Such wiring shall be protected against mechanical 

i~ ju ry. 

12.3.5.1.3 Controller manufacturer's specifications for dis-
tance and wire size shall be followed. 

12.3.5.2 Wiring Elements. Wiring elements of the controller 
shall be designed on a continuous-duty basis. 

12.3.5.3 Field Connections. 

12.3.5.3.1 A diesel engine fire pump controller shall not be 
used as a junction box to supply other equipment. 

12.3.5.3.2 No undetvoltage, phase loss, frequency sensitive, or 
other device(s) shall be field installed that automatically or 
manually prohibits electrical actuation of the motor contactor. 

12.3.5.3.3 Elecu·ical supply conductors for pressure mainte-
nance Uockey or make-up) pump(s) shall not be connected to 

the diesel engine fire pump contro ller. 

12.3.5.3.4 Diesel engine fire pump controllers shall be per-
mitted to supply essential and necessary ac and/or de power to 
operate pum p room dampers and e ngine oil heaters and 
other associated required engi ne equipment only when pro-
vided with factory-equipped dedicated field terminals and 
overcurren t protection. 

12.3.6 Electrical Diagrams and Instructions. 

12.3.6.1 A field connection diagram shall be provided and 
permanently attached to the inside of the enclosure. 

12.3.6.2 The field connection terminals shall be plainly marked 
to correspond with the field connection diagram furnished. 

12.3.6.3 For external e ngine connections, the fie ld connec-
tion terminals shall be commonly numbered between the con-
troller and the engine terminals. 
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12.3.7 Marking. 

12.3. 7.1 Each operating compone nt of the conu·oller shall be 

plainly marked with the idemification symbol that appears on 

the e lectrical sche matic diagram. 

12.3. 7.2 T he markings shall be located so as to be visible after 

installation. 

12.3.8* Instructions. Complete instructions covering the op-

eration of the controller shall be provided and conspicuously 

mounted on the controller. 

12.4 Components. 

12.4.1 Indicators on Controller. 

12.4.1.1 All visible indicators shall be plainly visible. 

12.4.1.2* Visible indication shall be provided to indicate that 

the con troller is in the automatic position. If the visible indi-

cator is a pilot la mp, it shall be accessible for replacement. 

12.4.1.3 Separate visible indicators and a common audible 

fire pump alarm capable of being heard while the e ngine is 

running and operable in all positions of the main switch ex-

cept the off position shall be provided to immediately indicate 

the following conditions: 

( 1) Critically low oil pressure in the lubrication system. The con-

troller shall provide means for testing the position of the 

pressure switch contacts without causing tire pump alarms. 

(2) High engine jacke t coolant temperature. 

(3) Failure of engine to start automatically. 

( 4) Shutdown from overs peed. 

12.4.1.4 Separate visible indicators and a common audible 

signal capable of being heard while the engine is running a nd 

operable in all positions of the main swi tch except the off 

position shall be provided to immediately indicate the follow-

ing conditions: 

(1) Battery fa ilure or missing battery. Each controller shall be 

provided with a separate visible indicato r for each battery. 
(2) Battery charger fa ilure. Each conu·oller shall be provided 

with a separate visible indicato r fo r battery charger fa ilure 
and shall not require the aud ible signal for battery charger 

failure. 

(3) Low a ir or hydraulic pressure. Where air or hydrau lic 

starting is provided (see 11.2. 7 and 11.2. 7.4), each pressure 

tank shall provide to the controller separate visible indica-

tors to indicate low pressure. 

( 4) System overpressure, for engines equipped with variable 

speed pressure limiting controls, to actuate a t L 15 percent 

of set pressure. 

(5) ECM selector switch in alternate ECM position (fo r en-

gines with ECM con tro l only). 

(6) Fuel injection malfunction (for engines with ECM only). 

(7) Low fuel level. Signal at two-thi rds tank capaci ty. 

(8) Low air pressure (air-starting e ngine comrollers only). 

The air supply container shall be provided with a separate 
\ ~S ibl e indicator to indicate low air pressure. 

(9) Low e ngine temperature. 

12.4.1.5 o audible signal silencing switch or valve, other 
than the contro ller main switch, shall be permitted for the 

conditions reflected in 12.4.1.3 and 12.4.1.4. 

12.4.1.5.1 A separate signal sile ncing switch shall be used fo r 

the conditions ofl2.4.1.4(5) , 12.4.1.4(7) , and 12.4.1.4(8). 

12.4.1.5.2* The contro ller shall automatically return to the non-
silenced state when the alarm (s) have cleared (returned to nor-

mal). This S\vitch shall be clearly marked as to its function. 

12.4.1.5.3 Where audible signals for the additional condi-

tions listed in A.4.24 are incorporated wi th the engine fire 

pump alarms specified in 12.4.1 .3, a sile ncing switch or valve 
for the additional A.4.24 audible signals shall be provided at 

the controller. 

12.4.1.5.4 The circuit shall be arranged so that the audible 

signal will be actuated if the s ilencing switch or valve is in the 

si le n t position when the supe rvised conditions are normal. 

12.4.2 Signal Devices Remote from Controller. 

12.4.2.1 V\'here the pump room is not constan tly attended, 

audible or visible signals powered by a source other than the 

engine starting batteries and not exceeding 125 V shall be 

provided at a point of constant attendance. 

12.4.2.2 Remote Indication. Controllers shall be equipped to 

operate circuits for remote indication of the conditions cov-

ered in 12.4.1.3, 12.4.1.4, and 12.4.2.3. 

12.4.2.3 The 1·emote panel shall indicate the fo ll m~ng: 

( I) T he engine is running (separate signal) . 

(2) T he controller ma in switch has been turned to the off or 
manual position (separate signal). 

(3) *The re is trouble on the controller or e ngine (separate or 
common signals). (See 12.4. 1.4 and 12.4. 1.5.) 

12.4.3 Controller Contacts for Remote Indication. Control-

lers shall be equipped with open or closed contacts to operate 

circuits for the conditions covered in 12.4.2. 

12.4.4* Pressure Recorder. 

12.4.4.1 A listed pressure record ing device shall be installed 

to sense and record the pressu re in each fire pump controller 

pressure-sensing line at the input to the controller. 

12.4.4.2 The recorder sha ll be capable of operating for at 
least 7 days without being reset or rewound. 

12.4.4.3 T he pressure-sensing ele me nt of the recorder shall 

be capable of withstanding a momentary su rge pressure of at 

least 400 psi (27.6 bar) or 133 percent of fire pump controller 

rated operating pressure, whichever is highe r, without losing 

its accuracy. 

12.4.4.4 The pressure recording device shall be spring 

wound mechanically or driven by reliable electrical means. 

12.4.4.5 The pressure recording device shall not be sole ly 

dependent upon alternating current (ac) electric power as its 
primary power source. 

12.4.4.6 Upon loss of ac electric power, the electric-driven 

recorder shall be capable of at least 24 hours of operation. 

12.4.4.7 In a non-pressure-actuated contro lle r, the pressure 

recorder shall not be required. 
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12.4.5 Voltmeter. A voltme ter with an accuracy of ±5 percent 

shall be provided for each battery bank to indicate the voltage 

during cranking or to monitor the condition of batteries used 

with air-starting engine controllers. 

12.5* Battery Recharging. 

12.5.1 Two means for recharging storage batteries shall be 

provided. 

12.5.2 One method shall be the ge ne rator o r alte rnator fur-

nished with the engine. 

12.5.3 The othe r method shall be an automatically controlled 

charger taking power from an ac power source. 

12.5.4 If an ac power source is not available or is not reliable, 

ano ther charging method, in additio n to the generator oral-

te rnator furnished with the e ngine, sha ll be provided. 

12.6 Battery Chargers. The requirements for battery chargers 

shall be as follows: 

( 1) Chargers shall be specifically listed for fire pump service 

and be part of the diesel fire pump controller. 

(2) The rectifier shall be a semiconductor type. 

( 3) The charger for a lead-acid battery shall be a type that auto-

matically t·educes the charging rate to less than 500 rnA 

when the battery reaches a full charge condition. 

(4) The bauery charger at its ra ted voltage shall be capable 

of delivering ene rgy into a fully discharged battery in 

such a manner that it will not damage the battery. 

(5) The battery charger sha ll restore to the battery 100 pe r-

cent of the battery's reserve capacity or a mpere-hour rat-

ing within 24 hours. 

(6) The charger shall be marked with the reserve capacity or 

ampere-hour ra ting of the largest capacity bauery that it 
can recharge in compliance with 12.6( 4). 

(7) An ammete r with an accuracy of ±5 percent of the nor-

mal charging rate shall be furnished to indicate the op-

e ration of the charger. 

(8) The charger shall be designed such that it will not be dam-

aged or blow fuses during the cranking cycle of the engine 

when operated by an automatic or manual conu·oller. 

(9) The charger shall automatically charge at the maximum 

rate whe never required by the state of charge of the battery. 

( 1 0) The battery charger shall be arranged to indicate loss of 

current output on the load side of the direct cun ent 

(de) overcurre nt pro tective device where not connected 

tht·ough a control panel. [See 12.4.1.4(2).] 

(11 ) The charger(s) shall re ma in in float mode o r switch 

from equalize to float mode while the batteries are un-
der the loads in 12.5.2. 

12.7* Starting and Control. 

12.7.1 Automatic and Nonautomatic. 

12.7.1.1 An automatic controller shall be operable also as a 

nonautomatic controller. 

12.7.1.2 The controller's primary source of power shall not 

be ac e lectric power. 
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12.7.2 Automatic Operation of Controller. 

12. 7.2.1 Water Pressure Control. 

12.7. 2 .1.1 Pressure-Actuated Switch. 

12.7.2.1.1.1 Unless the requirements of 12.7.2.1.1.2 are met, 
there shall be provided a pressure-actuated switch having adjust-
able h igh- and low-alibrated set-points as part of the conu·oller. 

12.7.2.1.1.2 The requi re ments of 12.7.2.1 .1.1 shall not apply 
to a non-pressw·e-actua ted controller, whe re the pressure-
actuated switch sh all not be required. 

12.7.2.1.2 There shall be no pressure snubbe r o r restrictive 
orifice employed with in the pressure switch. 

12.7.2.1.3 This switch shall be responsive to water pressure in 
the fire pro tection system. 

12.7.2.1.4 The pressure-sensing element of the switch shall be 
capable of a momentary surge pressure of 400 psi (27.6 bar) or 
133 pe rcent of fi re pump controller rated operating pressure, 
whichever is higher, without losing its accuracy. 

12.7.2.1.5 Suitable provision shall be made for relieving pres-
sure to the pressure-actuated switch to allow testing of the ope ra-
tion of the controller and the pumping unit. [SPe FigureA.4.30(a) 

and Figure A.4.30(b).] 

12.7.2.1.6 Water pressure control shall be as follows: 

(l ) T here shall be no shutoffvdlve in the pressure-sensing line. 
(2) Pressure switch actuation at the low adjustment setting shall 

initiate the pump starting sequence if the pump is not al-
ready in operation. 

12.7.2.2 Fire Protection Equipment Control. 

12.7.2.2.1 Whe re the pump supplies special water control 
equipme nt (e.g., deluge valves, d ry-pipe valves}, the engine shall 
be permitted to start before the pressure-actuated switch (es) 
would do so. 

12.7.2.2.2 Under such conditions, the contro ller shall be 
equipped to start the engine upon opera tion of the fire pro-
tection equipment. 

12.7.2.3 Manual Electric Control at Remote Station. Where 
additional control stations for causing nonautomatic continu-
ous operation of the pumping unit, independe nt of the 
pressure-actuated switch or control valve, are provided at loca-
tions remote from the controller, such stations shall not be 
operable to stop the e ngine. 

12.7 .2.4 Sequence Starting of Pumps. 

12. 7.2.4.1 The controller for each unit of mul tiple pump units 
shall incorporate a sequential timing device to prevent any one 
driver from starting simultaneously with any other driver. 

12.7.2.4.2 Each pump supplying suction pressure to another 
pump shall be arranged to start within 10 seconds before the 
pump it supplies. 

12.7.2.4.2.1 The controllers for pumps arranged in se1ies shall 
be interlocked to ensure the correct pump starting sequence. 

12.7.2.4.3 If water requirements call fo r more than one pump-
ing unit to operate, the units shall start at intervals of 5 to 
10 seconds. 

12.7 .2.4.4 Failure of a leading d river to start shall not prevent 
subsequent drive rs from starti ng. 
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12.7 .2.5 External Circuits Connected to Controllers. 

12.7 .2.5.1 V.'ith pumping units ope rating singly o r in paralle l, 
the contro l conductors emering or leaving the fire pump con-
tro ller a nd exte nding outside the fire pump room shall be so 
arranged as to prevent failure to start due to fault. 

12.7 .2.5.2 Breakage, disconnecting, sho rting of the wires, or 
loss of power to these circuits shall be permitted to cause con-
tinuous running of the fire pump but shall not prevem the 
controller(s) from starting the fire pump(s) due to causes 
other than these external circuits. 

12. 7.2.5.3 All control conductors within the fire pump room 
that are not fault tolerant shall be protected against mechani-
cal inju ry. 

12.7.2.5.4 When a diesel driver is used in conjunction with a 
positive displaceme nt pump, the diesel contro lle r shall pro-
vide a circuit and timer to actuate and then close the d ump 
valve afte r engine start is finished. 

12.7.2.6 Sole Supply Pumps. 

12.7.2.6.1 Shutdown shall be accomplished by manual or au-
tomatic means. 

12.7.2.6.2 Automalic shutdown shall not be permitted where 
the pump constitutes the sole source of supply of a fire sprin-
kler or standpipe syste m or where the authority having j uris-
dictio n has required manual shutdown. 

12.7.2.7 Weekly Program Tuner. 

12.7 .2. 7.1 To ensure dependable operation ofthe engine and 
its controller, the controller equipment shall be arranged to au-
tomatically stan and run the engine for at least 30 minutes once a 
week. 

12.7.2.7.2 T he controller shall use the opposite battery ba nk 
(every other bank) for cra nking on subsequent weeks. 

12.7.2.7.3 Means shall be permitted within the controller to 

manually terminate the weekly test provided a minimum of 
30 minutes h a~ expired. 

12.7.2.7.4 A solenoid valve drain on the pressure control line 
shall be the initia ling means. 

12.7.2.7.5 Performance of this weekly program timer shall be 
recorded as a pressure drop indication on the pressure re-
corder. (See 12. 4.4.) 

12.7.2.7.6 In a non-pressure-actuated controller, the weekly 
test shall be permitted to be initiated by means othe r than a 
soleno id valve. 

12.7.3 Nonautomatic Operation of Controller. 

12.7.3.1 Manual Control at Controller. 

12.7.3.1.1 There sha ll be a manually operated S\vitch o r valve 
on the conu·oller pane l. 

12.7.3.1.2 This switch or valve shall be so arranged that op-
eration of the engine, when manually started, cannot be af-
fected by the pressure-actuated switch. 

12.7.3.1.3 The arrangement shall also provide that the unit 
will remain in operation until manually shut down . 

12.7.3.1.4 Failure of any of the automatic circu its shall not 
affect the manual operation . 

12.7.3.2 Manual Testing of Automatic Operation. 

12.7.3.2.1 The controller sh all be arranged to manually start 
the engine by opening the solenoid valve drain when so inili-
ated by the operator. 

12.7.3.2.2 In a non-pressure-actua ted controller, the manual 
test shall be permitted to be ini tiated by means othe r than a 
soleno id valve. 

12.7.4 Starting Equipment Arrangement. The requirements 
fo r staning equipmen t arrangement shall be as follows: 

( l ) Two storage battery units, each complying with the re-
quirements ofll.2.7.2, shall be provided and so arranged 
that manual and automatic starting of the engine can be 
accomplished with eithe r battery unit. 

(2) The starting current shall be furnished by first o ne battery 
and then the o ther on successive operalions of the starter. 

(3) The battery changeover shall be made automalically, ex-
cept fo r manual start. 

(4) In the event that the engine does not start after comple-
tion of its attempt-to-stan cycle, the contro ller shall stop 
all furthe r cranking a nd operate a visible indicator and 
audible fire pump alarm on the contro ller. 

(5) The attempt-to-start cycle shall be fixed and sha ll consist 
of six crank periods of approximately 15-second duration 
separated by five rest periods of approximately 15-second 
duration. 

(6) In the event that one battery is inoperative or missing, the 
control shall lock in on the remaining battery unit during 
the cranking sequence. 

12.7 .5 Methods of Stopping. 

12.7.5.1 Manual Electric Shutdown. Manual shutdown shall 
be accomplished by either of the following: 

(1) Operation of the mai n swi tch o r stop va lve inside the 
controlle r 

(2) Operation of a stop button or stop valve on the ou tside of 
the contro ller e nclosure as follows: 

(a) The stop button or stop valve sha ll cause engine shut-
down through the automatic circuits only if all start-
ing causes have been returned to normal. 

(b) The controller shall then re turn to the fu ll automatic 
position. 

12.7.5.2* Automatic Shutdown After Automatic Start. There-
quit·ements for automalic shu tdown after auto matic start shall 
be as follows: 

(1) If the controller is set up for automa tic e ngine shu tdown , 
the contro ller shall shut down the engine only afte r all 
starting causes have returned to normal and a 30-minute 
minimum run time has elapsed. 

(2) When the engine overspeed shutdown device operates, 
the controller shall remove power from the engine run-
ning devices, preven t further cra nking, e nergize the over-
speed fire pump alarm, and lock out until manually reset. 

(3) Resetting of the overspeed circuit shall be required at the 
engine and by resetting the controller ma in swi tch to the 
off position. 

(4) The e ngine shall not shut down automatically on high 
water temperature or low o il pressu re when any automatic 
starting or running cause exists, a nd the fo llowing also 
shall apply: 

(a) If no other starting or running cause exists d uring 
engine test, the engine shall shut down automatically 
on high water temperature or low oil pressure. 
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(b) If afte r shutdown a sta rling cause occurs, the control-
ler shall restart the engine and override the high wa-
ter temperature a nd low oil shutdowns fo r the re-
mainder of the test period. 

(5) T he controller sha ll no t be capable of being reset until 
the e ngine overspeed shutdown d evice is manually reset. 

12.7.6 Emergency Control. Automatic control ci rcuits, the 
fai lure of which could prevent e ngine starting and running, 
shall be complete ly bypassed during manual start and run. 

12.8 Air-Starting Engine Controllers. 

12.8.1 Existing Requirements. In addit io n to the require-
ments in Sections 12.1 through 12.7, the require ments in 
Section 12.8 sha ll apply. 

12.8.2 Starting Equipment Arrangement. T he requirements 
fo r starting equipme m arra ngement shall be as fo llows: 

( 1) T he air supply containe r, complying with the require-
ments of 11.2. 7.4.4, shall be provid ed a nd so arranged 
that manual and automatic starting of the e ngine can be 
accomplished. 

(2) In the event that the engine does not start after comple-
tion of its attem pH o-starl cycle, the contro ller shall stop 
all further cranking a nd operate the aud ible and visible 
fi re pum p alat·ms. 

(3) The attempt-to-stan cycle shaU be fixed and shall consist of 
one crank period of an approximate ly 90-second duration . 

12.8.3 Manual Shutdown. Ma nual shutdown shall be accom-
plished by eithe r of the fo llowing: 

(1) Operatio n of a stop valve or switch on the con trolle r panel 
(2) O peration of a stop v-alve or switch on the outside of the 

controlle r enclosure 

12.8.3.1 The stop valve shall cause engine shutdown through 
the automatic circui ts only afte r starting causes have been re-
turned to normal. 

12.8.3.2 This action shall return the controller to full auto-
ma tic position. 

Chapter 13 Steam Turbine Drive 

13.1 General. 

13.1.1 Acceptability. 

13.1.1.1 Steam turbines of ad equa te power are acceptable 
prime movers fo r driving fire pumps. Reliabili ty of the tur-
bines shall have been proved in commercia l work. 

13.1.1.2 The steam turbine shall be directly connected to the 
fi re pump. 

13.1.2 Turbine Capacity. 

13.1.2.1 For steam boiler p ressures no t exceeding 120 psi 
(8.3 bar), the tu rbine shall be capable of driving the pump at 
its rated speed a nd maximum pump load with a pressure as 
low as 80 psi (5.5 bar) at the turbine throttle whe n exhausting 
against atmospheric back pressure with the hand valve ope n. 

13.1.2.2 For steam boiler pressures exceeding 120 psi (8.3 bar), 
where steam is continuously maintained, a pressure 70 percent 
of the usual boiler pressure shall take the place of the 80 psi 
(5.5 bar) pressure required in 13.1.2.1. 
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13.1.2.3 In o rdering turbines fo r stationary fire pumps, the 
purchaser shall specifY the rated and maximum pump loads at 
rated speed, the rated speed, the bo ile r p ressure, the steam 
pressure at the turbine throttle (if possible), and the steam 
superheat. 

13.1.3* Steam Consumption. 

13.1.3.1 Prime consideration shall be given to the selection 
of a tu rbine having a total steam consumption commensurate 
with the steam supply avai lable. 

13.1.3.2 Whe re multistage turbines at·e used, they shall be so 
designe d that the pump can be brought up to speed without a 
warmup time requirement. 

13.2 Turbine . 

13.2.1 Casing and Other Parts. 

13.2.1.1 *The casing shall be designed to permit access with 
the least possible removal of parts o r piping. 

13.2.1.2 A safety valve shall be conn ected directly to the tur-
bin e casing to relieve h igh steam pressu re in the casing. 

13.2.1.3 Main Throttle Valve. 

13.2.1.3.1 The main throttle valve shall be located in a hori-
zontal run of pipe connected directly to the turbine. 

13.2.1.3.2 There shall be a water leg o n the supply side of the 
th rottle valve . 

13.2.1.3.3 This leg shall be con nected to a suitable steam trap 
to automatically d rain all condensate from the line supplying 
steam to the turbine. 

13.2.1.3.4 Steam and exhaust chambers shall be equipped 
with suitable condensate drains. 

13.2.1.3.5 Whe t·e the turbine is automatically controlled, 
these d rains shall d ischarge through adequate traps. 

13.2.1.3.6 In addi tion , if the exhaust pipe d ischarges verti-
cally, the re shall be a n open d rain a t the bottom elbow. 

13.2.1.3.7 This d rain shall not be valved but shall d ischarge to 
a safe location. 

13.2.1.4 T he nozzle chamber, governor-valve body, pressure 
regula tor, and o ther parts th rough which steam pas es shall be 
made of a metal able to withstand the maximum temperatures 
involved. 

13.2.2 Speed Governor. 

13.2.2.1 T he steam tu rbine shall be equipped wi th a speed 
governo r set to ma inta in rated speed at maxim um pump load. 

13.2.2.2 T he governor shall be capable of maintain ing, a t all 
loads, the rated speed within a total range of approximately 
8 percen t from no turbine load to full-rated tu rbine load by 
either of tl1e following methods: 

( 1) With no rmal steam pressure a nd with hand valve closed 
(2) With steam pressures down to 80 psi (5.5 ba r) [or down 

to 70 perce nt of full p ressure whe re th is is in excess of 
120 psi (8.3 bar)] and with hand valve open 

13.2.2.3 While the turbine is running at rated pump load, the 
speed governor shall be capable of adjustment to secure 
speeds of a pproximately 5 percent above and 5 percen t below 
the rated speed of the pum p. 



13.2.2.4 There sha ll also be provided a n independent emer-
gency governing device. 

13.2.2.5 The independent emergency governing device sha ll 
be arranged to shut off the steam supply at a turbine speed 
a pproximately 20 percent higher than the rated pump speed. 

13.2.3 Gauge and Gauge Connections. 

13.2.3.1 A listed steam pressure gauge shall be provided on 
the entrance side of the speed governor. 

13.2.3.2 A 0.25 in. (6 mm) pipe tap for a gauge connection 
shall be provided on the nozzle chamber of the turbine. 

13.2.3.3 T he gauge shall indicate pressures not less than one 
and one-half times the boi le r pressure and in no case less than 
240 psi (16.5 bar). 

13.2.3.4 The gauge shall be marked "Steam." 

13.2.4 Rotor. 

13.2.4.1 The rotor of the turbine shall be of suitable material. 

13.2.4.2 The fi rst unit of a rotor design shall be type tested in 
the manufacturer's shop at 40 percent above rated speed. 

13.2.4.3 All subsequent units of the same design shall be 
tested at 25 percent above rated speed. 

13.2.5 Shaft. 

13.2.5.1 The shaft of the wrbine shall be of high-grade steel, 
such as open-heanh carbon steel or nickel steel. 

13.2.5.2 Where the pump a nd turbine are assembled as inde-
pendent units, a llexible coupling shall be provided between 

the two units. 

13.2.5.3 Where an overhung ro tor is used, the shaft fo r the 
combined unit shall be in one piece with only two bearings. 

13.2.5.4 The critical speed of the shaft shall be well above the 
highest speed of the turbine so that the turbine will operate a t 
all speeds up to 120 percent of rated speed without objection-
able vibration. 

13.2.6 Bearings. 

13.2.6.1 Sleeve Bearings. Turbines having sleeve bearings 
shall have split-type bearing shells a nd caps. 

13.2.6.2 Ball Bearings. 

13.2.6.2.1 Turbines having ball bearings shall be acceptable 
after they have established a satisfactory record in the com-
mercial fie ld. 

13.2.6.2.2 Means shall be provided to give visible indication 
of the oi l level. 

13.3* Installation. Details of steam supply, exhaust, and boiler 
feed shall be care fully p lanned to provide reliabi lity a nd effec-
tive operation of a steam turbine-driven fire pump. 

Chapter 14 Acceptance Testing, Performance, and 
Maintenance 

14.1 Hydrostatic Tests and Flushing. 

14.1.1 Flushing. 

14.1.1.1 Suction piping shall be flush ed at a Oow rate not less 
than indicated in Table 14.1.l.l (a) and Table 14.1.1.1 (b) or at 
the hydraulically calculated water demand rate of the system , 
whichever is greater. 
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Table 14.1.1.1(a) Flow Rates for Stationary Pumps 

U.S. Customary Units Metric Units 

Pipe Size Flow Rate Pipe Size Flow Rate 
(in.) (gpm) (mm) (L/ min) 

4 590 100 2,233 
5 920 125 3,482 
6 1,360 150 5,148 
8 2,350 200 8,895 

10 3,670 250 13,891 
12 5,290 300 20,023 

Table 14.1.1.1 (b) Flush Rates for Positive Displacement 
Pwnps 

U.S. Customary Units Metric Units 

Pipe Size Flow Pipe Size Flow 
(in.) (gpm) (mm) (L/ min) 

I Y2 100 40 378.50 
2 250 50 945.25 
3 400 80 1514.00 
4 450 100 1703.25 
6 500 150 1892.50 

14.1.1.2 Flushing shall occur prior to hydrostatic test. 

14.1.2 Hydrostatic Test. 

14.1.2.1 Suction and discha1·ge piping shall be hydrostatically 
tested at not less than 200 psi (13.8 ba r) pressure or at 50 psi 
(3.4 bar) in excess of the maximum pressu re to be maintained 
in the system, whichever is g reater. 

14.1.2.2 The pressure required in 14.1.2.1 shall be main-
tained for 2 hou rs. 

14.1.3* The installing contractor shall furn ish a certificate for 
Oushing and hydrostal.ic test prior to the start of the fi re pump 
fie ld acceptance test. 

14.2 Field Acceptance Tests. 

14.2.1 The pump manufacturer, the engine manufacturer 
(when supplied), the comrolle r man ufacturer, and the trans-
fer switch manufacturer (when supplied) or their factol)'-
au thorized representatives shall be present for the field accep-
tance test. (See Section 4. 4.) 

14.2.2* All the authorities havingjurisdiction shall be notified 
as to the time and place of the fi eld acceptance test. 

14.2.3 Pump Room Electrical Wiring. All electric wi ri ng to the 
fire pum p motor(s), including control (multiple pumps) in-
terwiring, normal power supply, alternate power supply where 
provided, and jockey pump, shall be completed and checked 
by the electrical con tractor prior to the initial startup and ac-
ceptance test. 

14.2.4* Certified Pump Cunte. 

14.2.4.1 A copy of the manu facturer 's certified pump test 
characteristic curve shall be ava ilable for comparison of the 
results of t11e fie ld accepta nce test. 
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14.2.4.2 The fire pump as installed shall equal t.he perf01mance 
as ind icated on the manufacturer 's certified shop test c h a ra c t e 1 ~ 

is tic cu1ve within the accuracy limits of the test equip ment. 

14.2.5* Field Acceptance Test Procedures. 

14.2.5.1 * Test Equipment. 

14.2.5.1.1 Calibrated testequipment shall be provided to deter-
mine net pump pressures, rate of flow t11rough t.he pump, volts 
and amperes fo r elecoic motor-<hiven pumps, and speed. 

14.2.5.1.2 Calibrated test gauges shall be used and bear a label 
witJ1 the latest date of calibration. Gauges shall be calibrated a 
minimum of annually. Calibration of test gauges shall be main-
tained at an accuracy level of ±1 pe rcent. 

14.2.5.2 Fire Pump Flow Testing(s). 

14.2.5.2.1 The fi re pump shall perfom1 at minimum, rated , and 
peak loads without objectionable overheating of any component. 

14.2.5.2.2 Vib•·ations of the fire pump assembly shall not be 
of a magnitude to pose potential damage to any fi re pu mp 
component. 

14.2.5.2.3* The minimum, rated , and peak load s of the fire 
pump shall be de te rmined by controlling the quantity of water 
discharged through approved test d evices. 

14.2.5.2.3.1 Where simultaneous operation of multiple 
pumps is possible or required as part o f a system design , the 
acceptance test shall include a flow test of all pumps operating 
simultaneously. 

14.2.5.2.4 Where the maximum flow ava ila ble from the water 
supply cannot provide a flow of 150 pe rcen t of the rated flow 
of the pump, the fire pump shall be operated at the greater of 
100 percent of rated flow or the maximum flow demand of the 
fire pro tection system(s) maximum allowable d ischarge to de-
termine its acceptance. This reduced capacity shall constitute 
a n acceptable test, provided that the pump discharge exceeds 
the fi re p rotection system design and flow ra te. 

14.2.5.2.5 Where the suction to t.he fire pump is from a break 
tank, t.he tank refill rate shall be tested and recorded . T he refill 
device shall be operated a minimum of five times. 

14.2.5.2.6 Water Level Detection. Water level d etection is re-
quired for all venical tu rbine pumps installed in wells to deter-
mine the suction pressure available at the sh utoff, 100 pe rcent 
flow, and 150 percent flow poin ts to determine if the pump is 
operating within its design conditions. 

14.2.5.3 Variable Speed Pressure Limiting Control. 

14.2.5.3.1 Pumps with variable speed pressure limiting con-
tro l shall be tested at minimum, rated , and peak loads, with 
bo th the variable speed pressure limiting control ope ra tional 
and the fi1·e pump operating at rated speed . 

14.2.5.3.2 T he fi re protection syste m shall be isolated and the 
pressure relief valve closed for the tests required in 14.2.5.3.1. 

14.2.5.4* Measurement Procedure. 

14.2.5.4.1 The q uantity of water d ischarging from the fire 
pump assembly shall be determined and stabilized. 

14.2.5.4.2 Immedia tely thereafter, the ope rating conditions 
of the fire pump and driver shall be measured. 

14.2.5.4.3 Positive Displacement Pumps. 

14.2.5.4.3.1 The pump flow fo r positive displacement pumps 
shall be tested a nd determined to meet the specified rated 
perfo rmance criteria where only one pe rforma nce point is re-
quired to establish positive displacement pump acceptabili ty. 
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14.2.5.4.3.2 The pump flow test for positive displacement 
pum ps shall be accomplished using a flowmeter o r o rifice 
plate installed in a test loop back to the supply tank, inlet side 
of a positive displacement water pump, or to drain. 

14.2.5.4.3.3 T he flowmeter read ing or discharge pressu•·e 
shall be recorded and shall be in accordance with the pump 
manufacturer's flow pe rformance data. 

14.2.5.4.3.4 If o rifice plates a re used, the o rifice size and cor-
responding discharge pressure to be main tained on the up-
stream side of the o rifice p late shall be made avai lable to the 
authority havingjurisdiction. 

14.2.5.4.3.5 Flow rates shall be as specified while operating at 
the system design pressure. Tests shall be performed in accor-
dance with HI 3.6, Rotmy PurnfJ Tl'sls. 

14.2.5.4.3.6 Positive displacement pumps intended to pum p 
liquids other than water shall be permitted to be tested with 
water; however, th e pump perfo rmance will be affected, and 
man ufacturer 's calcula tions shall be provided showing the d if-
ference in viscosity between wate r and the system liquid . 

14.2.5.4.4 Electric Motor- Driven Units. For electric motors 
operating at rated voltage and frequency, the ampere demand 
on each phase shall not exceed the p roduct of the full-load 
ampere rating times the allowable service factor as stamped on 
the motor nameplate. 

14.2.5.4.5 Fo r electric motors operating under varying volt-
age, the product of the actual vol tage and curren t demand on 
each phase shall not exceed the product of the rated voltage 
and ra ted full -load curren t times the allowable service fac tor. 

14.2.5.4.6 The vol tage at the motor shall not va1)' more than 
5 percent below or 10 percent above rated (nameplate) volt-
age during the test. (S1'1'Srction 9.4.) 

14.2.5.4.7 Engine-Driven Units. 

14.2.5.4.7.1 When d•)' charge batteries have been supplied , 
e lectrolyte sha ll be added to the batter ies a minimum of 
24 hou rs prior to the time the engine is to be started a nd 
the batteries g iven a cond ition ing charge. 

14.2.5.4. 7.2 Engine-driven units shall not show signs of ovei·-

Ioad or stress. 

14.2.5.4.7.3 T he governor of such units shall be set a t the 
time of the test to properly regulate the engine speed at rated 
pump speed . (See 11.2.4. 1.) 

14.2.5.4.7.4 Engines equipped \\~ th a variable speed control 
shall have the variable speed control device nonfunctioning 
when t11e governor field ac!justment in 11.2.4.1 is set and secured. 

14.2.5.4.8 Steam Turbine-Driven Units. The steam turbine 
shall maintain its speed within the limits specified in 13.2.2. 

14.2.5.4.9 Right Angle Gear Drive Units. The gear drive as-
sembly shall operate without excessive objectionable noise, vi-
bration, o r heating. 

14.2.5.5 Loads Start Test. The fi1·e pum p un it shall be started 
and brought up to rated speed wi thout interruption under the 
cond itio ns of a d ischarge equal to peak load. 

14.2.5.6* Phase Reversal Test. For elecu·ic motors, a test shall 
be performed to ensure that there is not a phase reversal con-
d ition in either t.he normal power supply configuration or 
from the alte rnate power supply (where provided). 



14.2.6 Controller Acceptance Test for Electric and Diesel 
Driven Units. 

14.2.6.1 * Fire pump controllers shall be tested in accordance 
with the manufacturer's recommended test procedure. 

14.2.6.2 As a minimum, n o fewer than six automatic a nd 
six manual o perations shall be performed during the accep-
tance test. 

14.2.6.3 An electric driven lire pump shall be operated for a 
period of at least 5 minutes at full speed during each of the 
operations required in 14.2.5. 

14.2.6.4 An e ngine driver shall not be required to run for 
5 minutes a t full speed between successive starts until the cu-
mulative cranking time of successive starts reaches 45 seconds. 

14.2.6.5 The automatic operation sequence of the controller 
shall start the pump from all provided starting features. 

14.2.6.6 This sequence sha ll include pressure switches o r re-
mote starting signals. 

14.2.6.7 Tests of engine-driven contro lle rs shall be divided 
between both sets of batte ries. 

14.2.6.8 The selection, size, and setting of all overcurrent pro-
tective devices, including fire pump controller circuit breaker, 
shall be confirmed to be in accordance with this standard. 

14.2.6.9 The fire pump shall be started once from each 
power service and run fo r a minimum of 5 minutes. 

CAUTION: Manual emergency opcr.Hion shall be accom· 
plished by manual acwation of the emergency handle to the 

fu lly latch ed positio n in a continuo us motion . T he handle sh all 
be la tched for the duration of this test run . 

14.2.7 Altemate Power Supply. 

14.2.7.1 O n installations wi th an alternate source of power 
and an au toma tic transfe r sw·itch , loss of primary source shall 
be simu lated and transfer sha ll occur while the pump is oper-
ating a t peak load. 

14.2.7.2 Transfer from normal to a lternate source and re-
u·ansfer from alternate to normal source shall not cause open-
ing of overcu rrent protection devices in either line. 

14.2.7.3 At least half of the manual and automatic operations 
of 14.2.6.2 shall be performed with the fire pump connected 
to the alte rnate source. 

14.2.7.4 If the alternate power source is a generator set re-
quired by 9.3.2, installa tion acceptance shall be in accordance 
with NFPA 110, Standard for Euze1gency and Standby Power Systnns. 

14.2.8 Emergency Governor for Steam Driven Units. 

14.2.8.1 Emergency governor valve for steam shall be ope r-
ated to demonstrate sa tisfactory performance of the assembly. 

14.2.8.2 Hand tripping shall be acceptable. 

14.2.9 Simulated Conditions. Both local and remote signals 
and ti re pump alarm conditions shall be simulated to demon-
strate satisfactory o peration. 

14.2.10 Test Duration. The fire pump or foam concentrate 
pump shall be in operation for not less than l hour total time 
during a ll o f the foregoing tests. 

14.2.11 * Electronic Fuel Management (ECM). For engines 
with e lec tronic fuel ma nagement (ECM) control systems, a 
function test of both the primal)' and the alle rnate ECM sha ll 
be conducted. 
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14.3 Manuals, Special Tools, and Spare Parts. 

14.3.1 A minimum of one set of instruction manuals for all ma-
jor components of the fire pump system shall be supplied by the 
manufacturer of each major component. 

14.3.2 The manual shall contain the fo llowing: 

(I ) A detailed explanation of the operation of the component 
(2) Instructions for routine mainte nance 
(3) Detailed instructions concerning repairs 
( 4) Parts list and parts iden tilication 
(5) Schematic elec trical drawings of contro ller, transfer 

switch , and fire pump control panels 

14.3.3 Any special tools and testing devices required for routine 
maintenance shall be available for inspection by the authority 
havingjurisdiction at the lime of the field acceptance Lest. 

14.3.4 Conside ration shall be given to stocking spare parts 
for critical items no t readily available. 

14.4 Periodic Inspection, Testing, and Maintenance. Fire 
pumps shall be inspected, tested, and maintained in accordance 
\\~l h FPA 25, Standard for the Inspection, 'Jesting, and. Maintenance 
of Watn~Based Fire Pmll'clion Systems. 

14.5 Component Replacement. 

14.5.1 Positive Displacement Pumps. 

14.5.1.1 '">'henever a critical path component in a positive 
d isplacement fire pump is replaced , as defined in 14.5.2.5, a 
field test of the pump shall be performed . 

14.5.1.2 If components that do not affect performance are 
replaced, such as shafts, the n only a functional test shall be 
required to ensure proper insta lla tion and reassembly. 

14.5.1.3 If compone nts that affect performance are replaced, 
such as rotors, plungers, and so fo rth, then a retest shall be 
conducted by the pump manufacturer or designated repre-
sentative or quali fied persons acceptable to the authority hav-
ing j urisdiction. 

14.5.1.4 Field Retest Results. 

14.5.1.4.1 The fie ld retest results shall be compared to the 
o riginal pump performance as indicated by the original 
factory-certified test curve, whe never it is available. 

14.5.1.4.2 T he field retest results sha ll meet or exceed the 
perfo rmance characteristics as indicated on the pump name-
plate, a nd the results shall be \vi thin the accuracy limits o f field 
testing as stated elsewhere in this standard. 

14.5.2 Centrifugal Pumps. 

14.5.2.1 Whenever a critical path compone nt in a piece of 
centrifugal pump equipment is replaced, cha nged, or modi-
lied, a ~ield / on-s i te retest shall be performed. 

14.5.2.2 The replacement of compone nts in fire pumps, fire 
pump contro llers, and d t·ivers sha ll be performed by factory-
autho rized representatives or qualified persons acceptable to 
the authority having jurisdiction . 

14.5.2.3* 'vVhen an ECM on an electronic fuel management-
controlled engine is replaced, the replacement ECM shall in-
clude the same software programming that was in the original 
ECM. 

14.5.2.4 Replacement Parts. Table 14.5.2.4 shall be used for 
component replaceme nt testing requirements. 
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Table 14.5.2.4 Summary of Component Replacement Testing Requirements 

Component Adjust Repair Rebuild Replace Test Criteria 

A. Fire Pump Systems 

1. Entire pump assembly X Perform acceptance test in accordance with NFPA 20, 
14.5.2.7.2, 14.5.1.4 

2. Impelle r/ rotating assembly X X Perform acceptance test in accordance with NFPA 20, 
14.5.2.7.2, 14.5.1.4 

3. Casing X X Perform acceptance test in accordance with NFPA 20, 
14.5.2.7.2, 14.5.1.4 

4. Bearings X Perfo rm an nual test in accordance with NFPA 25, 8.3.3 
with alignme n t 

5. Sleeves X Perform annual test in accordance with NFPA 25, 8.3.3 
with alignme nt 

6. Wear rings X Pe1·form annual test in accorda nce with NFPA 25, 8.3.3 
with alignme nt 

7. Main shaft X X Perform annua l test in accordance with NFPA 25, 8.3.3 
with alignme nt 

8. Packing X X Perform weekly test in accordance with NFPA 25, 8.3.2 

B. Mechanical Transmission 

1. Gear right angle drives X X X Perform acceptance test in accordance with NFPA 20, 
14.5.2.7.2 

2. Drive coupling X X X X Perform annua l test in accordance with NFPA 20, 
14.2.5 

C. Electrical Syste m/ Controlle r 

1. En ti re con trolle r X X X Pe rform acceptance test wi th NFPA 20, 14.2.6 
2. Isolating switch X Perform acceptance test with NFPA 25, 8.3.2 and 

exercise six times 
3. Circuit breaker X Pe rform six mome ntary starts in accordance with 

NFPA 20, 14.2.6.9 
4. Circuit breaker X Pe rform a 1 hour full load current test 
5. Electrical connections X Pe rform weekly test in accordance with 

NFPA 25, 8.3.2 
6. Main contactor X Pe rfo rm weekly test in accordance with 

FPA 25, 8.3.2 
7. Main contactor X Pe rform acceptance test in accordance with NFPA 20, 

14.2.6 
8. Power monitor X Perform weekly test in accordance with NFPA 25, 8.3.2 
9 . Start re lay X Pe rform weekly test in accordance with NFPA 25, 8.3.2 
10. Pressure switch X X Pe rfo rm acceptance test in accordance with 

NFPA 20, 14.2.6.9 
11. Pressure transducer X X Perform acceptance test in accordance with 

NFPA 20, 14.2.6.9 
12. Manual start or stop switch X Perform six operations under load with NFPA 25, 8.3.2 
13. Transfer switch- load X X X Perform acceptance test and transfer from normal 

carrying parts power to emergency power and back one time with 
NFPA 20, 14.5.2 

14. Transfe r switch- no load X X X Perform six no load operations o f u·ansfer of power 
parts with NFPA 20, 14.5.2.5 

D. Electric Motor Driver 

1. Electric motor X X X Perform acceptance test in accordance wi th NFPA 20, 
14.5.2.7.2, 14.5.2.6 

2. Motor bearings X Perform annual test in accordance with NFPA 25, 8.3.3 
with alignme nt 

3. Incoming power X Perform acceptance test NFPA 20, 14.5.2 
conductors/ disconnects 

2010 Edition 



ACCEPTANCE TESTING, PERFORJ\1.ANCE, AND MAINT ENANCE 20-55 

Table 14.5.2.4 Continued 

Component Adjust Repair Rebuild Replace Test Criteria 

E. Diesel Engine Driver 

l. Entire e ngine 

2. Fuel transfer pump 
3. Fuel injecto r pump o r ECM 
4. Fuel syste m filte r 
5. Combustion air intake 

system 
6. Fuel tank 
7. Cooling system 
8. Batteries 
9. Battery charge r 
10. Electrical system 
11. Lubrication filter I oil se1vice 

F. Steam Turbines 

1. Steam turbine 
2. Steam regulator or source 

upgrade 

G. Positive Displaceme nt Pumps 

1. Entire pump 

2. Ro tors 
3. Plungers 
4. Shaft 
5. Driver 
6. Bearings 
7. Seals 

X 
X 

H. Pump House/ Room and Mise Components 

1. Base plate 

2.Foundation 

3. Suction/ discharge pipe 
4. Suction/ discharge fittings 
5. Suction/ discharge valves 

X 

X 

X 

X 

X 
X 
X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

14.5.2.4.1 Replacement parts shall be provided that Mil main-
tain the listing for the fire pump component whenever possible. 

14.5.2.4.2 If it is not possible to main tain the listing of a com-
ponent o r if the component was no t o riginally listed fo r fire 
pro tection use, the replacement parts shall meet or exceed 
the quali ty of the par ts being replaced. 

14.5.2.5 Critical path components include the fo llowing fea-
tures of the pump equipme nt: 

(1) Fire pumps 

(a) Impeller, casing 
(b) Gear drives 

(2) Fire pump controllers (electric or diesel): total replacement 
(3) Electric moto r, steam turbines, or d iesel engine drivers 

(a) Electric motor replacement 
(b) Steam turbine re placement o r rebuild 

X 

X 
X 
X 

X 

X 
X 
X 
X 

X 

X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

Perform annual test in accordance with NFPA 25, 8.3.3, 
NFPA 20, 14.5.2.4.1 

Perform weekly test in accordance with FPA 25, 8.3.2 
Perform a nnual test in accordance with FPA 25, 8.3.3 
Perform weekly test in accordance with NFPA 25, 8.3.2 
Perform weekly test in accordance with NFPA 25, 8.3.2 

Perform weekly test in accordance with NFPA 25, 8.3.2 
Perform weekly test in accordance with NFPA 25, 8.3.2 
Perform weekly test in accordance with FPA 25, 8.3.2 
Perfom1 a start/ stop sequence with NFPA 25, 8.3.2 
Pe1f01m weekly test in accordance with NFPA 25, 8.3.2 
Perform weekly test in accordance 1\~th NFPA 25, 8.3.2 

Perform annual test in accordance ' '~ th NFPA 25, 8.3.3 
Perform annual test in accordance 1~th NFPA 20, 

14.5.2.7.2 

Perform annual test in accordance 1~th NFPA 20, 
14.5.2.7.2 

Perform annual test in accordance 1~th NFPA 25, 8.3.3 
Pe1f orm annual test in accordance v.~th NFPA 25, 8.3.3 
Perform annual test in accorda nce 1~th FPA 25, 8.3.3 
Perform annual test in accordance 1 ~ th FPA 25, 8.3.3 
Perform weekly test in accordance 1\ ~ th NFPA 25, 8.3.2 
Perform weekly test in accordance " ~th NFPA 25, 8.3.2 

Perform weekly test in accordance Mth FPA 25, 8.3.2 
~ ~ th alignment check 

Perform weekly test in accordance 1~th FPA 25, 8.3.2 
1~th alignment check 

Hydrostatic test in accordance 1~th NFPA 13, 24.2.1 
Hydrostatic test in accordance with NFPA 13, 24.2.1 
Hydrostatic test in accordance 1~th FPA 13, 24.2.1 

(c) Steam regulato r or source upgrade 
(d ) Engine replaceme nt or e ngine rebuild 

14.5.2.6 Whenever replaceme nt, change, or modification to 
a critical path component is perfo rmed on a fi re pump, d river, 
or controller, as described in 14.5.2.5, a retest shall be con-
ducted as indicated in Table 14.5.2.4 by the pump manufac-
turer, factory-autho rized representative, or qualified persons 
acceptable to the authority having jurisdiction. 

14.5.2.7 Field Retests. 

14.5.2.7.1 The field re test resul ts sha ll be compa red to the 
original pump performance as indicated by the original 
factory-certified test curve, whe never it is available. 

14.5.2.7.2 The fi eld re test results sha ll meet or exceed the 
pe rfo rmance characteristics as indicated on the pump name-
plate, a nd they shall be within the accuracy limits of field test-
ing as stated elsewhe re in this standard. 
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Annex A Explanatory Material 

Annex A is not a part of the requirements of this NFPA document 

but is incltuled for informational purposes only. This annex contains 

explanatory material, numbered to conespond with the aj:rplicable text 

paragmj;hs. 

A.l.l For more information, see NFPA 25, Standard for the 

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

Systems, and NFPA 70, National Electrical Codr, Article 695. 

A.3.2.1 Approved. The National Fire Protection Association 
does no t approve, inspect, or certifY any installa tions, p roce-
dures, equipme nt, or materials; nor does it approve or eva lu-
ate testing laboratories. In determining the acceptability of 
installations, proced ures, equipme nt, or materials, the author-
ity having j urisdiction may base acceptance o n compliance 
with NFPA or other a ppropriate standards. In the absence of 
such standards, said authority may require evide nce of proper 
installation, procedure, o r use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an 
organization that is concerned wi th product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the cmTen t production of listed items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase "au-
thority having jurisdiction," o r its acronym AHJ, is used in 
NFPA documents in a b road manner, since j urisdictions and 
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the au thority having jurisdiction may be a 
federal, state, local, or othe r regional department or indi-
vidual such as a fi re chief; fi re marshal; chief of a fire preven-
tion bureau, labo r d epartment, or health d epartme nt; bui ld-
ing official; electrical inspector; o r o thers having statu tory 
au thority. For insurance purposes, an insura nce inspection de-
partment, rating bureau, or other insurance company re pre-
sen tative may be the authority having jurisdiction . In many 
circumstances, the property owner or his o r he r d esignated 
agent assumes the role of the authority having jurisdiction; at 
government installa tions, the commanding o fficer o r depart-
mental official may be the authority having j urisdiction. 

A.3.2.3 Listed. T he means for identifYing listed equipment 
may vary for each organization concerned with product evalu-
ation; some o rganizations d o not recognize equipment as 
listed unless it is also labeled. The autho rity having j urisdic-
tion should u tilize the system employed by the listing organi-
zation to identifY a listed product. 

A.3.3.23 Head. The u nit for measuring head is the foot 
(meter). The relation between pressure expressed in pounds 
per square inch (ba1·) and pressure expressed in feet (mete rs) 
of head is expressed by the fo llowing form ulas: 

Head in feet= Pressure in psi 
0.433 specific gravity 

Pressure in bar 
Head in meters= _c__c_:_:_:.___~:.._-

0.098 specific gravity 

In terms of foot-pounds (mete r-kilograms) of energy per 
pound (ki logram) of water, all head quan ti ties have the d i-
me nsions of feet (meters) of water. All pressure read ings are 
converted into fee t (me te rs) of the water being pumped . (Sre 
Figure A.3.3.23.) 

A.3.3.23.3.1 Total Head (H) , Horizontal Pwnps. See Fig-
ure A.3.3.23.3. 1. (Figure A.3.3.23.3. 1 does not show the vari-
ous types of pumps applicable.) 
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Datum 

Notes: 

Pump shaft centerline 
and datum elevation 

I 

Horizontal double-suction pump 

Pump centerline 

<t First-stage 

Vertical double-suction pump 

(1) For all types of horizontal shaft pumps (single-stage double-
suction pump shown). Datum is same fo r multistage, single· (end) 
suction ANSI-type or any pump with a horizontal shaft. 

(2) For all types of vertical shaft pumps (single-stage vertical 
double-suction pump shown). Datum is same for single- (end) 
suction, in-line, or any pump with a vertical shaft. 

FIGURE A.3.3.23 Datum Elevation of Two Stationary Pump 
Designs. 

hv (discharge) 
(velocity 
head) 

H 
(total head) ---'-- L- --------I--.!.W!!:a~te::!r,-!:le"-!v~e:!... l 

equivalent to 

hv (suction) (velocity head) 

hs 
(total 

suction 

~ 

1_) ..,..,_ =-r<---t 

Water level 
equivalent to 
suction gauge 

reading 

discharge 
gauge reading 

hd 
(total 

discharge 
head) 

Discharge j 
gauge 

~ ___ Dat!!m. 

Note: Installation with suction head above atmospheric pressure shown. 

FIGURE A.3.3.23.3.1 Total Head of All Types of Stationary 
(Not Vertical Turbine-Type) Fire Pwnps. 
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A.3.3.23.3.2 Total Head (H), Vertical Turbine Pumps. See Fig-
ure A.3.3.23.3.2. 

A.3.3.23.6 Velocity Head (h.,). Velocity head (h.,) is expressed 
by the following formula: 

h,. 
v '!. 

2g 

where: 
v = velocit)' in the pipe [fl/sec (m/ sec)] 
g = accele ra tion due to gravity: 32.17 ft/ sec

2 
(9.807 

m/ sec2
) at sea level and 45 degrees latitude 

A.3.3.41 Service. For more information, see NFPA 70, NationaL 
Elect1ical Code, Article I 00. 

A.3.3.42 Service Equipment. For more information , see 
NFPA 70, National J<.'lectrical Code, Article 100. 

A.3.3.45 Signal. A response to signals is expected 11 ~t hin 2 hours. 

A.4.2 Because of the unique nature of fire pump uni ts, the 
approval should be obtained prior to the assembly of any spe-
cific compone nt. 

A.4.3.2(2) ationally recognized fire protection certification 
programs include, but are not limited to, those programs of-
fe red by the International Municipa l Signal Association 
( lMSA) and the National Institute for Certification in Engi-
neering Technologies ( ICET). Note: These o rganizations 
a nd the products or services offered by them have not been 
independently verified by the FPA, nor have the products or 
ser\lices been e ndorsed or certified by the NFPA or a ny of its 
technical committees. 

A.4.3.3(2) Sec A.4.3.2(2). 

A.4.3.4 Service personnel should be able to do the following: 

( l ) Understand the require ments contained in this standar·d 
and in NFPA 25, Standard for the Inspection, 'Jesting, and Main-
tenance of Water-Based Fire Pmlection Systems, and the fi re pump 
requirements contained in NFPA 70, National EIPcllical Code 

(2) Understand basic job site safety laws and requirements 
(3) Apply tro trbleshooting techniques and d etermine the 

cause of fire protection system tro uble conditio ns 

H 
(total head) 

hv(discharge) (velocity head) 

i Water level 

hd (total discharge head) 
equivalent to 

suction gauge 
reading 

Discharge 
gauge 

Datum 

-- Ground level 

h (vertical distance, datum to 
pumping water level) 

Static water level 

Drawdown 

Pumping water level 

FIGURE A.3.3.23.3.2 Total Head of Vertical Turbine-'I)'pe 
Fire Pumps. 

(4) Understand equipme n t-specific requirements, such as 
programming, applicatio n, and compalibility 

(5) Read and inte rpret fire protection system design docu-
mentation and manufacture rs' inspection, testing, and 
maintenance guidelines 

(6) Properly use tools and equipment requ ired fo r testing 
and maintenance of fire protection systems and the ir 
components 

(7) Properly apply the test methods required by this standard 
a nd FPA 25, Standm·d for the lnsjJection, Testing, and Main-
tenance of Watne Based Fire Proterlion Systnns 

A.4.3.4.1(2) See A.4.3.2(2 ) . 

A.4.4.1 A single e ntity should be designated as having unit 
responsibili ty for the pump, driver, contro lle r, transfer switc h 
equipment, and accessories. Unit resfJonsibility means the ac-
countability to answer a nd resolve any and all problems re-
garding the proper installatio n, compatibili ty, performance, 
and acceptance of the equipme nt. Unit responsibi lity should 
not be construed to mean purchase of all components from a 
single supplier. 

A.4.6.1 For water supply capacity a nd pressure require ments, 
see the following docume nts: 

( 1) FPA 13, Standard for the Installation of Sprinkler Systems 
(2) NFPA 14, Stand(ll·d for the Installation of Standj1ipe and Hose 

Systems 
(3) NFPA 15, Standard for Water Spray Fixed Systems for Firf Pro-

tection 
( 4) FPA 16, Standard fo rthP Installation of Foam-V\(tler Sjninkler 

and Foam-Wain SjJray Systems 
(5) NFPA 24, Strmdrmi fm· lltf' Installation of Private Fi1-e Semice 

/Hains and 77teiTAf1purtenanres 

A.4.6.2 Where the suction supply is from a factory-use water 
system, pump operation at 150 percent of rated capacity should 
not create hazardous process upsets due to low water pressure. 

A.4.6.4 Water sources containing salt o r other mate rials del-
e terious to the fire protection S)'Stems should be avoided . 

Where the autho rity havingjurisdiction approves the stan 
of an e ngine-driven fi1·e pum p on loss of ac power supply, the 
liquid supply should he sufficient to meet the additional cool-
ing water de mand. 

A.4. 7.1 This sub ection does not preclude the use of pumps 
in public and private wate r supplies that provide water fo r 
domestic, process, and fi re pro tection purposes. Such pumps 
are no t fire pumps and are not expected to meet all the r·e-
quirements of th is standa rd. uch pumps are pe rmitted for 
fire pro tection if they are considered reliable by the analysis 
mandated in Section 4.6. Evaluating the rel iabili ty should in-
clude a t least the levels of supe r\lision and rapid response to 

problems as a re typical in municipal water syste ms. 

If a private development (campus) needs a fire protection 
pump, this is typically accomplished b)' installing a dedicated 
tire pump (in accordance with th is standard) in parallel with a 
domestic pump o r as part of a dedicated fire branch/ loop off 
a water supply. 

A.4.7.3 It is not the in tent of this subsection to require re-
placeme nt of dual driver insta llations made prior to the adop-
tion of the 1974 edition of this stand ard. 

A.4.7.6 For centrifugal and turbine pumps, the maximum 
brake horsepower required to drive the pump typically occurs at 
a flow beyond 150 percent of the rated capacity. For positive dis-
placement pumps, the maximum brake horsepower required to 
drive the pump typically occurs when the relief valve is flm~ng 
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100 percent of the rated pump capacity. Pumps connected to 
variable speed drivers may operate at lowe r speeds, but the driver 
needs to be selected based upon the power required to drive the 
pump at rated speed and maximum pump load under any flow 
condition. 

A.4.7.7 It is poor design practice to overdesign the fire pump 
and driver and the n count on the pressure relief valve to open 
and relieve the excess pressure. A pressure relief valve is not an 
acceptable method of reducing system pressure under normal 
operating conditions. 

A.4. 7. 7.2 It is not the intent of this subsection to restrict the use 
of pressure reducing valves downstream of the discharge isola-
tion valve for the purpose of meeting the requirements of 4. 7.7. 

A.4.7.7.3.2 This requirement is intended to take into consid-
eration the set pressure tolerance performance of the variable 
speed pressure limiting contro l as stated by the manufacturer. 

A.4.8 The performance of the pump when applied at capacities 
over 140 percent of rated capacity can be adversely affected by 
the suction conditions. Application of the pump at capacities less 
than 90 percent of the rated capacity is not recommended . 

The selection and application of the fire pump should not be 
confused with pump operating conditions. With proper suction 
conditions, the pump can operate at any point on its characteris-
tic cutve from shutoff to 150 percent of its rated capacity. 

A.4.8.2 In countries that use the metric system, there do not 
appear to be standardized flow ratings for pump capacities; 
therefore, the metric conversions listed in Table 4.8.2 are soft 
conversions. 

A.4.10.2 For protection against damage from overpressure, 
where desired, a gauge protector should be installed. 

A.4.12 Special consideration needs to be given to fire pump 
installations installed belowgrade. Light, heat, drainage, and ven-
tila tion are several of the variables that need to be addressed. 
Some locations or installations might not require a pump house. 
Where a pump room or pump house is required, it should be of 
ample size and located to pennit short and properly arranged 
piping. The suction piping should receive fi rst consideration. 
The pump house should preferably be a detached building of 
noncombustible construction. A one-story pump room with a 
combustible roof, either detached or well cut off from an adjoin-
ing one-story building, is acceptable if sptinklered. Where a de-
tached building is not feasible, the pump room should be located 
and constructed so as to protect the pump unit and controls 
from fall ing floors or machinery and from fire that could drive 
away the pump operator or damage the pump unit or controls. 
Access to the pump room should be provided from outside the 
building. Where the use of brick or reinforced concrete is not 
feasible, metal lath and plaster is recommended for the construc-
tion of the pump room. The pump room or pump house should 
not be used for storage purposes. Vet·tical shaft turbine-type 
pumps might necessitate a removable panel in the pump house 
roof to permit the pump to be removed for inspection o r repair. 
Prope r clearances to equipment should be provided as recom-
me nded by the manufacturer's drawings. 

A.4.12.1 A fire pump that is inoperative for any reason at any 
time constitutes an impairment to the fire pro tection system. 
It should be returned to service without delay. 

Rain and intense heat from the sun are adverse conditions 
to equipment not installed in a completely protective e nclo-
sure. At a minimum, equipment installed outdoo rs should be 
shielded by a roof or deck. 

A.4.12.1.1 Most fi re de partme nts have procedures re quiring 
operation of a fire pump unit during an incident. Building 
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designers should locate the fire pump room to be easily acces-
sible during an incident. 

A.4.12.1.1.4 Equipment that increases the fire hazard (such 
as boilers) and is not re lated to fire protection systems should 
not be in a fire pump room. 

A.4.12.7 Pump rooms a nd pump houses should be dry and 
free of conde nsate. To accomplish a dry environment, heat 
might be necessary. 

A.4.13.1 The exterior of aboveground steel piping should be 
kept painted. 

A.4.13.2 Flanges welded to pipe are pre ferred. 

A.4.13.6 When welding is performed on the pump suction or 
discharge piping with the pump in place, the welding g round 
should be on the same side of the pump as the welding. 

A.4.14.1 The exterior of steel suction piping should be kept 
painted . 

Buried iron or steel pipe should be lined and coated or 
protected against corrosion in conformance with AWWAC104, 
Cement-Mortar Lining for Cast-/ron and Ductile-/ron Pipe and Fit-
tings for Water, or equivalent standards. 

A.4.14.3.1 It is permitted that the suction pressure d rop to 
- 3 psi for a horizontal pump that is taking suction from a grade 
level storage tank where the pump room elevation and bottom of 
the water storage tank are at the same elevation. This negative 
suction pressure is to allow for the friction loss in the suction 
piping when the pump is operating at 150 percent capacity. 

A.4.14.4 The following notes apply to Figure A.4. 14.4: 

(1) A jockey pump is usually required with automatically con-
trolled pumps. 

From 
supply 

From 
supply 

0 Firepump 

QJ Jockey pump 

..t 
OS& Y gate valve 
or indicating butterfly 
valve 

---1"'--J-- Check valve 

-c= Hose header 

~ OS& Y gate valve 

FIGURE A.4.14.4 Schematic Diagram of Suggested Arrange-
ments for a Fire Pump with a Bypass, Taking Suction from 
Public Mains. 
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(2) If testing facil ities are to be provided, also see 
Figure A.4.20. L2(a) and Figure A.4.20. 1.2(b). 

(3) Pressure-sensing lines also need to be installed in accor-
dance with 10.5.2.1 o r 12.7.2.1. See Figure A.4.30(a) and 
Figure A.4.30(b). 

A.4.14.5 Where the suction supply is from public water mains, 
the gate valve should be located as far as is practical from the 
suction flange on the pump. Where it comes from a stored water 
container, the gate valve should be located at the outlet of the 
container. A buttelily valve on the suction side of the pump can 
create turbulence that adversely affects the pump pe1fom1ance 
and can increase the possibility of blockage of the p ipe. 

A.4. 14.6 See Figure A.4. 14.6. (See Hydraulir Institute Stan-

dards for CentTifugal, Rotary and RerifHocating Pumps for addi-

tional information.) 

A.4. 14.8 l n the selection of screen material, consideratio n 
should be given to prevention of fouling from aquatic growth. 
Antifouling is best accomplished with brass or copper wire. 

A.4. 14.9 The tem1 device as used in this subsection is intended to 
include, but not be limited to, devices tl1at sense suction pressure 

Right Wrong 

-

Right Wrong 

/ 
Suction pipe 

\ 
PLAN VIEW PLAN VIEW 

t 

t 

ELEVATION VIEW ELEVATION VIEW 

FIGURE A.4. 14.6 Right and Wrong Pump Suctions. 

and then restrict or stop the fi re pump discharge. Due to the 
pressure losses and the potential for interruption of the flow to 
the fire protection systems, the use of backflow prevention de-
vices is discouraged in fire pump piping. Where required, how-
ever, me placement of such a device on the discharge side of the 
pump is to ensure acceptable flow characteristics to Lhe pump 
suction. It is more efficient to lose the pressure after tl1e pump 
has boosted it, rather than before the pump boosts it. Where the 
backflow preventer is on the discharge side of the pump and a 
j ockey pump is installed, the jockey pump discharge and sensing 
lines need to be located so that a cross-connection is not created 
through the jockey pump. 

A.4.14.10 For more inf01·mation, see the Hydraulic Institute 

Standards for Centrifugal, Rotmy and Reripmcating Pumps. 

A.4.1 5.3 Flanges welded to the pipe are preferred. 

A.4.15.5 The discharge pipe size should be such that, wim t11e 
pump(s) operating at 150 percent of r<~t e d capacity, the velocity 
in the discharge pipe does not exceed 20ft/sec (6. 1 m/ sec) . 

A.4.15.6 Large fire protection systems sometimes expe rience 
severe \vater hammer caused by backflow when the au tomatic 
comrol shuts down the fire pump. Where conditions can be 
expected to cause objectionable wdter hammer, a listed anti-
water-hammer check valve should be installed in the discharge 
line of the fire pump. Automatically controlled pumps in tall 
buildings could give trouble from water hammer as the pump 
is shutting down. 

Where a backflow preventer is substituted for the discharge 
check valve, an additional backflow preventer might be necessary 
in the bypass piping to prevent backflow tl1rough the bypass. 

Where a bacldlow preven ter is substituted for the d ischarge 
check valve, the con nection for the sensing line is permitted to 

be between the last check valve and the last control valve ifthe 
pre sure-sensing line connection can be made without alter-
ing the back.flow valve or violating its listing. This method can 
sometimes be done by add ing a connection through the test 
port on the backflow valve. In this situation, the discharge con-
trol valve is not necessary, because the last control valve on the 
backtlow preventer se•ves this function. 

Where a backflow preventer is substituted for the d ischarge 
check valve and the connection of the sensing line cannot be 
made with in the backflow preventer, the sensing line should 
be connected between the backflow preventer and the pump's 
discharge control valve. In this situation, the backflow preven-
ter cannot substitute for the discharge contro l valve because 
the sensing line must be able to be isolated. 

A.4.15.9.3 The fric tion loss through a low suction thro ttling 
valve must be taken into account in the design of the fire pro-
tection system. 

A.4.15. 10 See 4.7.7.2. 

A.4. 16 Isolation va lves and control valves are conside red to 

be idemical when used in conjunction with a backflow preven-
tion assembly. 

A.4. 17 Pipe breakage caused by move ment can be g•·eatly 
lessened and, in many cases, prevented by increasing flexibil-
ity between major parts of the piping. One pan of the piping 
should never be held rigidly a nd another free to move without 
provisions for relieving the strain. Flexibili ty can be provided 
by the use of flexible couplings at critical points and by allow-
ing clearances at walls and floors. Fire pump suction and d is-
charge pipes should be treated the same as sprinkler risers for 
whatever portion is within a building. (See NFPA 13, Standard for 
thf Installation of Sprinkler Systems.) 
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Holes through pump room fire walls should be packed with 
mineral wool or other suitable material held in place by pipe 
collars on each side of the wall. Pipes passing through foundation 
walls or pit walls into ground should have clearance from these 
walls, but holes should be watertight. Space around pipes passing 
through pump room walls or pump house floors can be fi lled 
wid1 asphalt mastic. 

A.4. 18.1 The pressure is required to be evaluated at 
121 percent of the net rated shutoff pressure because the pres-
sure is proportional to the square of d1e speed that the pump is 
turned. A diesel engine governor is required to be capable of 
limiti ng the maximum engine speed to ll O percent, creating a 
pressure of 121 percent. Since the only time that a pressure relief 

valve is required by the standard to be installed is when the diesel 
engine is turning faster than nmmal, and since th is is a relatively 
rare event, it is permitted for the discharge from the pressure 
relief valve to be piped back to d1e suction side of the pump. 

A.4.18.1.2 In situations where the required system pressure is 
close to the pressure rating of the system components and the 
water supply pressure varies signit1cantly over time, to elimi-
nate system overpressu rization, it might be necessary to use 
one of the following: 

(I) A tank between the water supply and the pump suction , in 
lieu of d irectly connecting to the water supply piping 

(2) A variable speed pressure limiting control device 

A.4.18.2.1 See Figure A. 4.18.2 .1. 

SAMPLE PRESSURE RELIEF VALVE CALCULATION 
DISCHARGE TO ATMOSPHERE 

Pressure rating of the system components 175 

Maximum pump overspeed 105% 

Pump size 1500 

Rated pump pressure 100 

Maximum 
Pressure Static Normal 

or Pump Static or 

Overspeed Rated Speed 

Pump net pressure 112.5 102 

Pump net churn pressure 132.3 120 

Pump net pressure@ 150% of rated flow 71.7 65 

Static pressure at pump suction 60 57 

Available flow at pump suction 1320 1320 

Residual pressure at pump suction 50 47 

Maximum pump discharge pressure at churn 192.3 177.0 

Pump flow rate at which the maximum discharge pressure 1068.0 340.0 

does not exceed the pressure rating o f the system components 

Estimated flow rate through the pressure relief valve 1795.5 1725.3 

Pump discharge pressure at estimated flow 114.2 105.7 

Pressure relief valve size 4 

Pressure relief valve pipe size 4.026 

Nozzle (pipe) discharge coefficient 0.9 

C factor 120 

Pressure relief valve Cv 240 

Equiv. Total Equiv. 

Type Fitting Number Length Length 

Pressure Relief 
1 4 4 

Valve Fittings 45° 

Ell s 2 10 20 

LRE 0 6 0 

Pressure relief valve pipe length 30 

Total equivalent length 54 

Calc ulated Results Maximum Normal 

Friction loss per foot in pipe at estimated flow 0.7641 0.7098 

Total loss in pressure relief valve piping 41.3 38.3 

Friction loss in pressure relief valve at estimated flow 56.0 51.7 

Pressure at pressure relief valve discharge 17.0 15.7 

Elevation difference 0 0 

Calculated discharge flow out of wide open pressure 1795 1726 

relief valve 

FIGUREA.4.18.2.1 Sample Pressure Relief Valve Calculation. 
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A.4.18.5 The relief valve cone should be piped to a point where 
water can be freely discharged, preferably outside the building. lf 
the relief valve discharge pipe is connected to an underground 
drain, care should be taken that no steam drains ente r near 
enough to work back through the cone and into the pump room. 

A.4.18.7 Where the relief valve discharges back to the source 
of supply, the back pressure capabilities and limitations of the 
valve to be used should be determined. It might be necessary 
to increase the size of the relief valve and piping above the 
minimum to obtain adequate relief capacity due to back pres-
sure restriction. 

A.4.18.8 Wh~n discharge enters the reservoir below mini-
mum water level, there is not likely to be an air proble m. If it 
enters over the top of the reservoir, the air problem is reduced 
by extending the discharge to below the normal water level. 

A.4.20.l.l The two objectives of runn ing a pump test are to 
m ake sure that th e pump itself is still functioning properly 
a nd to make sure th at the water supply can still deliver the 
cor rect amount of water to the pump at the correct pres-
sure. Some arrangeme nts of test equipment do no t permit 
the water supply to be tested. Every fire pump installation 
n eeds to have at least one arrangement of test eq uipment 
where th e watet- supply can be tested. Inspectio n, testing, 
and maintenance standards (NFPA 25, StandaTd for the In-

spection, Testing, and Maintenance of \Vater-Based Fin! Protection 

Systems) require the pump test to be run at least once every 
3 years using a method that tests the water supply's ability to 
provide wa ter to the pump . 

A.4.20.1.2 Oudets can be provided through d1e use of standard 
test headers, yard hydrants, w·all hydrants, or standpipe hose 
valves. 

The following notes apply to Figure A.4.20.1.2(a) and Fig-
ure A.4.20.1.2(b): 

( 1) The d istance from the flowmeter to e ither isolation valve 
should be as recommended by the meter manufacturer. 

(2) T here should be a distance of not less than 5 diameters of 
suction pipe for top or bottom suction connection to the 
fire pump suction flange. There should be a distance of not 
less than 10 d iameters of suction pipe for side connection 
(not recommended) to the fire pump suction flange. 

(3) Automatic air release should be provided if piping forms 
an inverted "U," trapping a ir. 

( 4) T he fire protection sys tem should have o utlets avai l-
able to test the fire pump a nd suction supply piping. 
(Sr'e A . 4.20.3 .1.) 

(5) T he closed loop meter arrangement will test only net 
pump performance. It does no t test the condition of the 
suction supply, valves, piping, and so forth. 

(6) Return piping should be arranged so that no air can be 
trapped that would eventually e nd up in the eye of the 
pump impeller. 

(7) Turbulence in the wate r entering the pump should be 
avoided to eliminate cavitation , which would reduce 
pump discharge and damage the pump impeller. For 
this reason, side connection is not recomme nded. 

(8) Prolonged recirculation can cause damaging heat 
buildup, unless some water is wasted. 

(9) T he nowmeter should be installed according to manu-
facture r's instructions. 

( 1 0) Pressu re sensing lines a lso need to be installed in ac-
cordance with 10.5.2.1. [See Figure A.4.30(a) and 

Figure A.4.30(b).} 

See 
Note 5 

To drain or 

pump water 

source 

-@- Flowmeter 

-I£] Fire pump 

-0- Jockey pump 

---i"-..1-- Check valve t Hose header 

Hose header 
(if needed for 

hose streams) 

OS&Y gate 
-,l:,.- valve or indicating 

butterfly valve 

-*- OS&Y 
gate valve 

FIGURE A.4.20.1.2(a) Preferred Arrangement for Measuring 
Fire Pump Water Flow with Meter for Multiple Pumps and Water 
Supplies. Water is pennitted to discharge to a drain or to the fire 
pump water source. (See the text for infonnation on the 1wtes.) 

See 

See Note 3 

Note 4 
- - ll>'<ll---....-- '-----1 

~ See Note 1 Meter throttle 
valve 

From~ 
supply 

·I 

See Note 1 
Fire department 

connection 
(seeNFPA 13 
andNFPA 14) 

~-~ ~- - ~~h-~-+To 

system 

Bypass (if of value) 

-@- Flowmeter -0- Jockey 
pump 

-1£}- Fire 
pump 

---i"-..1-- Check 
valve 

' 

-c' Hose 

header 

hos&v 
gate valve 

i OS&Y gate 
-..<~-- valve or 

indicating 

butlerfly valve 

Fire department 

connection 

FIGURE A.4.20.1.2(b) Typical Arrangement for Measuring 
Fire Pump Water Flow with Meter. Discharge from the flowme-
ter is recirculated to the fire pump suction line. (See the text for 

information on the notes.) 
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A.4.20.2.1.1 Metering devices should discharge to drain. 

In the case of a limited water supply, th e d ischarge 
should be back to the water source (e.g., suction tank, small 
pond). If th is discharge enters the source below minimum 
water level , it is not like ly to create an a ir problem for the 
pump suction. If it enters over the top of the source, the a ir 
problem is reduced by extending the discharge to be low the 
normal water level. 

A.4.20.3.1 The hose valves should be attached to a header or 
manifold and connected by suitable piping to the pump dis-
charge piping. The connection point should be between the 
discharge check valve a nd the discharge gate valve. Hose 
valves should be located t.o avoid any possible water damage to 

the pump driver or controller, and they should be outside the 
pump room or pump house. If there are other adequate 
pump testing facilities, the hose valve header can be omitted 

when its main function is to provide a me thod of pump and 

suction supply testing. Where the hose header also serves as 

the equivalent of a yard hydrant, this omission should not 1·e-

duce the number of hose valves to less than two. 

A.4.20.3.1.3(1) Outlets are typically provided th rough a stan-

dard test header. The test header is usually connected to the 

pump system between the discharge check valve and the dis-

charge control valve for the pump so that the fire protection 

system can be isolated from the pump during testing if de-
sired. However, the objective of testing the pump can be 

achieved wi th other arrangements as well. 

A.4.20.3.4(2) See Figure A.4.20.3.4(2). 

A.4.23 Pumps are designated as having right-hand, or clock-

wise (CW), rotation or left-hand, or counterclockwise (CCW), 

SAMPLE PUMP TEST HEADER SIZE CALCULATION 

Pump size 1500 

Number of test hose streams 6 

Size of hose 2 'h 

Feet of hose per test hose 50 

Nozzle size 1.75 

Nozzle coefficient 0.97 

Pump test header pipe size 8.071 

C factor 120 

Total 

Type Equiv. Equiv. 

Fitting Number Length Length 

45° 1 9 9 

Pump Test Header 
E 1 18 18 

Pipe Fittings LRE 0 13 0 

T 1 35 35 

BV 0 12 0 

GV 1 4 4 

sw 1 45 45 

Pump test header pipe length 30 

Total equivalent length 141 

Maximum test flow 2250 

Friction loss per It in pipe 0.0392 

Total loss in pump test header pipe 5.5 

Flow in each hose 375 

Friction loss in 1 oo It of hose 28.125 

Total friction loss in hose 14.1 

Equivalent pipe length 2'h in. valve 7 

Friction loss in 2'12 in. pipe 0.4561 

Friction loss through 2Y2 in. valve 3.2 

Required pilot pressure 18 

Elevation difference 0 

Requ1red pump discharge 40.8 

FIGURE A.4.20.3.4(2) Sample Pump Test Header Calculation. 
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rotation. Diesel engines are commonly stocked and supplie d 
with clockwise rotation. 

Pump shaft ro tation can be determined as follows: 

( 1) Horizontal Pump Shaft Rotation. The rotation of a horizon-
tal pump can be dete rmined by standing at th e d river end 
and facing the pump. [See Figure A.4.23(a).} If the top of 
the shaft revolves from the left to the righ t, the rota tion is 
right-handed , or clockwise (CW) . If the top of the shaft 
revolves from righ t to left, th e ro ta tion is left-handed, o1· 
coun terclockwise (CCW). 

(2) Vertical Pump Shaft Rotation. The rotation of a ve rtical 
pump can be d etermin ed by looking down a t the top of 
the pump. If the point of the shaft directly opposite re-
volves from le ft to right, the rotation is right-handed, or 
clockwise (CW). [See Figw'l! A.4.23(b).} If the point of the 
shaft di rectly opposite revolves from right to left, the rota-
tion is left-handed, o r counte rclockwise (CCW). 

A.4.24 In addi tion to those conditions that require signals fo r 
pump controllers and e ngines, there are othe r conditions for 
which such signals might be recommended , depending upon 
local conditions. Some of these condi tions are as follows: 

(1) Low pum p roomtemperauH·e 
(2) Relief valve d ischarge 
(3) Flowmeter left on, bypassing the pump 
( 4) Water level in suction supply below normal 
(5) Water level in suction supply near depletion 
(6) Steam pressure below normal 

Such additional signals can be incorporated in to the 
trouble signals already provided on the controller, or they can 
be independen t. 

A.4.25 Pressure maintenance (jockey o r make-up) pumps 
should be used where it is desirable to main tain a uniform or 
relatively high pressure on the fi re protection system. 

A domestic water pump in a dual-purpose water supply sys-
te m can function as a means of main taining pressure. 

A.4.25.l.l T he sizing of the pressure mainte nance pump 
requires a thorough analysis of the type and size o f system 
th e pressure main te nance pump will se rve. Pressure main-

Suction 

~ 

Some 

cost 

Counterclockwise rotation 
when viewed from 

driver end 

Clockwise rotation 
when viewed from 

driver end 
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/ 

Diesel 

engines 
available in 

this rotation 

FIGURE A.4.23(a) Horizontal Pump Shaft Rotation. 

Clockwise rotation 
~ 

Su ction- ~ , . . -Discharge 
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Section A-A 
TOP VIEW 

SIDE VIEW 

FIGURE A.4.23(b) Vertical Pump Shaft Rotation. 

te nance pumps o n lire protection syste ms that serve large 
unde rg round ma ins need to be larger than pressure main-
te nance pumps that se rve small aboveground lire protec-
tion systems. Unde rground mains are permiued by 

FPA 24, Standard for the Installation of Private Fire Service 

J'vlains and Their Apfmrtenances, to have some leakage (see 
10. 10. 2.2. 4 of NFPA 24 for allowable leakage rates) while above-
ground piping systems are required to be tight whe n new 
and should no t have s ignificant lea kage. 

For situations where the pressure maintenance pump serves 
only aboveground piping fo ,· fire sprinkler and standpipe sys-
te ms, the pressure maintenance pump should be sized to provide 
a flow less than a single fire sprinkler. The main fire pump should 
start and run (providing a pump running signal) for any water-
flow situation where a sprinkler has opened, which will not hap-
pen if the pressure maintenance pump is too large. 

One guideline that has been successfu lly used to size pressure 
mainte nance pumps is to select a pump that will make up the 
allowable leakage rate in 10 minutes or 1 gpm (3.8 L/ min), 
whichever is larger. 

A.4.25.4 A centri fugal-type pressure maintenance pump IS 

prefe rable. 

T he following notes apply to a cen trifugal-type pressure 
maintenance pump: 

( I) A j ockey pump is usually required with automatically con-
tro lled pumps. 

(2) J ockey pump suction can come from the tank filling sup-
ply line. This situation would allow high pressu1·e to be 
maintained on the fire protection system even when the 
supply tank is empty for repai rs. 

(3) Pressure sensing lines also need to be installed in accor-
dance with 10.5 .2.1. [See and Figure A.4. 30(a ) and 
Figure A. 4.30(b)./ 

A.4.25.5.5 See Figure A.4.25.5.5. 

2010 Edition 



20-64 I STALLATION OF STATIONARY PUMPS FOR FIRE PROTECTION 

From tank or 
tank fill line 

' 
-t Hose 

, header 

~C h eck valve 

--cl::r- OS&Y 
gate valve 

0 Firepump 

-..l:r- OS& Y gate valve 

or indicating butterfly 

valve 

0 Jockey pump 

FIGURE A.4.25.5.5 Jockey Pump Installation with Frre Pump. 

~---- -- -- -- X------ ---- ~ 

Skids under 20 ft X/4 X/2 X/4 

Skids over 20 ft 5ft X/2 5ft 

A.4.28.1 NFPA 13, Standard for the Installation of Sprinkler Systems, 
contains specific requirements for seismic design of fire protec-
tion systems. Tables are available to determine the relative 
strength of many common bracing materials and faste ners. 

A.4.29.9 Figure A.4.29.9 illustrates a typical foundation detail 
for a packaged fire pump assembly. 

A.4.30 See FigureA.4.30 (a) and Figure A.4.30(b). 

A.4.30.3 The use of soft copper tubing is not pe rmitted for a 

pressure se nsing line because it is easily damaged. 

A.5.6 If backup fire pumps are required, they can be arranged 

to prevent both pumps from starting and running simulta-
neously and, if done, the following arrangement is suggested: 

Turning off o r disconnecting power to the primary fire 
pump controlle r should not prevent the redundant fire 
pump from starting or running. 

Notes : 
(1) This drawing shows the minimum quantity of anchor bolts 

needed for most skid installations. The actual anchor bolt 
size and type are to be determined by the installing 
contractor. Some building codes might require additional 
bolts. 

Deck plate (optional) 
Estimated package weight is 80 to 100 lb/ft2; for 
packages with a building, add 30 lb/ft2. 

y 

Minimum % in. anchor bolt 
with 4 in. x4 in. x'h in. 
steel anchor plate 

Anchors located inside skid as shown 
or along outside edge (typ. of 6) 

Fill openings with concrete 

Pump and driver support 

l s"" 1-be•m ' '"' "' "" '~'' 
Footer by others sized to carry a minimum 
of 1 000 I bilinear ft 

Foam polystyrene or 
insulation (by others) 

Exterior skid in s ulated ~ 

Add one additional anchor bolt (equally spaced) for each 
10ft (or fraction thereof) of additional skid length: 

Up to 20 ft skid has 2 anchor bolts each side 
21 ft to 30 ft skid has 2 anchor bolts each side 
31 ft to 40 ft skid has 2 anchor bolts each side 

Skids over 12 ft wide require an additional anchor bolt. 

(2) After mounting package or skid on foundation, fill 
structural opening with concrete to form a finished floor. 
Fully grout between footings and all steel beams. 

(3) For Sl Units, 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 lb = 2.2 kg. 

Metal deck plate (optional) 
grout with concrete floor with use of deck plate 

Concrete floor (by others) 

for colder cl imates 
(optional) Weld after installations complete 

Anchor plate (by others) Footer (by others) 

Anchor bolt (by others) Alternative anchor location 

Section A-A 

FIGURE A.4.29.9 Typical Foundation Detail for Packaged Fire Pump Assembly. 
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(2} Turning off o r disconnecting power lO the redundant fire 

pump conLroller should not prevent the primary fire 

pump from starting or running. 

(3) Once the primal)' fire pump is locked oul, it should re-
main locked out until manual reset. 

( 4) Once the redundant fire pump is running, it should re-

main running umil manual reset. 

(5) Either controller should always be capable of being oper-

ated by local manual starting regardless of any lockout that 

has occurred. 

(6) A local visual alarm and remote contacts should be pro-
vided to indica te that the primary fire pump has been 

locked out. 

A fully independent and automatic backup fire pump 

unit(s) arranged so tha t all zones can be maintained in full 
service wi th any one pump out of service should be considered 

one such means. 

A.6.1.1 See Figure A.6.l.l(a) through FigureA.6. l.l(h). 

A.6.1.2 The centri fugal pump is particularly suited to boost 

the pressure from a public o r private supply or to pump from a 

storage tank where the re is a positive static head. 

If water pulsation causes erratic operation Not less than 
of the pressure switch or the recorder, a 'h in. (15 mm) 

supplemental air chamber or pulsation brass pipe with 

damper might be "'"' brass fittings 

needed. LJ Not less than 5 ft o in. or equivalent 

~~~~ ( ~ 15 ~ 2 ~ 4 ~ m ~ m ~) ~~~~~/ 
' l " 

Indicating control valve ~ Control panel 
Bronze check valves with 

Connect to a 
tapped boss 

or other 
suitable 
outlet between 
the indicating 

%2 in . (2 mm) orifice in 
clapper 

control valve ---,4!!:..:!. -".,.-.J.._ ~:..:...::._:.....l. ____ --\1L-__..LL-__ 

and check valve 

17 in. (15 mm) globe 
valves Test connection at A or B 

Notes: 
(1) Solenoid drain valve used for engine-driven fire pumps can be at 

A, B, or inside controller enclosure. 

(2) If water is clean, ground-face unions with noncorrosive diaphragms 
drilled for 3132 in. orifices can be used in place of the check valves. 

FIGURE A.4.30(a) Piping Connection for Each Automatic 
Pressure Switch (for Diesel Fire Pump and Jockey Pumps). 

Water }-,,.-----!>1<}----l 
supply 

Fire 
protection 

system 

Note: Check valves or ground-face unions complying with 1 0.5.2.1. 

FIGURE A.4.30(b) Piping Connection for Pressure-Sensing 
Line (Diesel Fire Pump). 

71 6 73 32 1 2 

1 Casing 32 Key, impeller 
2 Impeller 40 Deflector 

6 Shaft 69 Lock washer 
14 Sleeve, shaft 71 Adapter 

26 Screw, impeller 73 Gasket 

FIGURE A.6.1.1 (a) Overhung Impeller- Close Coupled 
Single Stage - End Suction. 

26 

69 
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Casing 

2 Impeller 

6 Shaft, pump 

8 Ring, impeller 

9 Cover, suction 

11 Cover, stuHing-box 

13 Packing 

14 Sleeve, shaft 

FIGUREA.6.1.1 (b) 
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16 Bearing, inboard 27 

17 Gland 

18 Bearing, outboard 28 

19 Frame 29 

21 Liner, frame 32 

22 Locknut, bearing 37 

25 Ring, suction cover 38 

26 Screw, impeller 40 

Ring, stuHing-box 

cover 

Gasket 

Ring, lantern 

Key, impeller 

Cover, bearing, outboard 

Gasket, shaft sleeve 

Deflector 

49 

51 

2 

25 

8 

9 

Seal, bearing cover. 

outboard 

Retainer, grease 

62 Thrower (oil or grease) 

63 Busing, stuHing-box 

67 Shim, frame liner 

69 Lockwasher 

78 Spacer, bearing 

Overhung Impe ller - Separately Coupled Single Stage- Frame Mounted. 

• 
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1 Casing 
2 Impeller 

11 Cover, seal chamber 

13 Packing 40 Deflector 
14 Sleeve, shaft 71 Adapter 

17 Gland, packing 73 Gasket, casing 

FIGURE A.6. l.l (c) Overhung Impeller- Close Coupled 
Single Stage - In-Line (Showing Seal and Packaging). 

1 Casing 
2 Impeller 

6 Shaft, pump 
8 Ring, impeller 

11 Cover, seal chamber 

24 Nut, impeller 
27 Ring, stuHing-box cover 

32 Key, impeller 

46 Key, coupling 

66 Nut, shaft adjusting 
70 Coupling, shaft 

73 Gasket 

81 Pedestal, driver 
86 Ring, thrust, split 

89 Seal 

FIGURE A.6. l.l (d) Overhung Impe ller - Separately 
Coupled Single Stage - In-Line - Rigid Coupling. 
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1 Casing 

2 Impeller 

6 Shaft, pump 
11 Cover, seal chamber 

14 Sleeve, shaft 

16 Bearing, inboard 
17 Gland 

18 Bearing, outboard 

33 Cap, bearing, outboard 
40 Deflector 

42 Coupling half, driver 

44 Coupling half, pump 
47 Seal, bearing cover, inboard 

49 Seal, bearing cover, outboard 

73 Gasket 
81 Pedestal, driver 

88 Spacer, coupling 

89 Seal 
99 Housing, bearing 

FIGURE A.6.l.l(e) Overhung Impeller - Separately 
Coupled Single Stage - In-Line - Flexible Coupling. 
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1 A Casing, lower half 

1 B Casing, upper half 
2 Impeller 

6 Shaft 

7 Ring, casing 
8 Ring, impeller 

14 Sleeve, shaft 

16 Bearing, inboard 
18 Bearing, outboard 

20 Nut, shaft sleeve 

22 Locknut 
31 Housing, bearing inboard 
32 Key, impeller 

33 Housing, bearing outboard 
35 Cover, bearing inboard 

37 Cover, bearing outboard 
40 Deflector 

65 Seal, mechanical stationary 
element 

80 Seal, mechanical rotating element 

FIGURE A.6.1.1 (f) Impeller Between Bearings- Separately 
Coupled - Single Stage -Axial (Horizontal) Split Case. 

• 



Casing 

2 Impeller 

6 Shaft 

7 Ring, casing 

8 Ring, impeller 

11 Cover, stuffing-box 

14 Sleeve, shaft 

16 Bearing, inboard, sleeve 

18A Bearing, outboard, sleeve 

18B Bearing, outboard, ball 

20 Nut, shaft sleeve 

22 Locknut, bearing 

31 Housing, bearing, inboard 

32 Key, impeller 

AN EXA 

33 Housing, bearing, outboard 

37 Cover, bearing, outboard 

40 Dellector 

50 Locknut, coupling 

60 Ring, oil 

FIGURE A.6.l. l (g) Impeller Between Bearings- Separately Coupled -
Single Stage- Radial (Vertical) Split Case. 

Kinetic 

Centrifugal 

Overhung impeller 

End suction (including 
Close coupled, --{ submersibles) Figure A.6.1.1 (a) 

single and two stage In-line --------- - Figure A.6.1 .1 (c) 

Separately coupled, 
single and two stage 

In-line---------- Figures A.6.1.1(d) and (e) 

Frame mounted - ------Figure A.6.1 .1(b) 

Centerline support ------ Not shown 

Frame mounted ------- Not shown 

Wet pit volute -------- Not shown 

Axial flow impeller (propeller) 
volute type (horizontal or vertical) - Not shown 

Separately coupled, -{ Axial (horizontal) split case - -- Figure A.6.1 .1 (f) 

{ 

single stage Radial (vertical) split case - -- Figure A.6.1.1 (g) 
Impeller between 

bearings Separately coupled, --{ Axial (horizontal) split case --- Not shown 

multistage Radial (vertical) split case --- Not shown 

Turbine type 

Deep well turbine 

-{ 

(including submersibles) ---- Not shown 

Vertical type, single Barrel or can pump ------ Not shown 
and multistage 

Short setting or ------- Not shown 
close coupled 

Axial flow impeller (propeller) 
L---------- --- or mixed flow type (horizontal -- Not shown 

or vertical) 

Single stage -------- Not shown 
Regenerative __ Impeller overhung or -----------! 
turbine between bearings Two stage --------- Not shown 

Reversible centrifugal --- - - Not shown 
Special effect ----- -------------- ---1 

Rotating casing (Pilot) ----- Not shown 

Note: Kinetic pumps can be classified by such methods as impeller or casing configuration, end application of 
the pump, specific speed, or mechanical configuration. The method used in this chart is based primarily 

on mechanical configuration. 

' Includes radial, mixed flow, and axial flow designs. 

FIGURE A.6.l.l (h) Types of Stationary Pumps. 

20-69 
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20-70 INSTALLATION OF STATIONARY PUMPS FOR FIRE PROTECfiON 

A.6.2 Listed pumps can have different head capacity curve 
shapes for a given rating. Figure A.6.2 illustrates the extremes 
of probable curve shapes. Shutoff head will range from a mini-
mum of 101 percent to a maximum of 140 percent of rated 
head. At 150 percent of rated capacity, head will range from a 
minimum of 65 percent to a maximum of just below rated 
head. Pump manufacturers can supply expected curves for 
their listed pumps. 

"C 
<tl 
Q) 

150 

140 
Shutoff 

....... 

<. 

I I I I . I I I .1 I 

Head capactty curve wtth 
steepest shape permissible 

I I I I I I I I I 

1"--r-., V "Flat" head capacity curve - 1-1-

........ 
.c 100 
o; 

_.I( 1'--. 
r //~ 

. 1 1. I 

""' ·r-- Rated total head 

§ 
"C 
Q) 

ti! 
0 65 

g 50 
~ 

r!f 

0 
0 

- -

-r-
I'-

Rated 

......, 

--- -capacity- - ~ 
~ 

50 100 150 

Percent of rated capacity 

FIGURE A.6.2 Pump Characteristics Curves. 

"I' 

' 

A.6.3.1 See Figure A.6.3.l (a) and Figure A.6.3.1 (b). 

200 

A.6.4.1 Flexible couplings are used to compe nsate for te m-
perature changes and to permit end movement of the con-
nected shafts v.>ithout interfering with each o ther. 

A.6.4.4 A substantial foundation is important in maintaining 
alignme nt. The founda tion preferably should be made of re-
info rced concrete. 

A.6.5 A pump and driver shipped fi·om the factory witJ1 both 
machines mounted on a common base plate are accurately 
aligned before shipment. All base plates are flexible to some ex-
tent and, therefore, should not be relied upon to maintain the 
factory alignment. Realignment is necessary after the complete 
unit has been leveled on the foundation and again after the 
grout has set and foundation bolts have been tightened. The 

Fire pump bypass 

FIGURE A.6.3.1 (b) Backflow Preventer Installation. 
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1 Aboveground suction tank 
2 Entrance elbow and square steel 

vortex plate with dimensions at 
least twice the diameter of the 
suction pipe. Distance above the 
bottom of tank is one-half the 
diameter of the suction pipe with 
minimum of 6 in. (152 mm). 

3 Suction pipe 
4 Frostproof casing 
5 Flexible couplings for strain relief 
6 OS& Y gate valve (see 4. 14.5 and 

A.4.14.5) 
7 Eccentric reducer 
8 Suction gauge 

15 

9 Horizontal split-case fire pump 
1 0 Automatic air release 
11 Discharge gauge 
12 Reducing discharge tee 
13 Discharge check valve 
14 Relief valve (if required) 
15 Supply pipe for fire protection 

system 
16 Drain valve or ball drip 
17 Hose valve manifold with 

hose valves 
18 Pipe supports 
19 Indicating gate or indicating 

butterfly valve 

FIGURE A.6.3.1 (a) Horizontal Split-Case Fire Pump Installa-
tion wiili Water Supply Under a Positive Head. 

alignment should be checked after the unit is piped and re-
checked periodicaBy. To facilitate accurate field alignment, most 
manufacturers either do not dowel me pumps or drivers on me 
base plates before shipment or, at most, dowel tJ1e pump only. 

After the pump and driver unit has been placed on the 
foundation, the coupl ing halves should be disconnected . The 
coupling should not be reconnected until the alignment op-
erations have been completed. 

The purpose of the flexible coupling is to compe nsate for 
temperature changes and to permit end movement of the 
shafts without interference with each other while transmitting 
power from the driver to the pump. 
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T he two forms of misalignmem between the pump shaft 
and the d river shaft are as fo llows: 

(1 ) Angular misalignment - shafts with axes concentric but 
no t paralle l 

(2) Parallel misalignment - shafts with axes paralle l but not 
concentric 

T he faces of th e coupling halves should be spaced with in 
the ma nufacturer's recommendations and far enough a pan 
so that they canno t strike each other whe n the driver rotor 
is moved hard over toward the pump . Due allowance should 
be made fo r wea r o f the thrust bearings. The necessary tools 
fo r a n approx ima te check of the a lignme n t o f a flexible 
coupling at·e a straigh t edge and a taper gauge or a se t o f 
feele r gauges. 

A check for angular alignment is made by inserting the taper 
gauge or feelers at four points between the coupling faces and 
comparing the distance between the faces at four poin ts spaced 
at 90-degree imen'<lls m·ound the coupling. [See Figure A.6.5(a).} 

The uni t will be in angular alignment when the measure ments 
show that the coupling faces are the same distance apart at all 

points. 

FIGURE A.6.5(a) Checking Angular Alignment. ( Courte~ of 
Hydraulic Institute, www.pumps.org.) 

A check fo r parallel alignmen t is made by placing a straight 
edge across both coupling rims at the top, bottom, a nd both 
sides. [See Figure A.6.5(b).} The unit will be in parallel align-
ment whe n the straight edge rests evenly on the coupling rim 
at all positio ns. 

Allowance might be necessaq' for te mperature changes 
and for coupl ing halves that are no t of the same outside d iam-
eter. Care should be taken to have the stra ight edge parallel to 
the axes of the shafts. 

Angular and parallel misalignmen t are corrected by means 
of shims under the moto r mounting feet. After each change, it 
is necessary to recheck the alignment of the coupling halves. 
Adjusun e m in one di rection can distu rb adjustmen ts already 
made in another d irection. It should no t be necessa ry to adjust 

the shims under the pump. 

FIGURE A.6.5(b) Checking Parallel Alignment. ( Court ~ of 
Hydraulic lnstihlfe, www.pumps.org.) 

T he permissible amou nt of misalignment will vat·y with 

th e type of pump, driver, a nd coupli ng ma nufacwrer, 
model, and size. 

The best method for putting the coupli ng halves in final 

accurate alignment is by the use of a dial indicator. 

Whe n the alignment is correct, the fo undation bol ts 

should be tightened even ly bu t not too fi rmly. The unit can 

the n be grouted to the fo undation . T he base plate should be 

com pletely filled with grou t, and it is desirable to grout the 

leveling pieces, shims, or wedges in place. Foundation bolts 

should not be fully tightened un til the grou t has hardened, 

usually about 48 hours after po uring. 

After the grout has set a nd the foundation bolts have been 

p roperly tightened, the uni t should be checked for para llel 
and angular align ment, and , if necessary, corrective measures 

taken. After the piping of the un it has been connected , the 
al ignment should be checked again . 

T he direction of d river rotation should be checked to 

make cen ain that it matches that of the pump. T he corre-

sponding direction of rotation of the pump is indicated by a 

directio n arrow on the pump casing. 

The coupling halves can then be reconn ected. \t\1ith the 

pump properly primed, the unit should be opera ted under 

normal ope rating conditio ns until temperatu res have stabi-

lized. It then should be shut down a nd immediately checked 

again for alignment of the coup ling. All alignment checks 

should be made with the coupling halves d isconnected and 

again after they are reconneCLed . 

Afte r the un it has been in operation for about 10 hours 

or 3 mon ths, the coupli ng halves should be g iven a final 

check for misalignm e nt caused by pipe or tempe rature 

s trai ns. If the align ment is correct, both pump a nd driver 

should be dowelled to the base plate . Dowel location is very 

importan t, and the manu facture r 's instructions should be 

fo llowed, especia lly if the u n it is subject to tempe rature 

cha nges. 
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T he unit should be checked periodically for alignment. If 
the unit does not stay in line afte r being properly installed, the 
following are possible causes: 

( I ) Settling, seasoning, or springing of the foundation and 
pipe strains distorting o r shifting the machine 

(2) Wearing of the bearings 
(3) Springing of the base plate by heat fro m a n adj acent 

steam pipe o r from a steam turbine 
( 4) Shifting of the bui lding structure d ue to variable loading 

or other causes 
(5) If the un it a nd foundation are new, need for the align-

ment to be sligh tly readjusted from time to time 

A. 7.1 Satisfactory operation of vertical turbine-type pumps is 
de pendent to a large extent upon careful and correct installa-
tion of the un it; the refore, it is recomme nded that th is work 
be done under the direction of a representative of the pump 
manufacturer. 

A.7.1.1 T he ve rtical shaft turbine-type pump is particu-
larly suitable for fire pump service where the water source is 
located below ground and where it would be difficult to 

install any other type of pump below the minimum water 
level. It was originally designed for installation in drilled 
wells but is permitte d to be used to lift water from la kes, 
streams, open swamps, a nd other subsurface sources. Both 
oi l-lub ricated e nclosed-line-shaft and wate r-lubricated 
open-line-shaft pumps are used. (See Figure A. 7. 1.1. ) Some 
health departme nts object to the use of oil-lubricated 
pumps; such autho rities should be consulted be fo re pro-
ceed ing with oil-lubricated design. 

A.7.2.1.1 Stored wate r supplies from rese rvoirs or tanks sup-
plying wet pits arc preferable . Lakes, streams, and groundwa-
ter supplies a re acceptable where investigation shows that they 
can be expected to provide a suitable and reliable supply. 

A.7.2.1.2 The authority having jurisdiction can require an 
aquifer performance analysis. The history of the water table 
should be carefully investigated. The number of wells already 
in use in the area a nd the probable number that can be in use 
should be considered in relation to the total amount of water 
avai lable for fire protection purposes. 

A.7.2.2.1 See Figure A.7.2.2. L 

A.7.2.2.1.2 The acceptability of a well is determined by a 
24-hour test that flows the well at 150 percent o f the pump 
flow rating. This test should be reviewed by q ualified person-
nel (usually a well drilling contractor o r a pe rson having expe-
rience in hydro logy and geology) . The adequacy a nd reliabil-
ity of the water supply are critical to the successful operation of 
the fi re pump and fi re protection system. 

A 10ft (3.05 m) submergence is considered the minimum 
acceptable level to provide proper pump opera tion in well appli-
cations. T he increase of l ft (0.30 m) for each 1000 ft (305 m) 
increase in elevation is due to loss of aunospheric pressure that 
accompanies elevation. Therefore, the net positive suction head 
(NPSH) available must be considered in selection of tl1e pump. 
For example, to obtain the equivalent of 10 ft (3.05 m) of NPSH 
available a t an elevation of 1000 ft (305 m), approximately 11 ft 
(3.35 m) of water is required . 

Several o tl1er design parameters need to be considered in the 
selection of a vertical turbine pump, including the following: 

( 1) Lineshaft lubrication when the pump is installed in a well. Bear-
ings are required to have lubrication and are installed 
along the lineshaft to maintain alignment. Lubrication 
fluid is usually provided by a fluid reservoir located above-
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Water-lubricated, 
open lineshaft pump, 

surface discharge, 

threaded column and bowls 

Oil-lubricated, 

enclosed lineshaft pump, 
underground discharge, 

flanged column and bowls 

FIGURE A.7. 1.1 Water-Lubricated and O il-Lubricated Shaft 
Pumps. 

ground, and the fluid is supplied to each bearing by a 
coppe r tube or small pipe. This lubrication fluid should 
use a vegetable-based mate rial that is approved by the fed-
eral Clean Water Act to minimize water contamination. 

(2) Determination of the water level in the well. When a vertical tur-
bine pump is tested, the water level in the well needs to be 
known so that the suction pressure can be determined. Of-
ten the air line for dete rm ining th e depth is omitted , so test-
ing of me pump for performance is not possible. T he ar-
rangement of this device is shown in FigureA7.3.5.3, and its 
installation should be included in the system design. 

A.7.2.2.2 The velocities in the approach channel or in take 
pipe should not exceed approximately 2 ft/ sec (0.7 m/ sec), 
and the velocity in the wet p it should no t exceed approxi-
mately 1 ft/sec (0.3 m/ sec). (See Figure A. 7.2.2.2.) 



Hose valves 
preferably Removable panel 

located 

Hollow Screen raised --+ 

shaft 
electric 
motor 

Pump bowl 
assembly 

strainer 
(alternate 

conical strainer) 

Drain valve 

or ball drip 

Static water level before pump1ng 

submergence 

10ft (3.2 m) 

Note: The distance between the bottom of the strainer and the bottom 
of the wet pit should be one-half of the pump bowl diameter but not less 
than 12 in. (305 mm). 

FIGURE A.7.2.2.1 Vertical Shaft Turbine-Type Pump Instal-
lation in a WeU. 

The ideal approach is a straigh t channel coming directly to 
the pump. Turns and obstmctions are detdmental because they 
can cause eddy curre n t~ and tend to initiate deep-cored vortices. 
The amount of submergence for successful operation will de-
pend greatly on the approaches of the intake and the size of the 

pump. 

T he Hydraulic Institute Standards far Centrifugal, Rota·ry andRe-
cijJrocating PumjJs recommends sump dimensions for flows 
3000 gpm (11 ,355 L/ min) and larger. The design of sumps for 
pumps with discharge capacities less than 3000 gpm (11 ,355 L/ min) 
should be guided by the same general principles shown in the 
Hydraulic 1 nstitute Standm·ds far Centtifugal, Rota·ry and RecijJrocating 
Pumps. 

A. 7 .2.5 Where wells take their supply from consolidated forma-
tions such as rock, tl1e specifications for the well should be de-
cided upon by the authority having judsdiction after consulta-
tion with a recognized groundwater consultant in the area. 

A.7.2.7 Before the permanent pump is ordered, the water 
from the well should be analyzed for corrosiveness, including 
such items as pH, salts such as chlorides, and harmful gases 
such as carbon dioxide (C0 2) or hydrogen sulfide (H2S). If 
the water is corrosive, the pumps should be constructed of a 
suitable corrosion-resistant material or covered with special 
protective coatings in accordance with the manufacture rs' rec-

ommendations. 

A.7.3. 1 See FigureA.7.3.1 . 

A.7.3.2.1 In countries that utili ze the me tric system, there do 
not appear to be standardized flow ratings for pump capaci-
ties; therefore, a soft metric conversion is utilized. 

High wat_e_r _____ .. 

Yard system 

FIGURE A.7.2.2.2 Vertical Shaft Turbine-Type Pump Instal-
lation in a Wet Pit. 

Discharge 
tee 

Hollow shaft 

electric motor (shown); 
right-angle gear for 
engine drive (not shown) 

To system 

~~~~~ ~ ~ ~~ 

Sump 

Installation 
without relief valve 

1 Automatic air release 
2 Discharge gauge 

6 Discharge pipe 
7 Drain valve or ball drip 

3 Reducing discharge tee 
4 Discharge check valve 

5 Relief valve (if required) 

8 Hose valve manifold with hose valves 
9 Pipe supports 

10 Indicating gate or indicating butterfly 
valve 

FIGURE A. 7 .3.1 Belowground Discharge Arrangement. 

A.7.3.5.3 Water level detection using the air line method is as 
fo llows: 

(1) A satisfactory method of determining the water leve l 
involves the use of an air line of small p ipe or tubing of 
known vertical length, a p ressure or depth gauge, and 
an ordinary bicycle or au tomobile pump installed as 
shown in Figure A.7.3.5.3. The air line pipe should be 
of known length and extend beyond the lowest antici-
pated water level in the well , to ensure more reliable 
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gauge 1·eadings, and should be properly installed. An 
air pressure gauge is used to indicate the pressure in 
the air line. (See Hgure A. 7.3.5.3.) 

(2) T he air line pipe is lowered into the well, a tee is placed in 
the line above the ground, and a pressure gauge is 
screwed into one connection. The other connection is 
filled with an ordinary bicycle valve to which a bicycle 
pump is attached. All joints should be made carefully and 
should be airtight to obtain correct information. When 
air is forced into the line by means of the bicycle pump, 
the gauge pressure increases until all of the water has 
been expelled. When this point is reached, the gauge 
reading becomes constant. The maximum maintained air 
presstn·e recorded by the gauge is equivalent to that nec-
essary to support a column of water of the same height as 
that forced out of the air line. The length of this water 
column is equal to the amount of air line submerged. 

(3) Deducting this pressure converted to feet (meters) (pres-
sure in psi x 2.31 = pressure in feet, and pressure in bar 
x 10.3 = pressure in mete1·s) from the known length of the 
air line will give the amount of submergence. 

l!.'xmnjJle: The following calculation will serve to clarity Fig-
ure A.7.3.5.3. 

Assume a length (L) of 50ft (15.2 m). 

r 
Drawl down 

c 

Approximately 2 in. (50 mm) above 

strainer flange to keep clear from 
water flow in pump 

*Must be known. 

FIGURE A.7 .3.5.3 Air Line Method of Determining Depth of 
Water Level. 
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The pressure gauge reading before starting the fire pump 
(p1) = 10 psi (0.68 bar) . Then A= 10 x 2.31 = 23.1 ft (0.68 x 10.3 = 
7.0 m). Therefore, the water level in the well before starting the 
pump would be B = L-A = 50 ft- 23.1 ft = 26.9 ft (B = L- A = 
15.2m-7m = 8.2m). 

The pressure gauge reading when pump is running (/J?.) = 
8 psi (0.55 bar). Then C = 8 x 2.31 = 18.5 ft (0.55 x 10.3 = 5.6 m). 
Therefore, the water level in the well when the pump is nmning 
would beD = L- C= 50 ft-18.5 ft = 31.5 ft (D= L- C= 15.2 m -
5.6 m = 9.6 m). 

The draw down can be determined by any of the following 
methods: 

(l) D-B= 31.5 ft - 26.9 ft= 4.6 ft (9.6 m - 8.2 m = 1.4 m ) 
(2) A- C= 23.1 ft - 18.5 ft = 4.6 ft (7.0 m - 5.6 m = 1.4 m) 
(3) fJ1 - fJ2 = 10 - 8 = 2 psi = 2 x 2.31 = 4.6 ft (0.68 - 0.55 = 

0.13 bar = 0.13 x 10.3 = 1.4 m ) 

A.7.4 Several methods of installing a vertical pump can be 
followed, depending upon the location of the well and facili-
ties available. Since most of the unit is underground, extreme 
care should be used in assembly and installation, thoroughly 
checking the work as it progresses. The following simple 
method is the most common: 

( 1) Construct a tripod or portable de rrick and use two sets of 
installing clamps over the open well or pump house. After 
the d errick is in place, the alignment should be checked 
carefully with the well or wet pit to avoid any trouble when 
setting the pump. 

(2) Attach the set of clamps to the suction pipe on which the 
strainer has already been placed and lower the pipe into 
the well until the clamps rest on a block beside the well 
casing or on the pump foundation. 

(3) Attach the clamps LO the pump stage assembly, bring the 
assembly over the well, and install pump stages to the suc-
tion pipe, until each piece has been installed in accor-
dance with the manufacturer's instructions. 

A. 7 .6.1.1 The setting of the impellers should be undertaken 
only by a representative of the pump manufacturer. Improper 
setting will cause excessive friction loss due to the rubbing of 
impellers on pump seals, which results in an increase in power 
demand. If the impellers are adjusted too high, there will be a 
loss in capacity, and full capacity is vital for fire pump service. The 
top shaft nut should be locked or pinned after proper setting. 

A.7.6.1.4 Pumping units are checked at the factory for 
smoothness of performance and should operate satisfactorily 
on the job. If excessive vibration is present, the following con-
ditions could be causing the trouble: 

(1) Bent pump or column shaft 
(2) Impellers not properly set within the pump bowls 
(3) Pump not hanging freely in the well 
( 4) Strain transmitted through the discharge piping 

Excessive motor temperature is generally caused either by 
a maintained low voltage of the electric service or by improper 
setting of impellers within the pump bowls. 

A.8.1 All the requirements in Chapter 4 might not apply to 
positive displacement pumps. 

A.8.1.2 Special attention to the pump inlet piping size and 
length sho uld be noted. 

A.8.1.2.2 This mate rial describes a sample pump characteris-
tic cwve and gives an example of pump selection methods. 
Chai-acteristic performance cu1ves should be in accordance 
with HI 3.6, Rotary Pump Tests. 
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l ~ xample: An engineer is designing a foam-water fire protec-
tion system. It has been determined, after application of appro-
priate safety factors, that the system needs a foam concenm.lle 
pump capable of 45 gpm at the maximum system pressure of 
230 psi. Using the performance cmve (see Figure A.B. 1.2.2) for 
pump model ">..'YZ-987," this pump is selected for the applica-
tion. First, find 230 psi on tl1e horizontal axis labeled "Differen-
tia l pressure," then proceed vertically to the flow cu1ve to 45 gpm. 
It is noted that tJ1is particular pump produces 46 gpm at a stan-
dard motor speed designated "rpm-2." This pump is an excellent 
fit for the application. 1 ext, proceed to the power cu•ve for the 
same speed ofrpm-2 at230 psi and find that it requires 13.1 hp to 
drive the pump. An electric motor will be used fo r this applica-
tion, so a 15 hp motor at rpm-2 is the first available motor rating 
above this minimum requirement. 
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·conforms to requirements of Chapter 8 on positive displacement foam 
concentrate and additive pumps. 

FIGURE A.8.1.2.2 Example of Positive Displacement Pump 
Selection. 

A.8.1.5 Positive displacement pumps a rc to lera nce de pen-
dent. Corrosion can affect pump performance and function. 
(See HI 3.5, Standard for Rotal)' Pumps for Nommclatun!, Dl'sign, 
AjJJJlication and Opl'ration.) 

A.8.2.2 Specific fl ow rates should be detenniued by the 
applicable FPA standard. Viscose concentrates and addi-
tives have ignificant pipe friction loss from the supply tank 
to the pump suction . 

A.8.2.4 This requi•·ement does not apply to water mist pumps. 

A.8.2.5 Generally, pump capacity is calculated by multiplyi ng 
the maximum water flow by the percentage of concentration 
desired. To tl1at product is added a I 0 percent "over demand" 
to ensure that adequate pump capacity is available under all 
conditions. 

A.8.2.6 Generally, concentrate pump discharge pressure is 
required to be added to the maximum water pressure at the 
injection point plus 25 psi (2 bar). 

A.8.3.1 It is not the in tent of this standard to prohibit the use 
of stationary pumps for water mist systems. 

A.8.4.2 Positive displacement pumps arc capable of quickly ex-
ceeding their maximum design discharge pressure if operated 
against a closed discharge system. Other forms of protective de-
\ i ces (e.g. , automatic shutdowns, rupture discs) are considered a 
part of the pumping system and are generally beyond the scope 
of the pump manufacturer's supply. These components should 
be safely designed into and supplied by the system designer 
and/ o r by the user. (See Figun• A. 8. 4. 2 forfJroposfd schematic laymtt of 
pump requirements.) 

A.8.4.3 Only llie return to source and external styles should 
be used when the outlet line can be closed for more than a few 
minutes. Ope•-ation of a pump with an integral relief valve and 
a closed outlet line will cause overheating of the pump and a 
foamy discharge of fluid afte•· the out le t line is reopened. 

A.8.4.4 Backpressure on the discharge side of the pressure re-
lief valve should be considered. (See Figure A.8. 4. 4 fm·proposed sche-
matic layout of pump requirement.) 

A.8.4.5 Strainer recommended mesh size is based on the inter-
nal pump tolerances. (See Figure A. 8. 4.5 for standard mesh sizes.) 

A.8.5.1 Positive displacement pumps are typically d1iven by 
electric motors, internal combustion engines, or water motors. 

A.8.6 These conu·ollers can incorporate means to permit au-
tomatic unloading or pressure relief when starting the pump 
driver . 

A.9. 1.4 Where the power supply invo lves an on-site power 
production facility, the protection is required for the facility in 
addition to the wiring and equipment. 

A.9.1.7 Phase conven ers that take single-phase power and 
convert it to three-phase power fo r tl1e use of fire pump mo-
tors are not recommended because of the imbalance in the 
voltage between the phases when there is no load on the 
equipment. If the power uti lity installs phase converters in its 
own power transmission lines, such phase conveners are out-
side the scope of th is standard and need to be evaluated by the 
authority havingjurisdiction to de termine the re liabili ty of the 
electric supply. 

A.9.2.3. 1(3) The disconnecting means should be located 
such that inadvertent simultaneous operation is not likely. 

A.9.2.3.1 (4) The disconnecting means should be located 
such that inadvertent simultaneous operation is not likely. 

A.9.3.2 A reliable power source possesses the following char-
acteristics: 

( I ) The source power plant has not experienced a ny shutdowns 
longer than 4 continuous hours in the year prior to plan 
submittal. FPA 25, Standard for the lnsperlion, Testing, and 
Maintenance of iValer-Based Fire Pro/Pelion S)•Slnns, requires spe-
cial undertakings (i.e. , fire watches) when a water-based fire 
protection system is taken ~ u t of se •,~ ce for longer than 
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FIGURE A.8.4.2 Typical Foam Pump Piping and Fittings. 
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FIGURE A.8.4.4 Typical Water Mist System Pump Piping and Fittings. 

4 hours. lf the nonnal source power plant has been inten-
tionally shut down for longer than 4 hours in the past, it is 
reasonable to require a backup source of power. 

(2) No power outages have been experienced in the area of 
the protected faci lity caused by failures in the power grid 
that were not due to natural disasters or elecu·ic grid man-
agement failure. T he standard does not require that the 
normal source of power is infallible. NFPA 20 does not 
inte nd to require a back-up source of power for every in-
stallation using a n electric motor-driven fi re pump. 
Should the normal source of power fail due to a natural 
d isaster (hurricane) o r due to a problem with e lectric grid 

2010 Edition 

management (regional blackout), the fire protection sys-
tem could be suppl ied through the fire depa rtment con-
nection. However, if the power grid is known to have had 
problems in the past (i.e., switch fa ilures or animals short-
ing a substation), it is reasonable to require a backup 
source of power. 

(3) The nonnal source of power is not supplied by overhead 
conductors outside the protected faci lity. Fire departments 
responding to an incident at the protected facility will not 
operate aerial apparatus near live overhead power lines, 
without exception. A backup source of power is required in 
case this scenario occurs and the nonnal source of powe r 
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FIGURE A.8.4.5 Standard Mesh Sizes. 

must be shut off. Additionally, many utility providers will re-
move power to the protected facility by physically cutting the 
overhead conductors. If the normal source of power is pro-
vided by overhead conductors, which will not be identified, 
the utility provider could mistakenly cut the overhead con-
ductor supplying the fire pump. 

( 4) Only the disconnects\vitches and overcurrent protection de-
vices pe1mitted by 9.2.3 are installed in the normal source of 
power. Power disconnection and activated overcurrent pro-
tection should only occur in the fire pump controller. The 
provisions of9.2.2 for the disconnect switch and overcurrent 
protection essentially require disconnection and overcur-
rent protection to occur in the fire pump controller. If un-
anticipated disconnect switches or overcurrent protection 
devices are installed in the nonnal source of power that do 
not meet the requirements of 9.2.2, the normal source of 
power must be considered not reliable and a back-up source 
of power is necessary. 

Typical methods of routing power from the source to the mo-
tor are shown in Figt.u·e A.9.3.2. Other configurations are also 
acceptable. T he detennination of the reliability of a service is left 
up to the discretion of the authority havingjurisdiction. 

A.9.4 Normally, conductor sizing is based on appropriate sec-
tions of NFPA 70, National Electrical Code, Article 430, except 
larger sizes could be required to meet the require ments of 
NFPA 70, Section 695.7 ( FPA 20, Section 9.4). Transformer 
sizing is to be in accordance with NFPA 70, Section 695.5(a), 
except larger minimum sizes could be required to meet the 
requiremen ts of NFPA 70, Section 695.7. 

A.9.5.1.5 The locked rotor currents for 460 V motors are ap-
proximately six times the full-load current. 

A.9.6.2 Where a generator is installed to supply power to 
loads in addition to one or more fire pump drivers, the fuel 
supply should be sized to provide adequate fuel for all con-
nected loads for the desired duration. The connected loads 
can include such loads as emergency lighting, exit signage, 
and e levators. 

A.9.6.5 Generator protective devices are to be sized to permit 
the generator to allow instantaneous pickup of the fu ll pump 
room load. This includes starting any and all connected fire 
pumps in the across-the-line (direct on line) fu ll voltage starting 
mode. This is always the case when the fire pump(s) is started by 
use of the emergency-run mechanical control in 10.5.3.2. 

A.9.7(2) See also 10.3.3. 

A.9. 7(3) See 1 0.1.2.1 , controller short circuit (withstand) 
rating. 

A.9.8.1 Cutting slots or rectangular cutouts in a fire pump 
controller will violate the enclosure type rating and the con-
troller's short circuit (withstand) rating and will void the 
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"Circuit breakers or fusible switches can be used. 

FIGURE A.9.3.2 Typical Power Supply Arrangements from 
Source to Motor. 

manufacturer's warranty. See also NFPA 70, National Electrical 

Code, Articles 300.20 and 322, for example, for further infor-
mation. 

A.9.8.2 When so required , this seal is to prevent flammable 
gases from entering the fire pump controller. 

A.l0.1.2.2 The phrase suitable for use means that the control-
ler and the transfe r switch have been proLOtype tested and 
have demonstrated by those tests their short-ci rcuit withstand-
ability and interrupting capacity at the stated magnitude of 
short-circuit cunent and voltage available at their line termi-
nals. (See ANSI/UL 508, Standard for Safety Industrial Control 

Equ.ijJment, and ANSI/ UL 1008, Standard for Safety Automatic 
Transfer Switches.) 

A short-c ircuit study should be made to establish the 
available short-circuit current at the controller in accor-
dance with IEEE 141, Electric Power Dist1ibution fm· Indust·1ial 

Plants, IEEE 241, Electric Systems for Cornrnercial Buildings, or 
other acceptable methods. 

After the controller and transfer switch have been sub-
j ected to a high fault current, they might not be suitable for 
further use without inspection or repair. (See NEJ\IlA ICS 2.2, 

Maintenance of Motor Controllers After a Fault Condition.) 
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A.l0.1.3 All e lect.-ical control equipme nt design should a lso 
follow the gu ide lines within EMA ICS 14, Af1Jlication Guide 
for Electric Pump Controllers. 

A.l0.2.1 If the controller must be located outside the pump 
room, a glazed opening should be provided in the pump room 
wall for observation of the motor and pump during starting. The 
pressure control pipe line should be protected against freezing 
and mecha nical inju ry. 

A.l0.3.3.1 For more information, see NEMA 250, Enclosu-res 
for Elect1'ical l!'quipment. 

A.l0.3.6 For more information, see NFPA 70, National Electri-
cal Code. 

A.l0.3.7.3 Pump operators should be familiar with instruc-
tions provided for controllers and should observe in detail all 
their recommendations. 

A.l0.4.1 Operation of the surge arrester should no t cause ei-
ther the isolating switch or the circuit breaker to open. An-esters 
in ANSI/ IEEE C62.11 , IEEE Standard for Metal-Oxide SurgeAm!Sters 
forAC Pawer Circuits, are normally zinc-Qxide without gaps. 

A.l0.4.2.1.2 For more information, see NFPA 70, National 
Electrical Code. 

A.l0.4.2.3 For more info rmation , see NFP.4. 70, National Elec-
tricrtl Code. 

A.l0.4.3.1 For more information, see NFPA 70, National Elec-
triCltl Code, Article 100. 

A.l0.4.3.3 Attention should be given to the type of service 
grounding to establish circuit breaker imerrupting rating based 
on grounding type e mployed. 

A.l0.4.3.3.1(4) T he in te rrupting rating can be less than the 
suitabili ty rating where othe r devices within the contro lle r as-
sist in the curre nt-interrupting process. 

A.l0.4.3.3.2 Current limi ters are melting link-type devices that, 
where used as an integral part of a circuit breaker, limit the cur-
rent during a short circuit to within the inten-upting capacity of 
the circuit breaker. 

A.l0.4.4(3) It is recommended that the locked rotor overcur-
rent device not be reset more than two consecutive times if 
tripped due to a locked rotor condition without the motor first 
being inspected for excessive heating and to alleviate o r elimi-
nate the cause preventing the motor from attaining proper 
speed . 

A.10.4.5.7 The signal should incorpo rate local visible indica-
tion a nd contacts fo r re mo te indication. The signal can be 
incorporated as part of the power available indicatio n and loss 
of phase signal. (See 10. 4. 6. I and 10. 4. 7. 2. 2.) 

A.l0.4.6 The pilot lamp for signal service should have oper-
ating voltage less than the rated voltage of the lamp to ensure 
long operating life. When necessary, a suitable resistor o r po-
te ntial transfo rmer should be used to reduce the voltage for 
operating the la mp. 

A.l0.4.7 Where unusual conditions exist whereby pump op-
eration is no t certain , a "failed-to-operate" fire pump alarm is 
recomme nded . In order to supervise the power source fo r the 
fire pump alarm circ uit, the controller can be arra nged to 
start upon fa ilure of the supervised alarm circuit power. 

A.l0.5.1 The following defin itions are derived from NFPA 70, 
National Electrical Code: 
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( 1) Aul.omatic. Self-acting, operating by its own mechanism when 
actuated by some impersonal influence, as, for example, a 
change in current strength, pressure, temperature, or me-
chanical configuration. 

(2) Nanaut.ornatic. Action requiring intervention for its control. 
As applied to an electric controller, nonautomatic control 
does not necessarily imply a manual controller, but only that 
personal intervention is necessary. 

A.l0.5.2.1 Installation of the pressure-sensing line between 
the discharge check valve and the control valve is necessary to 
facilitate isolation of the jockey pump controller (and sensing 
line) for maintenance without having to drain the entire sys-
tem. [See FigureA.4.30(a) and Figure A.4.30(b). ] 

A.l0.5.2.1. 7.2 The pressure recorder should be able to record a 
pressure at least 150 percent of the pump discharge pressure 
under no-flow conditions. In a high-rise building, this require-
ment can exceed 400 psi (27.6 bar) . This pressure recorder 
should be readable without opening the fire pump conu·oller 
enclosure. This requirement does not mandate a separate re-
cording device for each controlle r. A single multichannel record-
ing device can serve multiple sensors. 

A.10.5.3.2 The emergency-run mechanical contro l provides 
means for externally and manually closing the moto r contac-
tor across-the-line to start and run the fi re pump motor. It is 
inte nded for emergency use whe n normal e lectric/ magnetic 
operation of the contactor is not possible. 

vVhen so used on controllers d esigned fo r reduced-voltage 
starting , the 15 percent voltage drop limitatio n in Section 9.4 
is not applicable. 

A.l0.7 The use of limited se1vice controllers for fire service is 
permitted for special situations whe re acceptable to the authority 
having jurisdiction. NFPA 20 permits limited se1vice controllers 
(LSCs) to have no isolating switch and use thermally responsive 
overcurrent protective devices that limit their application. These 
compromises have introduced the following: 

( 1) The controller circuit breaker can trip if the fire is near 
(cannot be reset because the brea ker is hot, even when 
the manual/emergency handle is used) . 

(2) T he reset time is substantially longer if the breaker trips 
due to distressed pump, and so forth. Tripping consis-
tency a nd reset times are compromised on "hot-starts." 

(3) The down time is substantially lo nger (no fire pro tection) 
if the breaker needs service/ re placeme nt due to no isolat-
ing switch. Most LSCs are suitable fo r use as service equip-
me nt (SUSE ra ted) and are so used. 

( 4) Sizing of breakers is different and can significantly exceed 
the 8 seconds to 20 seconds locked rotor current (LRC) 
trip time of a full-service fire p ump contro lle r de pending 
on hot or cold starts. 

A.l0.8 Typical fire pump contro lle r and transfe r switch ar-
rdngements are shown in Figure A. 1 0.8. Other configurations 
can also be acceptable. 

A.10.8.2 The compartme ntalization or separation is to pre-
vent propagation of a fault in one compartme nt to the source 
in the other compartment. 

A.lO. IO See FigureA.lO. lO. 

A.l0.10.3 The bypass path constitutes all of the characteris-
tics of a non-va.-iable speed fire pump co ntrolle r. 

A.l0.10.3.1 The bypass contactor shou ld be e ne rgized only 
when there is a pump demand to run and the variable speed 

• 
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FIGURE A.l0.8 Typical Fire Pump Controller and Transfer 
Switch Arrangements. 

pressure limiting control or variable speed suction limiting 
control is in the fault condition. 

A.l0.10.3.1.2 Vatiable speed drive units (VSDs) should have a 
positive means of indicating that the drive is operational within a 
few seconds after power application. If the VSD fails, there is no 
need to v.oait for the low pressure bypass time ofl0.10.3. l.l. 

A.l0.10.3.1.3 A motor running at a reduced frequency can-
not be connected immediately to a source at line frequency 
without creating high transient currents that can cause trip-
ping of the fire pump circuit breaker. It is also important to 
take extra care no t to connect (back feed) line frequency 
power to the VSD since this will damage the VSD, and, more 
importantly, can cause the fire pump circuit breaker to trip, 
which takes the pump out of service. 

A.l0.10.5 The inten t is to preven t tripping of the fire pump 
controller circuit-breaker due to a variable speed drive failure 
and thus maintain the integrity of the bypass circuit. 

A.l0.10.6.3 As the motor cable length between the controller 
and motor increases, the VSD high frequency switching voltage 
transients at the motor 1\~ll increase. To prevent the transients 
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FIGUREA.lO.lO Variable Speed Pressure Limiting Control. 

from exceeding the motor insulation ratings, the motor manu-
facturer's recommended cable lengths must be followed. 

A.lO.lO.lO.l This allows for field adjustments to reduce hunt-
ing, excessive overshooting, or oscillating. 

A.ll.l.3 The compression ignition diesel engine has proved 
to be the most dependable of the internal combustion engines 
for driving fire pumps. 

A.ll.2.2.2 For more information, see SAEJ-1349, t.ngine Power 
Test Code - Spark Ignition and ComfJression Engine. The 4-hour 
minimum power requirement in NFPA 20 has been tested and 
witnessed during the engine listing process. 

A.ll.2.2.4 See FigureA.ll.2.2.4. 

A.ll.2.2.5 Pump room temperature rise should be consid-
e red when determining the maximum ambient temperature 
specified. (See Figure A.ll.2.2.5. ) 

A.11.2.4.2 Traditionally, engines have been built with me-
chanical devices to control the iruection of fuel into the com-
bustion chambet·. To comply with requirements for reduced 
exhaust emissions, many engine manufacturers have incorpo-
rated electronics to comrol the fuel injection process, thus 
eliminating levers and linkages. Many of the mechanically 
controlled engines are no longer manufactured. 

A.11.2.4.2.4 ECMs can be designed by engine manufacturers 
to monitor various aspects of engine performance. A stressed 
engine condition (such as high cooling watet· temperature) is 
usually monitored by the ECM and is built into the ECM con-
trol logic to reduce the horsepower output of the engine, thus 
providing a safeguard for the engine. Such engine safeguards 
are not permitted for ECMs in fire pump engine applications. 

A.ll.2.6.1.1 A harness on the enclosut·e will ensure ready wir-
ing in the field between the two sets of terminals. 
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FIGURE A.ll.2.2.4 Elevation Derate Curve. 

A.U.2.6.2 Terminations should be made using insulated 
ring-type compression connectors for post-type tenninal 
blocks. Saddle-type termina l blocks should have the wire 
stripped with about 'lin in. ( 1.6 mm) of bare wire showing after 
insertion in the saddle, to ensure that no insulation is below 
the saddle. Wires should be tugged to ensure adequate tight-
ness of the terminatio n. 
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A.ll.2.7.2.1.5 The 72-hour requirement is in tende d to apply 

when batteries are new. Some degradation is expected as bat-

teries age. 

A.ll.2.7.2.2 Manual mechanical operation of the main bat-

tery contactor will bypass all of the control circuit wiring 

within the controller. 

A.ll.2.7.2.4 Location at the side of and level with the engine is 
recommended to minimize lead length from battery to starter. 

A.ll.2.7.4.4 Automatic maintenance o f a ir pressure is pref-

erable. 

A.ll.2.8.5 See Figure A.ll.2.8.5. Water supplied for cooling 

the heat exchanger is sometimes circulated directly through 
waterjacketed exhaust manifolds and/ or en gine aftercoolers 

in addition to the heat exchangers. 

A.ll.2.8.5.3.7(A) See FigureA.ll.2.8.5.3.7(A). 

A.ll.2.8.5.3.7(B) See FigureA.ll.2.8.5.3.7(B). 

A.ll.2.8.6 Where the water supply can be expected to con-
tain foreign materials, such as wood chips, leaves, lint, and so 

forth, the strainers required in 11 .2.8.5 should be of the du-
plex filter type. Each filter (clean) eleme nt should be of suffi-

cient fil tering capacity to permit full wate r flow for a 3-hour 

period. In addition , a duplex filter of the same size should be 

installed in the bypass line . (See Figu.reA.11. 2.8.5.) 

A.ll.3 The engine-driven pump can be located with an 

electric-driven fire pump(s) in a pump house or pump room 

that should be e ntire ly cut off from the main structure by non-

combustible consu·uction. T he fire pump house or pump 

room can contain facility pumps and/ or equipmen t as deter-
mined by the authority having j urisdiction. 

t--.. 
'-. 

t--.. 
'-. 

1'---. 

65 75 85 95 105 115 125 135 145 155 165 175 185 195 205 

(18.3) (23.9) (29.4) (35) (40.6)(46.1) (51.7) (57.2) (62.8)(68.3) (73.9) (79.4) (85.0) (90.6) (96.1) 

Ambient air temperature at engine inlet, °F (0 C) 

Note: The correction equation is as follows: 

Corrected engine horsepower = (CA + CT - 1) x l isted engine horsepower 

where: 

C A = derate factor for elevation 

CT= derate factor for temperature 

FIGUREA. ll.2.2.5 Temperature Derate Curve. 
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Fire 
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discharge 
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FIGURE A.ll.2.8.5 Cooling Water Line with Bypass. 

FIGURE A.ll.2.8.5.3.7(A) Spring-Loaded Check Valve Ar-

rangement. 

P I ~ Connect to engine 
cooling water i nle t~ 

Pressure indicator 0-60 psi 
'V 

-Flexible hose 
vibration dampener 

So l eno i d~ 
valve 

I~~ 
12 in. 
typical 

(305 mm) 

Floor 
Field route to pipe trench 7 

'\ 
Y -strainer with drain <..:> 

Connect to pump outlet } 

FIGURE A.ll.2.8.5.3.7(B) Backflow Preventer Arrangement. 

A.ll.3.2 Fo r optimum room ventila tion, the ai r supply venti-
lator a nd air d ischarge should be located on opposite walls. 

When calculating the maximum tempe rature of th e pump 
room, the radiated heat from the e ngine, the radiated heat 
from the exhaust piping, and all othe r heat-contribu ting 
sources should be considered. 

If the pump room is to be venti lated by a powe r ventilator, 
reliabili ty of the power source during a fi re should be consid-
ered . If the power source is unreliable, the temperature rise 
calculation should assume the ventilator is not operable. 

Air consumed by the e ngine fo r combustion should be con-
sidered as pan of the air changes in the room. 

Pump rooms with heat exchanger-cooled engines typically 
require more ai r changes than engine air consumption can 
provide. To control the tempe rature rise of the room, addi-
tio nal air Oow through the room is no rmally required. [See 
Figul'(' A .l1.3.2(a).} 

Pump rooms with radiato r-cooled engines could have suffi-
cie nt air changes due to the 1·adiator discha rge a nd e ngine 
consumption. [St't' Figure A. 11 .3.2(b).} 

A.ll.3.2.3 When motor-operated dampe rs are used in the 
air supply path, they should be sp ri ng operated to the open 
positio n and motored closed . Motor-o pe rate d dampers 
should be signaled to ope n when o r befo re the e ngine be-
gins cra nking to St.-'lrt. 

Air supply 
ventilator -

Air 
discharge 
ventilator 

'---t--1: -

FIGURE A.ll.3.2(a) Typical Ventilation System for a Heat 
Exchanger-Cooled Diesel-Driven Pump. 
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Right 

If a bend in the dueling cannot be 
avoided, it should be radiused and 
should include turning vanes to 
prevent turbulence and 
flow restriction. 

Air supply 
ventilator --

Wrong 

This configuration should not be 
used; turbulence will not allow 
adequate air flow. 

FIGURE A. ll.3.2(b) Typical Ventilation System for a 
Radiator-Cooled Diesel-Driven Pump. 

It is necessary tha t the maximum air flow restriction limit 
for the air supply ventilator be compatible with listed engines 
to ensure adequate air flow fo r cooling and combustion . This 
restriction typically includes louvers, bird screens, dampers, 
ducts, and a nything else in the air supply path between the 
pump room and the outdoors. 

Motor-operated dampers are recommended for the heat 
exchanger-cooled engines to enhance convection circulation. 

Gravity-operated dampers are recommended for use with 
radiator-cooled e ngines to simplify their coordination with 
the air flow of the fan. 

Another me thod of designing the air supply ventilator in 
lieu of dampers is to use a vent duct (with rain cap), the top of 
which extends th rough the roof or outside wall of a pump 
house and the bottom of which is approximately 6 in. 
(I 52.4 mm) off the floor of the pump house. This passive 
me thod reduces heat loss in the winte r. Sizing of this duct 
must meet the requirements of 11.3.2.1 . 

A.ll.3.2.4 When motor-operated dampe t·s are used in the air 
discharge path, they should be spring operated to the ope n 
position, motored closed, and signaled to open when or be-
fore the engine begins cranking to start. 

Prevailing winds can work against the air discharge ventilator. 
Therefore, the winds should be conside red in de termining the 
location for the air discharge ventilator. (See J:!gure A.11.3.2.4 for 

the recommended wind waU design.) 

For heat exchanger-cooled engines, an air discharge ve nti-
lato r with motor-driven dampers designed for convection cir-
culation is preferred in lieu of a power ve ntilato r. This ar-
rangement requi res the size of the venti lator to be larger, but 
it is not de pendent on a power source that migh t not be avail-
able during the pump operation. 
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FIGUREA.ll.3.2.4 Typical Wmd Wall. 

Wall 
width = 2X 
Locate on 
center with 
outlet 

For rad iator-cooled engines, gravity-operated dampers are 
recommended. Louvers and motor-operated dampers are not 
recomme nded due to the resu·iction to air flow they ueate 
and the air pressure against which they must operate . 

The maximum air flow restriction limit for the a ir dis-
charge ventilator is necessary to be compatible with listed en-
gines to e nsure adequate air flow cooling. 

A. ll.4.1.2.1 Dikes are generally not necessary due to the re-
qui rement fot· double-wall tanks with moni toring. 

A.ll.4.2 T he quantity 1 gal per hp (5.07 L per kW) is equiva-
le nt to 1 pint per hp (0.634 L pe r kW) per hour for 8 hours. 
Where prompt replenishmen t of fuel supply is unlike ly, a re-
serve supply should be provided along with facilities for trans-
fer to the main tanks. 

A.ll.4.2.1 Where the au thority having jurisdiction approves 
the start of the fire pump on loss ofac power supply, provisions 
should be made to accommodate the additiona l fuel needed 
for this purpose. 

A.ll.4.3 Diesel fuel storage tanks preferably should be lo-
cated inside the pump room o r pump house, if permitted by 
local regulations. Fill and ven t lines in such case should be 
extended to outdoors. The fill pipe can be used for a gauging 
well where pn1ctical. 

Research has identified nothing in NFPA 30, Flammable and 

Combustible Liquids Code, or NFPA 3 7, Standard for the Installation 

rmd Use of Stationary Combustion Engines and Gas 71.a·bines, that 
prohibits the outlet connection to the e ngine from the diesel 
tank from being in the location required by NFPA 20. 

The applicable code is NFPA 37, not FPA 30. The scope of 
NFPA 30 clearly states that if the installation meets the criteria 
in NFPA 37, the n it satisfies the requirements of NFPA 30. 

Therefore, NFPA 37 applies for the fuel tank for the fire 
pump, as it is considered to be pan of the installation of the 
inte rnal combustion e ngine. Subsection 6.3.2 of NFPA 37 
deals with fuel tanks inside structures for fuels other than 
Class I liquids. Sections 6.6, 6.7, and 6.8 ofNFPA 37 deal with 
filling , venting, a nd connections between the engine and the 
fuel tank, and these sections send the reader back to NFPA 30 
for the requireme nts. A review of the tank chapter in NFPA30 
for fixed tanks with capacity of 11 9 gallons or more finds no 
requirement stating that the connection to the engine has to 
be from the top of the tank, if the tank is on the floor on legs, 
or otherwise above ground. 
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A.Jl.4.4 FPA 31, Standard fm· the Installation of Oil-Burning 
equipment, can be used as a guide for diesel fuel piping. 
Figure A.ll.4.4 shows a suggested diesel engine fuel system. 

A.ll.4.4.5 A means, such as covered floor u·ough, angle, chan-
nel steel, or other adequate protection cover(s) (mechanical or 
nonmechanical), should be used on all fuel line piping "exposed 
LO traffic," LO prevent damage to the fuel supply and return lines 
between the fuel tank and diesel driver. 

A. ll.4.5 The pour point and cloud point should be at least l 0°F 
(5.6°C) below the lowest expected fuel temperature. (See 4.12.2 
anrl 11. 4.3.) 

A.ll.4.5.1 Biodiesel and other alternative fuels arc not rec-
ommended for diesel engines used for fire protection because 
of the unknown storage life issues. It is recommended that 
these engines use only petroleum fuels. 

A.l1.5.2 A conservative guidel ine is that, if the exhaust system 
exceeds 15 ft ( 4.5 m) in le ngth, the pipe size should be in-
creased one pipe size larger than the engine exhaust outlet 
size fo r each 5 ft (1.5 m) in added length. 

A.ll.5.2.9 Exhaust emission after treatment devices are typi-
cally dependem upon high exhaust temperature to burn away 
collected materials to preven t clogging. Due to the lower ex-
haust temperatures produced by the engine when operating 
at pump shuwff during weekly operation, there is a high pos-
sibility the after treatment device will accumulate collected 
material and will not be capable of flmvi ng the volume of ex-
haust in the event the e ngine is required to produce full rated 
power for an emet·gency. 

-i 
10ft 

(3.05 m) 
minimum 

Screened weather vent 

A.11.6 Internal combustion engines necessarily embody mov-
ing parts of such design and in such number that the engines 
cannot give reliable service unless given di ligent care. The manu-
facturer 's ins01.1ction book covering care and operation should 
be readily available, and pump operators should be fami liar with 
its contents. All of its provisions should be observed in detail. 

A.l1.6.2 See NFPA 25, Standard for the Inspection, Testing, and 

Maintenance of WrttPr-Based Fire Protection Systems, fo r proper 
maintenance of engine(s), batteries, fuel supply, and envi ron-
mental conditions. 

A.ll.6.4 Active systems that are permanently added to fuel 
tanks for removing water a nd particulates from the fuel can be 
acceptable, provided the following apply: 

( I ) All connections are made directly to the tank and are not 
inte rconnected with the engine or its fuel supply and re-
turn piping in any way. 

(2) There are no valves or other devices added to the e ngine 
or its fuel supply and return piping in any way. 

A.ll.6.5 Pmper engine temperature, per 11.2.8.2 and 11.6.5.1, 
maintained through the use of a supplemental heate r has many 
benefits, as follows: 

( I ) Quick starting (a fire pump engine might have to carry a 
full load as soon as it is started ) 

(2) Reduced engine wear 
(3) Reduced drain on batteries 
(4) Reduced oil dilution 
(5) Reduced carbon deposits, so that the e ngine is far more 

likely to stan every time 

j_ 
• 12 in. 

Fill cap, outside [V1s in. (1.6 mm) 
mesh removable wire screen] 

Installed -~- Mounted on 
locally engine by 

(305 mm)f------- -- ------'-F~u""e l;...; r..:ce.:.:tu"'rn"' •- ---, 
t (Fuel return pump 

5% volume 
1 for expansion 
I 

1 Storage tank 
1 (preferably inside 
1 pump room) 

I I 

V Depth of this fuel return 
r line optional, according to 
1 engine manufacturer's 
t specifications 

can be necessary for 
some engines.) / 

Check 
valve 

Flexible 

Manual cock valve,b conn. 

locked open or 
central station supervised 

t 

I manufacturer 

I 

I 

5% volume for sum 

t 1 in. (25.4 mm) drain valve when 
not subject to freezing 

II 

Fuel line protectiOn• /I 
(where needed) 

Flextble I 
1 in. (25.4 mm) drain plug when 
subject to freezing 

connection 

•Size fuel piping according to engine manufacturer's specifications. 
bExcess fuel can be returned to fuel supply pump suction, if recommended by engine manufacturer. 
csecondary filter behind or before engine fuel pump, according to engine manufacturer's specifications. 

FIGUREA. ll.4.4 Fuel System for Diesel Engine-Driven Fire Pump. 
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A.l2.2.1 If the controller must be located outside the pump 

room, a glazed opening should be provided in the pump room 

wall for observation of the moto r and pump during starting. The 

pressure control pipeline sho uld be protected against freezing 

and mechanical irtiury. 

A. l2.3.1.1 In areas affected by excessive moisLUre, heat can 

be useful in reducing the d ampness. 

A.l2.3.3.1 For more information, see NEMA 250, Enclosures 

for Elecl7i.ral Equipment. 

A.l2.3.8 Pump ope ra tors should be familiar with instructio ns 

provided for controllers and should observe in detail all their 

recomme ndations. 

A.l2.4.1.2 It is recomme nde d that the pilot lamp for signal 

service have ope rating voltage less than the rated voltage of 

the lamp to e nsure long operating life. When necessary, a sui t-

able resistor should be used to reduce the voltage for operat-

ing the lam p. 

A.l2.4.1.5.2 This automatic reset function can be accom-
plished by the use of a silence switch of the automatic reset type 

or of the self supervising type. 

A.l2.4.2.3(3) The following signals should be monitored re-

motely from the contro lle r: 

(l ) A common signal can be used for the following trouble 
indications: the items in 12.4.1.4(1) through 12.4.1.4(7) 

and loss of output of ba uery charger on the load side of 
the de overcurrent protective device. 

(2) If there is no other way to supervise loss o f power, the 

contro ller can be equipped with a power failu re circuit, 

which should be time delayed to start the engine upon 

loss of current output of the battery charger. 
(3) The arrangement specified in A. l 2.4.2.3 (3) (3) (2) is only 

pe rmitted whe re approved by the a utho rity having j uris-
diction in accordance with Sectio n 1.5 a nd allows, upo n 

loss of the ac powe r supply, the batteries to maintain their 

cha rge, activates ventilation in case conditions require 

cooling the e ngine, a nd/or main tains engine te mpera-

ture in case conditions require heating the engine. (See 
alsoA.4.6.4 andA. J1.4.2.1.) 

A.l2.4.4 The pressure recorder should be able to record a pres-
sure at least 150 percent of the pump discharge pressure under 

no-flow conditions. ln a high-rise building, d1is requirement can 
exceed 400 psi (27.6 bar ). This requirement does not mandate a 

separate recording device for each controlle r.Asingle multichan-
nel recording device can serve multiple senso rs. 

A. l2.5 A single charger that automatically alternates from one 

battery to another can be used on two battery installations. 

A.l2.7 The following defini tions are derived fro m NFPA 70, 

National Electrical Code: 

(1) Automatic. Self-acting, ope rating by its own mechanism 

when actuated by some impersonal influence (e.g., a change 
in curre nt stre ngth, pressure, tempera ture, o r mechanical 

configuration) . 
(2) Nonautomatic. The implied action requires personal inte r-

ven tion fo r its control. As applied to an electric controlle r, 

nonautomatic control does no t necessarily imply a 

manual controller, but only that personal inte rvention is 

necessary. 
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A.l2.7 .5.2 Manual shutdown of fire pumps is pre ferred. Au-
tomatic fire pump shutdown can occur during a n actua l fire 
conditio n when relatively low-flow conditions signal the con-
troller that pressure requirements have been satisfied . 

A.l3.1.3 Single-stage turbines of maximum reliability and 
simplicity a re recommended whe re the available steam supply 
will permit. 

A.l3.2.1.1 The casing can be of cast iron. 

Some applicatio ns can require a turbine-driven fire 
pump to start automatically but no t require the turb ine to 
be on pressure control afte r starting . In such cases, a satis-
factory quic k-ope ning ma nual reset valve insta lled in a by-
pass of the steam feede r line around a manua l contro l valve 
can be used. 

Whe re the application requires the pump unit to start au-
tomatically and afte r starting continue to operate by means of 
a pressure signal, the use of a satisfactory pilo t-type pressure 
control valve is recommended. This valve should be located in 
the bypass around the manual con u·o l valve in the steam 
feede r line. The turbine governor contro l valve, when set at 
a pproximately 5 pe rcent above the no rmal full-load speed of 
the pump under automatic contro l, would act as a pre-
emerge ncy contro l. 

In the arrangements set forth in the two preced ing para-
graphs, the automatic valve should be located in the bypass 
a round the manual control valve, which would normally be 
kept in the closed position. In the event of failure of the auto-
matic valve, this ma nual valve could be opened, allowing the 
turbine to come to speed and be controlle d by the turbine 
governor control valve(s). 

The use of a direct acting pressure regulato r ope rating on 
the control valve (s) of a steam turbine is not recomme nded . 

A.l3.3 The fo llowing information should be taken in to con-
sideratio n when planning a steam supply, exhaust, and boiler 
feed fo r a steam turbine-driven fire pump. 

The steam supply fo r the fire pump should prefe rably be 
a n inde pe ndent line from the boile rs. It sho uld be run so as 
no t to be lia ble to d amage in case of fire in a ny pan of the 
property. T he o the r steam lines fro m the boile rs should be 
controlled by valves located in the bo iler room. In an e me r-
gency, steam can be promptly shut off from these lines, leav-
ing the steam supply entire ly available fo r the fire pump. 
Straine rs in steam lines to turbine s are recomme nded . 

The steam th rottle at the pump sho uld close against the 
steam pressure. It should pre fe ra bly be of the globe pa tte rn 
with a solid disc. If, however, the valve used has a re movable 
composition ring, the disc should be of bron ze and the ring 
made of sufficien tly h ard and d urable mate r ial, and so he ld 
in place in the disc as to satisfactorily meet severe service 
conditio ns. Gate valves are undesirable fo r this se rvice be-
cause they canno t readily be made leaktight, as is possible 
with the globe type of valve. The steam piping sho uld be so 
arranged and tra pped that the pipes can be ke pt free of 
conde nsed steam. 

In genera l, a pressure-reducing valve sho uld n ot be 
place d in the steam pipe supplying the fire pump. The re is 
no difficulty in designing turbines for mode rn high-
pressure steam , a nd this g ives the simplest and most de-
pe ndable unit. A pressure-reducing valve introduces a pos-
s ib le obs truc tio n in the steam line in case it becomes 
deranged . In most cases, th e turbines can be pw tected by 
making the safe ty valve required by 13.2.1.2 of such size tha t 
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the p ressure in the casing will no t exceed 25 psi (1.7 bar). 
This valve should be piped outside of the pump room and, 
if possible, to som e po int where th e discharge could be seen 
by the pump attenda nt. Where a pressure-reducing valve is 
used, the following points should be carefully considered : 

(1 ) Pressure-Reducing Value. 

(a) The pressure-reducing valve should not contain a 
stuffing box or a piston working in a cylinder. 

(b) T he pressure-reducing valve should be provided \vith a 
bypass containing a globe valve to be opened in case of 
an emergency. The bypass and stop valves should be o ne 
pipe size smaller than the reducing valve, and they 
should be located so as to be readily accessible. This 
bypass should be arranged to prevent the accumulation 
of condensate above the reducing valve. 

(c) The pressure-reducing valve should be smaller than 
the steam pipe re quired by the specifications for the 
turbine. 

(2) 1<-xhausl PifJe. The exhaust pipe should run directly to the 
atm osphere and sho uld not conta in valves of any type. Tt 
should no t be connected with any condenser, heater, or 
other system o f exhaust piping. 

(3) Emergency Boi/el· Feed. A convenient method of ensuring a 
supply of steam for the fire pump unit, in case the usual 
boiler feed fails, is to provide an emergency connection 
from the discharge of the fire pump. This connection 
should have a contro lling valve at the fi re pump and also, if 
desired, an additional valve located in the boiler room. A 
check valve also sho uJd be located in this connection , pref-
erably in the boile r room. This emergency connection 
should be about 2 in. (50 mm) in diameter. 

This me thod should n ot be used when th ere is any dan-
ger of contaminating a potable water supply. In situations 
where the fire pump is handling sa lt or brackish water, it 
might also be undesirable to m ake this em e rgency boile r 
feed connection . In suc h situations, an effor t should be 
made to secure some o ther secondary boiler feed supply 
that will always be available. 

A.l4.1.3 See Figure A.14.l.3(a) for a sample of a conu<tctor's 
material and test certificate for fire pumps and Figure A l4.1.3(b) 
for a sample certificate for private fire service mains. 

A.l4.2.2 In addition, representatives of the insta lling contrac-
tor a nd owner should be present. 

A.l4.2.4 If a complete fire pump submittal package is available, 
it should provide for comparison of the equipment specified. 
Such a package should include an approved copy of the fire 
pump room general arrangement drawings, including the elec-
trical layout, the layout of the pump and water source, the layout 
of the pump room drainage details, the pump foundation layout, 
and the mechanical layout for heat and ventilation. 

A.l4.2.5 The fire pump operation is as follows: 

( 1) Motm ~Driuen Pump. To start a motor-driven pump, the fo l-
lmving steps should be taken in the following order: 

(a) See that pump is comple te ly primed. 
(b) Close isola ting switch and then close circuit breaker. 
(c) Automatic controller will start pump if system demand 

is not satisfied (e.g., pressure low, deluge tripped ). 
(d ) For manual operation, activate switch, pushbutton, or 

manual start handle. Circui t breaker tripping mecha-
nism should be set so that it will not operate whe n cur-
rent in circuit is excessively large. 

(2) Steam-Driven Pump. A s team turbine driving a fire pump 
should a lways be kept warmed up to permit instant op-

eration a t fu ll-rated speed. T he automatic starting of 
the turbine shou ld n ot be dependent on any manual 

valve operation or period of low-speed operation. If the 
pop safety valve on the casing blows, steam should be 

shut off and the exhaus t piping examined for a possible 

closed valve or an obstructed portion of piping. Steam 

turbines are provided with governors to mainta in speed 

at a predetermined point, with some adjustment for 

hig her o r lower speeds. Desired speeds below this 

range can be obtained by th rottling the main throt tle 
valve. 

(3) Diesel Engine-Driven Pump. To start a diesel engine-driven 

pump, the operator should be familiar beforehand with 

the operation of th is type of equipment. The instruction 

books issued by the engine and control manufacturer 

should be studied to this end. The storage batteries 
should always be main tained in good order to ensme 

prompt, satisfactory o peration of this equipment (i.e., 
check electrolyte level a nd specific gravity, inspect cable 

conditions, corrosion , etc.). 

( 4) Fire Pump Settings. The fire pump system, when started by 

pressure drop, should be arranged as follows: 

(a) T h e j ockey pump stop point should equal the 

pump churn pressure p lus the minimum static sup-
ply pressure. 

(b) The jockey pump start point should be at least l 0 psi 
(0.68 bar) less than the jockey pump stop point. 

(c) The fire pump start point should be 5 psi (0.34 bar) less 

than the jockey pump start point. Use lO psi (0.68 bar) 

increments for each additional pump. 

(d) Where minimum run times are provided, the pump \\~II 

continue to operate after attaining these pressures. The 

final pressures should not exceed the pressure rating of 

the system. 

(e) Where the operating differential of pressure 

switches does not permit these se ttings, the settings 

should be as close as e quipme nt will permi t. The 

settings should be established by pressures ob-

served on test gauges. 
(f) Examples of fi re pump settings follow (for ST uni ts, 

1 psi= 0.0689 bar): 

i. Pump: 1000 gpm, 100 psi pump with churn 

pressure of 1 l 5 psi 

ii. Suction supply: 50 psi from city - min imum 

static; 60 psi from city- maximum static 

ii i. Jockey pump stop= 115 psi +50 psi= 165 psi 

iv. Jockey pump start= 165 psi - I 0 psi = 155 psi 
v. Fire pump stop= 115 psi + 50 psi = 165 psi 

vi. Fire pum p start= 155 psi - 5 psi = 150 psi 
vii. Fire pump maximum churn = 115 psi+ 60 psi= 

175 psi 

(g) Where minimum-run timers are provided, the pumps 

will contin ue to opera te at churn pressure beyond the 

stop setting. The tina! p ressures should not exceed 

the pressure rating of the system components. 

(5) Automatic Recorder. The performance of all fire pumps 

sho uld be automatically indicated on a pressu re recorde r 

to provide a record of pump operation and assistance in 
fi re loss investigation. 
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Contractor's Material and Test Certificate for Fire Pump Systems 

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 I DATE 

PROPERTY ADDRESS 

ACCEPTED BY APPROVING AUTHORITIES (NAMES) 

ADDRESS 

PLANS 
D D INSTALLATION CONFORMS TO ACCEPTED PLANS YES NO 

All EQUIPMENT USED IS APPROVED FOR FIRE SYSTEM SERVICE D YES D NO 

IF NO, STATE DEVIATIONS 

HAS PERSON IN CHARGE OF FIRE PUMP EQUIPMENT BEEN INSTRUCTED AS D YES D NO 

TO LOCATION OF SYSTEM CONTROL VALVES AND CARE AND MAINTENANCE 

OF THIS NEW EQUIPMENT? 

IF NO, EXPLAIN 
INSTRUCTIONS 

HAVE COPIES OF APPROPRIATE INSTRUCTIONS AND CARE AND D YES D NO 

MAINTENANCE CHARTS BEEN LEFT ON PREMISES? 

IF NO, EXPLAIN 

LOCATION 
SUPPLIES BUILDING(S) (CAMPUS, WAREHOUSE, HIGH RISE) 
EXPLAIN 

IS THE PUMP ROOM EQUIPMENT PER THE PLANS AND SPECS? D YES D NO 

IS THE FIRE PUMP PROPERLY MOUNTED AND ANCHORED TO THE FOUNDATION? D YES D NO 
IF NO, EXPLAIN 

PUMP ROOM IS THE FIRE PUMP BASE PROPERLY GROUTED? D YES D NO 
EQUIPMENT IF NO, EXPLAIN 

DOES THE PUMP ROOM HAVE THE PROPER FLOOR DRAINS? D YES D NO 
IF NO EXPLAIN 

IS THE SUCTION AND DISCHARGE PIPING PROPERLY SUPPORTED? D YES D NO 

IS THE PUMP ROOM HEATED AND VENTILATED PER NFPA 20? D YES D NO 

PIPE TYPES AND CLASS 

PIPE CONFORMS TO STANDARD D YES D NO 
PIPES AND FITIINGS CONFORM TO STANDARD D YES D NO FITIINGS 

IF NO, EXPLAIN 

SUCTION AND DISCHARGE PIPING ANCHORED OR RESTRAINED?: D YES D NO 

IS THIS A PACKAGE OR SKID MOUNTED PUMP? D YES D NO 

IS THE PACKAGE/SKID PROPERLY ANCHORED TO A CONCRETE FOUNDATION? D YES D NO 
PRE-

PACKAGED 
IF NO, EXPLAIN 

PUMP IS THE STRUCTURAL FOUNDATION FRAME FILLED WITH CONCRETE TO FORM A D YES D NO 
HOUSE FINISHED FLOOR? 

IS THERE A FLOOR DRAIN INSTALLED? D YES D NO 

HYDROSTATIC: Hydrostatic tests shall be made at not less than 200 psi (13.8 bar) for 2 hours or 50 psi (3.4 bar) above 
static pressure in excess of 200 psi (13.8 bar) for 2 hours. 

TEST 
HYDROSTATIC TEST: 

DESCRIPTION All NEW PIPING HYDROSTATICALLY TESTED AT: NO LEAKAGE ALLOWED 

PSI/BAR FOR HOURS 

FLUSHING: Flow the required rate until water is clear as indicated by no collection of foreign material in burlap bags at 

FLUSHING outlets such as hydrants and blowoffs. Flush at flows not less than 390 gpm (1476l/min) for 4 in. pipe, 610 gpm (2309 

TESTS l/min) for 5 in. pipe, 880 gpm (3331 llmin) for 6 in. pipe, 1560 gpm (5905llmin) for 8 in. pipe, 2440 gpm (9235l/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. 

© 2009 National Fire Protection Association (NFPA 20, 1 of 2) 

FIGURE A.l4.1.3(a) Sample of Contractor's Material Test Certificate for Fire Pump Systems. 
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NEW PIPING FLUSHED ACCORDING TO STANDARD D YES D NO 

BY (COMPANY) 

IF NO, EXPLAIN 

HOW FLUSHING FLOW WAS OBTAINED I THROUGH WHAT TYPE OPENING 

0 PUBLIC WATER D TANK OR RESERVOIR D OTHER (EXPLAIN) D TEST HEADER D OPEN PIPE 

FLUSHING 

TESTS LEAD-INS FLUSHED ACCORDING TO STANDARD D YES D NO 

(continued) BY (COMPANY) 

IF NO, EXPLAIN 

HOW FLUSHING FLOW WAS OBTAINED I THROUGH WHAT TYPE OPENING 

0 PUBLIC WATER 0 TANK OR RESERVOIR D OTHER (EXPLAIN) D y CONNECTION TO D OPEN PIPE 
FLANGE & SPIGOT 

ALL EQUIPMENT APPROVED? D YES D NO 

ALL REQUIRED REPRESENTATIVES PRESENT FOR TEST D YES D NO 

AHJ AND OWNER'S REPRESENTATIVE PRESENT FOR TEST D YES D NO 
IF NO EXPLAIN 

ALL ELECTRICAL WIRING COMPLETE AND PER NFPA 70 AND NFPA 20 D 
IF NO, EXPLAIN 

YES D NO 

CALIBRATE TEST EQUIPMENT USED D YES D NO 
CALIBRATION DATE 

FLOW TESTS 

PUMP DESIGN GPM PSI 

DOES THE PUMP MEET OR EXCEED THE CERTIFIED CURVE? D YES D NO 

PUMP TYPE 0 HORIZONTAL 0 VERTICAL TURBINE D OTHER 

PUMP MAKE MODEL # SERIAL# 

COMMENTS 

FIELD 
ELECTRIC DRIVER OPERATIONAL TEST SATISFACTORY D YES D NO 

ACCEPTANCE ELEC. DRIVER MODEL# SERIAL # 

TEST VOLTAGE VAC @ HP RPM FLA 

ENGINE DRIVEN D YES D NO 

ENGINE MAKE MODEL# SERIAL# 

HP RPM SPEED 

DIESEL DRIVER OPERATIONAL TEST SATISFACTORY? D YES D NO 
OTHER 
EXPLAIN 

CONTROLLER MAKE MODEL# SERIAL # 

VARIABLE SPEED PRESSURE LIMITING CONTROL D YES D NO 

TESTED AT MINIMUM, RATED, AND PEAK FLOW D YES D NO 

CONTROLLER TEST: 
D YES D NO 

SIX AUTO STARTS 
D YES D NO SIX MANUAL STARTS 

PHASE REVERSAL TEST PERFORMED (ELECTRIC ONLY) D YES D NO 

ALTERNATE POWER SOURCE TESTED (ELECTRIC ONLY) D YES D NO 

ELECTRONIC FUEL MANAGEMENT (ECM) FUNCTION TEST PERFORMED (DIESEL ONLY) D YES D NO 

SYSTEM CONTROL VALVES LEFT WIDE OPEN 

CONTROL 
IF NO, STATE REASON 

D YES D NO 

VALVES HOSE THREADS OF FIRE DEPARTMENT CONNECTIONS AND HYDRANTS D YES D NO 
INTERCHANGEABLE WITH THOSE OF FIRE DEPARTMENT ANSWERING ALARM 

DATE LEFT IN SERVICE 
REMARKS ADDITIONAL COMMENTS: 

NAME OF INSTALLING CONTRACTOR 

SIGNATURES 
TESTS WITNESSED BY 

FOR PROPERTY OWNER (SIGNED) TITLE DATE 

FOR INSTALLING CONTRACTOR (SIGNED) TITLE DATE 

ADDITIONAL COMMENTS AND NOTES: 

© 2009 National Fire Protection Association (NFPA 20, 2 of 2) 

FIGURE A. l 4 .1.3(a) Continued 
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Contractor's Material and Test Certificate for Private Fire Service Mains 
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 I DATE 

PROPERTY ADDRESS 

ACCEPTED BY APPROVING AUTHORITIES (NAMES) 

ADDRESS 

PLANS 
D D INSTALLATION CONFORMS TO ACCEPTED PLANS YES NO 

EQUIPMENT USED IS APPROVED D YES 0 NO 

IF NO, STATE DEVIATIONS 

HAS PERSON IN CHARGE OF FIRE EQUIPMENT BEEN INSTRUCTED AS 0 YES 0 NO 

TO LOCATION OF CONTROL VALVES AND CARE AND MAINTENANCE 

OF THIS NEW EQUIPMENT? 

IF NO, EXPLAIN 

INSTRUCTIONS 
HAVE COPIES OF APPROPRIATE INSTRUCTIONS AND CARE AND 0 YES D NO 

MAINTENANCE CHARTS BEEN LEFT ON PREMISES? 

IF NO, EXPLAIN 

LOCATION SUPPLIES BUILDINGS 

PIPE TYPES AND CLASS I TYPE JOINT 

PIPE CONFORMS TO STANDARD D YES D NO 

PIPES AND 
FITTINGS CONFORM TO STANDARD D YES D NO 

JOINTS 
IF NO, EXPLAIN 

BURIED JOINTS NEEDING ANCHORAGE CLAMPED, 0 YES D NO 

STRAPPED, OR BLOCKED IN ACCORDANCE WITH STANDARD 

IF NO, EXPLAIN 

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 blowoffs. Flush at flows not less than 390 gpm (1476 Umin) for 4 in. pipe, 610 gpm (2309 

Umin) for 5 in. pipe, 880 gpm (3331 Umin) for 6 in. pipe, 1560 gpm (5905 Umin) for 8 in. pipe, 2440 gpm (9235 Umin) 

for 10 in. pipe, and 3520 gpm (13323 Umin) for 12 in. pipe. When supply cannot produce stipulated flow rates, obtain 

maximum available. 

TEST HYDROSTATIC: Hydrostatic tests shall be made at not less than 200 psi (13.8 bar) for 2 hours or 50 psi (3.4 bar) above 

DESCRIPTION 
static pressure in excess of 150 psi (10.3 bar) for 2 hours. 

LEAKAGE: New pipe laid with rubber gasketed joints shall, if the workmanship is satisfactory, have little or no leakage at 

the joints. The amount of leakage at the joints shall not exceed 2 qtlhr (1 .89 Uhr) per 100 joints irrespective of pipe 

diameter. The amount of allowable leakage specified above can be increased by 1 fl oz per inch valve diameter per hour 

(30 mU25 mm/hr) for each metal seated valve isolating the test section. If dry barrel hydrants are tested with the main 

valve open, so the hydrants are under pressure, an additional 5 oz per minute (150 mUmin) leakage is permitted for 

each hydrant. 

NEW PIPING FLUSHED ACCORDING TO STANDARD D YES D NO 

BY (COMPANY) 

IF NO, EXPLAIN 

HOW FLUSHING FLOW WAS OBTAINED THROUGH WHAT TYPE OPENING 
FLUSHING 0 PUBLIC WATER 0 TANK OR RESERVOIR O FIREPUMP 0 HYDRANT BUTT 0 0PEN PIPE 

TESTS 

LEAD-INS FLUSHED ACCORDING TO STANDARD D YES D NO 

BY (COMPANY) 

IF NO, EXPLAIN 

HOW FLUSHING FLOW WAS OBTAINED THROUGH WHAT TYPE OPENING 

0 PUBLIC WATER 0 TANK OR RESERVOIR O FIREPUMP 0 Y CONNECTION TO O OPEN PIPE 
FLANGE & SPIGOT 

© 2009 National Fire Protection Association (NFPA 20, 1 of 2) 

FIGURE A.l4.1.3(b) Sample of Contractor's Material and Test Certificate for Private Fire 
Service Mains. 
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ALL NEW PIPING HYDROSTATICALLY TESTED AT BURIED JOINTS COVERED 
HYDROSTATIC 

D YES D NO TEST PSI FOR HOURS 

TOTAL AMOUNT OF LEAKAGE MEASURED NO LEAKAGE ALLOWED FOR VISIBLE JOINTS 

LEAKAGE GALLONS HOURS 

TEST 
ALLOWABLE LEAKAGE (BURIED} NO LEAKAGE ALLOWED FOR VISIBLE JOINTS 

GALLONS HOURS 

NUMBER INSTALLED 

I 
TYPE AND MAKE I ALL OPERATE SATISFACTORILY 

HYDRANTS 
D YES D NO 

WATER CONTROL VALVES LEFT WIDE OPEN D YES D NO 

CONTROL 
IF NO, STATE REASON 

VALVES 

HOSE THREADS OF FIRE DEPARTMENT CONNECTIONS AND HYDRANTS D YES D NO 

INTERCHANGEABLE WITH THOSE OF FIRE DEPARTMENT ANSWERING ALARM 

DATE LEFT IN SERVICE 

ADDITIONAL COMMENTS: 
REMARKS 

NAME OF INSTALLING CONTRACTOR 

SIGNATURES TESTS WITNESSED BY 

FOR PROPERTY OWNER (SIGNED} 

FOR INSTALLING CONTRACTOR (SIGNED} 

ADDITIONAL EXPLANATION AND NOTES 

© 2009 National Fire Protection Association 

FIGURE A. l 4. 1.3(b) Continued 

A. l 4.2.5.1 The test equipme nt should be furnished by either 
the authority having jurisdiction or the install ing contractor 
or th e pump manufacturer, depending upon the prevai ling 
arrangements made between the aforementioned parties. The 
equipme nt should include, but not necessarily be limited to, 
the following: 

(1) Equipment for Use with 1Pst Valve Header. 50ft (15m) lengths 
of2lh in. (65 mm) lined hose should be provided includ-
ing Underwriters L1.boratories' play pipe nozzles as 
needed to flow required volume of water. \<Vhe•·e test 
meter is provided, however, these might not be needed. 

(2) lnstrnmml(ttion. The following test instruments should be 
of high quality, accurate, and in good repair: 

(a) Clamp-on volt/ amme ter 
(b) Test gauges 
(c) Tachometer 
(d) Pitot tube with gauge (for use with hose and nozzle) 

(3) lnstrnmenlation Calibration. All test instrumentation should 
be calibrated by an approved testing and calibration facil-
ity ''~thin the 12 months prior to the test. Calibration 
documentation should be available for review by the au-
thority havingjurisdiction. 

A majority of the test equipment used for acceptance 
and annual testing has never been calibrated. This equip-
ment can have errors of J 5 to 30 percent in readi ngs. The 
use of unca librated test equipment can lead to inaccurately 
reported test results. 

I TITLE I DATE 

I TITLE I DATE 

(NFPA 20, 2 of 2) 

While it is desirable to achieve a true churn condition (no 
flow) during the test for comparison to the manufacturer's 
certified pump test characteristic cu1ve, it migh t not be pos-
sible in all circumstances. Pumps \vith circulation relief valves 
\viii discharge a small amount of water, even when no water is 
flowing into the fire protection system. The small discharge 
th rough the circulation relief valve should not be shut off dur-
ing the test since it is necessa1y to keep the pump from over-
heating. For pumps \vith circula tion relief valves, the mini-
mum flow condition in the test is expected to be the situation 
where no water is flowing to the fi re protection system but a 
small flow is present through the circulation relief valve. Dur-
ing a test on a pump \vith a pressure relief valve, the pressure 
relief valve should not open because these valves are installed 
purely as a safety precaution to prevent overpressurization 
during overspeed conditio ns. 

Overspeed conditions should not be present during the 
test, so the pressure relief valve should not open. When pres-
sure relief valves a re installed on systems to relieve pressure 
under normal operating conditions, and if a true churn con-
dition is desired during the acceptance test, the system d is-
charge valve can be closed and the pressure relief valve can be 
adjusted to eliminate the flow. The pressure readings can be 
quickly noted and the pressure relief valve adjusted again to 
allow flow and relief of pressure. After this one-time test, a 
re ference net pressure can be noted with the relief valve open 
so that lhe relief valve can remain open during subsequent 
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20-90 INSTALLATION O F STATIONARY PUMPS FOR FIRE PROTECTION 

a nnual tests with the comparison back to the ,-eference re-

sidual ne t pressure rather than the manufacturer's curve. 

A. l 4.2.5.2.3 Where a hose valve header is used, it should be 
located where a limited [approximately 100ft (30m)] amount 
of hose is used to discharge water safely. 

Whe re a flow test meter is used in a closed loop according to 

manufacturer's instn.JCtions, additional outlets such as hydrants, 
hose valves, and so forth should be available to determine the 
accuracy of the metering device. 

A. l4.2.5.4 The test procedure is as fo llows: 

( 1) Make a visual check of the unit. If hose and nozzles are used, 
see that they are securely tied down. See that the hose valves 

are closed. If a test meter is used, the valve on the discharge 
side of the me ter should be closed. 

(2) Start the pump. 
(3) Partially open one or two hose valves, or slightly open the 

meter discharge valve. 
( 4) Check the general operation of the unit. Watch for vibra-

tion, leaks (oil or wate r) , unusual no ises, and general op-

eration. Adjust packing glands. 
(5) Measure water discharge. The steps to do so are as fo llows: 

(a) Where a test valve header is used, regulate the discharge 

by means of the hose valves and a selection of the nozzle 
tips. It will be noticed that the play pipe has a removable 
tip. This tip has a 1 \1M in. (28.6 mm) nozzle, a nd when 

the tip is removed, tl1e play pipe has a l o/.1 in. (44.4 mm) 
nozzle. Hose valves should be shut off before removing 
or putting on the 1 \1M in. (28.6 mm) tip. 

(b) Where a test meter is used, regulate the discharge 
valve to achieve various flow readings. 

(c) Importalll test points are at 150 percent rated capacity, 

rated capacity, and shutoff. Intermediate points can be 
taken if desired to help develop tile performance curve. 

(6) Record the following data at each test point (seJ: Fig-

ureA. l 4.2.5.4): 

(a) Pump rpm 

(b) Suction pressure 
(c) Discharge pressure 
(d) Number and size of hose nozzles, pitot pressure for 

each nozzle, and total gpm (L/ min); fo r test meter, 
simply a record of gpm (L/ min ) 

(e) Amperes (each phase) 
(f) Volts (phase to phase) 

(7) Calculatio n of test results is as fo llows: 

(a) Rated SjJeed. Determine that pump is ope rating a t 
rated rpm. 

(b) Capacity. For hose valve header, using a fire stream 
table, determine tile gpm (L/ min) for each nozzle at 

each pitot reading. For example, 16 psi ( l.l bar) pitot 
pressure with 1% in. ( 44.4 mm) nozzle indicates 

364 gpm ( 1378 L/ min). Add tile gpm for each hose line 
to determine total volume. For test meter, tile total 
gpm (L/ min) is read directJy. 

(c) Total Head Jar Harizontal Pump. Total head is tile sum 
of the fo llowing: 

2010 Edition 

1. Pressure measured by the discharge gauge at 
pu mp discharge flange 

n. Velocity head difference, pump discharge, and 

pump suction 
iii. Gauge elevatio n corrections to pump centerline 

(plus or minus) 

tv. Pressure measu red by suction g-auge at pump 
suction flange - negative value when pressure 
is above zero 

(d ) Total Head for Vertical PumjJ. Total head is the sum of 
the following: 

1. Pressure measured by the d ischarge gauge at 
pump discharge flange 

u. Velocity head at the discharge 
iii. Distance to the supply water level 
iv. Discharge gauge elevation correction to center-

line of discharge 

(e) t:lectricallnjJUt. Voltage and ampe res are read directJy 
from the volt/ ammeter. This reading is compared to 
the motor name plate full-load amperes. The only gen-
eral calculation is to dete rmine the maximum amperes 
allowed due to the motor service factor. In tile case of 
1.15 service factor, the maximum amperes are approxi-
mately 1.15 times motor amperes, because changes in 
power factor and efficiency are not considered. lf t11e 
maximum amperes recorded on the test do not exceed 
this figure, the motor and pump will be judged satisfac-
tory. It is most important to measure voltage and am-
peres accurately on each phase should the maximum 
amperes logged on the test exceed the calculated maxi-
mum amperes. This measureme nt is important because 
a poor power supply witJ1 low voltage will cause a high 
ampere reading. This condition can be corrected only 
by improvement in the power supply. There is nothing 
tl1at can be done to the motor or the pump. 

(f) Correction to Rated Speed. For purposes of plotting, the 
capacity, head, and power should be corrected from the 
test values at test speed to tl1e rated speed of tl1e pump. 
T he corrections are made as follows. 
Capacity: 

where: 
Q 1 capacity a t test speed in gpm (L/ min) 
Q2 capacity a t rated speed in gpm (L/ min) 
N 1 test speed in rpm 
N 2 ra ted speed in rpm 

Head: 

where: 
/-1 1 = head at test speed in ft (m) 
H 2 = head at rated speed in ft (m) 

Horsepower: 

where: 
hjJ 1 = kW (ho rsepower) at test speed 
hp 2 = kW (horsepower) at rated speed 

(g) Conclusion. The final ste p in the test calculation is gen-
erally a p lot of test points. A head-capacity curve is 
plotted, and an a mpere-capacity curve is plotted. A 
study of these curves wi ll show the performance pic-
ture of the pump as it was tested . 



ANNEXA 20-91 

Centrifugal Fire Pump Acceptance Test Form 
Information on t his form covers the minimum requirements ofNFPA 20-2007 for performing acceptance tes ts on pumps 
with electric motors or diesel engine drivers. Other forms are available for periodic inspection, testing and maintenance. 

NATIONAL 

FtRE 

SPRINKL.EI=I 

ASSOCIATION, INC 

Owner: ________________________________________________ __ 

Owner's Address:-----------------------------------------

Property on which pump is installed: _______________________ _ 

Property Address: _____________________________________ __ 

Date of Test: _______________________ _ 

Demand(s) of F ire Protection Systems Supplied By Pump: - ---------

Pump: 0 Horizontal 0 Vertical 

Manufacturer : Shop/Serial Number: ----------
Model or Type: ___ _______ ___ _ ___ _ ______ __ 

Rated GPM ____ Rated Pressure ____ Rated RPM __ _ 

Suction From - ------ If Tank, Size and Height ___________ _ 

Driver: 0 Electric Motor 0 Diesel Engine 0 Steam Turbine 

Manufacturer: ------------- Shop/Serial Number: --------
Model or Type: ______________ _ ___ __ _ 

Rated Horsepower: Rated Speed: - --------
If Electric Motor, Rated Voltage Operating Voltagtt... __ __ 

Rated Amps___ Phase Cycles___ Service Factor ____ _ 

Controller Manufacturer: -----------------------------------
Shop/Serial Number: Model or Type: ________ _ 

Jockey Pump on System? 0 Yes 0 No Settings: On....__ Off __ _ 

Note: All questions are to be answered Yes, No or Not Applicable. 
All "No" answers are to be explained in the comments portiOn of this form. 

I. Flush Test (Conduct before Hydrostatic Test) 

Suction piping was flushed at ___ gpm? 0 Yes UNo 0 N/A 

(See Table 14.J.l.l(a) ofNFPA 20.) 

Certificate presented showing flush test? DYes ONo 'J N/A 

II. Hydrosta tic Test 
Piping tested at ___ psi for 2 hours? 0 Yes 0 No 0 N/A 

(Note: NFPA 20 requires 200 ps• or 50 psi aboue maximum system 
pressure whichever is greater.) 

P iping passed test? 

Certificate presented showing test? 

m. People Present 
Were the following present to witness the test : 

A. Pump manufacturer/representative 

B. Engine manufacturer/representative 

C. Controller manufacturer/representative 

D. Transfer switch manufacturer/rep. 

E. Authority having jurisdict ion/rep. 

IV. Electric Wiring 

DYes DNo ON/A 

DYes DNo ON/A 

DYes ONo O N/A 

DYes ONo ON/A 

DYes ONo ON/A 

DYes DNo ON/A 

D Yes DNo ON/A 

Was a ll electric wiring including control interwiring for multiple 
pumps, emergency power supply, and the jockey pump completed 
and checked by the electrical contractor prior to the initial 
start-up and acceptance test? DYes D No 0 N/A 

V. FlowTest 
Run the pump at no-load, rated load and peak load (usually 150% of 
rated load) conditions. For variable speed drivers, run the test with the 
pressure limiting co11trol •on• and then again at rated speed with the 
pump isolated from the fire protection system and the relief ualve closed. 

A. Was a copy of t he manufacturers' certified pump test 
characteristic curve available for comparison to the 
results of the acceptance test? 0 Yes D No 0 N/A 

B. Equipment and gages calibrated? 0 Yes 0 No 0 N/A 

C. No vibrations that could potentially damage any fire 
pump component? 0 Yes 0 No 0 N/A 

D. The fi re pump performed at all conditions without 
objectionable overheating of any component? 0 Yes 0 No 0 N/A 

E. For each test, record the following for each load condition: 

Driver Suction Discha rge NOl<zle Pi tot Readings 
Test Speed Pressure Pressure Size or Flow 

rpm psi psi inch I 2 3 4 5 6 

t'-- 1--p f< 0 
1-- 1-r---

100% 

150% 

F . For electric motor driven pumps a lso record: 

Test Voltage Amperes 

0 

100% 

15()<1, 

E. For each test, record the following for each load condition: 

PNet a Po."""""' - Psuot;on Q = 29.83 cd2 ff 

Net Flow 
Test Pressure 1 2 3 4 5 6 Total Flow 

0 0 0 0 0 0 0 

100% 

150% 

H. For electric motors operating at rated voltage 
and frequency, is the ampere demand less 
than or equal to the product of the fu ll load 
ampere rating t imes the a llowable service factor 

0 

as stamped on the motor nameplate? DYes D No D N/A 

I. For electric motors operating under varying voltage: 

1. Was the product of the actual voltage and 
current demand less than or equal to the product 
of the rated full load current t imes t he rated 
voltage times the allowable service factor? DYes 0 No D N/A 

2. Was the voltage always less than 5% 
below the rated voltage during the test? Yes 0 No NIA 

3. Was the voltage always less than 10% 
above the rated voltage during the test? 0 Yes 0 No 0 N/A 

J. Did engine-driven units show no signs of 
overload or stress? 0 Yes 0 No 0 N/A 

K. Was the governor set to properly regulate the 
engine speed at rated pump speed? 0 Yes 0 No NIA 

L. Did the gear drive assembly operate without excessive 
objectionable noise, vibration or heating? 0 Yes 0 No 0 N/A 

M. Was the fire pump unit started and brought up to 
rated speed without interruption under the conditions 
of a discharge equal to peak load? 0 Yes 0 No 0 N/A 

N. Did the fire pump perform equal to the 
manufacturer's characteristic curve within t he 
accuracy limits of the test equipment? 0 Yes 0 No 0 N/A 

0. Electric motor pumps passed phase reversal test 
on normal and alternate (if provided) power? 0 Yes 0 No 0 N/A 

© 2005 National Fire Sprinkler Association, P.O. Box 1000, Patter90n, NY 12563 (845) 878-4%00 (used with permission) Form 20-A Sheet 1 of2 

FIGURE A.l4.2.5.4 Centifugal Fire Pump Acceptance Test Form. (Source: National Fire Sprinkler 

Association, Inc.) 
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VI. Controller Test 

A. Did the pump start at least 6 times from 
automatic sources? 

N/A 

B. Was each automatic starting feature tested 
at least once? 

NIA 

C. Did the pump start at least 6 times manually? 
N/A 

D. Was the pump run for at least 5 minutes during 

DYes DNo D 

DYes DNo D 

DYes ONo D 

each of the operations in Parts A, Band C above? DYes No D 
N/A 

(Note: An engine driver is not required to run for 5 minutes at 
ful; opeed between successive starts until the cumulative cranking 
time of successive starts reaches 45 seconds.) 

E. Were the starting operations divided between both 
sets of batteries for engine-driven controllers? DYes D No D 

N/A 

F. Electric Driven Pump Controllers 

1. Were all overcurrent protective devices (including 
the controller circuit-breaker) selected, sized and 
set in accordance with NFPA 20? DYes D No D 

NIA 

2. Was the fire pump started at least once from each 
power service and run for at least 5 minutes? 0 Yes 0 No 0 

N/A 

3. Upon simulation of a power failure, while t he pump is 
operating at peak load, did the transfer switch transfer from 
the normal to the emergency source without opening 
overcurrent protection devices on either line? 0 Yes 0 No 0 

N/A 

4 . When normal power was restored, did retransfer from 
emergency to normal power occur without overcurrent 
protection devices opening on either line? DYes 0 No 0 

N /A 

5. Were at leas t half of the automatic and manua l 
starts required by Parts A and C performed with 
the pump connected to the a lten1ate source? 0 Yes 0 No 0 

N/A 

G. Were all signa l conditions simulated 
demonstrating sat isfactory operation? 

N/A 

H. Was the pump run for at least 1 hour total 
during all of the above tests? 

N/A 

I. For engines with ECM fuel management 

OYes ONo 0 

OYes ONo 0 

VIII. Tester Information 

Tester: ________________________ _ 

Company: _______________________ _ 

Company Address: ____________ ______ __ _ 

I state that the information on this form is correct at the time and place 
of my test, and that all equipment tested was left in operational 
condition upon completion of this test except as noted in the comments 
section below. 

Signature of Tester: ___________ _ Date: ____ _ 

License or Certification Number if Applicable: _________ _ 

IX. Comments 

(Any "No" answers, test failures, or other problems must be explained 

\ 

\ 

--

Pump Test Results 
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FIGURE A.l4.2.5.4 Continued 
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A.l4.2.5.6 A simulated test of the phase reversal device is an 
acceptable test method. 

A.l4.2.6.1 All conu·oller starts required for tests described in 
14.2.5 through 14.2.8 should accrue respectively to this number 

of tests. 

A.l4.2.11 To veriry the operation of the alternate ECM, wit11 t11e 
motor stopped, move the ECM selector s ~'~tch to the alternate 
ECM position. Repositioning of the selecto r switch should cause 
a signal on the fire pump conu·oller. Start the engine; it should 
operate nom1ally wit11 all functions. Shut engine down, S\~ t c h 

back to the primary ECM, and restart the engine briefly to verify 
that correct switchback has been accomplished. 

To verify the operation of the redundant sensor, \vith the 
engine running, disconnect the wires from the primary sen-
sor. There should be no change in the engine operation. Re-
connect the wires to the sensor. Next, disconnect the wires 
from the redundant sensor. There should be no change in the 
e ngine operation. Recon nect the wires to the sensor. Repeat 
this process fo r all primary and r·edundam sensors on the en-
g ines. Note: If desired, the disconnecting and reconnecting of 
wires to the sensors can be done whi le the engine is not run-
ning, then starting the eng ine after each disconnection and 
rcconnection of the wires to verify e ngine ope ration. 

A.l4.5.2.3 Fire pump e ngines have unique features com-
pared to standard industrial e ngines. T he standard industrial 
ECM progra mming can result in the reduction of power to 
self-protect the engine during a fire or the inabi lity to accele r-
ate the pump to rated speed in rated now condition. 

Annex B Possible Causes of Pump Troubles 

This annex is not a part oftherequimnents of this NFPA document 

Inti is included for informational jJUrposes onl)'. 

B. I Causes of Pump Troubles. This annex contains a partial 
guide for locating pump troubles and the ir poss ible causes (sPe 

Figure B.J). It also contains a partial list of suggested remedies. 
(For othrr infonnation on this subject, see H)•dmulic Institute Stan-

dards for Centrifugal, Rolm)' and Reciprocaling Pumps.) 

The causes listed here a rc in addition to possible mechanical 
breakage that would be obvious on \~Sua ! inspection. In case of 
u·ouble, it is suggested t11at those u·oubles that can be checked 
easily should be corrected fi rst or eliminated as possibilities. 

B.l.l Air Drawn into Suction Connection Through Leak(s). 
Air drawn into suction line through leaks causes a pump to 

lose suction o r fail to maintain its discharge pressure. Uncover 
suction pipe and locate and repair lcak(s). 

B.l.2 Suction Connection Obstructed. Examine suction in-
take, screen, and suction pipe and remove obstruction . Repair 
o r provide screens to prevent recurrence. (See 4.14. 8.) 

B.l.3 Air Pocket in Suction Pipe. Air pockets cause a reduction 
in delivery' and pressure similar to an obsuucted pipe. Uncover 
suction pipe and rearrange to eliminate pocket. (See 4. 14.6.) 

B. l.4 Well Collapsed or Serious Misalignment. Consult a re li-
able well drilling company a nd the pump manufacturer re-
garding recommended repairs. 

B.l .5 Stuff"mg Box Too Tight or Packing Improperly In-
stalled, Worn, Defective, Too Tight, or of Incorrect Type. 
Loosen gland swing bolts and remove stuffing box gland 
halves. Replace packing. 

B.l.6 Water Seal or Pipe to Seal Obstructed. Loosen gland swing 
bolt and remove stuffing box gland halves along \vith the water 

seal ring and packing. Clean the water passage to and in the water 
seal ring. Replace wate r seal ring, packing gland, and packing in 
accordance with manufactur·er's instructions. 

B.l.7 Air Leak into Pump Through Stuff"mg Boxes. Same as 
the possible cause in B.l.6. 

B.l.8 Impeller Obstructed. Does not show on any one instru-
ment, but pressures fall off rapidly when an attempt is made to 
draw a large amount of water. 

For horizon tal split-case pumps, remove upper case of 
pump and remove obstruction from impeller. Repai r or pro-
vide screens on suction intake to prevent recurre nce. 

For vertical shaft turbine-type pumps, lift out column pipe 
(see Figure A . 7.2.2.1 and Figure A. 7.2.2.2) and pump bowls from 
wet pit or well and disassemble pump bowl to remove obstruc-
tion from impeller. 

For close-coupled , ve rtical in-line pumps, lift mo to r o n top 
pull-out design a nd remove obstruction from impeller. 

B.l.9 Wearing Rings Worn. Re move upper case and insert 
feeler gauge between case wearing ring a nd impeller wearing 
ring. Clearance when new is 0.0075 in. (0.19 mm). Clearances 
of more tha n 0.015 in. (0.38 mm) are excessive. 

B.l.lO Impeller Damaged. Make minor repairs or retum to 
manufactu rer for replacement. If defect is not too serious, order 
new impeller and use damaged one until replacement arrives. 

B.l.ll Wrong Diameter Impeller. Replace with impeller of 
proper diame ter. 

B.l.l2 Actual Net Head Lower than Rated. Check impeller 
diame ter and number and pump model number to make sure 
correct head curve is being used. 

B.l.l 3 Casing Gasket Defective, Permitting Internal Leakage 
(Single-Stage and Multistage Pumps). Replace defective gasket. 
Check manufacturer's drawing to see whether gasket is required. 

B.l.l4 Pressure Gauge Is on Top of Pump Casing. Place 
gauges in correct location. {See FigureA.6.3. l (a).l 

B.l.l5 lncorrect Impeller Adjustment (Vertical Shaft Thrbine--
Type Pump Only). Adjust impelle rs according to manufactu r-
er's instructions. 

B.l.l6 Impellers Locked. Fo r vertical shaft turbine- type 
pumps, raise and lower impe llers by the top shaft adjusting 
nut. If this adj ustment is not successful, fo llow the manufac tur-
er's instructions. 

For horizontal split-case pumps, remove upper case and 
locate and eliminate obstruction. 

B.J.l7 Pump Is Frozen. Provide heat in the pump room. Dis-
assemble pump and remove ice as necessary. Examine parts 
carefully for damage. 

B.l.l8 Pump Shaft or Shaft Sleeve Scored, Bent, or Worn. 
Replace shaft or shaft sleeve. 

B.l.l9 Pump Not Primed. If a pump is operated 1vithout wa-
ter in its casing, the wearing rings are likely to seize. The first 
warning is a change in pi tch of the sound of the driver. Shut 
down the pump. 

For vertical shaft tu rbine-type pumps, check water level to 
determine whether pump bowls have proper submergence. 

B.I.20 Seal Ring Improperly Located in Stuffing Box, Pre-
venting Water from Entering Space to Form Seal. Loosen 
gland swing bolt a nd remove stuffing box gland halves along 
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Fire pump 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Troubles 

Excessive 
X leakage al 

sluffing box 

Pump or driver X X X X X overheats 

Pump unit X X will not start 

No water 
X X X X discharge 

Pump is noisy 
or vibrates X X X X 

Too much X X X X X X power required 

Discharge 
pressure 

X X X X not constant 
for same gpm 

Pump loses 

X X X X X suction after 
starting 

Insufficient X X X X X X X X X X X water discharge 

Discharge 
pressure 
too low for gpm 
discharge 

X X X X X X X X X X X X X 

FIGURE B.l Possible Causes of Fire Pump Troubles. 

with the water-seal ring and packing. Replace, putting seal 
ring in proper location. 

B. l.21 Excess Bearing Friction Due to Lack of Lubrication, 
Wear, Dirt, Rusting, Failure, or Improper Installation. Remove 
bearings and clean , lubricate, o r replace as necessary. 

B.l .22 Rotating Element Binding Against Stationary Element. 
Check clearances and lubrication and re place o r repair the 

defective pan. 

B.l.23 Pump and Driver Misaligned. Shaft running off cente r 
because of worn bearings or misalignment. Align pump and 
driver according to manufacturer's instructions. Replace bear-
ings according to manufacturer's instructions. (See Section 6.5.) 

B. l.24 Foundation Not Rigid. Tighten foundation bolts o r re-
place foundation if necessary. (See Section 6. 4.) 

201 o Edition 

"" "' "" "' iii 
.g 

! 
c 
"' E 
(ii~ 
.2.c 
-oo 

~~ 
i5. 
E" 
·- 0. 

0'" 
~~ 
s:e 
EB 

15 

X 

X 

X 

X 

Driver and/or Driver 
Pump 

Ol ..: 
.!: "' c 

., 
3: c 

c: "' > c Q) 

~ !!? .2 E ., 
0. 

lg 
.!!! Ol e 

0 x "' ~ 0 1:' * i Ll 

8 ~~ 
- ~m 

.2~ 

" 1l 0$ ~ a;~ 
= "' 

., 
¥ 2E tl.~ ~ "0 E .2<11 .,_ 

"'- " ,g dl:::: 
~ 

c:S 
£~ 

u; 0 
2 

_., 
:0.2 c: c ""' .,_ ... dl u; !!? 2-o 

~ 
!!!., ::JO. C> Ll 

c 
~0 "'" -oE ., c: 

0 0 Q) 

"' 
0«1 

~ - ~ "' 
.!2' "" "= o.,; 

"iii 
oa. "0 iii E ~ 

"0 - ., c "' 
.. ..:a. 

~-~ 
:2 " .:: .g ~ :0 E u; C> 

·:;·a. ., 
"0 

Ol >. c: 0 

~ 
_g E 

"" -::~ c ·o: 
"' .g "0 </) 

" 
a.-

-~ 
c 

~ c: o !!! C>~ .. 15 Ol "" 
urn 

0 - ~ . ~S g ;< .2 
·E * re - c: E 

i 
Ol 

~ . § ~ 
c: s 0 :.:: 

~ 
Q. ~ oi .!!! "0 :;; ,g "" c: Ll !!? ~"0 ., 
0 il§ "' "0 0 - ~ .2 ~ ~ I!! ~ 

e> o C> c: 
~ '6 E q;u 

.!!! .!!? c: .5.!= "'"' c: 
., 

"' 
"0 

0 a. Q. Q. -- "'" ·s a. "0 
~ 

"0 C> 

l 
"0 i!- 2 (ii 

E E E (ij~ .. - E c .!: 
tl "' 

c Q) 

a. ~-~ 
::J C> ::J .. e ;;; "S(ii 

.£ ::J ::J ::J .,., 0 ::J .2 c: 
~ 

., a. Lf-8 a. a. a. (1)3: w-o a: a. w -' (J) !: (J) a: 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

X X 

X X X X X X X X X X X X 

X X X X X X 

X 

X X X X X X 

X X X X X X X X X 

X 

X X X 

X X X 

B.l.25 Engine Cooling System Obstructed. Heat exchange r 

or cooling water systems too sma ll or cooling pump fau lty. 

Re move thermostats. Open bypass around regulator valve and 
strainer. Check regu lator valve ope ration. Check strainer. 

Clean and repair if necessary. Discon nect sections of cooling 

syste m to locate and remove possible obstmction. Adjust en-

gine cooling wate r ci rculating pump belt to obtain proper 

speed without binding. Lubricate bearings of this pump. 

If overheating sti ll occurs at loads up to 150 percent of 

rated capacity, contact pump o r e ngine manufacture r so that 

necessary steps can be taken to eliminate overheating. 

B.l.26 Faulty Driver. Check electric motor, internal combus-

tion engine, or steam turbine, in accordance with manufactur-

er's instructions, to locate reason for fa ilure to start. 



ANNEX B 20-95 

B. l.27 Lack of Lubrication. If parts have seized, replace dam-
aged parts and provide proper lubrication. If not, stop pump 
and provide proper lubrication. 

B.I.28 Speed Too Low. For e lectric motor drive, check that 
rated motor speed corresponds to rated speed of pump, volt-
age is correct, and starting equipment is ope1·ating properly. 

Low frequency and low voltage in the electric power supply 
prevent a motor from running at rated speed. Low vo ltage can 
be d ue to excessive loads and inadequate feeder capacity or 
(with private generating plants) low generator voltage. The 
generator voltage of private generating plants can be cor-
rected by changing the fie ld excitation. When low voltage is 
from the other causes men tioned, it might be necessary to 
change transformer taps or increase feeder capacity. 

Low frequency usually occurs with a private generating 
plant and should be corrected at the source. Low speed can 
result in o lder type squirre l-cage-type motors if fastenings of 
copper bars to e nd rings become loose. T he re medy is to weld 
or braze these joints. 

Fo r steam turbine drive, check that valves in steam supply 
pipe are wide open; boile r steam pressure is adequa te; steam 
pressure is adequate at the turbine; strai ner in the steam sup-
ply pipe is not plugged ; steam supply pipe is of adequate size; 
condensate is removed from steam supply pipe, trap , and tur-
bine; turbine nozzles are not plugged; and setting of speed 
and emergency governor is correct. 

Fo r inte rnal combustion engine drive, check that setting of 
speed governor is correct; hand th rottl e is opened wide; and 
there are no mechanical defects such as sticking valves, timing 
off, or spark plugs fouled , and so forth. These problems might 
require the services of a trained mecha nic. 

B.l.29 Wrong Direction of Rotation. Instances of a n impeller 
turning backward are rare but are clearly recognizable by the 
extreme de ficiency of pump delivery. Wrong d irection of rota-
tio n can be determined by comparing the direction in which 
the flexible coupling is turning with the d irectio nal arrow on 

the pump casing. 

With a polyphase electric motor drive, two wires must be 
reversed ; with a de drive r, the armature connections must be 
reversed with respect to the field connections. Where two 
sources of electrical current a re available, the direction of ro-
tatio n produced by each should be checked. 

B.l.30 Speed Too High. See that pump- and d river-rated 
speed correspond. Replace e lectric motor with one of correct 
rated speed. Set governors of drivers for correct speed. Fre-
quency at private generating stations might be too high. 

B.l.31 Rated Motor Voltage Different from Line Voltage. 
For example, a 220 V or 440 V motor on 208 V or 416 V line. 
Obtain motor of con·ect rated voltage or la rger size motor. (Set' 

Section 9. 4.) 

B.l.32 Faulty Electric Circuit, Obstructed Fuel System, Ob-
structed Steam Pipe, or Dead Battery. Check for break in wi r-
ing open switch, open circu it breaker, o r dead battery. If ci r-
cuit breaker in controller trips for no apparent reason, make 
sure oil is in dash pots in accordance with manufacturer's 
specificatio ns. Make sure fuel pipe is clear, straine rs are clean, 
and control valves a re open in fuel system to internal combus-
tion e ngine. Make sure all valves are open a nd strainer is clean 
in steam line to turbine. 

B.2 Warning. Chapte rs 9 and 10 include electrical require-
me nts that discourage the installation of disconnect means in 

the power supply to electric motor--driven fire pumps. This 

requirement is intended to e nsure the avai lability of power to 

the fire pumps. When equipmen t connected to those circuits 

is serviced or maintained, the employee can have unusual ex-

posure to electrical and other hazards. It can be necessary to 

require special safe work practices and special safeguards, per-

sonal protective clothing, or both. 

B.3 Maintenance of Fire Pump Controllers After a Fault 

Condition. 

B.3.1 Introduction. In a fire pump motor circuit that has been 

properly installed , coord inated, and in service prior to the 

fault, tripping of the circui t breaker or the isolating switch 

indicates a fault condition in excess of operating overload. 

It is recomme nded that the following general procedures 

be observed by qualified personnel in the inspection and re-
pair of the controlle r involved in the fault. These procedures 

are not intended to cover other e lements of the circuit, such as 
wiring and motor, which can also require attention. 

B.3.2 Caution. All inspections and tests are to be made on 

controllers that a re de-energized at the line terminal, d iscon-

nected, locked out, and tagged so that accidental contact can-

not be made with live parts and so that all plant safety proce-

dures will be observed. 

B.3.2. 1 Enclosure. Whe1·e substantial damage to the enclo-

sure, such as deformation, displacement of parts, or burning 

has occurred , replace the e n tire controller. 

B.3.2.2 Circuit Breaker and Isolating Switch. Examine the en-

closure inte rior, circui t breaker, and isolating switch for evi-

dence of possible damage. If evidence of damage is not appar-

ent, the circuit b rea ker and isolating switch can continue to be 
used after closing the door. 

lf there is any indication that the circuit breake r has opened 

several short-<:ircuit faults, or if signs of possible deterioration 

appear within either the enclosure, circui t breaker, or isolating 

switch (e.g., deposits on surface, slllf ace discoloration, insulation 

cracking, or unusual toggle operation), replace the components. 

Verify tl1a t the external operating handle is capable of opening 

and closing the circuit breaker and isolating swi tch. If the handle 

fai ls to ope rate the device, this would also indicate the need for 

adjustment or replacement. 

B.3.2.3 Terminals and Internal Conductors. Where there 

are indications of arcing damage, overheating, or both , such 

as d iscoloration and mel ting of insulation, replace the dam-

aged parts. 

B.3.2.4 Contactor. Replace contacts showing heat damage, 

displacement of metal, or loss of adequa te wear allowance of 
the contacts. Replace the con tact springs where applicable. If 

de terioration extends beyond the contacts, such as binding in 

the guides or evidence of insulation damage, replace the dam-

aged parts or the entire contactor. 

B.3.2.5 Return to Service. Before returning the controller to 

service, check for the Lightness of electrical connections and for 

the absence of short circuits, ground faults, and leakage curre nt. 

Clo e and secure tl1e e nclosure before the controlle r circuit 

breaker and isolating ~ · witc h are energized. Follow operating pro-

cedures on the controller to bring it into standby condition. 
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Annex C Informational References 

C. l Referenced Publications. The documents or portions 
thereof listed in this annex are refe renced within tJ1e informa-
tional sections of iliis standard and are no t part of the require-
ments of iliis document unless also listed in Chapter 2 fo r other 
reasons. 

C.l.l NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, Quincy, MA 02169-7471. 

FPA 13, Standard for the Installation ofSp,inkler Systems, 2010 
edition. 

NFPA 14, Standard for the Installation of Standpipe and Hose 

Systems, 2007 edition . 

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec-

tion, 2007 edition. 

NFPA 16, Standard for the Installation of Foam-Water Sprinkler 

and Foam-Water Spray Systems, 2007 edition . 

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

NFPA 25, Standard for the i nspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 2008 edition. 

NFPA 30, Flammable and Combustible Liquidv Code, 2008 edition. 

NFPA 31, Standm·d for the Jnstaluttion of Oil-Burning Equip-

ment, 2006 edition. 

NFPA 37, Standard for the Installation and Use of Stationmy 

Combustion Engines and Gas Turbines, 2006 edition. 

NFPA 7rP', National Electrical Code®, 2008 edition. 

C.l.2 Other Publications. 

C.l.2.1 ANSI Publications. American National Standards Insti-
tute, Inc., 25 West 43•·d Su·eet, 4th Floor, New York, NY 10036. 

ANSI/IEEE C62 .11 , IEEE Standanl f or Metal-Oxitle Surge Ar-

restm for A C Power Cin;uits, 1987. 

C.l.2.2 AWWA Publications. Ame rican Water Works Associa-
tion, 6666 West Quincy Avenue, Denver, CO 80235. 

AWWA Cl 04, Cement-Mortar Lining for Cast-Iron and Ductile-

Iron Pipe and Fittings for Water, 1990. 

C.l.2.3 HI Publications. Hydra ulic Institu te, 6 Campus Drive, 
First Floor North , Parsippany, NJ 07054-4406. 

Hydmulic Institute Standards for Centrifugal, Rotary and Recip-

mcating Pumps, 14th ed. , 1983. 

HI 3.5, Standard for Rotary Pumps f or Nomenclatun:, Design, 

AjJplication and Operation, 1994. 

HI 3.6, Rotary Pump Tests, 1994. 

Table D. I NFPA 70, National Electrical Code, Extracted Material 

C.l.2.4 IEEE Publications. Institute of Electrical and Elec-
tronics Engineers, Three Park Avenue, 17th Floor, ew York, 
NY 10016-5997. 

IEEE 141, Electric Power Distribution for l ndust1ial Plants, 1986. 

IEEE 241, Electric Systems for Commercial/3uilrlings, 1990. 

C.l.2.5 NEMA Publications. National Electrical Manufactur-
ers Association, 1300 North 17th Street, Suite 1847, Rosslyn, 
VA22209. 

NEMA ICS 2.2, Maintenance of Motor Controllers After a Fault 

Condition, 1983. 

NEMA ICS 14, Af>jJlication Guide for Electrir Pump Controllers, 

2001. 

NEMA 250, Enclosu1-es for Electrical t.:quipment, 1991. 

C.l.2.6 SAE Publications. Society of Automotive Engineers, 
400 Commonwealth Drive, Warrendale, PA 15096. 

SAEJ-1349, Engine Power Test Code- , ~pa rk Ignition and Com-

pression Engine, 1990. 

C.l.2.7 UL Publications. Unde rwriters Laboratories Inc. , 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

ANSI/UL 508, Standm·d for Safety i ndustrial Control Equip-

ment, 2005. 

ANSI/UL 1008, Standard for Safety Automatic Transfer 
Switches, 2007. 

C.2 Infonnational References. The following documents or 
portions tJ1ereof are listed here as informational resources only. 
They are not a part of ilie requirements of this document. 

C.2.1 UL Publications. Under.vriters Laboratories Inc. , 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

ANSI/UL 80, Stan(utrrl for Steel Tanks for Oil Burner Fuels and 

Other Combustible L iquids, 2007. 

UL 2080, Standard for Fire Resistant Tcm ks for Flammable and 

Combustible Liquitlv, 2000. 

ANSl/UL 2085, Standard for Protected Aboveground Tanks for 

Flammable and Combustible L iquicls, 1997. 

C.3 References for Extracts in lnfonnational Sections. (Re-
served) 

Annex D Material Extracted by NFPA 70, Article 695 

D.l General. Table D. l indicates corresponding sections of 
NFPA 70, Article 695. 

NFPA20 NFP A 70 Section 695 

2007 Edition 20 1 0 Edition 

(Reference only) 
3.3.7.2 Same 

3.3.34 Same 
3.3.35 Same 

9.2.1 Same 

201 0 Edition 

695.2 
695.2 

695.2 
695.2 

695.3 

2005 Edition 2008 Edition 

Same 
Same 

Same 
Same 

Same 

Definitions 

Section 695 
Titles or Text 

Fault Tolerant External Control 
Circuits 

On-5ite Power Production Facility 
On-5ite Standby Generator 

Power Source(s) for Electric 
Motor-Driven Fire Pumps 
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Table D. I Conti1med 

NFPA20 NFPA 70 Section 695 

Section 695 
2007 Edition 2010 Edition 2005 Edition 2008 Edition Titles or Text 

9.2 Same 695.3(A) Same Individual Sources 
9.2.2 Same 695.3 (A) ( 1) Same EleCLric Utility Sen rice Connection 

(2nd sen tence) 
9.2.2 Same 695.3(A) (2) Same On-Site Power Pmduction Facility 

9.2.2 Same 695.3(B) Same Multiple Sources 
9.6.1 Same 695.3(B) (1) Same Generator Capacity 
9.3.4(1) Same 695.3(B) (2) Same Feeder Sources 
9.3.2 Same 695.3(B) (3) Same Arrangement 
9.2.1 Same 695.4 Same Continuity of Power 
9.2.2 Same 695.4(A) Same Direct Connection 

9.2 Same 695.4(B) Same Supervised Connection 
9.2 Same 695.4(B)-(1) Same (listed fire pump controller) 
9.2 Same 695.4(B)-(2) Same (l isted fire pump power transfer 

switch) 
9.2 Same 695.4(B)-(3) Same (listed combo. fi re pump controller 

I tra nsfer switch) 
9.2(5) 9.2.2(5) 695.4(B) Same For systems installed under the 

- continued provisions of 695.3(B) (2) only ... 
9.2.3.1 Same 695.4(B) Same All disconnecting devices and 

-continued overcurrent pmtective devices ... 

9.2. 3.4 Same 695.4(B) (1) Same Overcurren t Device Selection 

9.2.3.2 Same 695.4(B) (2) Same Disconnecting Means 
9.2.3.1 Same 695.4 (B) (2)-(1) Same Be identified as suitable for use as 

service equipment ... 
9.2.3. 1 (2) Same 695.4(B) (2)-(2) Same Be lockable in the closed position ... 
(Re ference only) 9.2.3.1 (3) 695.4(B) (2)-(3) Same Not be located within equipment 

that feeds loads other than . .. 
9.2.3. 1(4) Same 695.4(B) (2)-(4) Same Be located sufficie ntly remote 

from ... 
9.2.3.1 (5) Same 695.4(B) (3) Same Disconnect Marking 
10. 1.2.2 Same 695.4(B)(4) Same Conu·oller Marking 
9.2.3.3 Same 695.4(B) (5) Same Supervision 
9.2.3.3(1) Same 695.4(8 ) (5)-(1) Same Central statio n, p roprietary, or 

remote station ... 
9.2.3.3(2) Same 695.4(8 ) (5)-(2) Same Local signaling senrice ... 
9.2.3.3(3) Same 695.4(8)(5)-(3) Same Locking the disconnecting means ... 
9.2.3.3(4) Same 695.4(B) (5)-(4) Same Sealing of d isconnecting means ... 

9.2.2(5) Same 695.5 Same Transforme rs 
9.2.3.4 Same 695.5(B) Same Overcurrent Protection 
(Reference only) 695.5(C) Same Feeder Source 
(Reference only) 695.5(C)(l) Same Size 
9.2.3 Same 695.5(C) (2) Same Overcurrent Protection 

(Reference only) 695.6 Same Power Wiring 
I 0.3.4. 7 1 0.3.4.5.1 695.6(F) Same Junction Poin ts 
10.3.4.8 10.3.4.6 695.6(F) Same Junction Po in ts 

9.4 Same 695.7 Same Voltage Drop 

9.5.1.1 Same 695.10 Same Listed Equipment 
10.1.2.1 Same 695.10 Same Listed Equipment 
10.8.3.1 10.7.3. 1 695. 10 Same Listed Equipment 

201 o Edition 
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Table D.l Continued 

NFPA20 NFPA 70 Section 695 

2007 Edition 2010 Edition 2005 Edition 2008 Edition 

12.1.3.1 Same 695.10 Same 

(Reference only) 695.12 Same 
10.2.1 Same 695.1 2(A) Same 
12.2.1 Same 695.1 2(8 ) Same 
11 .2.5.2.6 11.2. 7.2.4 695.12(C) Same 
11.2.5.2.7 11.2.7.2.4.2 695.12(D) Same 
10.2.2 Sam e 695.1 2(E) Same 
12.2.2 Same 695.12 (E) Same 
10.3.2 Same 695.1 2(F) Same 
12.3.2 Same 695. 12(F) Same 

10.5.2.6 Same 695.14(A) Same 
12.5.2.5 12.7.2.5 695.14(A) Same 
10.4.5.7 Same 695.14(8) Same 
10.8.1.3 10.7.1.3 695.1 4(C) Same 
12.3.5.1 Same 695. 14(0) Same 
(Refe re nce on ly) 695.14(£) Same 

Additional References- Informational Only 

A.9.3.2(3) 
9.6.4 
A.9.3.2(3) 

2010 Edition 

Same 
Same 
Same 

695.6(A) 
695.12(A) 
695.14(F) 

Same 
Same 
Same 

Section 695 
Titles or Text 

Listed Equipment 

EquipmeOl Location 
Contro llers and Transfer Switches 
Engine-Drive Controllers 
Storage Batteries 
Energized Equipme nt 
Protection Against Pump Wa ter 
Protection Against Pump Wa ter 
Mounting 
Mounting 

Control Circuit Failures 
Control Circuit Failures 
Sensor Functioning 
Remote Device(s) 
Engine-Drive Control Wiring 
Electric Fire Pump Control Wiring 

Me thods 

Service Conductors 
Controllers and Tra nsfer Switches 
Generator Control Wiring Me thods 
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Index 

Copyright© 2009 Natio na l Fire Protection A~soc i a ti o n . All Rights Reserved. 

The copyright in this index is separate and distinct from the copyright in the document that it indexes. The licensing provisions set forth for the 

docume n t are no t applica ble to this index. This index may not be reproduced in whole o r in part by a ny means without the express writte n 
pennission of NFPA. 

-A-
Additive 

Definition ......... . ......... . ..... . . . . .. . . ....... . . . .. .. . ... .. . .. . 3.3. 1 

Piping . . ... . ..... . .. ........ .. . . . .... . ..... .. .. .. . . ....... ...... . .. 4.1 3.3 

Additive pumps .. . . ........... .. . .. 8.2, 8.9.2, A.8.2.2 to A.8.2.6: see also 
Foam co ncentrate pumps 

Defin itio n ... . ......... .. ...................... .... ............ . 3.3.37. 1 

Motors, contro lle rs fo r ............... . ................ . ........... 10.9 

Air leaks/ pockets ..... . ............ . ... . .... . .......... B. l.l , B.l.3, B. l. 7 

Air release fittings, automatic .. . .. ... . .. . . ..... 6.3.1 , 6 .3.3, 7.3.5. 1 ( I ), 

7.3.5 .2, A.6.3 .. 1 

Air starting .................. . .. . 11.2.7.4, 12.4.1.4 (3), 12.8, A. ll .2.7.4.4 

Alarms, fire pump . . .. . .................. . ......... . see Fi re pump a larms 

Apptication of standard ............ . ................................... 1.3 

Approved/ approval 

Defini tion ... .. . . . . . .. ..... .... . .. . ..... ... . . .. .. ...... ... . 3.2. 1, A.3.2 .1 

Require me nts .. . . .. .. .. . .... ... .. .... . .. .. . . . ... ... . ... . . .... 4.2, A.4.2 

Aquifer (definition) . .......... ... ......... . . ......... . . ... .. . .. ...... 3.3.2 

Aquifer performance analysis ....... .. . . ..... .... .... . .. ...... . A.7.2. 1.2 

Definition ........ . .............. . ........ .......... .. . . . ....... .. .. 3.3.3 

Authority having jurisdiction 

Definition ..... . . . .......... . ....... . .. . .. . ..... . .... .. . ... 3.2.2, A.3.2.2 

Fue l system plan review ...... .. . ...... . . ... . .... .. . .. . .. ...... 11.4.1.1 

Automatic air release fittings ....... . . see Air release fittings, automatic 

Automatic transfer switches ......... . .. . .... . ...... . . .. . .. .. .. .. I 0.8. 1.3 

Definition . . .. . .. . .. . ... . .......... . .. ... ...... ... ..... .. .. . .. 3.3.48.2. 1 

-B-

Backflow preventers ....... . ..... ... .. 4.14.9.2( I), 4.15.6, 4.1 6. 1, 4.27, 

4.3 1.1 , A.4.14 .9, A.4.J5.6, A. ll .2.8.5.3.7 (13) 

Backup fire pump, high-rise buildings .............. .. ...... . . 5.7, A.5.7 

Batteries, sto rage . ............... . ..... .. .. 11.2.7.2, 12.7.4, 14.2.5.4.7. 1, 

14.2.6.7, A. l l.2. 7.2.1.5 to A. 1 1.2. 7.2.4 

Fa ilure indicato rs ................... . ........ 12.4 .1.4(1), 12.4. 1.4 (2) 

Isolatio n .. . .. .. . . .. . .. . .. . ..... . . ....... .. . ..... 11.2. 7.2.2, A. ll.2. 7.2.2 

Load ....... .. ........ . .. .. ..... . ....... . ............... . ...... 11 .2.7.2.3 

Locatio n ........ . . ...... . .... . .. .. ... . ........ . 11.2.7.2.4. A. ll.2.7.2.4 

Mainte na nce ... . ......... . ....... . ... .. ........... .. . . ... 11.6.3, B. l.32 

Recharging ..................... . .. .... . ....... . ............ 12.5, A. l2.5 

Voltme ter .. ... . ...... .. .... . . ... .. ................ . ............... 12.4.5 

Battery cables .. . .... .. . . .......... . ... .. . . .. . . .. ...... . . . . . . ... . .. 11 .2.6.3 

Battery chargers .. . . .. . .......... . . .. .. . ........ 12.4.1.4(2), 12.fi.3, 12.6 

Bowl assembly, vertical shaft turbine pumps ................. . .... 7.3.3 

Branch circuit (defmition) ............ . ............ .. .. ..... .. .... 3.3.7. 1 

Break tanks ............................ .. ...................... .. ...... 4.3 1 

Definitio n .... .. .............. . .... . ..... ... .... . ... .. . .. .. .. .. .... . 3.3.6 

Refill mechanism ....... . ................................. . . . .... 4.3 1.3 

Size . ....... . .... .. .............. .. .. .... ............. ...... .. .. .... 4.3 1.2 

Butterfly valves . ..... . . .......... .... 4.1 5.7, 4 .15.8, 4.27.3. 1, A.4.25.5.5 

Bypass line .... 4 .1 4. 4, 11.2.8.6, A.4. 14.4, A. ll .2.8.6, A. l 3.2. 1.1, B. l.25 

Bypass operation, variable speed pressure 

tirniting control ... . ................ . .... I 0.1 0.3, A. I 0. 1 0.3 

Bypass valves ... .. .. . . . .......... . ..... .. .. . .... .. . .... . .. ....... . ... 4. 16. I 

-C-

Can pump (defmition) .. . .. . . .. . .. . ... ..... .. .. . . .. . ... ... .. .... . 3.3.37.2 

Capacity, pump ........ .. .... . ............... 4.8. 6 .2. 1, A.4.8, A. l4.2.5.4 

Centrifugal pumps 

Capacity .. .................. .. .... . ........ 4.8, 6.2.1 , A.4.8, A. l4.2.5.4 

Compo nent replacement . .. . . .... . ....... . ........ 14.5.2, A. l4.5.2.3 

Connection to d river and a lignment .... .... ...... 6.5, A.6.5, 13.1.23 

Definition . . ... . .. . .. .. ... .... . ... .. ..... . . . . . . ... . . . ..... ... . . . 3.3.37.3 

End suction ........ .. ...... .... ... . .... .......... . .. . ............ 6.1.1.2 

Facto ry and fie ld performa nce ............................. 6.2, A.6.2 

High-rise b uildings .. ............................ .. ................ 5.2.1 

In-li ne .. .. ..................... .. ... ... ...... .. . ... ............... 6.1.1.2 

Maximum pressure fo r .. .... .................. .. .. .. .... 4. 7.7, A.4.7. 7 

Pressure mainte na nce pumps ... . . .... ... .. .. .... . ... 4.25.4.1 , A.25.4 

Reliefvalves .. ........ .... .... .. ............. 4. 18, A.4.18. 1 to A.4.18.8 

Sole supply ............ .... . .................................... 12.7.2.6 

Types ....... . .... .. ............................... .. ....... 6. 1.1 , A.6.1.J 

Check valves ....... .... ........... .. . 4. 14.9.2( 1 ), 4.15.6, 4.25.5.4, 4.27, 

4.30.2, 4.30.4. 1, 11 .2.8.5.3.2, A.4. I 5.6, A.4 .25.5.5, 

A. I 1.2.8.5.3. 7 (A) 

Circuit breakers . . .. .. . .. .. .... . .. . .. ... . .. . ... . see Disconnecting means 

Circuits ..... .. .......... . see also Fault to lerant external comro l circuits 

Bra nch circuit (definition) .................................... . 3.3.7.1 

Inte rnal cond uctors .................. .. ..... .. . .... ............ B.3.2.3 

Pro tection o f ........... . .. .. ...... . . .. . ....... .. . see Protective devices 

Circulation relief valves .... .... ....... . .......... ... .. . . . seP Relief valves 

Columns, vertical shaft turbine pumps ...... ........... 7.3.2, A.7.3.2.1 

Contractor 's material and test certificate ...... . .. . .... 14.1.3, A. l4.1.3 

ControUers, ftre pump ........ . ......... .... . . see Fire pump controllers 

Control valves .......... ...... ... .... ..... ... .............. .. see Gate valves 

Coolant, engine ................ .. .............. .. .... . .. 1 I .2.8.3, 1 I .2.8.4 

Corrosion-resistant material (defmition) . .. ... .. . . ............... . 3.3.9 

Couplings, flexible ... . ...... .... . . .... . ... . .... .. . see Flex ible couplings 

Cutting, torch . . . . ...... .... .. .. . ...... . .. . ..... . .... . .. ... 4.13.6, A.4. 13.6 

-D-

Defmitions ................ .. .. .. ... .. ..... .. .... ...... . . . ....... . Chap. 3 

Designer, system .. . .... ... . ... . ...... . .......... . .. .... . . 4.3.2, A.4.3.2(2) 

Detectors, liquid level .. .. .. .................... .. . .... .. .. sre Liquid level 

Diese l engines .... 4.7.2, 4.7.6, Chap. ll ,A.4.7.6; see also Engine drive 

contro llers 

Connection to pump ........ . ......... .. ...... . .... . . . ... . . . .... 11 .2.3 

Cooling ......................... 11.2.8, A. II.2.8.5, A. I 1.2.8.6, 13.1.25 

Defin itio n ........... ... .... .... ... ..... .. . . ...... ... . . ......... 3.3. I 3.1 

Emergency sta n ing and stopping .. . ...... . .... .. . . . . .......... 11 .6.6 

Exhaust . .... . .. ... ... ... ....... . . ....... . ..... .... . . ...... 11 .5, A. 11 .5.2 

Fire pump buildings or rooms with ................ ... . .. .... 4.12. 1.3 

Fuel supply and arrangement ......... 11.4, A. 11 .4. 1.2. 1 to A. l1.4.5 

Instrumenta tion and control ......... .. ............ 11 .2.4, A. ll.2.4 .2 

Listing ... . ............. ...... .. . .... . ....... . . . .. .. . . ......... .. .. . 11.2.1 

Lubrication .................. ... .............. .......... .. ........ I 1.2.9 

O peration and maintenance .... . ...... .... .... 11.6, A. ll.6, A. l4.2.5 

Pump room .. .. ...... .. .. .... .. .. .. ...... .... ...... ........ 11.3, A. 11.3 

Ratings .............. .. .. . ...... . ..... ......... ...... . 11 .2.2, A. I 1.2.2.2 

Redundant .................. . ... ... .... .... ...... . .... . ......... . .. 9.3.3 

Starting me thods ... ... 11.2. 7, 11 .6.6, A.l l .2.7.2. 1.5 to A. I 1.2.7.4.4, 

A. l4 .2.5 

Tests ........................... .... .. .... .. ... 14.2.5 to 14.2.7,A. I 4.2.5 

Type . ... .. ... . . . ... . ........ .. . . . . . . . . .. .. .. . .. . .... . ... 11.1 .3, A. I I .J .3 

Venica l lineshaft turbine pum ps ...... ... . . ... . 7.5 .1 .3. 7.5. I .4, 7.5.2 

Discharge, exhaust .............. .. .. .... ... .... ................ ..... I 1.5.3 

Discharge cones ...... 4.18.5. 1, 4.18.5.4, 6.3.2(4) , 7.3.5. 1 (4) , A.4.18.5 
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Discharge pipe and fittings ................................... 4.2.3, 4.1 5, 

A.4. 15.3 to A.4. I 5. 10; see also Drdinage 

From dump valves .... .. ........... .... . . ........... .. ........... 8. 1.6.5 

Pressure main tenance pumps ...... .... .. . ....... .. . .. . .. .... 4.25.5.1 

From re lief valves .............. 4.18.5 to 4.18.9, A.4. 18.5 to A.4. 18.8 

V'dlves .................. .. ............ 4.15.6 to 5.15.9, 4.16. I, 4.25.4. 1, 

4.30.2, A.4.15.6, A.4.15.9.3, A.4.25.4 

Discharge pressure gauges .................................. 4. 10.1, 8.4.1 

Disconnecting means 

Definition ............. . ........................................... 3.3.1 I 

Electric-drive controllers .......... 10.4.3. 10.6.3, 10.6.8, 10.8.2.1.3, 

A.10.4.3.1 to A.I0.4.3.3.2, B.2, B.3.1, B.3.2.2 

Variable speed drives ................. ........ ... 10.10.5, A.10.10.5 

Electric drivers ........ . . 9.2.3, 9.3 .6, A.9.2.3.1 (3), A.9.2.3.J (4), B.2 

Domestic water supply .................................. 4.12. 1.1.5, 5.8.2 

Drainage 

Pump room/ house .. · ...... ............. . ..... 4. 12.7, I 1.3. 1, A.4.l 2.7 

Relief valve ............ ... ..... . ...... .. . . ............. . .......... 4.27.2 

Water mist system pumps ....................................... 8.4.4.1 

Drain piping ................... ... ...... . .. ............ .... .......... 4.13.4 

Drawdown (defmition) .............. .. . ...... ........ .............. 3.3. 12 

Dripproof motors ....................... .. . ............. 9.5. 1.9. 1, 9.5.2.4 

Definition .......... . . .... .......... ..... ....................... 3.3.32.2 

Guarded (definition ) ...... ..... ........... ..... ..... . ......... 3.3.32.1 

Drivers ........... 4.2.3, 4.2.4, 4.4.1 , 4.7,A.4.4.J , A.4.7. 1 to A.4.7.7.3.2, 

B.1.23, B.l.26; SPP also Diesel engi nes; Electric motors 

(drivers); Steam turbi nes 

Earthquake protection ............ .... .. .. , ..... .... . 4.28. 1, A.4.28. 1 

Positive displacement pumps ..... . . .. ... . . ..... . . .. . 8.5, 8.8, A.8.5.1 

Pump connection and alignment .... . .... . ........ 6.5, A.6.5, B.l.23 

Speed .................................................... B. l.28, B. 1.30 

Venical lineshaftturbine pumps . ... ...................... 7.5, 7.6.1.6 

Dual-drive pump units ..................... ...... ........... 4.7.3, A.4.7.3 

Dump valves .......... . .............. .. . . .. . . ...... . .................. 8.1.6 

Control ................ ....... ......................... . ... . ...... 8. 1.6.3 

Definition ................................ . ............. .. ...... 3.3.55.1 

Dust-ignition-proof motor (defmition) ... ...... . .... . . . . ....... 3.3.32.3 

-E-

Earthquake protection ... ... .... 4. 12. 1, 4.13.5, 4.28, A.4. 12. 1, A.4.28.1 

Eccentric tapered reducer or increaser .... ...... .... 4.14.6.4, 6.3.2( I) 

Elec tric-drive controllers ................................ 9.1.2, Chap. I 0; 

SPe rllso Electric motors (d rivers) 

Additive pump motors ............................................ 10.9 

Automatic ............................ 10.5.1 , 10.5.2, 10.9.2,A. 10.5. 1, 

A.1 0.5.2.1, A.1 0.5.2.1 .7.2 

Components ................................ 10.4,A.10.4.1 toA.10.4.7 

Connections and wiring .... . ....................... . ...... .. .... 10.3.4 

Continuous-duty basis ............................ ... .... . .. 10.3.4.4 

Control circuits, protection of ............................... 10.3.5 

Construction ............................ 10.3, A. 10.3.3.1 toA.l0.3.7.3 

Design ............... .. ......... . .... .... .. ... ..... ..... 10.1.3, A. JO.l.3 

EleClrical diagrams and instructions . . ............ 10.3.7, A. l0.3.7.3 

Electrical power supply connection ..... ....... ........ ......... 9.6.4 

Emergency-ntn com rol .. . ............. . 10.5.3.2, 10.6.10, A.10.5.3.2 

External operations . .. ............. .. ...... 10.3.6, 10.5.2.6,A.10.3.6 

Indicating d evices 

Available power ................................... . ........... 10.6.6 

Power sou rce ................................................ I 0.8.3.8 

Remote indication .......... 10.4.8, 10.8.3.14, 10. 10.9, A. I0.4.5.7 

Variable speed drive operations .......... .... .... 10.10.8, 10.10 .9 

Listing .. . . ... . . ......... . .. . . . .......... . ... .......... 10.1.2. 1, 10.1.2.4 

Location ................................... . .............. 10.2, A. l 0.2. 1 

Low-voltage con trol circuit ...................................... 10.6.5 

Nonautomatic ........ .. 10.5. 1, 10.5.2.4, 10.5.3, A.l0.5.1. A.l0.5.3.2 

Power transfer for alternate power supply .............. I 0.8, A. 1 0.8 

Rated in excess of 600 Volts ....................................... 10.6 

Service arrangement.~ . . .. . ....... .. . .. . ....................... I 0.1 .2.6 
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Starting and control ..................... I 0.5, A. 10.5. 1 to A. I 0.5.3.2 
Motor starting circuiuy ... .. ................. .... 10.4.5. A. l 0.4.5.7 

Operating coils ........ . ............................ .... ..... I 0.4.5.6 

Single-phase sensors in controlle r .... .. ...... 10.4.5.7, A. l 0.4.5.7 

Soft start units ........... .................... ......... .... ... 10.4.5.5 

Start ing reactors and autotransformers .................. I 0.4.5.4 

Starting •·esistors ....... .. ........................ . .......... 10.4.5.3 
Timed acceleration ....... . ..... . ................. .......... 10.4.5.2 

State of readiness ........ . .. .. ..... ... .. .. . . .. .......... .. ..... 10.1.2.7 
Stopping methods .. .. .... . ............. . ............. ... 10.5.4, 10.9.3 

Variable speed pressure limiting comrol ........ I 0.5.2.1 .7.5, I 0.1 0, 

A.l O. IO 

Voltage drop .. ........... . ............................. 9.1.6, 9.4, A.9.4 

Electric motors (drivers) .. ... ... 4.7.2, 4.7.6, 6.5. 1.1 , Chap. 9, A.4.7.6; 
see also Electric-d rive controllers 

Currem limits ..................................... . ...... . ......... 9.5.2 
Definition .. .. ........................ . ....... . ........... ...... 3.3.32.4 

Operation .... ......................... .. . ..... ......... ....... . A. l4.2.5 

Phase reversal test ..................... .. . ......... 14.2.5.6, A.H.2.5.6 

Power sources and supply ........... . ............... . see Power supply 

Problems of ........ ....................... .... B. l.26, B.1.28 to B.l.30 

Speed ............................ .. . ...... .. ............. B.l.28, B.l.30 

Tests ...... .... ................................ 14.2.5 to 14.2.7, A. l4.2.5 
Verticallineshaft turbine pumps ............... 7.5.1.3, 7.5. 1.5, 7.5.2 
Voltage drop .. ............ ... ........... ....... ........ 9.1.6, 9.4, A.9.4 

Electric starting, diesel engine .. ..... ........................... 11.2.7.2, 

A.1l.2.7.2.1.5 to A.ll.2.7.2.4 

Electric supply ................ .. ............. . .......... . see Power supply 

Electronic fuel management control .. ........ ... 11.2.4.2, 12.4.1.4(5), 
12.4.1.4(6) , 14.2. 11 , A.l l.2.4.2, A.14.2.ll 

Emergency boiler feed, steam turbine .... . ...................... A. l 3.3 
Emergency control for engine drive controllers ....... ... ....... 12.7.6 

Emergency governors .......................... 13.2.2.4, 13.2.2.5, 14.2.8 

Emergency lighting .. . .... . . .. .. .. ..... .... .. . .... ... .... ... ...... .. 4. 12.5 

Emergency-run mechanical control ....... 10.5.3.2, 10.6.10, A. J0.5.3.2 
Enclosures, pump .............................. . see l)ump rooms/ houses 

Enclosures for controllers ............. 9.7(2) , 10.3.3, 12.3.3, A.9.7(2), 
A. I 0.3.3.1 , A.12.3.3. 1, B.3.2.1 

End suction pumps ..... ........... .... . . ......... 6.1. 1.2, Fig. A.6.1.1 (a) 

Definition ...... . ............ . ... .. ....... . ..... . ............. . . 3.3.37.4 

Engine drive controllers ................................... .. . . . Chap. 12 

Air starti ng ................................. 11.2.7.4, 12.8, A. ll.2.7.4.4 
Automatic ............................ ... ................. 12.7. 1, 12.7.2 

In-factory wiring ....... ..... ......... . ...... ... . 11 .2.6.1 , 11.2. 7.4.2 
In-field wiring .......... .. ............. .... ...... 11.2.6.2, A. 11.2.6.2 

Battery charging and recharging .................. 12.5, 12.6, A.12.5 

Compo nents ...... .... ............ .. ...... 12.4,A. 12.4.1.2 toA. l2.4.4 

Connections and wiring .. .... . . 11.2.6, I 1.2.7.4.2, 12.3.5, A.J 1.2.6.2 
Construction .............................. 12.3, A. l2.3. l.l to A.l 2.3.8 

Contacts .................... .. ............. .. ..................... I 2.4.3 
Electrical diagrams and instructions ........ 12.3.6, 12.3.8, A.l 2.3.8 

External oper,nions ................................. 12.3.6.3, 12.7.2.5 

Indicato rs ..... . ............ . . ... . . . ... 12.4.1 , A.l2.4.1.2, A. l2.4. 1.5.2 

Remote . . . . .. ........ ..... .. 12.4.2, 12.4.3, 14.2.6.6, A.l 2.4.2.3(3) 

Location .... . .................... ... ...................... 12.2, A. l 2.2.1 
Locked cabinet fo r switches .................................... 12.3.4 

Nonautomatic ............. .. .................. 12.7.1, 12.7.2.3, 12.7.3 
Starting and control ..... .. .............. .... ..... 12.7, 12.8.2, A. l2.7 

Stopping methods . ..... .. ..... .. ..... ...... 12.7.5, 12.8.3, A. 12.7.5 .2 

Automatic shu tdown ... ....... .. . .. .... . .. . . ... 12.7.5.2, A. 12.7.5.2 

Manual shutdown .............................. ... . 12.7.5.1 , 12.8.3 

Tests ........................ .. ....... . ................ 12.7.3.2, 14.2.6.7 

Engines 
Diesel . ...... .. ....................................... . see Diesel engines 

In ternal combustion ... ........... . see Internal combustio n engines 
Equivalency to standard .... .. ... ....... ........... .... ................ 1.5 

Exhaust system 

Diesel engine . . .. . .. ..... . . ... .. . ........... . . . . ......... 11.5, A.1 L.5.2 

Steam turbines . .. ..... ...................... ... .. ...... . . . . .. ... . A. l 3.3 

Explosionproof motor (def'mition) ......... . ................... 3.3.32.5 



I DEX 20- 101 

-F- Flow tests .............. .. ..... ... . ................................. . steTests 

Fan-<:ooled motor, totally enclosed ..... ....... ......... ....... .. 9.5.2.4 

Definition .. . .... ..... ........ ... . . ... . ........ ... . .. ........... 3.3.32.8 

Fault tolerant external control circuits ........... .... I 0.5.2.6, 12. 7.2.5 

Definition ........................................................ 3.3.7.2 

Feeder ................................... . ...... .. .............. 9.2.2, 9.3.6 

Definitio n ......................................... . .............. . 3.3.15 

Foam concentrate piping ........................................... 4.13.3 

Foam concentrate pumps ............................ 8.2, 8.4.3, 14.2.10, 

A.8.2.2 to A.8.2.6, A.8.4.3; see also Additive pumps 

Foundations ................................. 6.4, A.6.4.1, A.6.4.4, B.1.24 

Posi tive displacement pumps ...................................... 8.7 

Verticallineshaft turbine pumps .......... . ......... .... ......... 7.4.3 

Inadequate capacity ............................................. B.l.28 

Field acceptance tests .... ...................... 4.4.2, 4.32, 14.2, 14.3.3, 

14.5, A.l4.2.2 to A. 14.2.11, A. l 4.5.2.3 

Fill/ refill valves, water tank ......................................... 5.8.3 

Fire protection equipment control ........... . .... .... 10.5.2.3, 12.7.2.2 

Fire pump alarms 
Definition .......................................... . .............. 3.3.16 

Electric-drive conu·ollers ................... 10.1. 1.2, 10.4.7,A.10.4.7 

Engine drive controllers .......... .. ..... 12.1.1, 12.4. 1.3 to 12.4. 1.5, 

Frequency-sensing devices . .. . ...... . . . .. . ........... ... ... . ..... I 0.8.3.7 

Fuelsupp1y .. .............................. 11.4, A. l l.4.1.2.1 toA.l l.4.5; 

see also Electron ic fuel management control 

brthquake protection .. ...... .. ..................... 4.28.1, A.4.28.1 

Fuel types .............................................. 11.4.5,A.Il.4.5 

Loca tion ... ............ ... ...... ... ... . . . .. .. ....... .. .. ll .4.3, A.ll.4.3 

Maintenance . .................. . ... ..... .. . .. ........ .. 11.6.4, A.ll.6.4 

Obstructed system ........ . ...................................... B.l.32 

On-site standby generators ........................... . 9.6.2.3, A.9.6.2 

12.4.2, 12.4.3, A. l 2.4.l.5.2, A.l2.4 .2.3(3) 

Tests .. ................ . .. ... ... . ........ . .......................... J 4.2.9 -G-
Fire pwnp controUers .... 4.2.3, 4.2.4, 4.4. 1, 8.6, A.4.4. 1, A.8.6; see also 

Electric-drive controllers; Engine drive controllers 

Acceptance test ...................................... 14.2.6, A. l 4.2.6. 1 

Additive pump mo tors ................... ........ ................. 10.9 

Dedicated controller for each driver ....... .. ... . . .. .......... .. 4.7.5 

Gate valves .................. 4 .14.5, 4.15.7, A.4. 14.5, A.4.25.5.5, A.l3.3 

Gear drives . .. .............................. 7.5.1.7, 11.2.3.2.1, 14.2.5.4.9 

Gear pump (d efinition) ... .. . ... ...... . .................. . ....... 3.3.37.7 

Generator ................ .. .... . ........ . .. see O n-site standby generator 

Governors ........ .......... .. ..... . ... . . ............... . .. . .... ..... B.l.30 
Definition ................................. . ....................... 3.3.1 7 

Earthquake protection ............................... 4.28.1, A.4.28.1 

Maintenance, after fau lt condition ...... ... .... . .................. B.3 

Positive displacement pump ................... .. .. . ...... ..... 8.1.6.3 

Pressure actuated controlle r pressure sensing lines ... 4.30, A.4.30 

Pressure maintenance pump ................................... 4.25.7 

Diesel engine ....... ........ ....... 11.2.4.1, 14.2.5.4.7.3, 14.2.5.4.7.4 

Emergency ................................... 13.2.2.4, 13.2.2.5, 14.2.8 

Speed, steam turbine ............... .. ............... ........ .. .. 13.2.2 

Ground-face unions ........ .. ...... . ............................. 4.30.4.2 

Grounding 

Electric d rive con troller enclosures ........... .. .......... . .. 10.3.3.3 
Protection of ..... ......... .. .. .......... .. .......... ... 4.12.1,A.4. 12.1 

Vertical lineshaft turbine pumps ... . ..... .... .. .... ... 7.5.2, I 0. 10.12 

Fire pumps . .. . ... ............ .... ........ . . ........ ... ... .. . SPe also Pumps 

Engine drive controllers ..... ........ ...... .... .. ............. 12.3.3.2 

Groundwater (defmition) . ........ ..... ... .. ....................... 3.3.22 

Guarded motors 
Definition ..... ............. . .... . .. . .......... .. .. . . .. . ... .. . . . 3.3.37.5 

In high-rise buildings ........................ .. see High-rise buildi ngs 

Operations ........ ... ............................. . ..... . see Operations 

Packaged lire pump assemblies .......... ..... ........ . 4.29, A.4.29.9 

Definition . . .......................... . ..... ..... .. .... . ........ 3.3.32.6 

Drippmof (definition) .. ................. . .................... 3.3.32.1 

Guards for fuel lines ............ . ........ . ........... I 1.4.4.5, A.l l.4.4.5 

Redundant ............. . ...... . ................. ... . . ..... 4.25.6, 9.3.3 

Summary of data . ... .. . . ..... . ... ...... Table 4.26(a) , Table 4.26(b) -H-

Fire pwnp units Hangers .................................................. . ........... 4.13.5 

Definition ......................................................... 3.3. 18 Head .... 4.5.1, 6.2.2; see also et positive suction head ( 1PSH) (hsv); 

Dual-drive ................... ...... ..... .. ...... . .. . ....... 4. 7.3, A.4. 7.3 Total head (H) 

Field acceptance tests ......... ... . ..... ... ........ ... ............. . 4.32 Ava ilable from water supply . .... ...... . ... .... ................... 4.6.5 

Location and protectio n Definition .. . .. ... ... . ..... .. ........... . ..... . .. . .. .... 3.3.23, A.3.3.23 
Indoor uni ts ....... .. ............. . ........ ..... 4.12.l.I,A.4. 12.1.1 1et h ead lower than rated ........................... ... ........ B.l.l2 

Outdoor units ........... .. ........ .. ........................ 4.12.1.2 Static .............................................. .. .... . ........ A.6.1.2 

Performance . .......... . .... . .... . . ... ........... 4.4, 14.2.5.5, A.4.4.1 Total discharge head (hd) (delinition) ...................... 3.3.23.2 
Series .... ........................................ .. .. . .......... 4.1 9, 5.3 Total rated head (d efinition ) .......... ............. ... ....... 3.3.23.4 

Definition .. . ........... .... ..................... . .............. 3.3.40 Total suctio n head (defi nition) ........... .. .... .. ..... ... ... 3.3.23.5 
Fittings .................... 4.2.3, 4.13, 6.3, A.4. 13.1 to A.4.13.6, A.6.3.1 Velocity head (hv) (definition) ............................... 3.3.23.6 

Discharge .................................. 4.15,1\.4.]5.3 toA.4. 15.10 Vertical turbine pump head component ............. . 7.3. l,A.7.3.1 

J o ining method .. . ... . . ........ .. ..... ....... .... . . . .... ......... 4. 13.2 Heat exchangers ..... . ................... 11.2.8.1 ( I ), 11.2.8.5, 11.2.8.6, 

Maintenance ...... ...... ......................... .. .............. B. 1.1 3 A. ll .2.8.5, A. 11.2.8.6, A.l l.3.2.3, A. 11.3.2.4, B.1.25 

Positive d isplace ment pumps ..... . ............ 8.4, A.8.4.2 to A.8.4.5 Heat source, pwnp room/ house .................................. 4. 12.3 
SuCLion ..................................... 4.14,A.4. 14. ltoA.4. 14.JO High-rise buildings 
Vcrtical lincshaft turbi ne pumps ..................... 7.3.5, A.7.3.5.3 Definition .............................. . ............. .. . . ......... 3.3.24 

Flexible connecting shafts ...... ... 6.5.1.1, 1 1.2.3.1 .1, 11 .2.3.2.1, A.6.5 Fire pumps for ...... .. ... ...... ... .. 4. 12.1. 1.1 , Chap. 5,A.4. 12.1.l.l 
Definition ....................................... . ............. .. .. 3.3. 19 Horizontal pwnps .... .. .. .... . .... ......... .................. ... .. ... 4.1. 1 

Guard s for ........................................................ 4.12.8 Definition ............. . ...................... . ... ... ... .. ...... 3.3.37.8 

Verticallineshaft turbine pumps ...... ......... .... 7.5.1.7. 1, 7.5. 1.8 Diesel engine drive connection .............. .. .............. 11.2.3.1 

Flexible couplings ............... 6.5.1.1, Fig. A.6. 1.l (e), A.6.4.1, A.6.5 Installation . .......... . . ................ . ................... Fig. A.6.3.1 

Definition .......... ... ..................... . ..................... . 3.3.20 Shaft rotation .................................................... A.4.23 
Diesel engine pump connection ............... .. ... ......... 11.2.3. 1 Spli t-case ......................... 6. 1.1.3, Fig. A.6.1. 1 (f), Fig. A.6.3. 1 
Earthquake protection . ....... ......... .. . ...... .. ........ ...... 4.28.4 Definition ................ ... ....... . .. _ .. . .... ...... .. ...... 3.3.37.9 
Guards ............................................................ 4.12.8 Suction pipe and fittings .... . ............. 4. 14.6.3.1 to 4.14.6.3.3 

Positive displacement pumps ............................. 8.8. 1, 8.8.2 Total head (H) ........ . ................ .. ............. . . .. ... A. 14.2.5.4 

Flooded suction (definition) . .... .. ................................ 3.3.21 Definitio n ........... ... . .... ..... . . . .. . . ... . 3.3.23.3. 1, A.3.3.23.3.1 

Flow-measuring device ........... ..... ....... 5.5, 6.3.2(3) , 8.9.2, 8.9.3, Hose valves ....... 4.20.3, 6.3.2(2), 7.3.5.1 (5), A.4.20.3. 1, A. l4.2.5.2.3 

14.2.5.4.3.2, 14.2. 7.4.3.3 Hydraulic starting ....... ... ......................... 11.2.7.3, 12.4.1.4(3) 
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-1- -M-

Impelle rs Maintenance 
Impeller between beaiings d esign .... . . .... ...... .. . . . 6.1. 1.3, 6.4 . .1 , Batteries, storage ............... . ................ .. ...... 11.6.3, 8 .1.32 

A.6.1.l , A.6.4.1 Contro llers ................... .. ........ .. ... ..... ... .... ....... .... . B.3 
Ove rhung impelle r design ..... 6. 1.1.2, 6.4. I, 6.4.2, A.6.1.1 , A.6.4.l Diesel engines ... .. . ..... .......... ...... .. .. .... .... . .... . 11.6, A. l 1.6 
Problems ............. 8 .1.8, B.l.l 0 to B. I.I 2, B. J.l 5, B.I.J 6, 8. 1.29 FiLLings ....... ..... ............ ... ................................. B.l.l3 
Verticallineshaftturb ine pumps .... ... .... . 7.3.3.2, 7.5. 1.1, 7.5.1.2, Fuel supply ........ .... ........... ...... ......... . ...... 11.6.4 , A.1l.6.4 

7.5.1.6.2, 7.5. 1.7.2, 7.6.1.3, A.7.6. 1.1 
Indicating valves ..... ........... ..... 4.15.7, 4. 15.8, 4.25.5.5, A.4.25.5.5 

Pumps .................. ... .. .......... .. ............... ...... 7.6.2, 14.4 
Water seals . .... . .... .. .. . .. . ... .... ................ .. . . .... . .. ..... B.l .6 

In-line pumps .... ............. . . ... ....... 6. 1.1.2, Figs. A.6.l.l(c) to (e) Main throttle valve, steam turbine .. ............ .. ........ .. .... 13.2. 1.3 
Definition ... . .. . ..... . .... . ....................... .. ...... . ... 3.3.37.10 

In-rush currents ... ...... . ................... . . . ....... .. ......... 10.8.3.1 0 
Installe r, system ......... ... ............ ... .............. 4.3.3, A.4.3.3(2) 

Make-up pumps . ..... . . .... . ..... . . .. ........ . see Pressure maintenance 
(jockey o r make-up ) pumps 

Manuals, instruction .... ......... ..... ......... ........ .... 14.3.1, 14.3.2 
Instrument panel ......... ... .... . .. . .. . . . ........ . .... . . .. ... . .. . . I 1.2.5.1 Manual transfer switches ....... .. ..................... 10.8.1.2, 10.8.3.5 
Internal combustion engines ........ . .. . 8 .1.26; see also Diesel engines Defi nition .. . ....... .. .. .. ....... .. .... .. ................ . . . .. 3.3.48.2.2 

Definition ........... ...... .. ... .... ... ............ ........ ..... 3.3.13.2 
Pump room o r house, heat fo r ...................... ........ . 4.12.3.2 
Spark-ignited .. . . .... .... ..... . .... . .. ...... .. ...... ... ... .. .... 11.1.3.2 
Speed ..... .... .... . ..... ......... ...... ............ .... ........ . .. B.l.28 

Marking 

Additive pump moto r controllers .............................. I 0.9.5 
Disconnecting means ............... .... ..... ...... 9.2.3.1 (5) , 9.2.3.2 
Electric-drive controllers ... ............... 1 0. 1.2.2, 10.1.2.5, I 0.3.8, 

Isolatingswitches ........ ...... 10.4.2, 10.8.2. 1.2, 10.8.2.2, 10.8.3. 12.1, 
A. I 0.4.2. 1.2, A. I 0.4.2.3, B.3.1 , 8.3.2.2 

10.9.5, 10.10.2, l0.10.1J , A. lO.l.2.2 
Electric drivers ............................ . ........... .. .......... 9.5.3 

Definition . . ......... ... ....... ........ . .. . .. .. ... . ........ .. ... 3.3.48.1 
Isolation valves . .... .. ... . . ......... . 4.16.1, 4.25.5.3, 4.25.5.4, 4.25.5.7 

Engine d rive controlle rs ........ ........ ...... . ....... 12. 1.3.3, 12.3.7 
T ransfer switches ............. . ......... ... . . ...... 10.1 .2.2, A. IO.l.2.2 

-J-
Mass elastic system . . ... . . ..... . ...... .. .... . .. . .. , . .... .. . .... ..... 7.5.1.6 
Maximum pump brake horsepower .... . .... ... ... .. . ... ... .... .... 4.5.1 

Jockey pumps . ........... .... ........... .... .. . see Pressure main tenance Definition ... ...... .. . . . .. .... ... .......... .. .......... ..... . . ..... 3.3.31 
(jockey or make-up) pumps Measurement, units of .... .. ........................................... 1.6 

Junction boxes ....... ................ 9.7, 10.3.4.5. l ,A.9.7(2) , A.9.7(3) Meters ... ... 4.20.2, 8.9.2, 8.9.3, 14.2.7.4.3.2, 14.2.7.4.3.3, A.4.20.2. 1.1 
Motor contactors ..... . ................. .. .............. . 10.4.5. 1, 8 .3.2.4 

-L- Motors 

Lighting 
Emergency ...................... ..... .. . . .. ................... .... 4.12.5 
Normal artific ial ........ ......... ..... .. .... ... .. .. . .... ..... .. . . 4.12.4 

Dripproof .... ... . ......... .. ....... . ............ . see Dripproof moto rs 
Dust-ig nition-proof (definition ) ................ ..... .... . .... 3.3.32.3 
Electric ......... .......... .. . ... ......... .. see Electric motors (drivers) 

Limited service controllers .... . ............ ......... ........ 10.7. A. 10.7 Explosion proof (definition ) .. . .. ....... . ....... .. . . ..... . . . . . 3.3.32.5 

Liquid (definition) .. . .. .... ........ . . .... . .. . .. . ....... . ........... . 3.3.27 
Liquid level 

Detectors ............... .. ....... ... ... .. . 7.3.5.1(2), 7.3.5.3, A.7.3.5.3 
Pumping ... .. ... ... ........ . ... ...... ... . .. . ... .... . .. . .. . . 4.6.3, 8.1.1 9 

Definition . . . .. .. . .. ...... ..... .. .. .... .. . .. . .. .. .... ..... . . . 3.3.28. 1 

Guarded (definition) .. .... .......... .. . . ...... ... ...... . ...... 3.3.32.6 
Open ............. . .. ......... . . ... .. . .. . .. ......... . . .. . .... ... .. 9.5.2.4 

Definition ............................................ .... ... 3.3.32.7 
Speed ...... . .. . ....... . .. ... .. .. . .... . ..... . ........ . . .. . . .... . see Speed 
Totally enclosed .......... . . . ....... ... .. . see Totally enclosed mo tors 

Static . ... ........... . ... . ........... .. .. . . . .. . ... . ...... . .. 6. 1.2, A.6.l.2 Multistage pumps . . . . .. ... ... .. .. .... .. . .. .. . .... . 4.1.1 , 6.1. 1.2, 6.1.1.3 

Definition . ..... . . . ...... .. .. .. . . . . ........ ...... ..... .. . .. .. 3.3.28.2 
Well or wet pit ....... ... ........... ....... ........ ........ ....... .. 4.6.3 

Liquid supplies .... . . ....... .. .. ... .. 4.2.3, 4.2.4, 4.6, A.4.6. 1 to A.4.6.4 
Domestic water supply .. . . . . . .... . .... . . ...... . .. . .. . 4.12.1.1.5, 5.8.2 
Head ... .. .. ........ .. .... ... .... . .. . . ... ... .... .... . ...... 4.6.5, A.6.1.2 

-N-

Nameplates, on pumps .... .. .. .. .. .. .......... .. . .................... 4.9 
Net positive suction head (NPSH) (h,v) ..... ............ . ..... 7.2.2.2.2, 

Heat exchanger . . .......... 11 .2.8.5, 11.2.8.6, A. I I .2.8.5, A. l1.2.8.6 
Potable water, protection of .............. . ............ . .......... 8.4.6 
Pumps, piimingof ............ ...... .... .......... ...... ........ 8 .1.19 
Reliability . . ........... .. ................ . ................. 4.6. 1, A.4.6.1 
Sources ............ . 4.6.2, 7.2. l ,A.4.6.2, A.7.1.1 , A.7.2. l.l ,A.7.2. 1.2 

8.2.2, 8.3.2, A.8.2.2 
Defini tion ..... ......... .... . .. ..... . ... ..... ............ . ...... 3.3.23. 1 

Nonreverse ratchets ............. 7.5.1.4, 7.5. 1.7.3, 9.5.1.9.2, 11.2.3.2.2 
Nonventila ted m otor, totally enclosed ... . ... . . ..... .. . .... ..... . 9.5.2 .4 

Definitio n .... ........................ .... .. .. ...... . .. .. .. . .. 3.3.32.10 

Discharge to ... ... .. .............................. .. 4.1 8.7,A.4.1 8.7 
Stored supply ........ ... . ... ............. . ...... 4.6.4, 5.5, 5.8, A.4.6.4 
Verticallineshaftturbine pumps ................ .. 7.1.1 , 7.2, A.7. 1.1 , 

A.7.2.1.l toA.7.2.7, B.l.I 9 

-0-

0il pressure gauge .............. ......... .. . ........ . ...... . . .. . . . 11.2.5.3 

Listed On-site power production facility ....... . 9.2.2(2) , 9.2.3, A.9.2.3. J (3), 

Break tank re fi ll mechanism ...... ...... ........ .. .. ..... ...... . 4.31.3 A.9.2.3.1 ( 4-); see a./so Power supply 

Controlle r-s and m msfer switches ....... .. 4.25.7, 10. 1.2.1, 10. 1.2.4, Defini tio n ...... . .. ... ......... .. . .. .... . ...... ........ ...... ...... 3.3.34 

10.10. 1.2, 12.1.3.1 On-site standby generator . ... 9.3.4, 9.6, I 0.8.3.6.2, 1 0.8.3. I 2, A.9.6.2, 

Definition ............................ .... ............ ... .. 3.2.3, A.3.2.3 A.9.6.5; see a./so Power supply, Alte rnate power sources 

Dump valves .................................. .. ................. 8.1.6.4 
Electrical circuit protective syste m to con troller wiring . . ... . . .. 9.8, 

A.9.8. 1, A.9.8.2 

Defi nition ... .......... ........ ... ...... . . ......... .... ...... .... . . 3.3.35 
Open motors . .. ........... . ........ . . .. ...... ........ . ...... ....... 9.5.2 .4 

Definitio n .... ......... .. ....................................... 3.3.32.7 

Engines .......... ...... ..... ....... .......... ..... ...... .. .. . ..... 11.2.1 Operations 

Pumps ........ ...... ...... ........ 4. 1.2.1 , 4.7.1 , 6.5. 1.2, A.4.7. 1, A.6.2 
Loads start test . .. . .. ...... .. . . . .. . . ......... .......... .. . . ... . . . .. 14.2.5.5 

Contro llers, exte rnal operations ..... .... . 10.3.6, 10.5.2.6, 12.3.6.3, 
12.7.2.5, A.J0.3.6 

Locked rotor overcurrent protection . . ..... 10.4.4, 10.6.9, A. J0.4.4(3) Diesel engines . .............. . .......... ... ................ 11.6, A. 11 .6 

Lockout, additive pump motors ................................... 10.9.4 Pumps .... ...... .. .. ......... .. .. .. ....... ..... 4.3, 7.6.1 , A.4.3.2(2) to 

Loss of phase ... . ... . ... ....... . ........ .. ...... .. .......... .. .. 10.4.7.2.2 A.4.3.4.1 (2), A.7.6. 1. 1, A.7.6.1.4, A. l4.2.5 
Defin ition ... . .. .... .... . ........... . . ...... .. ..... . . .. . ........... 3.3.29 Outdoor setting 

Low suc tion throttling valves .... . ........ .. . . . .. .... 4.14.9.2(2) , 4.15.9 Fire pump units .. ... . .... .... ....................... 4.12.1.2, A.4.12. l 
Definition .. . . .... .. ....... . .. ... ........ . .. .... . ..... . .. .. . . .. . 3.3.55.2 Verticallineshaftturbine pumps ......... .... .. . ........ .... ..... 7.4.2 

Lubrication, pump .... . . . ...... . . ... ... ........ . ..... . . . .. . B.I .2J , 8 .1.27 Outside screw and yoke gate valves .. . . .. ...... .. . .... ... . see Gate valves 
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INDEX 20-1 03 

Overcurrent protection .......... ..... .. 9.2.2(4), 9.2.3, 9.3.6, 10.3.5.1 , Pressure control valves ..... .... ... . . .... . ......... .. ...... . .. .. A. l 3.2.1.1 

10.8 .2.2(3) , 10.8.3.11, 14.2.6.8, A.9.2.3.1 (3), Definition ...... .......... ......... . . ....... . . ..... . ... ......... 3.3.55.3 

A.9.2.3.1 (4); see also Disconnecting means Pressure gauges . ............. . 4.10, 5.4, 6.3. 1, A.4.10.2. A.6.3. 1, B.1.1 4 

Isolating switch .................................... ..... ...... I 0.4.2. 1.3 Oil .......................... .. ........................... ........ 11.2.5.3 

Locked rotor . ....................... . ...... 10.4.4, 10.6.9,A. I0.4.4(3) Positive displacement pumps ............. . ...................... 8.4.1 

Overspeed shutdown device .......... ... ........................ I 1.2.4.4 Steam . . ..... .... . ........ ..... .......... .. . . ........ . .. . ......... . 13.2.3 

Verticallineshaft turbine pumps ........................... 7.3.5.1 (3) 

.p. 

Packaged ftre pump assemblies .... . ...................... 4.29, A.4 .29.9 

Definition ........ .............. ......... ............ ... .. .. ... 3.3.37. 11 

Phase converters .................................. .. .. ... .. . 9.1.7, A.9. 1.7 

Phase reversal .. . . . ... ... ..... . 10.4.6.2, 10.4.7.2.3, 14.2.5.6, A.l4.2.5.6 

Pipe .......... . .. . . ... ...... 4.13,A.4.1 3.ltoA.4. 13.6; see also Discharge 

pipe and fittings; Suction pipe and fittings 

Break tank refill ...... .......... .. ..................... .... .. . 4.31.3.2.3 

Pressure maintenance (jockey or make-up) pumps ............. 4.25, I 

0.3.4.6, A.4.14.4, A.4.14.9, A.4.25 

Definition ............. .. .... . ................... ... ........... 3.3.37.14 

Overcurrent protection . ... . .. . . .......... .. . ... ........ .... ... 9.2.3.4 

Pressure sensing lines ........ .. .. . .. ... ...... . .. .. ...... 4.30. 1, 4.30.2 

Valves ....... . .. ......... ...... ..... . ..... 4.25.5.2 to 4.25.5.5, 4.25.5.7 

Pressure recorders .... ..... . ........ . .................... 12.4.4, A. l 2.4.4 

Pressure-reducing valves ... . ............. . .. ....................... A.J 3.3 

Defin ition ............... .. ...................... .. ............. 3.3.55.4 
Exhaust .............. ... ....... . ........................ I 1.5.2, A. l l.5.2 

Flushing ........ . ............ .. . ........... 14.l,A.l4.1.3 toA.14.5.2.3 
Pressure regulating devices .......................... 4. I 5.1 0, A. I 3.2.1.1 

Definition ....................... .. ...... . ........ . ........ .. ...... 3.3.36 
Fuel .. ... ......... .. ............ .. 11.4.4, 11.4.4.5, A.l 1.4.4, A. I 1.4.4.5 Pressure relief valves .... . .. ....... . .... . ............. .. . . seP Relief valves 
Joining method . . .. ........ . ......................... ... . .. ...... 4. 13.2 

Problems, causes of .... ... ... ..... .... ... . . .... .. B.l.1 to B.1.3, B.1.6 
Pressure sensi~ lines, pressure actuated controllers ..... 4.30, A.4.30 

Protection 
Protection 

Against damage due to movement ............... ... . 4.17, A.4.17 

For fuel line ..................... . ............... I 1.4.4.5, A.! 1.4.4.5 

Seismic bracing .. . ........ ..... . ... ........................... 4. 13.5 

Equipmem . ... . ..... ..... ... . ....... .. ..................... 4. 12, A.4.1 2 

Personnel ....... . ......... ... . . ................. . ............ 10.6.7, B.2 

Piping 

Fuel line ............... ... ......... .. . .. .... .. .. . 11 .4.4.5,A. ll.4.4.5 
Size 

Minimum pipe size data ... . ... ..... Table 4.26(a), Table 4.26(b) 

Suction pipe . .... .. . . .... ............ .......... ..... .......... . 4.14.3 

Steel ............................... . . ........ 4. 13.1, 4.13.2.1, 4.25.5.1, 

Movement, damage d ue ... ..... . ....... .... . ..... ... .. 4.1 7, A.4.17 

Seismic bracing ...... ... .......... . ...... .... .. . .. .. .. .. . . .... 4.13.5 

Protective devices ............. . . .. ..... . see also Overcurrent protection 

Control circuits ...................... .... .............. ... .. ..... 10.3.5 
4.30.3, A.4.30.3 

Pipeline strainers ...... .............. . ... . .............. .. ........ 6.3.2(5) 

Piston plunger pump (definition) .. . ..... . ..... ............... 3.3.37. 12 

Positive displacement pumps . ......... ... ..... .... ...... . 4. 1. 1, Chap. 8 

Application . .. . . . ..... .............. . . ...... . . ....... ... .. . .... .. .. 8. 1.3 

Component replact:ment ........ .. . .... ......... ...... ......... 14.5. 1 

Connectio n to driver and alignment ..... . ....... . ... . ......... ... 8.8 

Con trollers ........................................... ..... .... 8.6, A.8.6 

Definition . ... ... . .................... .... . ............ ..... ... 3.3.37.13 

Controlle r ...... 10.4.2to 10.4.4, 10.6.9, A.10.4.2.1.2toA. l0.4.4 (3) 

Listed electrical circuit protective system 

to controller wiring .............. . .. .. 9.8, A.9.8. 1, A.9.8.2 

On-site power source circuits ....... .... ... . . . .......... 9.6.5, A.9.6.5 

Overs peed shutdown device ... .. . . . . ......... . .. ..... ........ 11.2.4.4 

Variable speed drive circuit protection ... ........ I 0.10.5, A. IO.l0.5 

Pump brake horsepower, maximum (definition) ................ 3.3.31 

Pumping liquid level ........................................ 4 .6.3, A.7 .1.1 

Defin ition ...... ........ . .. .. . .. . .. ....... ... .. .... ..... ... ... .. 3.3.28. 1 
Drivers . .. . . .. .. ..... . .. ...... . . ....... . . . .. .... .. .... ... 8.5, 8.8, A.8.5. 1 

Fiuings ... . . . .. .. ..... . . . .. .. . .. .. . .. .. .. . . ..... .. 8.4, A.8.4.2 to A.8.4.5 

Flow tests ......... . .. ........ . . .. . ... . .. .. . ...... . . . .... . 8.9, 14.2.5.4.3 

Pump manufacturers .. .. .. ... . .. . ... . . .. ....... . 10.1.2.6, 12.1.4, 14.2.1 

Pump rooms/ houses ... .. .... . .... . . ... .. . ... .. . . .. . . ........ 4.12, A.4.12 

Access to .... . ... ........... ..... . .. ... ......... .. . . .. 4. 12.2, 5.3, A.4.12 
Foam concentrate and additive pumps ... . .. .. .. . .. 8.2, 8.4.3, 8.9.2, 

A.8.2.2 to A.8.2.6, A.8.4.3 

Foundation and setting .. .... ............. . ........ . ......... . ...... 8.7 

High-rise buildings . . ....... . ....... .. ... ... ...... ...... .. . .. . .. . .. 5.2.2 

Mate rials . .. . ........... .. ... . . ..... .. ..... .............. . . 8.1.5, A.8.1.5 

Controller, transfer of power to ...... . .. ..... .. .... ... ...... .. . . 9.6.4 

Diesel engine drive .... ... .......... .... . . ...... .... . ...... 11.3, A. l 1.3 

Drainage ...... .. ........ . . . . . .. .... .... . .. .. . . . 4.12.7, 11.3. l , A.4.12.7 

Lighting .... ... ............ . ... . .................. .. . ... .. 4. 12.4, 4.12.5 

Temperature of .. .. ........ . . .... ..... 4.12.3, 11.6.5, A. I 1.6.5, B.l.l 7 
Seals .. . . .. . . .. . . . . .... ..... .. . .. . .. .. . . .. ..... . .. .. ... ....... 8. 1.4, 8.2.3 Torch-<:utting or welding in ..... . .. .. .. . . .. . ........ . 4. 13.6, A.4. 13.6 
Suitabili ty ................... ... . .. .. . .. .... ........ .. . .... 8. 1.2, A.8.1.2 Ventila tion . .. ... . . . ..... ... . ..... ... . ......... . 4. 12.6, 11.3.2, A.ll.3.2 
Types ....... .... .... .. .......... . ....... . . . ......................... 8. 1.1 Verticallineshaft turbine pumps ............ .... ................. 7.4.1 
Water mist system pumps ................. . ................ 8.3, A.8.3.1 Pumps 

Power supply ..... . ................ .. . . ........... . ......... . .. 4.2.3, 4.2.4 Additive . .............. .. ... ............ .. ... . . . .... . see Additive pumps 
Alte rnate power sources ..... . 9.2.2(4) , 9.3, 10.4.7.2.4, 10.8, 14.2.7, Bypass, with ...... . . . . ... . . . .. . . . 4.14.4, 11.2.8.6, A.4. 14.4, A.11.2.8.6 

A.9.3.2, A.10.8; see also On-site standby generator Can (definition) .. . .. .. .... . ........ . ..... .... .. . ............. . 3.3.37.2 
Momentary test switch ....................... ... . ... . .. ... 10.8.3.13 

Overcu rrent protection ..... ... ........................... 1 0.8.3. 11 
Centrifugal ........ ...... .... .. .......... . . .... . . see Centrirugal pumps 

End suc tion ... . ....... .... ........ . ........ . .. . see End suction pumps 
Transfe r of power ......... . ..................... ..... 9.6.4, I 0.8.3.9 Fire .... .... ................. . . ... .. ...................... . see Fire pumps 

Electdc ddve for pumps . .. . . ... . ......... 9.1.4 to 9. 1.6, 9.2, A.9. 1.4, Foam concentrate ......... ............ . s~e Foam concentrate pumps 
A.9.2.3.1 (3),A.9.2.3.1 (4) , B.l.28, B.l.30 Gear (definition) ........ . ......... . ....................... .... 3.3.37.7 

Alte rnate power sources ..... .. .......... .. . . see suhhead: Alternate Horizontal . . ... ... . .. .... ... ... .. .............. . . see Horizonta l pumps 

power sources In-line . . .. .. ... .... . .. ... .. .. .. ............. . ......... . see In-line pumps 
Multiple power sources .. . .. .... . .. . .. . . ............. .. ....... . 9.3.4 Listed .... . . ... .......... .... . .............. ..... .. 4. 1.2. 1, 4.7. 1,A.4.7.1 

ormal power .. ..... . ......... . .... 9.2, A.9.2.3.1 (3) , A.9.2.3.1 (4) Lubrication ..... . ............. . ................. . ........ B. l.21, B. l.27 

On-site power p roduction facility ............ ........ A.9.2.3.1 (3), Multiple ..... ............ ..... . 4.14.3. 1, 4.14.7, 12.1.3.3.2,A.4.14.3. 1 

A.9.2.3. 1(4) Sequence starting or ................... . .. 9.6.3, I 0.5.2.5, I 2.7.2.4 

Definition . . ............ .. ... . ... .. .... ........... . ......... . 3.3.34 Multistage ............... .. .. ... .................. 4. 1.1, 6. 1.1.2, 6.1.1 .3 

Service-supplied . . ....... ... ...... . . . .. ....... ..... .. ..... ... .. . 9 .2.2 Piston plunger (definition) ..... .... . ......... . ............. 3.3.37.12 

Variable speed drives ... . . . ... . .. . .. . .. . ..... I 0. 10.6.1 , A. IO. l0.6.3 Positive displacement ..... . ....... . see Positive displacement pumps 

Steam su pply . ............................. . ........... seeSteam supply Pressure maintenance ... . .... . see Pressure maintenance Uockey or 

Tests ....... .... . ........ ...... . . 10.8.3.13, 14.2.6.9, 14.2.7, A. l 4.2.5.4 make-up) pumps 
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20-1 04 INSTALLATION OF STATIONARY PUMPS FOR FIRE PROTECTION 

Pressure maintenance (jockey or make-up) ... .... .. . . . . see Pressure 

maintenance (jockey or make-up) pumps 
Priming ............ ... ............... ........... .................. B.l.l9 
Problems, causes of ............ 00 ................... o ......... Annex B 
Rotary lobe ( delinition) ..... . o .. 0 .. 0 ........................ 3.3.37. 15 
Rotary vane (defini tion ) ............ 0 .... 0 ................ .. . 3.3.37.16 
Single-stage ... ... . ........ .......... .... 4.1.1 , 6.1.1.2, 6.l.1.3,A.6. Ll 
Speed ................ .......... ........ .... ....... 4.7.6, A.4.7.6, B.L30 
Vertical lineshaft turbine ...... . see Vertical lineshaft turbine pumps 

Pump shaft rotation ...... ................ .. ......... 4.23, A.4.23, B. l.l8 

Purpose of standard ... 0 .... 0 ....... .. 0 .... 0 0 ................. .... ..... I. 2 

-Q-

Qualified person (defmition) ..... . ......... 0 ••••••••••••• 0 ••••••• 3.3.39 

-R-

Radiators ....... I 1.2.8.8, 1 1.3.2.1 ( 4), I 1.3.2.4.3, A. Jl .3.2.3, A. ll.3.2.4 
References ...... . .. ........ ............. ... . .. ......... Chap. 2, Annex C 
Relief valves ......... .. ...... ....... ........ 4.7.7.2, 4.18, 4.25.4.1 , 6.3.1, 

A6.3.2(4 ) , A.4.7.7, A.4.7.7.2, A.4. 18.1 to A.4.18.8, 
A.6.3.1, A.14.2.5.1 

Circulation relief valves ......... o oo o o ••••••• 6.3.1 , A.6.3.1, A. 14.2.5.1 
Auto matic .......................... ... ......................... 4.11 .1 
Definition ..................... . ......... . .............. 0 •• 3.3.55.5.1 

Definition .......... . . . ................ ...... ................ ... 3.3.55.5 
Drainage, backf1ow preventio n device . . .. o ••••••••••••••• •••• • 4.27.2 
Positive displacement pumps . . ............ . . .. o • •••• •• 8.4.2 to 8.4.4, 

A.8.4.2 to A.8.4.4 

Vertical li ncshaft turbine pumps ...... o .................... 7.3.5.1 ( 4) 
Remote station, manual control at ....... oo .... .. o .... 10.5.2.4, 12.7.2.3 
Retroactivity of standard ............ ..... 0 ............... ... .......... 1.4 
Rotary lobe pump (definition) .... 00 ............ o ...... o o ...... 3.3.37.15 
Rotary vane pump (defmition) ..... 0 ... ....... ............... .. 3.3.37.16 

-S-

Scope of standard .. ... ................... . ...................... l.l , A. l.l 

Screens 
Suction pipe ...... .. .. .. ...... o o ...... o ....... 4.14.8, 7.3.4.3, A.4. 14.8 
Well .............................. . ........ .... ....... 7.2.4.5 to 7.2.4. 11 

Seals 
Positive displacement pumps ...... . . . . . ........ o ••••••••• 8. 1.4, 8.2.3 
Rings improperly located in stutling box ..................... B.l.20 
Water seals, maintenance of ........ ......... ... ................. B.l.6 

Seismic bracing . .. ...... .. ... .......... .. 0 • •• •••••••••••••• •• ••••••• 4. 13.5 
Sequencestartingofpumps ........ 0 ........... 9.6.3, 10.5.2.5, 12.7.2.4 
Series fu-e pwnp units .......... .. . ....................... . ........... 4. 19 

Defin ition ............................ .. o .......................... 3.3.40 
Service (power source) .. .. ............ ... ..... ... ................... 9.2.2 

Definition ........ ........ ........ . ............ 0 ........ 3.3.41, A.3.3.4 I 
Service equipment . ... ....... 0 •••••••••••• • 0 •••••• 0 • ••••••••••• 9.2.3.1 ( l ) 

Definition ....... ..... . .. ........ 0 •••• •••••• • •••• ••••••• 3.3.42, A.3.3.42 
Service factor (definition) .. .... .. ............... ... ...... ......... 3.3.43 

Service personnel .. . ..... . .. ... .. . .. .. .. ..... ............ . . . 4 .3.4, A.4.3.4 
Set pressure . ........ . ......... .. .................... 4.7.7.3.2, A.4.7.7.3.2 

Definition .......... .. . . ......... 0 0 •••••••••••••••• • ••••••• • ••••••• 3.3.44 
Variable speed pressure 

limi ting control ......... 10.10.3. 1, 10.10.8.3, A.10.10.3. 1 
Shaft rotation ....... .. ................ . . . .. . .... . see Pump shaft rotation 

Shafts, flexible connecting ........ o ••• •• • see Flexible connecting shafts 
Shall (definition) .................. 0 • • •• • ••••••••••••••••••••••••••••• 3.2.4 
Shop tests ......................................................... . see Tests 
Should (defmition) ............................................... . .. 3.2.5 
Shutoff valve ................................. 4.18.9, 4.30.5, 11.2.8.5.3.2, 

I 1.2.8.5.3.3, 11.2.8.6.2, 11.2.8.6.3 

Signal devices 
Electric-drive controllers ............................. 10.1 .1.2, 1 0.4.6, 

10.4. 7, A. l 0.4.6, A. I 0.4.7 
Engine drive controllers ....... 12. 1.2, 12.4.2, 12.4.3,A.12.4.2.3(3) 
Phase reversal indicator .................. .. ...... 10.4.6.2, 10.4.7.2.3 
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Signals ..... ...... .............. ..... ........... .. ........... . .. 4.24, A.4.24 

Break tank low liquid level ...... .. .......................... 4.3.1 .3.1.5 
Definition . ......... ...... ... ... ... ................ ..... 3.3.45, A.3.3.45 

Electric-drive controllers ........... 10.4.5.7.3, 10.4.7.1, 10.8.3.12.2 
Engine drive controlle rs ............ ...... ....... I 2.4.1.3 to 12.4 . 1.5, 

14.2.6.6, A.12.4.1.5.2 
Engine running and crank termination ................... .11.2.7.4.3 

Tests . .... . .... ... . ............. . . . .................. ..... .. . ....... 14.2.9 
Visible .................. .. o ........ 10.4.7.1 ; see also Visible indicators 

Single-stage pumps .. ... . ...... . .. ........ 4. 1.1, 6.1 .1 .2, 6.1.1.3, A.6.1.1 

SI Wlits . " . " " . " " . " . " " . " . " . " . " . . " " " " . " " " " .. " " ... " .. . 1. 6 
Spare parts ..................................... 14.3.4, 14.5.2, A. l4.5.2.3 
Speed ........ .. . ..... . . see also Variable speed pressure limiting control 

Engine 
Definition . .. . ............ . .. ..... ....... ... .. ............ .. . 3.3.46. 1 

In ternal combustion e ngine .... .... .. .................. . .... B. l.28 
Overspeed shutdown device ....... ............ ............ I 1.2.4.4 

Motor .... .......... ...................................... B. l.28, B.l.30 
Delinition .... . . o o • •• ••• •••••• •• o •••••••• •••••• •• •• •• •••••••• 3.3.46.2 

Rated ....... . . . . .. .............. .. . ........... 4.7.6, A.4.7.6,A.l4.2.5.4 
Definition .... . ........... . .. ... 0 0 ••••••••• • •••••••• • • • •••••• 3.3.46.3 

Steam turbine . . .. ............ . .. ..... ... .. ...... . ..... . . ... ...... B. l.28 
Speed governor, steam turbine .. .. .. 0 •••• • 0 ••• ••••••••••••••••• ••• 13.2.2 
Split-case pumps . .......... .. .................. ... . see Horizontal pumps 
Sprinkler systems .................... 00 ..... . ..................... 4. 12.1.3 
Standard (defmition) .... .. ........ 00 ...... 0 ......................... 3.2.6 
Static liquid level .. . ... ........ .. ........ ..... . ............ .. 6.1.2, A.6.1.2 

Definition ........ . ... ........ .. . ... . . .. ... ..... .. . .. . .. . .. . .. .. 3.3.28.2 
SteanlSupply ...... ........ .. .... ........ ..... 4.21, 13.1.3.1, 13.3,A.13.3 
Steam turbines ...... . ... ..... . .. . 4.7.2, 4.7.6, Chap. 13, A.4.7.6, B. 1.26 

Acceptability ..... ..... ........... ... ... . .......................... 13. 1.1 

Bea•·ings ... .. ..................... 0 ...... . ..... .. ..... .. .... . ..... 13.2.6 
Capacity .... .. ......................................... . ..... . ..... 13.l.2 

Casing and other parts ......... .... ................ 13.2. I , A.l3.2.1. J 
Gauge and gauge connections . ....... ...... . .. ....... . ... . .. .. 13.2.3 

Installation ........ ......... . ........................ . ...... 13.3,A. l 3.3 
Obsu·ucted pipe ..... .. .......... 0 ................. . . .. ...... ... . B.L32 

Redundant .............. .. .... ........... ....... ........... ... ..... 9.3.3 
Rotor ........ ...... ......... . ..................................... . 13.2.4 

Shaft .... . ... . ...... .... ............ ....... ............ 0 ............ 13.2.5 
Speed ..................... . .. . ..... o ............. .. .. .... ....... .. B.1.28 
Speed governor ........... . .................... .... .............. I 3.2.2 
Steam consumption ......................... . .... ..... 13.1.3, A.l3.1.3 
Tests .................................. . ....... 14.2.5, 14.2.8.1 , A. I 4.2.5 
Verticallineshaft turbine pumps ...... .. .. .... . 7.5.1.3, 7.5.1.4 , 7.5.2 

Steel pipe ..... .. .... . .... . .... . ..... .. ...... . ............ . ..... . ... . see Pipe 
Storage batteries . .. .... . .... .. .... .. ......... ...... . see Batteries, storage 
Strainers . . .... . . . . ......... ... . ..... . 0 •• 0 0 •• ••• • • see also Suction strainers 

Engine cooling system .. ...... .. .. 0 ................ .... ......... B.l.25 
Pipeline .. . ....... . ............... .. .................. . ....... .. . 6.3.2(5) 
Suction, vertical shaft turbine pumps ........................... 7.3.4 

Stuffing boxes ............................. .......... . B.l.5, B. l.7, B.l.20 

Suction .......... .. ......... . ..... ... .. . see also Net positive suction head 
Back11ow preventers, evaluation of ................ 4.27.4.1, 4.27.4.2 

Static suction lift . . . .. . .. .................. .. .... . .. .... .. 6. I .2, A.6. 1.2 
Total suction head (d efini tion) . . ... ........... .. .. .... ...... 3.3.23.5 

Total suction lift (h1) (definitio n) .. ................ .. .......... 3.3.54 
Suction pipe and fittings ......... .... 4.2.3, 4.14, A.4.!4.1 to A.4.14.J 0 

Devices in .................. o .. o ..... 4.14.9, 4.27.3, 4.27.4.3,A.4.J4.9 
Elbows and tees . .............. 0 ............ ...... .......... .... 4. I 4.6.3 

Freeze protection .............................................. 4.14.6.2 
Pressure maintenance pumps .... ... . ...... . .... .... .. .... .. . 4.25.5.1 
Problems, causes o f ............ .... .............. .. .. ... B.l. l to B.l.3 
Strain relief .................. .... o .. ............................ 4.14.6.5 

Valves ........... . ............. .. ........... .. ............ .. ........ 4. I 6.1 
Suction pressure gauges ................ 4.10.2, 4.27.4 .2, 8.4.1, A.4.10.2 

Suction reservoir, discharge to ... ....... ........ ...... . . 4 .1 8.8, A.4.18.8 
Suction screening ..... ....... .... .. .... .... ... .. ......... 4.14.8, A.4.14.8 

Suction strainers 
Positive displacement pumps . .. .. . ... . .. . ........ 0 • •• •• 8.4.5, A.8.4.5 
Vertical shaft turbine pumps .. .. ............ 0 .... ............ .... 7.3.4 

Sump, vertical shaft turbine-type pumps ...... ..... 0 ... ..... .... 7.4.3.7 
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Switches .. ..... . ..... ..... . . see also Isolating switches; Transfe r switches 

Electronic com rol module (E.CM) 
selecwr switch ............... . ... I 1.2.4 .2.3, A.ll.2.4.2 .3.6 

Locked cabinets for ..... ..... .. ....... . ..... ... .... ..... .... ..... 12.3.4 

Pressure switch . pressure sensing line ... .. .... .. ..... .. ..... . . 4.30.6 

System designe r ... . . .... ..... ..... .. .. .. . .... ..... ... . . . 4.3.2. A.4.3.2 (2) 
System installer ........ . ........ . .... . ....... . ....... .. .. 4.3.3, A.4.3.3(2) 

-T-

Taehometer .. . .. ... . . ...... ......... .. ..... . ............ . ......... I I .2.5.2 

Tanks 
Break ..................... ...... ... . ....... ... .......... . see Break tanks 

Fue l supply .. ...... ..... .. .. . .. ... .. .... ... .... 4.28. 1, I 1.4.1.2, 11.4.2, 

A.4.28. 1, A. l l.4.1.2. 1, A. ll .4.2 
Water supply, h igh-rise buildings ...... .. ... . ... .. . . ... . .... .. 5.4 , 5.7 

Temperature gauge ... . ... .. .. . . ..... .... .. ... .... ... ...... ... .. .. I 1.2.5.4 

Tests ... ... .... .. . see also Fie ld acceptance tests; Watc t· Oow test devices 

Aquifer pe rfonm mcc analysis . . .... . ..... . ..... .. ..... . ... .. A.7.2. 1.2 
Definitio n .............................. ...• ..... .. .... .... .... .. 3.3.3 

Compone nt replacement ...... .. .... . . ... . . . ... . ..... 14.5, A. I 4.5.2.3 

Controlle rs ...... . .. ....... . .... . ... . ... ..... .. ...... . 10. 1.2.3, I 0.1.2.6 
Acceptance ..... .. ..................... ... ........ 14.2.6, A. I 4.2.6. 1 
Engine drive controlle rs, manual testing of .. .. .. ... .. ... 12. 7.3.2 

Pressure switch-acwated automatic controlle r ......... I 0.5.2. 1.6 

Rated in excess of600 Volts . .. . ... .... .. ... . ................... 10.6 
Duration ........ .... .... ........... .. ...... .. ..... . ....... . ...... 14.2. I 0 
Flow ............ 5.4 , 8.9, 14.2.5.2, 14.2.5.4.3, 14.2.7.3. I, A. 14.2.5.2.3 

High-rise bui ldings, fi re pum ps for ......... . ...... .... .. . .... . . . .. 5.4 

Hyd rostatic . . .... . ......... . ..... . 4.22.2, 14 . l , A. I4.1.3 toA. l 4.5.2.3 
Loads start test .. ..... .................. .. ....... .. ....... . ..... 14.2.5.5 
Mete ring devices o r fixed nozzles for ...... .. .. 4.20.2.1, 8.9.2, 8.9.3 

Momentary test switch , alternate power source ... . ....... I 0.8.3. 13 

Periodic . .... . . .. . .. .. . .. . . ... . . . ........... . ... .... .. ............... . 14 .4 
Shop (prcshipme nt) ...... .. ... . . ........ 4.5, 4.22, 10.1.2.3, 14.2.4.2 
Suction pipe ...... .... ............. . . ... ... . .. ... .. ............... 4. 14.2 

\'enica l lineshaft LLJrbine pum ps ....... . . . 7.6.1 , A.7.6.1 . 1, A.7.6.1.4 

Vertical lineshaft turbine pum p wells .................. 7.2.7, A.7.2.7 
1imer, weekly program .. . .................... .... . .. . .. ... ... .. .. 12.7.2.7 
Tools, special .... . .... . ............. .... ..... .. . .. ... . ... . ........... 14.3.3 

Total discharge head (hd) (defmition) ... ... . ... .. ... . .. .. . ..... 3.3.23.2 

Total head (H ) 

Horizom al pumps . .... . .. ..... . .. ....... .. ................ .. A. L 4.2.5.4 
Definition . . . ... ... .. . .... . ..... . . . .......... 3.3.23.3. I , A.3.3.23.3.1 

Venicaltu rbine pumps .......... . ... . ....... . . ...... . 7.1.2, A.14.2.5.4 
Definition . . .. . . . . . ..... .. . ...... . .. .. ... . ... 3.3.23.3.2, A.3.3.23.3.2 

Totally enclosed motors 
Definition .................... .. . .. ... ... . ....... . . . .. . .... ... .. 3.3.32.9 

Fan-cooled .. .. ..... . . .. ... . ..... ...... .. . . ..... .. . .. . . . .... . ..... 9.5.2.4 
Definition . ... ... ................. .. . . . ..... ... . ... . ... . ..... 3.3.32.8 

Nonventilatcd ........... .. .. ... . ... . ... . . .. .. ... .. .............. 9.5.2.4 

Definition ..... . ... . . .. .. . . .. ..... ..... ...... .. . .. ... . .. ... . 3.3.32.10 

Total rated head ........... . .... .. ..... .. ... ......... . .............. .. 7. I . 2 
Definitio n . . . . .... . . .. ... . ... . .. ... .. . ............ ... .. . ..... . .. 3.3.23.4 

Total suction head . ..... .. . .. . .. . ...... . ... . .... . ... . ............. 4.22.2.2 

Defin ition . . . . ...... .... ........ ... .. . . . .... .... .. . .... . ... .. . . . 3.3.23.5 

Total suction lift (h1) (definition) ....... . .. .. .... ....... .......... 3.3.54 
Trade sizes ...... . ........... ... .............. . .... .... .... ............ 1.6.5 
Transfe r switches .... . .. . .. 9 .1.2, IO.l. J.L , 10.4.8 , 10.8, A.4.4. 1,A.1 0.8 

Auto matic ................ .. .......... . see Automatic transfer switches 

Listing ..... .. ...... ... ...... . .. . ...................... 10.1.2 .1, 10.1.2.4 
Manual ..... . ..... ... . ...... . ..... .. ..... . see Manual transfer switches 
Marking .... .. ..... ..... .... ... .... . ................ 1 0. 1.2.2, A. I 0.1.2.2 

Non pt·essure-actuated .. .. .. . . .. .. . . ...... . .. ... . .. . . I 0.5.1.2, 1 0.5.2.2 
Pressure-actuated .. . 10.5. 1.2, 10.5.2. 1.1 , 10.6.4, 12.7.2. 1.1 , 14 .2.6.6 
Scn~ce arrangements .... .. .... . . .. ... .. . . .................. .. I 0.1.2.6 

Transformet·s . . .. ... ... ...... .... .. ..... ........... .. . ...... ... ... 9.2.2(5) 

Troubleshooting ..................... . . . ................... .. .... Annex B 
Turbine pumps, vertical lineshaft ....... .. see \'e rticall ineshaft wrbine 

pumps 
Turbines, steam . ......... .. . .. .............. . . . ... .... . see Steam mrbines 

-U-

Uodervoltage-sensing devices .. . ....... . .. .... . .. .. ..... ... .... 10.8.3.6 

Units, pump . .... .. .. . . .. .. ..... . . .. ..... .. ...... ... .. . sa Fire pump units 
Units of measurement ................................................. 1.6 
Unloader valves ..... ...... ... ... .... . . . . .. .. . , .. . .. . . .. .. ... .. 8.3.4, 8 .3.5 

Defin ition . . ... ... .... .. . . .... .. .... ..... .... .... .... ... .... .... 3.3.55.6 

-V-

Valves ... . . .. . see also Buucrfly valves; Check vah·es; Dump valves; Gate 

valves; Hose valves; Re lie f valves 
Bypass .... . .......... . .. .. ...... . .............. ... ................. 4. 16.1 
Discharge pipe ... . .. .... ..... .. 4.15.6to 4.15.9, A.4.1 5.6, A.4 .15.9.3 

Emergency governor ..... ...... .. ...... ..... . ...... ... .. ..... ... 14.2.8 
Fill/ refi ll, wate r tank .... . . . .......... . .. . .. .... ...... ... .. . .. ... .. 5.7.3 
Fue l solenoid .. ... . ... ..... ... ... .. ... . . .. ... .. . ... .. 11.4.4.6, 12. 7.3.2 

Isolation ... ..... ... ... .... ... . . . . .. . .. ... ..... . ................... 4. 16.1 

Low suction throttling ..... . .. . . . ....... .... ..... . 4.1 4.9.2(2) , 4. 15.9 
Definition .. . .. ..... .... .... ... ... . .. .... ......... ... ..... .. . 3.3.55.2 

Main tht·ottle, steam turbine ....... . . .. . ............ .. ...... .. 13.2.1.3 

Pressure control . . . .... .... .. ... .... . . . ....... . ..... . ...... .. A.l 3.2.1. 1 
Delinition .. ..... . .. . . ................ .. ...... . .... ... ....... 3.3.55.3 

Pressure-reducing .. . .. . . . . .. ... ........ ... ... . ... . .. .. ... ... . . .. A. 13.3 

Defi nition .. .. ............. . .. . ......... ... . ...... .. . ..... ... 3.3.55.4 
Shu ton· ............ . .... . .................. 4. 18.9, 4.30.5, I I .2.8.5.3.2, 

I I .2.8.5.3.3, I 1.2.8.6.2, 11 .2.8.6.3 

Supen•ision of .... . ....... . .. .. . . .. . .... . .... ... .... . . ..... 4.16, A.4. 16 
Unloader .. .... ... . .............................. . ........... 8.3.4, 8.3.5 

Defini tion ..... ... .... ... ........ . . .. . ..... .... ... .... ... .. . . 3.3.55.6 

Variable speed pressure limiting control .. .. .. .. .. .... 4. 7.7.3, 4. 18. 1.3, 
10.5.2. 1.7.5, 10. 10, 1 1.2.4.3, 14 .2.5.3, 14.2.5.4.7.4, 
A.4.7.7.3.2, A. l O. IO, A. ll .2.4.2.3.6 

Defi nition .. .... .... ....... .. . .... ..... ... . . .......... .. . . ... .. . ... 3.3.56 
Variable speed suction limiting control ................. I 0.1 0, 11 .2.4.3, 

A.IO.IO, A.ll.2.4.2.3.6 

Definition .. .. .. ... ..... .. .... ... ...... .. .. . ... . . . .... .. ...... .. ... 3.3.57 
Variable speed vertical pmnps ........... .. .. . ........... 7.5.3, I 0.10. 12 
Velocity head (h.,) (definition) . . . ...... . .. . .. .... .. . 3.3.23.6, A.3.3.23.6 

Ventilation of pump room/ house ..... ... ... ... 4.12.6, 11 .3.2, A. ll .3.2 
Vertical hollow shaft motors ................... . ....... 7.5. 1.5, 7.5.1.7.2 
Vertical in-line pumps .... . .. .. ..... .... .. . .... .. .... . ... . .. .. ... . . . 4.28.3 

Verticallineshaft turbine pumps .. ... ... . 4.1.1, Chap. 7; ~ee also Wells, 
vertical shaftwrbine pumps 

Bowl assembly ... .............. . ........ .. ... .. ..... .... .. . .. .. .... 7.3.3 

Characteristics . . ....... .. ...... . . ............ ... .... ..... .... ... ... 7.1.2 
Colum n ........................... ... . . ..... . . . .. .. ... . 7.3.2, A.7.3.2. 1 

Consolidated formations ............ ... .. . ....... . ...... 7.2.5, A.7.2.5 
Comrollers ... ...... . .......... . . . . .. .... . . .... ..... .. ... 7.5.2, 10.10.12 
Defini tion ...... .... . . .......... . . . . . ........... . ....... . ...... 3.3.37. 17 
Drivers .. ... .... ... . .... ... ......... . ..... 7.5, 7.6.1.6, 9.5.1.9, 1 1.2.3.2 

Fittings ... .... .. . ..... . .. . .. .. . .. .. ... . .. ...... .... .... .. 7.3.5, A.7.3.5.3 
Head ............................ . ..... .... . .. ... ...... . ... 7.3.l , A.7.3.1 

Total head (H) ...... . .... . . . ...... . ... .... . ... .... . 7. 1.2, A.14.2.5.4 

Defin ition .. ....... .. .. ... . .. .. .. ... .. .. . . 3.3.23.3.2, A.3.3.23.3.2 
Installation .. ........ . . . ..... . . ... ..... .. ..... ... ..... .. 7.4, A.7. 1, A.7.4 

Maimenance ... .. ... ..... .... ..... .. ..... .... ... ...... . .. ..... ..... 7.6.2 
Oil-lubricated type ... . . . . .... .. . ..... .. .... 7.3.2.4to 7.3.2.6,A.7.LI 

Operation .................... . . . ..... . . .. .. . 7.6. 1, A.7.6.l.I , A.7.6.1 .4 
Pump house . .. .. ..... .. .. .... . ..... .. . . ... ... ... ... .. . .. ... .. .... A.4. 12 
Shaft rotation ................................. . . ..... ... .... .. . .. A.4.23 

Shop test ........ . .... .. .. ...... . .. .. . . ... ..... .. .. .. . .. .. . ... .. . 4.22.2.5 
Submergence . .. ...... ... .... . . .... . ........ 7.2.2, A.7.2.2. 1, A. 7.2.2.2 
Suction smtine r ............. .. . . .. ........... .. ...... ..... ... . .... 7.3.4 

Suitabi lity ................ . .. . .. . .. . . .. . .. ... ..... . . . ...... .. . .. .. A.7.1.l 
Unconsolidated formations ...................................... 7.2.4 
Water supply ... . ..... 7.1.1 , 7.2, A.7. J.J , A.7.2. 1.1 toA.7.2.7, B. l.l9 

Vibration, pump ... ... .. . ... . ..... . ..... .... ..... .. . ... ..... .... .... 7.6.1 .5 
VtSible indicators 

Electric-drive co n trollers .... ........ 10.4 .5. 7.3, I 0.4.6.1, 10.6.6.2 to 

I 0.6.6.4, I 0.8.3.8, 1 0.8.3. 1 2.2, A. l 0.4.5. 7 
Engine d tive controlle rs ..... .. ... ... 1 2.4 .1.1 to 12.4.1.4, A. l 2.4. J.2 
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Voltage Wells, vertical shaft turbine pumps 

Low ............................. .. ................................ B.l.28 Construction ........... ... ..... ... ... . .. .. . .. . ... ...... . ...... . . . .. 7.2.3 

Rated motor voltage diffe rent from line voltage ..... .. . . .. .. B. I .31 

Voltage drop ... . ........ .. ..... . .. . ... .. ...... . ........... 9.1.6, 9.4, A.9.4 

Voltage-sensing devices . . .... . ....................... .. ... ... .. . .. 10.8.3.7 

Voltage surge arresters .................. . .. . ....... .... .. I 0.4.1 , A. l0.4.1 

Voltmeter ...... .. .... .... ............................. .. 12.4.5, A. l4.2.5.4 

Vortex plate ... .... .. . . .. ..... .. .. . . ... . ..... . .. ... . .... 4.14.10, A.4.14.JO 

Developing . ..... .... ............ . ............................. . .... 7.2.6 
Installations ............ 7.2.2.1, Fig. A.7. l.l, A.7.2.2.1 , Fig.A.7.2.2.1 
Problems, causes of ........................... . ....... . .. .. ....... B.l.4 
Screens .. .. ...... . . .. .... ... .............. .. ...... . .. 7.2.4.5 to 7.2.4.11 
Test and inspection ... .. ....... . ..... .. ............. .... . 7.2.7,A.7.2.7 

Tubular wells ... ..... ... ..... .... ... ·o• ·· ···o . ... ....... .... .. .. 7.2.4016 
In unconsolidated formations ..... . . . o o. o ...... o .. ...... . ..... . . 7.2.4 
Water level ...... . ....... .. ...... . ...... . .............. . ....... .... . 4.6.3 

Wet pits 

-W- Definitio n . ..... ... ..... . .. . 0 ........ 0 . .. . . . .... .. . 0 ... ... ...... ... 3.3.59 

Waste outlet, heat exchanger ............................. .. .... 11.2.8.7 

Water flow test devices .. ..... . . .. . . .. . 4.20, A.4.20.J.1 to A.4.20.3.4(2) 

Water level ............. . .................................. . see Liquid level 

Water mist system pumps . .... ..... ... .. . .. .. 8.3, 8 .4.4, A.8.3.1, A.8.4.4 

Water pressure control . ...... .. ... 10.5.2.1, 10.6.4, 12.7.2.1 ,A.l0.5.2. 1 

Installation of vertical shaft turbine pumps .......... . ....... 7.202.2, 
7.4.307, A.7o2ol. l , Ao7.2.2o2, Fig. A.7o2.2.2 

Suction stra iner requirement ....... ... .... ... .. . ... ... ... 0 . .. . 7.3.4.3 
Water level ... .. .... .. . ... ... .... .... ... ... ......................... 4.6.3 

Wiring ............ .... .... . ....... o ...... .. . see also Disconnecting means 
Electric-<! rive controllers . .... ..... .... ... ... ......... . ..... ..... 10.3.4 

Water supplies ......... .. ... . ......................... . see Liquid supplies 

Wearing rings ................ . ....... . ........... . .. .... .. . . . B.l.9, B. l.l9 

Weekly program timer .... . .... . . .... . .......... .. .... .. ....... ... 12.7.2.7 

Engine drive controllers ............... .. ... 11.2.6, 12.3.5, A. ll.2.6.2 
Fie ld acceptance tests . . . . .. ... . ... . .. . . ...... ... . . .. . ... .... .... 14.2.3 
Packaged fire pump assemblies ............ .. .. . .. ............. 4.29.2 

Welding . .. ...... .. . . ..... . ...... ... ..... . . . ... .. .... . ... ... 4. 13.6,A.4.13.6 Problems of ..... . ....... . ....... . ... .. .. ........ .. ... .. .. 8 .1.31, 8 .1.32 
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