
Sixth Edition

Edited by

Chad R.W. Du�y, P.E.

Senior Fire Protection Engineer, NFPA 

Janna E. Shapiro

Fire Protection Engineer, NFPA

With the complete text of the following:

2019 edition of NFPA® 20, Standard for the Installation of Stationary Pumps for Fire Protection

2016 edition of NFPA® 14, Standard for the Installation of Standpipe and Hose Systems

2019 edition of NFPA® 291, Recommended Practice for Fire Flow Testing and Marking of Hydrants 

2019 edition of NFPA® 24, Standard for the Installation of Private Fire Service Mains and Their Appurtenances

Stationary Fire Pumps and 
Standpipe Systems Handbook

NATIONAL FIRE PROTECTION ASSOCIATION
The leading information and knowledge resource on fire, electrical and related hazards

{7d1cf25d-f130-43e0-8b7f-041dc4ddd530}

https://www.normsplash.com/NFPA/159745698/NFPA-20-Handbook?src=spdf
https://downloads.nfpa.org/verify-your-document?ekey=9rAvfCve50SSoT2YEFyxdn9iUnPPqt5lXmr9egwIopXP3mUUcBz7mBKSRFPkTd0lmFpSFOQSLz40bIAWhIIFuF9BWqI1IqVfGhQLnpecjIDjUl%2fjthmrMtjTotEg7BLu
https://downloads.nfpa.org/verify-your-document?ekey=9rAvfCve50SSoT2YEFyxdn9iUnPPqt5lXmr9egwIopXP3mUUcBz7mBKSRFPkTd0lmFpSFOQSLz40bIAWhIIFuF9BWqI1IqVfGhQLnpecjIDjUl%2fjthmrMtjTotEg7BLu


Find

To �nd a word or term in the PDF:

1.  Select Find under the Edit menu or use the keyboard shortcut: CTRL + F for PC; COMMAND + F for Mac.

2.  Type a word or term in the Find box. To specify Whole words only or Case-sensitive, use the drop-down arrow 
to the right of the Find box and toggle these criteria on or o�.

The found term will be highlighted in the text. To go to other occurrences of the term, use the previous and next 
buttons that appear beside the Find box.

Advanced Search

Use the drop-down arrow to the right of the Find box and select Open Full Search. Additional search options are 
available by selecting Show More Options at the bottom of the pane. Options in the advanced search window 
include matching the exact word or phrase, matching only some of the words, and stemming (see below).

Stemming �nds words that contain part (the stem) of a speci�ed search word. For example, a search for 
the word opening would �nd instances of open, opened, opens, and openly. Wildcard characters (* or ?) 
are not permitted in stemming searches. Stemming isn’t available if either Whole words only or  
Case-sensitive is selected.

Links

Links to other sections of the document are colored red. When you click on a link and are directed to another 
page, use the following keyboard shortcut to return to the original page: ALT + <left arrow> for PC; 
COMMAND + <left arrow> for Mac.

PDF Navigation Tips

{7d1cf25d-f130-43e0-8b7f-041dc4ddd530}

https://www.normsplash.com/NFPA/159745698/NFPA-20-Handbook?src=spdf


The 2019 edition of the Stationary Fire Pumps and Standpipe Systems Handbook contains the complete 

mandatory text of the 2019 edition of NFPA 20, Standard for the Installation of Stationary Pumps for Fire 

Protection, and the 2016 edition of NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 

as well as expert commentary to assist users in their understanding and application of the standards. 

In addition to the commentary text, this edition of the handbook also offers a number of helpful fea-

tures, which are described below. 
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10.4 Components

10.4.1* Voltage Surge Arrester.

A.10.4.1 Operation of the surge arrester should not cause either the isolating switch or the cir-

cuit breaker to open. Arresters in ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide Surge 

Arresters for Alternating Current Power Circuits (>1 kV), are normally zinc-oxide without gaps.

The “gaps” referred to in A.10.4.1 are common when using the silicon-carbide (Si-C) types of surge 

arresters referred to in 10.4.1.1. A surge voltage of sufficient magnitude arcs across the gap and the Si-C 

semiconductor element absorbs the surge energy. Once the voltage decays sufficiently or at the next 

zero crossing of the current, the arc extinguishes and prevents any further leakage or follow-on current. 

This allows the Si-C element to cool down and be ready for the next surge, spike, or transient event.

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, IEEE Standard for Gapped Silicon-Carbide Surge Arrest-

ers for AC Power Circuits, or ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide Surge 

Arresters for Alternating Current Power Circuits (>1 kV), shall be installed from each phase 

to ground. (See 10.3.3.3.)

Surge arresters are provided in controllers to prevent power line surges from damaging components in 

the controller and/or rendering them inoperable. Typical failures due to a power line surge are burnouts 

of indicating lamps and dielectric breakdowns of the magnetic contactor holding coil. 

10.4.1.2 The surge arrester shall be rated to suppress voltage surges above line voltage.

Even when the surge arrester is rated above line voltage as required by this section, there will be some 

amount of increase of the voltage during a surge; no arrester can perfectly clamp excess voltage. How-

ever, properly rated devices should limit damage to the equipment. Some controller designs have a 

high “voltage withstand” capability to provide the most reliability against surges.

10.4.1.3 The requirements of 10.4.1.1 and 10.4.1.2 shall not apply to controllers rated in 

excess of 600 V. (See Section 10.6.)

The typical voltages involved are 2300 V ac or higher. These controllers are required to meet a minimum 

basic insulation level (BIL) so that they are immune to normal surges, switching spikes, and transients. 

10.4.1.4 The requirements of 10.4.1.1 and 10.4.1.2 shall not apply where the controller can 

withstand without damage a 10 kV impulse in accordance with ANSI/IEEE C62.41, IEEE 

Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits, or where the 

controller is listed to withstand surges and impulses in accordance with ANSI/UL 1449, Stan-

dard for Surge Protective Devices.

The reference to ANSI/UL 1449, Standard for Surge Protective Devices, was added as an alternative to the 

10 kV (10,000 volt) impulse test provision because it is an ANSI standard and readily available to test to 

at the approval agencies.
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valve is required by the standard to be installed is when the diesel engine is turning faster 

than normal, and since this is a relatively rare event, it is permitted for the discharge from 

the pressure relief valve to be piped back to the suction side of the pump.

4.20.1.1* Pressure relief valves shall be used only where specifically permitted by this 

standard.

The use of a main pressure relief valve to trim excess pressure is considered to 

be poor design and should be avoided. Several methods are available to cope 

with excessive pressures, such as the following:

1. A break tank 

2. A variable speed pressure-limiting control device (see 11.2.4.3)

3.  Other pressure-regulating devices downstream of the fire pump discharge 

control valve

A.4.20.1.1 In situations where the required system pressure is close 

to the pressure rating of the system components and the water supply 

pressure varies signi�cantly over time, to eliminate system overpres-

surization, it might be necessary to use one of the following: 

(1) A tank between the water supply and the pump suction, in lieu 

of directly connecting to the water supply piping

(2) A variable speed pressure limiting control device

4.20.1.2 Where a diesel engine �re pump is installed and where a total of 121 percent of 

the net rated shutoff (churn) pressure plus the maximum static suction pressure, adjusted for 

elevation, exceeds the pressure for which the system components are rated, a pressure relief 

valve shall be installed.

Pumps that create pressures less than the pressure rating of the fire protection system compo-

nents [typically 175 psi (12.1 bar)] at 110 percent of rated speed do not need a pressure relief valve. 

The sample calculation that follows illustrates the procedure used to determine if a pressure relief 

valve is needed. 

The plans for a diesel engine–driven centrifugal pump 

do not show the installation of a pressure relief valve. Is 

this omission permitted?

ANSWER: Yes, this is acceptable in some installations. The 

pressure relief valve requirement on diesel engine–driven 

pumps is intended to prevent the piping from overpressur-

ization if the fire pump malfunctions and runs at a higher 

speed than anticipated. If 121 percent of the pump’s churn 

pressure is added to the maximum static pressure of the 

water supply, and the total does not exceed the maximum 

working pressure of the system components, a pressure 

relief valve is not required. 

ASK THE AHJ?

FAQ

Does NFPA 20 permit the installation of main pressure relief valves in electric fire pump systems?

No section in this standard specifically permits the use of a main pressure relief valve on an electric fire 

pump, except where a variable speed driver is used. Variable speed drivers are required to default to con-

stant rated speed operation in the event the variable speed driver fails. If operating at constant rated speed 

can result in system overpressurization, a pressure relief valve is required. The pressure relief valve setting 

must be above the set pressure of the variable speed driver. 

Frequently asked questions (FAQs) 

are based on the most commonly 

asked questions of the NFPA 20 and 

NFPA 14 staff.

Ask the AHJ questions offer 

snapshots of typical situations faced 

by authorities having jurisdiction.
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Prior to the 1996 edition, NFPA 20 required the installation of pressure relief valves for all diesel engine 

fire pumps. This requirement was based on the assumption that, if engines ran too fast (a condition 

known as overspeed), the fire protection system would be exposed to pressures in excess of the 

pressure ratings of the system components. Because an overspeed shutdown device is required (see 

11.2.4.4.1), the technical committee believes that a pressure relief valve is not needed on all diesel fire 

pump installations. 

A �re pump rated for 1500 gpm (5677 L/min) and 100 psi (6.9 bar) at 1750 rpm has a shuto� pressure 

of 120 psi (8.3 bar). The shuto� pressure produces 145 psi (10 bar) at 110 percent of rated speed. If a 

maximum of 45 psi (3.1 bar) static pressure is available from the city water supply, the total pressure 

when the pump is running at churn at 110 percent of rated speed is 190 psi (13.1 bar).

Pressure increase at 110 percent of rated speed = 110%2 = 121%

120 psi (8.3 bar) × 1.21 = 145 psi (10 bar)

145 psi + 45 psi (10 bar + 3.1 bar) = 190 psi (13.1 bar)

In this case, a pressure relief valve (see Exhibit I.4.27) is needed if the �re protection system com-

ponents are rated at 175 psi (12.1 bar). A pressure relief valve is not required if the �re protection system 

components are rated for 200 psi (13.8 bar) or higher. 

CALCULATION EXAMPLE

EXHIBIT I.4.27 Pressure Relief 

Valve with Waste Cone. (Courtesy 

of JENSEN HUGHES, Inc.)
Pressure relief valve

Discharge site cone

4.20.1.3 Where an electric variable speed pump or a diesel pressure limiting driver is 

installed, and the maximum total discharge head adjusted for elevation with the pump operat-

ing at shutoff and rated speed exceeds the pressure rating of the system components, a pres-

sure relief valve shall be installed.

Calculation Examples 

illustrate important equations 

and formulas.

Interactive PDF versions of the forms 

featured in Part IV, Supplement 3 are 

also available as “eForms” at 

nfpa.org/20.

  2019  Stationary Fire Pumps and Standpipe Systems Handbook

246 Part I • NFPA 20 • Chapter 8 Positive Displacement Pumps

8.6.2.3 Bearings shall be in accordance with AGMA standards and applied for an L10 life of 

15,000 hours.

8.6.2.4 For drive systems that include a gear case, the pump manufacturer shall provide a 

complete mass elastic system torsional analysis to ensure there are no damaging stresses or 

critical speeds within 25 percent above and below the operating speed of the pump(s) and 

driver.

8.6.2.4.1 For variable speed drives, the analysis of 8.6.2.4 shall include all speeds down to 25 

percent below the lowest operating speed obtainable with the variable speed drive.

8.6.3 Common Drivers.

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

Paragraph 8.6.3.1 overrides the requirement in 4.7.4 and permits one motor/engine to drive multiple 

pumps. The flow demands of a water mist fire protection system, combined with the low operat-

ing flow range of a positive displacement pump, commonly require that more than one pump be 

driven off the same motor/engine driver. Manufacturers typically supply this arrangement in a preas-

sembled unit.

CLOSER LOOK

Torsional Vibration

Torsional vibration is the angular speed fluctuation of a rotating power train system.  The fluctuations 

are in response to torque pulsation from the driver, such as a diesel engine, or the load, such as a 

positive displacement piston pump. Driveline components have inertia (mass) and store energy like 

a spring when they twist (like elastic). When these components are assembled into a driveline sys-

tem, a unique “mass elastic system” is created that has unique resonant behavior. Resonance is also 

referred to as natural frequency.

Think of resonant response as that of a tuning fork or wine glass to a vibration input.  These simple 

examples have a unique natural frequency which, when excited by a forcing function at that same 

frequency, will generate high levels of vibration response. This can lead to damage or failure, such 

as the shattering of the wine glass. The driveline will exhibit similar resonant behavior and must be 

carefully designed so that frequency of the torque pulsations produced by the driver do not excite 

any of the natural frequencies of the system when operating at any normal operating speed. The 

rotational speed at which the pulsation frequency coincides with a natural frequency is referred to 

a critical speed. Damage or failure to the driveline may result if the system is operating too close to a 

critical speed.

“A complete mass elastic system torsional analysis” is an analytical computation that predicts the 

dynamic response of a rotating power train system; it predicts critical speeds. Often referred to as a 

torsional vibration analysis (TVA), it is exclusively concerned with the rotating degree of freedom and 

disregards any lateral vibration (vibrations felt by the hand) or shaft whirl that may be present. This 

is a tool the pump system designer can use to avoid designing a driveline that will run near a critical 

speed. The mass elastic system model typically comprises lumped inertias connected by torsional 

springs and damping elements. The data required to assemble the model is obtained from compo-

nent suppliers, measured in a lab, or estimated using an analytical solid model or finite element (FE) 

model. The accuracy of the predicted response relies on the accuracy of the input data; care should 

be taken to obtain the most accurate input information possible. Exhibit I.8.8 provides images of 

damage that resulted from the rotating system being torsionally incompatible. 

 Section 4.7 • Pumps, Drivers, and Controllers 75

Stationary Fire Pumps and Standpipe Systems Handbook  2019  

4.7.7.2* Pressure relief valves and pressure-regulating devices in the �re pump installation 

shall not be used as a means to meet the requirements of 4.7.7.1.

The use of pressure relief valves is limited in this standard to the following situations:

•  Constant speed diesel engine drivers where pressures developed can exceed the pressure rating 

of system components if a 10 percent overspeed condition occurs. 

•  Variable speed drivers where pressures developed can exceed the pressure rating of system com-

ponents if a failure causes the driver to revert to rated speed.

A pump should never be deliberately oversized so that a pressure-regulating device is needed. 

Pressure relief valves are maintenance intensive and should be incorporated into the design of a fire 

pump system only when necessary and allowed by this standard. Pressure-reducing valves are not per-

mitted to be installed in the fire pump system piping. Where pump discharge pressures exceed 175 

psi (12.1 bar), flanged cast-iron valves and fittings between the fire pump discharge flange and the 

discharge isolation valve must be of extra heavy pattern. It is not the intent of 4.7.7.2 to limit the use 

of pressure-reducing valves or pressure-regulating valves downstream of the discharge isolation valve. 

The use of pressure-regulating valves downstream of the discharge isolation valve is covered in other 

standards. In many cases, high-pressure output is needed to meet the design requirements of systems 

installed in high-rise buildings and in standpipe systems in particular.

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 isolation valve for the purpose of meeting the requirements  

of 4.7.7.

4.7.7.3 Variable Speed Pump.

4.7.7.3.1 Variable speed pumps, as de�ned in this standard, shall be acceptable to limit sys-

tem pressure.

Variable speed pumps control system pressure by changing the pump speed to prevent overpressur-

ization of the fire protection system. Using a variable speed pump can eliminate the need to use pres-

sure-regulating devices, such as pressure-reducing valves, in some system designs. A variable speed 

pump can be used when high flow and high pressure are needed but, due to the nature of fire pump 

SEE MORE

For more information on pres-

sure control, see the feature 

Controlling Excess Fire Pump 

Pressures at the end of this 

chapter.

DESIGN ALERT

EXHIBIT I.4.7 Check Valve 

Listed for 300 psi (20.7 bar). 

(Courtesy of JENSEN HUGHES, 

Inc.)

See More boxes indicate where 

additional information can be 

found in other sections of the 

handbook.

Design Alert icons in the 

margins alert users to points 

of special interest.

Closer Look features provide 

further information on select
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The 2019 edition of the Stationary Fire Pumps and Standpipe Systems Handbook contains the complete 

mandatory text of the 2019 edition of NFPA 20, Standard for the Installation of Stationary Pumps for Fire 

Protection, and the 2016 edition of NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 

as well as expert commentary to assist users in their understanding and application of the standards. 

In addition to the commentary text, this edition of the handbook also offers a number of helpful fea-

tures, which are described below. 
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10.4 Components

10.4.1* Voltage Surge Arrester.

A.10.4.1 Operation of the surge arrester should not cause either the isolating switch or the cir-

cuit breaker to open. Arresters in ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide Surge 

Arresters for Alternating Current Power Circuits (>1 kV), are normally zinc-oxide without gaps.

The “gaps” referred to in A.10.4.1 are common when using the silicon-carbide (Si-C) types of surge 

arresters referred to in 10.4.1.1. A surge voltage of sufficient magnitude arcs across the gap and the Si-C 

semiconductor element absorbs the surge energy. Once the voltage decays sufficiently or at the next 

zero crossing of the current, the arc extinguishes and prevents any further leakage or follow-on current. 

This allows the Si-C element to cool down and be ready for the next surge, spike, or transient event.

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, IEEE Standard for Gapped Silicon-Carbide Surge Arrest-

ers for AC Power Circuits, or ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide Surge 

Arresters for Alternating Current Power Circuits (>1 kV), shall be installed from each phase 

to ground. (See 10.3.3.3.)

Surge arresters are provided in controllers to prevent power line surges from damaging components in 

the controller and/or rendering them inoperable. Typical failures due to a power line surge are burnouts 

of indicating lamps and dielectric breakdowns of the magnetic contactor holding coil. 

10.4.1.2 The surge arrester shall be rated to suppress voltage surges above line voltage.

Even when the surge arrester is rated above line voltage as required by this section, there will be some 

amount of increase of the voltage during a surge; no arrester can perfectly clamp excess voltage. How-

ever, properly rated devices should limit damage to the equipment. Some controller designs have a 

high “voltage withstand” capability to provide the most reliability against surges.

10.4.1.3 The requirements of 10.4.1.1 and 10.4.1.2 shall not apply to controllers rated in 

excess of 600 V. (See Section 10.6.)

The typical voltages involved are 2300 V ac or higher. These controllers are required to meet a minimum 

basic insulation level (BIL) so that they are immune to normal surges, switching spikes, and transients. 

10.4.1.4 The requirements of 10.4.1.1 and 10.4.1.2 shall not apply where the controller can 

withstand without damage a 10 kV impulse in accordance with ANSI/IEEE C62.41, IEEE 

Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits, or where the 

controller is listed to withstand surges and impulses in accordance with ANSI/UL 1449, Stan-

dard for Surge Protective Devices.

The reference to ANSI/UL 1449, Standard for Surge Protective Devices, was added as an alternative to the 

10 kV (10,000 volt) impulse test provision because it is an ANSI standard and readily available to test to 

at the approval agencies.
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valve is required by the standard to be installed is when the diesel engine is turning faster 

than normal, and since this is a relatively rare event, it is permitted for the discharge from 

the pressure relief valve to be piped back to the suction side of the pump.

4.20.1.1* Pressure relief valves shall be used only where specifically permitted by this 

standard.

The use of a main pressure relief valve to trim excess pressure is considered to 

be poor design and should be avoided. Several methods are available to cope 

with excessive pressures, such as the following:

1. A break tank 

2. A variable speed pressure-limiting control device (see 11.2.4.3)

3.  Other pressure-regulating devices downstream of the fire pump discharge 

control valve

A.4.20.1.1 In situations where the required system pressure is close 

to the pressure rating of the system components and the water supply 

pressure varies signi�cantly over time, to eliminate system overpres-

surization, it might be necessary to use one of the following: 

(1) A tank between the water supply and the pump suction, in lieu 

of directly connecting to the water supply piping

(2) A variable speed pressure limiting control device

4.20.1.2 Where a diesel engine �re pump is installed and where a total of 121 percent of 

the net rated shutoff (churn) pressure plus the maximum static suction pressure, adjusted for 

elevation, exceeds the pressure for which the system components are rated, a pressure relief 

valve shall be installed.

Pumps that create pressures less than the pressure rating of the fire protection system compo-

nents [typically 175 psi (12.1 bar)] at 110 percent of rated speed do not need a pressure relief valve. 

The sample calculation that follows illustrates the procedure used to determine if a pressure relief 

valve is needed. 

The plans for a diesel engine–driven centrifugal pump 

do not show the installation of a pressure relief valve. Is 

this omission permitted?

ANSWER: Yes, this is acceptable in some installations. The 

pressure relief valve requirement on diesel engine–driven 

pumps is intended to prevent the piping from overpressur-

ization if the fire pump malfunctions and runs at a higher 

speed than anticipated. If 121 percent of the pump’s churn 

pressure is added to the maximum static pressure of the 

water supply, and the total does not exceed the maximum 

working pressure of the system components, a pressure 

relief valve is not required. 

ASK THE AHJ?

FAQ

Does NFPA 20 permit the installation of main pressure relief valves in electric fire pump systems?

No section in this standard specifically permits the use of a main pressure relief valve on an electric fire 

pump, except where a variable speed driver is used. Variable speed drivers are required to default to con-

stant rated speed operation in the event the variable speed driver fails. If operating at constant rated speed 

can result in system overpressurization, a pressure relief valve is required. The pressure relief valve setting 

must be above the set pressure of the variable speed driver. 

Frequently asked questions (FAQs) 

are based on the most commonly 

asked questions of the NFPA 20 and 

NFPA 14 staff.

Ask the AHJ questions offer 

snapshots of typical situations faced 

by authorities having jurisdiction.
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Prior to the 1996 edition, NFPA 20 required the installation of pressure relief valves for all diesel engine 

fire pumps. This requirement was based on the assumption that, if engines ran too fast (a condition 

known as overspeed), the fire protection system would be exposed to pressures in excess of the 

pressure ratings of the system components. Because an overspeed shutdown device is required (see 

11.2.4.4.1), the technical committee believes that a pressure relief valve is not needed on all diesel fire 

pump installations. 

A �re pump rated for 1500 gpm (5677 L/min) and 100 psi (6.9 bar) at 1750 rpm has a shuto� pressure 

of 120 psi (8.3 bar). The shuto� pressure produces 145 psi (10 bar) at 110 percent of rated speed. If a 

maximum of 45 psi (3.1 bar) static pressure is available from the city water supply, the total pressure 

when the pump is running at churn at 110 percent of rated speed is 190 psi (13.1 bar).

Pressure increase at 110 percent of rated speed = 110%2 = 121%

120 psi (8.3 bar) × 1.21 = 145 psi (10 bar)

145 psi + 45 psi (10 bar + 3.1 bar) = 190 psi (13.1 bar)

In this case, a pressure relief valve (see Exhibit I.4.27) is needed if the �re protection system com-

ponents are rated at 175 psi (12.1 bar). A pressure relief valve is not required if the �re protection system 

components are rated for 200 psi (13.8 bar) or higher. 

CALCULATION EXAMPLE

EXHIBIT I.4.27 Pressure Relief 

Valve with Waste Cone. (Courtesy 

of JENSEN HUGHES, Inc.)
Pressure relief valve

Discharge site cone

4.20.1.3 Where an electric variable speed pump or a diesel pressure limiting driver is 

installed, and the maximum total discharge head adjusted for elevation with the pump operat-

ing at shutoff and rated speed exceeds the pressure rating of the system components, a pres-

sure relief valve shall be installed.

Calculation Examples 

illustrate important equations 

and formulas.

Interactive PDF versions of the forms 

featured in Part IV, Supplement 3 are 

also available as “eForms” at 

nfpa.org/20.
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8.6.2.3 Bearings shall be in accordance with AGMA standards and applied for an L10 life of 

15,000 hours.

8.6.2.4 For drive systems that include a gear case, the pump manufacturer shall provide a 

complete mass elastic system torsional analysis to ensure there are no damaging stresses or 

critical speeds within 25 percent above and below the operating speed of the pump(s) and 

driver.

8.6.2.4.1 For variable speed drives, the analysis of 8.6.2.4 shall include all speeds down to 25 

percent below the lowest operating speed obtainable with the variable speed drive.

8.6.3 Common Drivers.

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

Paragraph 8.6.3.1 overrides the requirement in 4.7.4 and permits one motor/engine to drive multiple 

pumps. The flow demands of a water mist fire protection system, combined with the low operat-

ing flow range of a positive displacement pump, commonly require that more than one pump be 

driven off the same motor/engine driver. Manufacturers typically supply this arrangement in a preas-

sembled unit.

CLOSER LOOK

Torsional Vibration

Torsional vibration is the angular speed fluctuation of a rotating power train system.  The fluctuations 

are in response to torque pulsation from the driver, such as a diesel engine, or the load, such as a 

positive displacement piston pump. Driveline components have inertia (mass) and store energy like 

a spring when they twist (like elastic). When these components are assembled into a driveline sys-

tem, a unique “mass elastic system” is created that has unique resonant behavior. Resonance is also 

referred to as natural frequency.

Think of resonant response as that of a tuning fork or wine glass to a vibration input.  These simple 

examples have a unique natural frequency which, when excited by a forcing function at that same 

frequency, will generate high levels of vibration response. This can lead to damage or failure, such 

as the shattering of the wine glass. The driveline will exhibit similar resonant behavior and must be 

carefully designed so that frequency of the torque pulsations produced by the driver do not excite 

any of the natural frequencies of the system when operating at any normal operating speed. The 

rotational speed at which the pulsation frequency coincides with a natural frequency is referred to 

a critical speed. Damage or failure to the driveline may result if the system is operating too close to a 

critical speed.

“A complete mass elastic system torsional analysis” is an analytical computation that predicts the 

dynamic response of a rotating power train system; it predicts critical speeds. Often referred to as a 

torsional vibration analysis (TVA), it is exclusively concerned with the rotating degree of freedom and 

disregards any lateral vibration (vibrations felt by the hand) or shaft whirl that may be present. This 

is a tool the pump system designer can use to avoid designing a driveline that will run near a critical 

speed. The mass elastic system model typically comprises lumped inertias connected by torsional 

springs and damping elements. The data required to assemble the model is obtained from compo-

nent suppliers, measured in a lab, or estimated using an analytical solid model or finite element (FE) 

model. The accuracy of the predicted response relies on the accuracy of the input data; care should 

be taken to obtain the most accurate input information possible. Exhibit I.8.8 provides images of 

damage that resulted from the rotating system being torsionally incompatible. 
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4.7.7.2* Pressure relief valves and pressure-regulating devices in the �re pump installation 

shall not be used as a means to meet the requirements of 4.7.7.1.

The use of pressure relief valves is limited in this standard to the following situations:

•  Constant speed diesel engine drivers where pressures developed can exceed the pressure rating 

of system components if a 10 percent overspeed condition occurs. 

•  Variable speed drivers where pressures developed can exceed the pressure rating of system com-

ponents if a failure causes the driver to revert to rated speed.

A pump should never be deliberately oversized so that a pressure-regulating device is needed. 

Pressure relief valves are maintenance intensive and should be incorporated into the design of a fire 

pump system only when necessary and allowed by this standard. Pressure-reducing valves are not per-

mitted to be installed in the fire pump system piping. Where pump discharge pressures exceed 175 

psi (12.1 bar), flanged cast-iron valves and fittings between the fire pump discharge flange and the 

discharge isolation valve must be of extra heavy pattern. It is not the intent of 4.7.7.2 to limit the use 

of pressure-reducing valves or pressure-regulating valves downstream of the discharge isolation valve. 

The use of pressure-regulating valves downstream of the discharge isolation valve is covered in other 

standards. In many cases, high-pressure output is needed to meet the design requirements of systems 

installed in high-rise buildings and in standpipe systems in particular.

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 isolation valve for the purpose of meeting the requirements  

of 4.7.7.

4.7.7.3 Variable Speed Pump.

4.7.7.3.1 Variable speed pumps, as de�ned in this standard, shall be acceptable to limit sys-

tem pressure.

Variable speed pumps control system pressure by changing the pump speed to prevent overpressur-

ization of the fire protection system. Using a variable speed pump can eliminate the need to use pres-

sure-regulating devices, such as pressure-reducing valves, in some system designs. A variable speed 

pump can be used when high flow and high pressure are needed but, due to the nature of fire pump 

SEE MORE

For more information on pres-

sure control, see the feature 

Controlling Excess Fire Pump 

Pressures at the end of this 

chapter.

DESIGN ALERT
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Controlling Excess Fire Pump Pressures

Fire pumps can produce excess pressures that are detrimental to 

overall �re protection system performance. NFPA 20 includes provi-

sions to minimize the likelihood of this occurrence. Paragraph 4.7.7 

and its subsections provide the basic details on how such overpres-

sures are to be addressed. The core requirement speci�es that the 

net pump shuto� (churn) pressure plus the maximum static suc-

tion pressure from the water supply, adjusted for elevation, is not 

to exceed the pressure rating of system components. This rather 

concise statement speaks to a number of technical issues that need 

to be well understood and taken into consideration. Other sections 

of NFPA 20, such as 4.17.3, 4.17.11, and 4.20, as well as some key 

terminology, also need to be consulted when considering excess 

pump pressures.  

Addressing and e�ectively controlling excess pump pressures 

presents one of the more complex aspects of designing and lay-

ing out �re pump installations. A couple of fundamental questions 

come to mind when considering excess pump pressures. First, what 

is an excess pump pressure? Second, why would a �re pump pro-

duce excess pressures? 

1. What is an excess pump pressure?

As alluded to in paragraph 4.7.7.1, �re protection system compo-

nents such as sprinklers, piping, �ttings, and so forth, are com-

mercially available with maximum pressure ratings. Standard 

components are typically rated up to a maximum operating pres-

sure of 175 psi (12.1 bar). A �re pump, therefore, creates an “excess 

pressure” condition when it produces pressures greater than the 

rating of the �re protection system components. 

Higher-rated components, for example up to 350 psi (24 bar), 

are available and can be speci�ed by system designers. Using higher-

pressure-rated components provides an option for dealing with or, 

in certain cases, avoiding excess pump pressures, albeit at higher 

costs than standard-rated components. Hydraulic analysis and proj-

ect budgets inform the decision as to whether high-pressure-rated  

components should be considered. Higher-rated components 

could be used without pressure relief valves, pressure-regulating 

devices, variable speed pumps, or break tanks, which present other 

options for addressing excess pump pressures. 

Although not speci�cally addressed by NFPA 20, other types 

of excess pressure situations not related to the rating limits of sys-

tem piping components can occur. One such situation pertains to 

standpipe systems in multi-story buildings. Standpipe systems are 

addressed by NFPA 14. See Part II of this handbook for NFPA 14.

Standpipe outlets located towards the bottom of the build-

ing closer to the pump can experience pressures in excess of 175 

psi (12.1 bar). While appropriately rated system components can 

be speci�ed and installed, operating pressures in excess of 175 

psi (12.1 bar) produce hose streams that become di�cult to safely 

manage by responding �re-�ghting personnel. NFPA 14 provides 

additional provisions on how to address this type of excess pres-

sure situation at the valve outlets. 

2. Why would a �re pump produce excess pressures?

When considering why a �re pump installation would develop ex-

cess pressures, three major factors can come into play. 

•  One factor deals with the operating range of the pump cou-

pled with the range of hydraulic demands of the �re protec-

tion system (e.g., the sprinkler system or standpipe system). 

This factor becomes especially noteworthy for systems in-

stalled in tall multi-story buildings. 

•  The second factor pertains to the source of water supply and 

the range of pressure �uctuations that can occur within the 

source. 

•  The third factor considers malfunction of the pump driver 

(e.g., an overspeed condition that causes a pump to rotate 

faster than its rated or predetermined speed). 

Pump Operating Range and System Demand

The majority of �re pumps are centrifugal pumps, the main excep-

tion being positive displacement pumps that are largely used as 

part of water mist systems. Centrifugal pumps are designed to 

operate at a speci�ed speed and are rated so that they produce a 

speci�c �ow and pressure at this speed. However, even when oper-

ating at the rated speed, the pump can produce a range of �ow and 

pressure conditions depending on the hydraulic demands placed 

on it. Section 6.2 sets the range of �ow and pressure conditions 

permitted for centrifugal �re pumps. 

When the hydraulic demand of the �re protection system is 

less than the pump’s rated �ow, pressures greater than the pump’s 

rated pressure will be produced. Conversely, hydraulic demands in 

excess of the pump’s �ow rating will cause the pump to produce 

pressures less than the rated pressure. The preceding conditions 

assume the pump driver rotates the pump’s impeller at a constant 

speed, such as the rated speed or, with the case of variable speed 

pumps, some other predetermined speed. Varying driver speeds, 

caused either intentionally or inadvertently due to equipment 

malfunction, would further amplify the range of �ow and pressure 

�uctuations of the pump.

Pumps operating at a given speed produce their maximum 

pressure output when no water is discharged downstream of the 

�re pump, that is, no water is �owing out of the �re protection 

system or from a test header valve. This is referred to as the shut-

o�, churn, or zero �ow condition as alluded to previously. Section 

6.2 limits maximum churn pressures to 140 percent of the rated 

pressure of the pump when the pump operates at its rated speed. 

Therefore, a �re pump rated at 100 psi (6.9 bar) cannot develop 

a pressure greater than 140 psi (9.7 bar) at its rated speed. Churn 

New to this edition, supplementary topic-focused features 

can be found at the end of selected chapters in Part I.

CHAPTER 4

Stationary Fire Pumps and Standpipe Systems Handbook  2019  

 Section 6.5 • Connection to Driver and Alignment 195

Fire Pump Curves

Many characteristics of �re pump curves must be understood in 

order to properly size, test, and evaluate a �re pump’s performance. 

These curves are in�uenced by impeller construction, such as the 

number of vanes, angle of vanes, and eye size; pump con�guration, 

such as horizontal split-case, vertical inline, or vertical turbine; and 

motor or engine characteristics, such as horsepower. These distinct 

features in�uence the performance of the �re pump and thus the 

characteristics of the �re pump curve. An example of a manufac-

turer’s �re pump curve can be seen in Curve 1.

Fire pump curves consist of several di�erent curves that pro-

vide information such as the pressure (head) produced at various 

�ows, the brake horsepower (bhp), e�ciency, and net positive suc-

tion head (NPSH). These  wcurves can be used for a multitude of 

reasons. The head curve is used when determining whether a �re 

pump will provide su�cient �ow and pressure to meet the �re pro-

tection system demand. Evaluating the bhp curve will aid in prop-

erly selecting or verifying the appropriate driver for a �re pump. 

The NPSH curve is important in determining how much suction 

pressure is required to avoid cavitation. The e�ciency curve is vital 

at the design phase to ensure that the pump being selected will 

operate at or near peak performance.

Once a �re pump has been selected, it must be tested to 

ensure that it is operating as expected. Under certain conditions, 

corrections to the �eld test data might be required for an accu-

rate analysis. The a�nity laws are often used to make corrections 

to speed, �ow, and pressure. These corrections can be used to 

CURVE 1 Manufacturer’s Fire Pump Curve.
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Power Arrangements

NFPA 70®, National Electrical Code® (NEC®), and NFPA 20, Standard for 

the Installation of Stationary Pumps for Fire Protection, both allow for 

di�erent methods of providing power to a �re pump. Each method 

has its own unique challenges to ensure that the �re pump is able 

to perform in the intended manner. Regardless of the method used 

to supply the pump, the end result must be a �re pump that is able 

to operate under less than ideal conditions. Often these pumps 

are operating while the building is on �re and conditions quickly  

deteriorate. The electrical system must be designed and installed in 

a way that will continue to supply the �re pump so that the sprin-

kler system can mitigate the damage to the building and provide 

occupants the necessary time to evacuate. The combination of 

the NEC and NFPA 20 provides the performance and installation  

requirements for the electrical system to deliver power in a way 

that ensures the reliability of the �re pump. 

Several considerations need to be made when a building proj-

ect requires the installation of an electric �re pump, one of which 

is the power arrangement. This review will identify and explain the 

power arrangements and requirements of NFPA 20 and the NEC. 

It will provide guidance on determining the answers to common 

questions such as the following: what is the power source; where 

is the power source coming from; is the power source reliable; can  

a generator be used as a primary source of power; what are the 

power arrangement options; will auxiliary power be needed; and 

what are the auxiliary power options? It will also explain overcur-

rent protection and transformers as they relate to the power supply 

for a �re pump. 

PERMISSIBLE POWER ARRANGEMENTS

Where does the user begin in order to determine acceptable 

power arrangements for electric-driven �re pump installations? 

Power arrangements for �re pump installations are covered in 

Chapter 9 of NFPA 20 and Article 695 of the NEC. NFPA 20 pro-

vides three power arrangements: Arrangement A, Arrangement 

B, and Arrangement C (see Figure A.9.2 of NFPA 20). The follow-

ing paragraphs will discuss some of the unique nuances of these  

arrangements and how NFPA 20 and the NEC tie together. 

Arrangement A

Arrangement A is the �rst power supply arrangement referenced 

in Figure A.9.2 of NFPA 20 and shows a �re pump controller con-

nected directly to the utility service. This means there are no dis-

connects, OCPDs, or transformers between the utility and the �re 

pump controller. For example, if a �re pump motor is rated for 480V 

three-phase power, the �re pump would be connected to a service 

with the same voltage characteristics, meaning that the utility 

would have to have 480V three-phase power available at the point 

where the service conductor supplying the �re pump controller 

connects to the utility. In general, most electric-driven �re pumps 

require three-phase power. This can cause complications where a 

utility provider only has single-phase power available and often 

raises the question, “Can a phase converter be used on a �re pump 

installation?” It is important to note that if a utility only provides 

single-phase service it is not permissible to use a phase converter 

to run a three-phase �re pump motor, in accordance with 9.1.7 of 

NFPA 20. Subsection 9.1.7 simply states that phase converters shall 

not be used to supply power to a �re pump. This means that where 

a single-phase power source is available, a single phase �re pump 

motor must be installed. 

The utility service connection in Arrangement A may be to 

a transformer owned by the utility (as opposed to a transformer 

owned by the building owner, as shown in Arrangement B), or to 

the building service entrance conductors ahead of the building 

service disconnect. Since there is no OCPD between the utility ser-

vice connection and the �re pump controller in this arrangement, 

the controller becomes the �re pump service disconnect and is 

equipped with the OCPD. This disconnect must be suitable for 

use as service equipment. It is important to note that this arrange-

ment could present a risk to service personnel. To de-energize the 

�re pump controller, disconnection of the service by the utility is 

necessary. Depending on the con�guration, the disconnection 

of power by the utility may or may not disconnect power for the 

building service as well. Due to the possibility of disconnecting 

power to the entire building, service work on �re pump control-

lers is often performed while the controller is energized. Paragraph 

14.2.6.1.5 of NFPA 20 requires that personal protective equipment 

(PPE) be worn in accordance with NFPA 70E, Standard for Electrical 

Safety in the Work Place, or equivalent. Although NFPA 20 applies 

to new installations, the requirements of NFPA 70E or equivalent 

should be followed whenever necessary energized electrical work 

is performed. 

Arrangement B

Arrangement B is the second power supply arrangement refer-

enced in Figure A.9.2 of NFPA 20 and shows a �re pump controller 

connected to the utility service via an OCPD and an on-site trans-

former. Where voltage from the supply is di�erent than the voltage 

required by the �re pump, the addition of a transformer (owned by 

the building owner) to step down or up the voltage supplied by 

the utility is required. 
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https://www.normsplash.com/NFPA/159745698/NFPA-20-Handbook?src=spdf


This con�guration displays some of the components 

covered by NFPA 20, Standard for the Installation of 

Stationary Pumps for Fire Protection.

Fire Pump Room Plan
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