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Using Basic Search, Advanced Search, and Find

Basic Search

Search across all content. Open the search window in one of three ways:

1. Select “search” under the Edit menu or

2. With the Acrobat toolbar displayed at the top of the screen, click the drop-down arrow
to the right of the Find box in the Acrobat toolbar and select “open full Acrobat search”
from the list that drops down (you can toggle basic search criteria on and off in this
menu, too) or

3. Use the keyboard shortcut SHIFT + CTRL + F.

Enter your search term in the box provided. Basic Search includes checkbox options for
“whole words only” and “case-sensitive” searches. Be sure the radio button specifies “in the
current PDF document” (this is the default selection for the radio button). A list of search
results displays in its own resizable window. Clicking on a list item makes the text (where
the term was found) appear in the PDF window.

Advanced Search

From the bottom of the basic search window, choose “use advanced search options” to
narrow the search using additional criteria. Options in the advanced search window include
matching the exact word or phrase, matching only some of the words, and stemming (see
below).

Stemming finds words that contain part (the stem) of a specified search word. For
example, a search for opening would find 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.

Note: While this PDF allows searching across all codes at once, you can customize your
search to favor only one document. Before beginning a search, navigate to the desired
document or section so it is displayed in the PDF window. The search will begin at the
document or section that appears in the PDF window and display the results found in that
document at the top of the list.

Find
Find a word or term in the codes in one of two ways:

1. Select “find” under the Edit menu (the checkboxes for “whole words only” and “case-
sensitive” are the same as in Basic Search above) or

2. With the Acrobat toolbar displayed at the top of the screen, place the cursor in the
Find box in the Acrobat toolbar and type a word or term in that 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 off in the list there.

The found term will be highlighted in the text. To go to other occurrences of the term, use
the “find previous” and “find next” icons that appear beside the Find box in the Acrobat
toolbar.



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

A

Contents

Preface iX
Acknowledgments  xi
Dedication Xiii

About the Contributors XV
About the Editor  xix

PART ONE

An Overview of Fire Pump Configurations 1

PART TWO

NFPA 20, Standard for the Installation
of Stationary Pumps for Fire Protection,
2013 Edition, with Commentary 15

1 Administration 17

1.1 Scope 17

1.2 Purpose 18
1.3 Application 19
1.4 Retroactivity 19
1.5 Equivalency 20
1.6 Units 21

2 Referenced Publications 23

2.1 General 23

2.2 NFPA Publications 23

2.3 Other Publications 23

2.4 References for Extracts in
Mandatory Sections 25

3 Definitions 27

3.1 General 27
3.2 NFPA Official Definitions 27
3.3 General Definitions 29

4 General Requirements 49

4.1
4.2
4.3
4.4
45
4.6
4.7
4.8
4.9
4.10
411
412
4.13
4.14
4.15
4.16
4.17

4.18
4.19
4.20
421
4.22
4.23
4.24
4.25

4.26
4.27
4.28
4.29
4.30

431
4.32

Pumps 49

Approval Required 49

Pump Operation 52

Fire Pump Unit Performance 53
Certified Shop Test 54

Liquid Supplies 55

Pumps, Drivers, and Controllers 58
Centrifugal Fire Pump Capacities 63
Nameplate 64

Pressure Gauges 64

Circulation Relief Valve 65
Equipment Protection 66

Pipe and Fittings 70

Suction Pipe and Fittings 72
Discharge Pipe and Fittings 84
Valve Supervision 89

Protection of Piping Against Damage
Due to Movement 89

Relief Valves for Centrifugal Pumps 90
Pumps Arranged in Series 96

Water Flow Test Devices 97

Steam Power Supply Dependability 104
Shop Tests 105

Pump Shaft Rotation 105

Other Signals 106

Pressure Maintenance (Jockey

or Make-Up) Pumps 107

Summary of Centrifugal Fire

Pump Data 111

Backflow Preventers

and Check Valves 112

Earthquake Protection 114

Packaged Fire Pump Assemblies 115
Pressure Actuated Controller Pressure
Sensing Lines 117

Break Tanks 120

Field Acceptance Test of Pump Units 123



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Vi Contents
5 Fire Pumps for High-Rise 9.6 On-Site Standby Generator Systems 207
Buildines 125 9.7 Ju_nctlon Box_es _ 21_0 _
& 9.8 Listed Electrical Circuit Protective

5.1 General 126 System to Controller Wiring 211
5.2 Equipment Access 126 9.9 Raceway Terminations 212
5.3 Water Supply Tanks 126
5.4 Fire Pump Test Arrangement 127 10 Electric-Drive Controllers

5.5 Auxiliary Power 127

o and Accessories 215
5.6 Very Tall Buildings 127

10.1 General 215

6 Centrifugal Pumps 131 10.2° Location 222
10.3 Construction 228
6.1 General 131 104 Components 235
6.2 Factory and Field Performance 137 10.5 Starting and Control 251
6.3 Fittings 140 10.6 Controllers Rated in Excess of 600V 263
6.4 Foundation and Setting 145 10.7 Limited Service Controllers 268
Power Supply 269
7 Vertical Shaft Turbine-Type 10.9 Controllers for Additive
Pumps 149 Pump Motors 279

10.10 Controllers with Variable Speed
Pressure Limiting Control or Variable
Speed Suction Limiting Control 280

7.1 General 149

7.2 Water Supply 151
7.3 Pump 159

7.4 Installation 165

7E Driver 167 11 Diesel Engine Drive 291

7.6 Operation and Maintenance 168 11.1 General 291
11.2 Engines 292
8 Positive Displacement Pumps 171 11.3 Pump Room 310

11.4 Fuel Supply and Arrangement 313

8.1 General 171 115 Engine Exhaust 318

8.2 Foam Concentrate and Additive 11.6 Diesel Engine Driver System
Pumps _ 175 Operation 319
8.3 Water Mist System Pumps 176
8.4 Water Mist Positive Displacement Pumping . .
Units 177 12 Engine Drive Controllers 323
8.5 Fittings 180 12.1 Application 323
8.6 Pump Drivers 183 12.2 Location 325
8.7 Controllers 185 12.3 Construction 326
8.8 Foundation and Setting 186 12.4 Components 332
8.9 Driver Connection and Alignment 186 12.5 Battery Recharging 344
8.10 Flow Test Devices 186 12.6 Battery Chargers 345
12.7 Starting and Control 348
9 Electric Drive for Pumps 189 12.8 Air-Starting Engine Controllers 362
g:; Eg?;r:: Powelfg 101 13 Steam Turbine Drive 365
9.3 Alternate Power 197 13.1 General 365
9.4 \oltage Drop 199 13.2 Turbine 368
9.5 Motors 201 13.3 Installation 370

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Contents vii

and Maintenance 373 Fire Code, 2012 Edition, with
Commentary 525

14.1 Hydrostatic Tests and Flushing 373 Section 4  Extracts with Commentary from NFPA 22,
14.2 Field Acceptance Tests 377 Sandard for Water Tanks for Private Fire
14.3 Record Drawings, Test Reports, Manuals, Protection, 2008 Edition 533
Special Tools, and Spare Parts 402 Section 5  Extracts with Commentary from NFPA 14,
14.4 Periodic Inspection, Testing, Sandard for the Installation of Standpipe
and Maintenance 402 and Hose Systems, 2010 Edition 565
14.5 Component Replacement 403 Section 6 Extracts with Commentary from NFPA 13,
Sandard for the Installation of Sprinkler
Annex A Explanatory Material 407 Systems, 2013 Edition 583
Annex B Possible Causes PART FOUR

of Pump Troubles 409 Supplements 591

Annex C Informational References a5 1 Interrelationship of NFPA Standards Pertaining

Annex D Material Extracted by NFPA 70, to a Fire Pump Installation 593
Article 695 417 2 Comm|§5|on|ng and Inspectlo_n, Testing,
and Maintenance Forms for Fire Pumps 603
3 NEC®Atrticle 695, Fire Pumps 629
PART THREE 4 Technical/Substantive Changes from the 2010
to the 2013 Edition of NFPA 20 645

Water Supply Requirements, Water Demand,

Hydrants, Tanks, and Piping 421 Important Notices and Legal

Section 1 Complete Text of NFPA 291, Disclaimers 667
Recommended Practice for Fire
Flow Testing and Marking
of Hydrants, 2013 Edition, with
Commentary 423
Section 2 Complete Text of NFPA 24, Sandard
for the Installation of Private Fire
Service Mains and Their Appurtenances,
2013 Edition, with Commentary 447

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Preface

Fire pumps have been used to supply flow and pressure to fire protection systems for over
100 years. The first NFPA standard on automatic sprinkler systems was published in 1896
and included information on steam and rotary fire pumps that is still valid today. Among its
requirements were 2% in. outlets for testing purposes, equipment protection (the pump had to
be located in a brick or stone enclosure and cut off from the main building by fire doors), and
a weekly running test. The standard established the minimum size for fire pumps to be not less
than 500 gpm rated capacity and required a 60 minute water supply. A spring-type pressure
relief valve and pressure gauge were also required. These requirements amounted to less than
one page of text for the installation of a fire pump.

These early pumps were not the primary water supply for sprinkler or standpipe systems
and were started manually. Pumps were permitted to take suction by lift either from a con-
nected water main or by means of connecting a primer pipe to a water tank of not less than
200 gallons capacity. The first pumps were usually powered by steam; gasoline engine—driven
pumps were first mentioned in the standard in 1913. At first unreliable, these spark-ignited
engines evolved into the reliable diesel engine—driven pumps of modern times.

Today, fire pumps are considered to be a primary component of the fire protection water
supply and are started automatically. Modern fire pumps are connected to a reliable driver of
either an electric motor or a diesel engine (some steam-driven units are still in service) and are
designed to start and operate under the most demanding conditions. NFPA 20, Standard for
the Installation of Sationary Pumps for Fire Protection, has undergone 30 revisions and has
evolved into a comprehensive installation standard consisting of 14 chapters and 113 pages —
far more comprehensive than the first standard on fire pumps.

In 1998 NFPA and the National Fire Sprinkler Association collaborated on the first edi-
tion of what was then called the Fire Pump Handbook. Kenneth E. Isman, P.E., of NFSA
and Milosh Puchovsky, P.E., formerly of the NFPA staff, provided a depth of knowledge and
expertise to create a handbook that became invaluable to those in the field. NFPA acknowl-
edges the work of Mr. Isman and Mr. Puchovsky in their authorship of the first edition of the
Fire Pump Handbook, portions of which have been used in the preparation of this book.

The purpose of this handbook, in addition to providing commentary on the requirements
of NFPA 20, is to include in one document a complete handbook of all NFPA documents
that establish water supply requirements for fixed suppression systems, regardless of the
type of water supply. Part | provides examples of possible fire pump configuration based on
the requirements of NFPA 20, and discusses the purpose of its components. Part Il of this
handbook contains the requirements for the installation of fire pumps from NFPA 20, with
additional explanation in the form of commentary. Part 111 covers hydrant systems and how
hydrant demand necessitates a fire pump installation and water tanks and private water sup-
plies as they relate to the installation of fire pumps and suppression systems. It also discusses
both automatic standpipe systems, which, due to their high flow and pressure demands, usu-
ally require the assistance of a fire pump, and sprinklers, which are the most common type of
system installed and in many configurations create a pressure demand that necessitates a fire
pump. Part Il includes requirements and guidance from NFPA 291, Recommended Practice
for Fire Flow Testing and Marking of Hydrants, NFPA 24, Sandard for the Installation of
Private Fire Service Mains and Their Appurtenances, NFPA 1, Fire Code; NFPA 22, San-
dard for Water Tanks for Private Fire Protection; NFPA 14, Standard for the Installation of
Standpipe and Hose Systemsand NFPA 13, Sandard for the Installation of Sprinkler Systems.

ix
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X Preface

The handbook also includes four supplements: a poster accompanied by a descriptor
discussing why the configuration was chosen and to help the user understand that multi-
ple standards need to be referenced when designing and installing a fire pump assembly;
commissioning and inspection, testing, and maintenance forms which are intended to assist
the user in managing a fire pump installation and to use during routine ITM procedures;
extracted Article 695 from the National Electrical Code® Handbook; and a table of signifi-
cant revisions from the 2010 to 2013 edition of NFPA 20.

I would like to thank all of the contributors to this project for their input and guidance on
the preparation of this material.

Chad RW. Duffy

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Acknowledgments

Based on the laws of physics, fire pumps have always been — and have become more so as the
technology has advanced — a necessary component in meeting the demands of liquid-based
fire suppression systems. The supply is the backbone of any suppression system, a system
which provides enhanced protection against injury, loss of life, and property damage. It is an
honor and a privilege to be working on the design standards handbook that helps mitigate the
effects of fire.

Producing a technical handbook is a significant undertaking, which requires an astound-
ing amount of coordination and attention to detail. For their efforts on this handbook, I would
like to recognize these individuals: Kerry Bell, Brad Cronin, David Fuller, Bill Harvey, John
Kovacik, Stephan Laforest, Chris Lula, James Nashy, Gayle Pennel, and Milosh Puchovsky. |
would also like to thank, from the NFPA staff, Debra Rose, senior product manager, and thank
Jennifer Harvey, associate project manager, whose upbeat personality and sense of humor
provides much needed comedic relief throughout the process. In addition, a special thanks to
Mark Earley, chief electrical engineer, for his assistance on the electrical chapters, and Josiane
Domenici, permissions editor, for her attention to detail and guidance throughout the process.
Thanks are also due to M.E.P.CAD for use of their AutoSPRINK software, which was used to
draw the 3-D images in this handbook.

Last, but certainly not least, | would like to thank my family. Thank you to my wife,
Heather, for her patience, understanding, and support while much of my time beyond the stan-
dard workday was consumed with the deadlines of this project. To my daughter, Ellie, whose
ecstatic excitement every time she sees me, brings me such joy and is a constant reminder why
I do what I do for a living.

Chad Duffy

Xi



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Dedication

I would like to dedicate this book to two influential individuals in my life, my father, Robert
Duffy, and my college professor, Stuart Evans, “Stu.” My father has been a positive influence
throughout my life; his lessons of hard work and dedication instilled in me the desire to take
on all challenges set before me. Stu is an inspiration to all his students, providing them edu-
cation and guidance far beyond his responsibilities as a college professor, taking time out of
his personal life to make sure that his students succeed in their education and quest to enter
the fire protection community. Stu is also a great advocate for the fire protection community,
making the Seneca College Fire Protection Program to what it is today. The teaching and guid-
ance of these two men has allowed me to acquire my position with NFPA and be a part of this
book’s development and teachings for years to come.

xiii



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

About the Contributors

Kerry Bell

Kerry Bell is a Principal Engineer at UL specializing in fire sprinkler
and pump equipment. Mr. Bell obtained his BS degree in fire pro-
tection and safety engineering from Illinois Institute of Technology
and an MBA degree from Northern Illinois University. He has been
a registered professional engineer in the state of Illinois since 1981.
Mr. Bell is a member of NFPA and ASTM International, and a Fellow
member of the Society of Fire Protection Engineers. He is currently
a member of more than ten NFPA committees including the Technical Committees on Resi-
dential Sprinkler Systems, Sprinkler System Discharge Criteria and Fire Pumps, Correlating
Committee on Automatic Sprinkler Systems, Chairman of the Technical Committee on Water
Spray Fixed Systems and a member of the Standards Council since 2005.

Bradford T. Cronin, CFPS

Brad Cronin is a fire fighter with the Newport, Rhode Island Fire
Department. He has experience performing fire code inspection and
plans review as a licensed Fire Marshal for the State of Rhode Island.
Mr. Cronin serves as an NFPA instructor and author, serves on and
chairs NFPA technical committees and a UL standards technical panel.
He is a Certified Fire Protection Specialist has BS Degrees from both
Saint Michael’s College and University of Cincinnati in Business
Administration and Fire Safety and Engineering Technology.

David B. Fuller

David Fuller is a Senior Engineering Technical Specialist for FM
Global. Based in the company’s Norwood, MA, offices, Mr. Fuller
works in the Engineering Standards group and is responsible for pro-
viding technical property loss prevention guidance in areas of his
expertise to FM Global’s 1500 engineers. He is the company subject
matter expert for fire protection system installation, maintenance, and
testing; fire protection in cold storage facilities; fire pumps; and fire
protection equipment corrosion. Mr. Fuller is a member of National Fire Protection Asso-
ciation and currently serves on the NFPA committees for sprinkler installation, fire pumps,
inspection test and maintenance, and foam-water sprinklers. He received a BS in Electrical
Engineering from Northeastern University, Boston, MA.

XV



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

XVi About the Contributors

Bill M. Harvey, SET

Bill Harvey is CEO of Harvey & Associates, Inc., a fire sprinkler, fire
alarm, and electrical contracting firm. He is a 53-year veteran of the
fire protection industry. Mr. Harvey serves on the NFPA 20 technical
committee, representing the American Fire Sprinkler Association as a
principal member for 10 years. He also serves on UL STP Committees,
UL 448 and UL 1247 for Fire Pump and Diesel Engines Drivers. His
work history includes 48 years in design, installation, and performance
testing of fire pumps for fire protection systems.

John Kovacik

John Kovacik is Underwriters Laboratories’ Primary Designated Engi-
neer (PDE) for Circuit Breakers located at the Northbrook office of
UL. He represents UL on a number of outside committees, including
NFPA, NEMA, and IEC. Mr. Kovacik is UL’s principal member on
the National Electrical Code Technical Correlating Committee and is
responsible for coordinating UL’s participation in NEC activities. He
is also a member of the NFPA 20 Technical Committee on Fire Pumps.
Mr. Kovacik holds a BSEE from Bradley University.

Stephan L. Laforest, CET

Stephan Laforest is the President of Summit Sprinkler Design Ser-
vices, Inc. of Milton, Vermont. He has been involved in fire sprinkler
system contracting since 1997, after graduating from the Fire Protec-
tion Engineering Technology Program at Seneca College in Toronto,
Ontario, Canada. Mr. Laforest has experience in design, estimating,
and project management. His past projects have included residential
high rise towers, casinos, large storage and warehouse facilities, cus-
tom homes, apartment complexes and retail occupancies.

Christopher J. Lula, PE

Chris Lula (Chemical Engineering) is the Manager of Application
Engineering for Layne / Verti-Line and Aurora vertical turbine pumps
at Pentair’s Kansas Plant. Mr. Lula has been an application engineer,
developing pumps for not only the vertical turbine fire-pump market,
but for industrial, commercial, municipal, and agricultural markets as
well. Mr. Lula manages both the domestic and international applica-
tions and is considered one of Pentair’s vertical turbine pump subject
matter experts. In addition, he was a process and design engineer at the
National Nuclear Security Administration’s Kansas City Plant, the principal production site
within the Department of Energy weapon complex. He holds a BS in Chemical Engineering
from the University of Kansas.

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

About the Contributors Xvii

James S. Nasby

James Nasby has been in responsible charge of fire pump controller
design since 1972. He is a member of the NFPA 20 technical com-
mittee and former member of NFPA 110 and NFPA 70, the NEC®,
committees for the past two cycles. He holds a BSEE from IIT and
is a member of the NFPA, the SFPE, and the IEEE. Mr. Nasby has
contributed to the last two editions of the Fire Protection Handbook
as well as the NFPA Pumps for Fire Protection Systems textbook. He
also serves on UL Standards Technical Panels for Fire Pump Control-
lers, Fire Pump Motors, and Engine & Turbine GenSets. His previous position was Director
of Engineering for Master Control Systems, Inc., where he designed both diesel and electric
fire pump controllers and battery chargers.

Gayle Pennel

Gayle Pennel is a registered professional engineer and has worked at
Schirmer Engineering Corporation since 1990. He specializes in water
supplies and fire protection systems evaluation and design. Projects
have ranged from multiple-zone high-rise buildings to exhibition cen-
ters, refineries, and failure analysis. Mr. Pennel has over 40 years’
fire protection experience and has served on the NFPA 20 Technical
Committee on Fire Pumps for over ten years and also serves on the
NFPA 25 technical committee.

Milosh Puchovsky, PE, FSFPE

Milosh Puchovsky is Professor of Practice in the Department of Fire
Protection Engineering at Worcester Polytechnic Institute, where he
focuses on fire protection systems, occupant safety, and building and
fire regulations. He currently serves on several NFPA technical com-
mittees, including those on sprinkler systems, fire pumps, and commis-
sioning, and serves on the Fire Council of Underwriters Laboratories.
Mr. Puchovsky has experience as a consulting engineer, a forensics
expert, a code consultant, and an insurance loss control specialist. He
is a Fellow of the Society of Fire Protection Engineers (SFPE), serves as Vice President of
Education for SFPE, and serves on SFPE’s Professional Engineering Licensing Committee.

Joseph W. Spokis Jr.

Joe Spokis is an intern at the National Fire Protection Association,
where he is responsible for the Technical/Substantive Changes and
Artwork for the NFPA 13, 13D/R, and 20 Handbooks. Mr. Spokis
presently holds a BS in Civil Engineering and an MS in Fire Protection
Engineering, both from Worcester Polytechnic Institute. As an intern,
Mr. Spokis held other responsibilities, such as assisting staff liaisons
with advisory service calls, researching questions regarding the codes
and standards, creating presentations for seminars, and updating the
Glossary of Terms database.

Stationary Fire Pumps Handbook 2013



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion

in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

About the Editor

Chad R.W. Duffy

Chad Duffy is a senior fire protection specialist at the National Fire
Protection Association, where he is responsible for NFPA docu-
ments addressing stationary fire pumps, standpipes, water spray
fixed systems, and other water based fire protection standards. He
holds a fire protection engineering technologist degree from Seneca
College, Toronto, Canada and a NICET certification.

Since 1997, Mr. Duffy has worked in the fire protection indus-
try as a systems designer/project manager, and has owned his own
design, installation, and maintenance firm for six years. He has
extensive experience with system design software, and the design, installation, and main-
tenance of fire protection systems across the United States. His project experience ranges
from small wood structures, office buildings, and condominium towers to some of the largest
casinos built to date.

Xix



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transimsion
in any brrprittedthout witen primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

ONE

An Overview of Fire Pump
Configurations

Part | of this handbook provides examples of various fire pump configurations and explains the
purpose of the components of those pumps. Each component and its location in a fire pump
assembly affects the fire pump’s performance and its ability to meet the demands of the fire
suppression system. When designing a fire pump assembly, the fire pump room must be evalu-
ated to determine the best orientation of the pump and its components, and all the installation
requirements of this standard must be met. If the pump and components are not arranged with
adequate space and clearances allowing for proper operation, maintenance, and mobility — if
the controllers were located at the back of the pump room, for instance — the pump operator
could be at risk of injury. Locating the controllers close to the pump room exit and providing the
required clearances allows the operator to quickly engage the emergency shutoff and evacuate
the room. Exhibit [.1 depicts a fire pump controller installed in the back corner of a fire pump
room, a location that could put an operator at risk of injury. Note that the access and egress are
obstructed by piping and components, making it difficult to escape during an emergency.

EXHIBIT 1.1 Pump Room That Could Put the Pump Operator at Risk of Injury.
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2 Part I « An Overview of Fire Pump Configurations

On the following pages is a list of components that corresponds with the pump illustra-
tions in this section. For each component, the list provides the component’s designation,
where the requirement for that component is located in Part II, and a brief description of its
purpose, all to provide the user an understanding of why each component is required.

The pump configurations illustrated in this section are for educational purposes only and
by no means constitute a preferred layout for the fire pump types shown. It is the responsibil-
ity of the system designer to ensure that all pump designs comply with the requirements of this
standard.

Explanation of the Components of the Pumps Shown in Part |

1. OS&Y Gate Valve (Pump Suction) — 4.14.5.1
The OS&Y gate valve in the suction piping of a fire pump serves two purposes. As liquid
flows into a fire pump, it needs to be as free of turbulence as possible, to avoid intro-
ducing air pockets into the impeller and to avoid imbalanced loads on the impeller.
When a gate valve is in the fully open position, the clapper is retracted into the body
of the valve, leaving the liquid passageway clear of any obstruction and effectively
enabling laminar flow. The OS&Y Valve also provides a way to isolate the fire pump
from the liquid supply so a repair(s) can be made to the fire pump.

2. Eccentric Reducer (Pump Suction) — 4.14.6.4
An eccentric reducer is used on the suction side of a fire pump assembly to reduce the
likelihood of air pockets entering the pump impeller. In most pump installations, the
suction pipe is larger than the pump suction opening; an eccentric reducer installed
with the flat side on the top is used to reduce the suction size pipe to match the pump
suction opening. If the suction pipe is the same as the pump suction opening, a reducer
is not required.

3. Suction Pressure Gauge — 4.10.1
When there is a possibility of a suction pressure below 20 psi, the suction pressure
gauge is required to be a compound gauge capable of registering negative pressures.
This gauge provides the pump operator the ability to monitor the suction pressure to
assure that operating pressures comply with Section 4.14.3.1, which — except when
taking suction from a tank — does not permit the suction pressure to drop below 0 psi
while the pump is operating at 150 percent of its rated capacity. If a fire pump starts
to draw a negative suction pressure, there is a possibility that both the fire pump and
the suction piping could cavitate. Negative suction pressures in underground pipes can
also cause infiltration of groundwater.

4. Discharge Pressure Gauge — 4.10.1
The discharge pressure gauge provides the pump operator the ability to observe the
discharge pressure exerted from the fire pump. It is beneficial to use liquid-filled gauges
on both the suction and discharge side of the fire pump, because they dampen pres-
sure fluctuations, making the gauges easier to read.

5. Automatic Air Release — 6.3.3
The air release, when required, is typically part of the fire pump material distributed
from the pump supplier. Air in the impeller can cause damage, so it is prudent to have
a method of releasing that air, should it develop.

6. Relief Valve — 4.18
The relief valve is not intended to control pressure when a fire pump has been overde-
signed; it is intended to relieve pressure when a diesel engine is turning faster than
normal, or when failure of the variable speed controls causes a pump to operate at rated
speed. Section 4.18.1.1 provides guidance on determining if a relief valve is required.
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7. Relief Cone —4.18.5
A method of detecting flow is required when a pressure relief valve is installed in
closed loop systems. A sight glass in a cone downstream of the fire pump provides a
way to observe water discharge. In practice, the sight glass becomes dirty or foggy, and
it becomes difficult to observe flow through the cone. Should the sight glass become
distorted to the point in which the flow can no longer be observed it can be replaced
without having to remove the waste cone.
8. Check Valve (Discharge) — 4.15.6
The check valve in the discharge piping restricts the pressure downstream of the fire
pump, and keeps the pressurized liquid from going back through the fire pump. Back-
flow through a fire pump can spin the fire pump in reverse, causing damage. Pressure
surges can develop and oscillate when the pump starts or stops, or when a significant
change in the flow rate occurs. The discharge check valve is necessary for a jockey
pump to maintain pressure on the system.
9. Indicating Gate or Butterfly Valve (Test Header) — 4.16.2
This valve is typically supervised in the closed position and is only opened to deliver
water to the test outlets or flowmeter during pump testing procedures. When this valve
supplies a test header located on the exterior of the pump room, the valve becomes
critically important in order to keep the test connections and supply piping from freez-
ing. When this valve supplies a flowmeter, it should be installed per the manufacturer’s
recommendations.
10. Test Header — 4.20.1.1
Though a test header is not specifically required by NFPA 20, a means of testing the
pump is. One of the most commonly used means for testing is a test header. The
test header provides the pump operator the ability to measure actual performance by
flowing water through the fire pump, to take readings at appropriate flow rates, and
to develop a test curve to verify that the pump is still producing and performing in
accordance with the original manufacturer's pump curve.
11. Indicating Gate or Butterfly Valve (Fire Pump Discharge Control Valve) — 4.15.7
The fire pump discharge control valve is for isolation purposes. This valve, combined
with the pump suction control valve, provides the ability to isolate the fire pump,
fire pump discharge check valve, and pump test header piping and components for
repair, replacement, and testing, while keeping the pump suction and bypass piping in
service.
12. Flowmeter — 4.20.2
A flowmeter provides one method of measuring the flow rate from the fire pump. If
the flowmeter is arranged in a loop piped back to the pump suction, the pump per-
formance (but not the water supply performance) can be tested without discharging
water. NFPA 25 allows “non-discharge” performance testing of fire pumps two out of
every three years. Every third year, a “discharge” performance is required. A “discharge”
performance test also tests the water supply to the fire pump.
13. Indicating Gate or Butterfly Valve (Flowmeter) — A.4.20.1.2(1)
This valve should be installed per the manufacturer's recommendations. This valve is
utilized as an isolation valve if the flowmeter needs to be repaired or replaced. It is also
used as a throttling valve to control the flow rate during the performance test proce-
dure, to achieve the 100 percent rated flow and 150 percent rated flow conditions.
14. Fire Pump Controller — 4.7.5
Fire pump controllers are used to monitor and to start and stop fire pumps. Electric
drive controllers monitor power availability and pump status, and control the power
to the electric motor. Engine drive controllers monitor power availability and engine
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status, and send electronic signals to the engine driver. When a controller is set for
automatic operation, a mercoid switch or pressure transducer is used to tell the control-
ler to start the fire pump when the system pressure drops to a preset level. Criteria for
electric drive controllers can be found in Chapter 10 and for engine drive controllers in
Chapter 12.

15. Pressure Maintenance Pump (Jockey Pump) Controller — Used with a pressure mainte-
nance pump installation
Though a pressure maintenance pump is not specifically required by NFPA 20, a
means of maintaining system pressure other than the fire pump is. If a pressure main-
tenance pump is used, it must have its own controller (the exception to this is water
mist positive displacement pumping units). The jockey pump controller is used to start
the jockey pump when the pressure in the fire protection system decreases to a preset
level, and to stop the jockey pump when the pressure in the fire protection system
increases to a preset level. In order for the jockey pump to work correctly, the start
pressure of the jockey pump must be higher than the start pressure of the fire pump.

16. Sensing Line (Fire Pump Controller) — 4.30.1
One end of the fire pump sensing line is connected to a pressure sensor (mercoid
switch or pressure transducer) within the controller. The other end of the sensing line
is connected to the fire pump piping between the discharge check valve and discharge
control valve of the fire pump assembly. This provides the controller the ability to
sense pressure change in the fire protection system when the fire pump is fully in ser-
vice, but also allows testing of the pressure settings even if the pump discharge control
valve is closed.

17. Sensing Line (Pressure Maintenance Pump) — 4.30.1
This sensing line performs the same function as the fire pump sensing line, but for the
pressure maintenance pump.

18. Pressure Maintenance Pump — 4.25
Though NFPA 20 does not require the use of a pressure maintenance pump, it does
require a means of maintaining system pressure, and a pressure maintenance pump
is most commonly used to accomplish this requirement. The pressure maintenance
pump maintains the pressure in the fire suppression system and prevents the fire
pump from operating unless there is a significant flow of water. The pressure settings
for the pressure maintenance pump and fire pump should be such that the starting of
the fire pump will not create water hammer.

19. Isolation Valve (Pressure Maintenance Pump — Suction) — 4.25.5.3
This valve is not required to be listed. Its primary function is to provide isolation from
upstream water and pressures, so that the pressure maintenance pump or pressure
maintenance discharge check valve can be repaired or replaced.

20. Check Valve (Pressure Maintenance Pump — Discharge) — 4.25.5.4
This valve is required to hold pressure on the fire protection system so that when the
fire pump is running, the pressure that it exerts does not flow back through the pres-
sure maintenance pump, causing it to spin in reverse and damaging the pump. It may
be necessary to use two check valves when dealing with high-pressure fire pumps.
This is not a requirement, but these valves are typically brass and could fail under the
repetitive starting and running pressures from high-pressure fire pump(s), so a backup
is suggested.

21. Isolation Valve (Pressure Maintenance Pump — Discharge) — 4.25.5.4
This valve is not required to be listed. It is used in conjunction with the pressure main-
tenance pump suction control valve to isolate the pressure maintenance pump or
discharge check valve when necessary for servicing.
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22. Check Valve (Fire Department Connection) — See NFPA 13 and NFPA 14
In a fire pump configuration, the fire department connection (FDC) should be installed
downstream of the fire pump discharge check valve and control valve. This check
valve is utilized to prevent the FDC from experiencing pressures exerted from the fire
pump and to reduce the possibility of freezing pipe.

23. Fire Department Connection — See NFPA 13 and NFPA 14
The FDC provides a point of connection where pressures and flows can be supple-
mented by the fire department engine pumper during fire fighting operations.

24. Diesel Fuel Tank — 11.4
The diesel fuel tank is required to provide the appropriate amount of fuel to assure the
proper running duration time of the diesel engine driven fire pump. A designer should
consult the manufacturer’s data sheets to determine the outlet designation, to ensure
that proper piping is installed from the diesel fuel tank.

25. Engine Exhaust — 11.5
The engine exhaust is used to disperse the hot combustion gases produced from the
diesel engine to a safe location outside the pump room. It is important to verify with
the pump supplier or manufacturer that the exhaust pipe is the appropriate size for the
distance and number of changes in direction, in order to avoid engine back pressure
that exceeds manufacturer’'s recommendations.

26. Batteries — 11.2.7.2.1
In a diesel engine drive configuration the batteries provide the cranking power to the
starter upon receiving notification from the fire pump controller. In addition, the batter-
ies provide backup power for the controller if the primary (or secondary) power supply
fails.

27. Indicating Gate or Butterfly Valve (Bypass) — 4.16.1
Indicating valves located before and after the bypass check valve on a bypass are nor-
mally open valves; they provide isolation of the bypass check valve should it require
repair or replacement. An indicating valve in the bypass can be used in conjunction
with the pump suction control valve to isolate the fire suppression system from the
water supply.

28. Check Valve (Bypass) — 4.15.6
The bypass check valve allows the water supply to provide some pressure to the fire
suppression system should the fire pump fail to function. It also prevents the discharge
from a pressure maintenance pump or a fire pump from entering the water supply.
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P> Description

The diagram opposite illustrates a possible configuration for a diesel driven horizontal split case
fire pump assembly, based on the requirements set forth in this standard. The water supply is
an above ground suction tank; see NFPA 22, Standard for Water Tanks for Private Fire Protection,
for tank requirements. For this example, a diesel drive has been used due to the lack of reliable
power in the project area. Guidance on reliable power is found in Chapter 9 of this standard.
The discharge arrangement consists of a pressure relief valve, check valve, test header, dis-
charge control valve, and a fire department connection (FDC). Isolation valves on the discharge
side of the fire pump assembly can be of the indicating gate valve type or the butterfly valve type.
Project specifications should be reviewed prior to designing the fire pump assembly. In this fire
pump arrangement, a flow meter was used to conserve water from the tank during testing proce-
dures. There is also a test header attached downstream of the meter. This test header serves two
purposes: It will be used every three years for the annual test per the requirements of NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems; and, per
revised requirements in this edition of NFPA 20, the header will be used to verify that the read-
ings from the flow meter are accurate (which will help determine whether the unit needs to be
calibrated). Requirements specific to centrifugal fire pumps can be found in Chapter 6.
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D> Diesel Driven Horizontal Split Case Fire Pump Assembly
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P Description

The diagram opposite illustrates a possible configuration for a diesel driven vertical turbine fire
pump assembly, based on the requirements set forth in this standard. The water supply is an
underground poured in place concrete tank; see NFPA 22, Standard for Water Tanks for Private Fire
Protection, for tank requirements. Vertical turbine fire pumps differ from other fire pumps in that
they have a shaft that is submersed in a static water supply, rather than a connection point for
suction piping. This shaft contains impellers which create lift, so positive head from a water sup-
ply is not required. Vertical turbine fire pumps are used to take suction from wells and ground
level storage reservoirs such as tanks, lakes, ponds, and rivers. Raw water sources require special
considerations to prevent sediment and corrosion agents from entering the fire protection system.

The discharge arrangement consists of a check valve, test header, and a discharge control
valve. Although this is a diesel driven fire pump and as such often requires a relief valve, one was
not needed in this example because 121 percent of the fire pump net-rated shutoff (churn) pres-
sure did not exceed the rating of the system components (this complies with the requirements of
4.18.1.2). Due to the lack of an available water supply, a submersible jockey pump was required;
this pump can be seen in the diagram next to the vertical turbine fire pump shaft. Requirements
specific to vertical turbine fire pumps can be found in Chapter 7.
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P> Diesel Driven Vertical Turbine Fire Pump Assembly
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P> Description

The diagram opposite illustrates a possible configuration for an electric motor driven horizontal
split case fire pump assembly, based on the requirements set forth in this standard. The fire pump
is supplied from a municipal water supply having insufficient pressure but adequate flow; see
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their Appurtenances, for on-site
underground supply piping requirements.

The discharge arrangement consists of a check valve, test header, discharge control valve,
and a bypass. A bypass is provided here, unlike in the other examples in this section, because
the supply pressure is of material value to the fire suppression system even without the pump
(see 4.14.4.1). In this example the suction pipe size is the same as the pump suction opening, so
an eccentric reducer is not needed. Requirements specific to centrifugal fire pumps can be found
in Chapter 6.
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P> Electric Motor Driven Horizontal Split Case Fire Pump Assembly
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P Description

The diagram opposite illustrates a possible configuration for an electric driven vertical inline fire
pump assembly, based on the requirements set forth in this standard. The water supply is an
above ground suction tank; see NFPA 22, Standard for Water Tanks for Private Fire Protection, for
tank requirements. Vertical inline fire pumps can be used in a variety of building types. However,
they are limited in capacity (approximately 1500 gpm) and not as commonly used as horizontal
split case fire pumps. When space is limited, a vertical inline fire pump assembly might be pre-
ferred, because it is relatively compact and does not require a lot of space.

The discharge arrangement consists of a check valve, test header, and a discharge control
valve. In this example, the pump suction pipe is the same size as the fire pump suction opening,
so an eccentric reducer is not required. Requirements specific to centrifugal fire pumps can be
found in Chapter 6.
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P> Electric Driven Vertical Inline Fire Pump Assembly
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TWO

NFPA® 20, Standard for the
Installation of Stationary Pumps for
Fire Protection, with Commentary

Part Il of this handbook includes the complete text of the 2013 edition of NFPA 20, Standard
for the Installation of Stationary Pumps for Fire Protection. The standard consists of mandatory core
chapters (Chapters 1 through 14) and nonmandatory annex material (Annex A). The mandatory
provisions found in Chapters 1 through 14 were prepared by the Technical Committee on Fire
Pumps within the framework of the NFPA consensus code- and standard-development process.
Because these provisions are designed to be suitable for adoption into law, or for reference by
other codes and standards, the text is concise, without extended explanation.

An asterisk (*) following a paragraph number within a chapter indicates that nonmanda-
tory material pertaining to that paragraph appears in Annex A. The material found in Annex A
of the standard was also generated by the fire pump committee within the NFPA code- and
standard-development process. Annex A material is designed to assist users in interpreting the
mandatory provisions. Annex A is not considered part of the requirements of the standard; it
is advisory or informational. For the convenience of users of this handbook, Annex A text has
been located to appear immediately following the mandatory paragraph to which it pertains.

The explanatory commentary accompanying the standard was prepared by the hand-
book editors. The commentary immediately follows the text of NFPA 20 to which it is related
and is easily identified by its blue shaded background. Designed to help users understand and
apply the requirements of the standard, the commentary provides detailed explanations of the
reasoning behind requirements, examples of calculations, applications of requirements, and
illustrations of key fire pump components.

This edition of the handbook includes two features: frequently asked questions (FAQ) and
authority having jurisdiction (AHJ) frequently asked questions (AHJ FAQ). The FAQs are based
on the questions most commonly asked of the NFPA 20 staff. The AHJ FAQs are questions most
commonly asked of the AHJ. In addition, “design alert” and “calculation” icons indicate material
of special interest.
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CHAPTER

Administration

Chapter 1 of NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection, covers
the administrative requirements for the selection and installation of fire pumps. In addition to
the scope and purpose of the standard, Chapter 1 provides guidance on the ongoing use of
existing fire pumps and the use of new equipment or technologies that might not be covered
in the standard. Chapter 1 also provides guidance on the appropriate units and trade sizes
used in the standard.

1.1* Scope

» FAQ

Does NFPA 20 contain requirements mandating when a fire pump must
be installed?

NFPA 20 is an installation standard for stationary fire pumps. As an installation standard,
NFPA 20 does not specify when or if fire pumps must be installed to supplement an existing
water supply. The purpose of the standard is to specify how to install a fire pump properly
when one is needed and which components, equipment, and power supplies are acceptable
for use in a fire pump installation. In other words, NFPA 20 indicates how to properly arrange
and install a fire pump and its supporting equipment. The standard does not identify when a
fire pump is required or needed.

Stationary fire pumps, such as the centrifugal or positive displacement types, are pumps
that are permanently installed in a building. The term stationary is used to distinguish between
the types of pumps described in NFPA 20 and the motorized types used by public and private
fire departments.

The need for a fire pump is usually determined through an analysis of the fire protection
system being considered, the water supply required for the system, and the water supply avail-
able, as indicated in Part IIl of this handbook. Fire pumps are principally used where pressure
from the attached water supply is insufficient. Where capacity of the water supply is also in
question, means in addition to a fire pump, such as water tanks, also need to be considered.

When considering whether a fire pump is necessary, the user should refer to the other
NFPA standards that address various types of water-based fire protection systems. These stan-
dards include the following documents:

NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam

NFPA 13, Standard for the Installation of Sprinkler Systems

NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings
and Manufactured Homes

NFPA 13R, Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies
NFPA 14, Standard for the Installation of Standpipe and Hose Systems
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NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection
NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray Systems
NFPA 750, Standard on Water Mist Fire Protection Systems

Other NFPA documents address water supplies and their components and piping arrange-
ments. These documents include the following:

NFPA 22, Standard for Water Tanks for Private Fire Protection
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their Appurtenances

A.1.1 For more information, see NFPA 25, Standard for the Inspection, Testing, and Main-
tenance of Water-Based Fire Protection Systems, and NFPA 70, National Electrical Code,
Article 695.

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 document shall include liquid supplies; suction, discharge, and aux-
iliary equipment; power supplies, including power supply arrangements; electric drive and
control; diesel engine drive and control; steam turbine drive and control; and acceptance tests
and operation.

In addition to the selection of the fire pump, NFPA 20 includes minimum requirements for
the attached liquid supply, power supply arrangement, type of driver, and acceptance test
procedures.

1.1.3 This standard does not cover system liquid supply capacity and pressure requirements,
nor does it cover requirements for periodic inspection, testing, and maintenance of fire pump
systems.

For liquid supply capacity and pressure requirements, see the appropriate system installation
standard (such as NFPA 13). For inspection, testing, and maintenance requirements for exist-
ing fire pump installations, see NFPA 25, Standard for the Inspection, Testing, and Maintenance of
Water-Based Fire Protection Systems.

1.1.4 This standard does not cover the requirements for installation wiring of fire pump
units.

See NFPA 70°, National Electrical Code®, for requirements related to the installation of wiring for
fire pumps.

1.2 Purpose

The purpose of this standard is to provide a reasonable degree of protection for life and prop-
erty from fire through installation requirements for stationary pumps for fire protection based
upon sound engineering principles, test data, and field experience.

» FAQ

Is the purpose of a fire pump to create water, or is its purpose only to boost
pressure?
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Fire pump installations are a critical and essential component of the liquid supply for a fire
protection system, because they provide the necessary system flow and pressure. The perfor-
mance of any liquid-based fire protection system is dependent on the availability, adequacy,
and reliability of the water supply to which it is connected. Fire pumps installed in accordance
with NFPA 20 and inspected, tested, and maintained in accordance with NFPA 25 ensure that
the available liquid supply will have the necessary operating pressure and flow when needed
during an emergency. An important point to recognize, however, is that fire pumps cannot
create water or increase the capacity of a liquid supply; they can only boost or supply the
pressure and flow from an available liquid source.

NFPA 20 provides the minimum requirements needed for the satisfactory operation of
all types of listed fire pumps. Even though the overall level of performance intended might be
enhanced by exceeding the minimum requirements stated, the provisions of NFPA 20 allow
for proper and effective fire pump performance.

1.3 Application

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

—— Which types of fire pumps does NFPA 20 cover?

NFPA 20 covers every type of listed fire pump. The most commonly used fire pump in fire
protection is the centrifugal type, a type that includes horizontal split case, end suction, and
in-line pumps. Other types of fire pumps include the piston plunger, positive displacement,
rotary lobe, rotary vane, and vertical lineshaft turbine types.

The title of the 1999 edition of NFPA 20 was revised to indicate that the standard deals
with all stationary pumps and not just centrifugal fire pumps. At that time, the standard began
to include positive displacement pumps that pump water additives such as foam concentrate,
and Section 1.3 was added to indicate the intended application of both centrifugal and posi-
tive displacement fire pumps.

1.3.2 Requirements are established for the design and installation of single-stage and multi-
stage pumps, pump drivers, and associated equipment.

1.4 Retroactivity

The provisions of this standard reflect a consensus of what is necessary to provide an accept-
able degree of protection from the hazards addressed in this standard at the time the standard
was issued.

» FAQ

Are fire pumps prescribed by older editions of NFPA 20 considered unsafe?

The retroactivity statement in Section 1.4 appears in most NFPA documents. The section’s pur-
pose is to reinforce the premise that any fire pump installed in accordance with the applicable
edition of NFPA 20 is considered to be compliant with the standard for its lifetime, as long as
the associated hazards remain unchanged and the pump is properly inspected, tested, and
maintained. Therefore, an existing installation is not required to be reviewed for compliance
with every new edition of the standard.
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Omission of the retroactivity statement would require the never-ending task of updating
and revising a fire pump installation every time a new edition of NFPA 20 was published.
Although newer editions contain information that may provide a greater level of safety or a
more effective means of accomplishing a certain objective than that prescribed by older edi-
tions, the provisions of older editions should not necessarily be interpreted as unsafe. In those
instances where a severe deficiency is discovered, Section 1.4 allows latitude for any authority
having jurisdiction (AHJ) to require an upgrade.

1.4.1 Unless otherwise specified, the provisions of this standard shall not apply to facili-
ties, equipment, 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 In those cases where the authority having jurisdiction determines that the existing
situation presents an unacceptable 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 jurisdiction,
and only where it is clearly evident that a reasonable degree of safety is provided.

1.5 Equivalency

Nothing in this standard is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety
over those prescribed by this standard.

The increasing availability of specially listed materials and products, along with the continuing
development of new pump-related technologies, necessitates some of the language in Sec-
tion 1.5. This section allows for products or arrangements not specifically addressed by the
standard to be used, provided that it can be demonstrated that the use of these products or
arrangements does not lower the level of safety provided by the standard or alter the intent
of the standard. This statement also alerts the user of NFPA 20 that specific requirements or
limitations are often associated with specialized products and that these limitations are not
addressed by the standard. Therefore, the listing information and the relevant manufacturers’
literature will need to be reviewed.

1.5.1 Technical documentation shall be submitted to the authority having jurisdiction to
demonstrate equivalency.

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

Subsection 1.5.2 clarifies that the AHJ determines whether equivalency has been demon-
strated based on technical documentation that has been submitted.
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1.6 Units

1.6.1 Metric units of measurement in this standard are in accordance with the modernized
metric system known as the International System of Units (SI).

1.6.2 Liter and bar in this standard are outside of but recognized by SI.
1.6.3 Units are listed in Table 1.6.3 with conversion factors.

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

1.6.5 Trade Sizes. Where industry utilizes nominal dimensions to represent materials,
products, or performance, direct conversions have not been utilized and appropriate trade
sizes have been included.

TABLE 1.6.3 System of Units

Name of Unit Abere\r;ilftalti on Conversion Factor
Meter(s) m 1ft=0.3048m
Foot (feet) ft 1m=3281ft
Millimeter(s) mm lin. =254 mm
Inch(es) in. 1 mm = 0.03937 in.
Liter(s) L lgal =3.785L
Gallon(s) (U.S.) gal 1L =0.2642 gal
Cubic decimeter(s) dm?® 1gal = 3.785 dm?
Cubic meter(s) m?® 1ft2=0.0283 m3
Cubic foot (feet) ft 1m3=3531f
Pascal(s) Pa 1 psi = 6894.757 Pa; 1 bar = 10° Pa
Pound(s) per square inch psi 1 Pa =0.000145 psi; 1 bar = 14.5 psi
Bar bar 1 Pa =107 bar; 1 psi = 0.0689 bar

Note: For additional conversions and information, see IEEE/ASTM SI110, Standard for Use of the Interna-
tional System of Units (SI): The Modern Metric System.
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CHAPTER

Referenced Publications

This chapter lists mandatory referenced publications. Annex C lists nonmandatory referenced
publications. Because the information is located immediately after Chapter 1, Administration,
the user is presented with a complete list of publications needed for effective use of the stan-
dard before reading the specific requirements. The provisions of the mandatory publications
referenced by NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection, are
also requirements. Regardless of whether a requirement actually resides within NFPA 20 or is
mandatorily referenced within NFPA 20 and appears only in the referenced publication, the
requirement must be met to achieve compliance with NFPA 20.

2.1 General

The documents or portions thereof listed in this chapter are referenced within this standard
and shall be considered part of the requirements of this document.

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

NFPA 13, Standard for the Installation of Sprinkler Systems, 2013 edition.
NFPA 22, Standard for Water Tanks for Private Fire Protection, 2008 edition.

NFPA 24, Standard for the Installation of Private Fire Service Mains and Their Appurte-
nances, 2013 edition.

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

NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, 2010 edition.

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

NFPA 70°®, National Electrical Code®, 2011 edition.

NFPA 70E®, Standard for Electrical Safety in the Workplace®, 2012 edition.
NFPA 101®, Life Safety Code®, 2012 edition.

NFPA 110, Standard for Emergency and Standby Power Systems, 2013 edition.
NFPA 1963, Standard for Fire Hose Connections, 2009 edition.

2.3 Other Publications

2.3.1 AGMA Publications. American Gear Manufacturers Association, 1001 N. Fairfax
Street, 5th Floor, Alexandria, VA 22314-1560.

AGMA 390.03, Handbook for Helical and Master Gears, 1995.
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2.3.2 ANSI Publications. American National Standards Institute, Inc., 25 West 43rd
Street, 4th Floor, New York, NY 10036.
ANSI B15.1, Safety Standard for Mechanical Power Transmission Apparatus, 2000.

ANSI/IEEE C62.1, IEEE Standard for Gapped Silicon-Carbide Surge Arresters for AC Power
Circuits, 1989.

ANSI/IEEE C62.11, IEEE Standard for Metal-Oxide Surge Arresters for Alternating Current
Power Circuits (>1 kV), 2005.

ANSI/IEEE C62.41, IEEE Recommended Practice for Surge Voltages in Low-Voltage AC
Power Circuits, 1991.

2.3.3 ASCE Publications. American Society of Civil Engineers, 1801 Alexander Bell
Drive, Reston, VA 20191-4400.

SEI/ASCE 7, Minimum Design Loads for Buildings and Other Structures, 2010.

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

ASME Boiler and Pressure Vessel Code, 2010.

2.3.5 AWS Publications. American Welding Society, 550 NW Le Jeune Road, Miami,
FL 33126.

AWS D1.1, Structural Welding Code — Steel, 2010.

2.3.6 HI Publications. Hydraulic Institute, 6 Campus Drive, First Floor North, Parsip-
pany, NJ 07054-4406.

Hydraulic Institute Standards for Centrifugal, Rotary and Reciprocating Pumps, 14th edition,
1983.

H1 3.6, Rotary Pump Tests, 2010.

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

IEEE/ASTM SI10, Standard for Use of the International System of Units (SI): The Modern
Metric System, 2002.

2.3.8 I1SO Publications. International Organization for Standardization, 1, ch. de la Voie-
Creuse, Case postale 56, CH-1211 Geneva 20, Switzerland.

1SO 15540, Fire Resistance of Hose Assemblies, 1999.

2.3.9 NEMA Publications. National Electrical Manufacturers Association, 1300 North
17th Street, Suite 1752, Rosslyn, VA 222009.

NEMA MG-1, Motors and Generators, 2010.

2.3.10 UL Publications. Underwriters Laboratories Inc., 333 Pfingsten Road, North-
brook, IL 60062-2096.

ANSI/UL 142, Standard for Steel Aboveground Tanks for Flammable and Combustible Lig-
uids, 2006, revised 2010.
ANSI/UL 508, Standard for Industrial Control Equipment, 1999, revised 2010.

ANSI/UL 1449, Standard for Surge Protective Devices, 2006, revised 2011.
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2.3.11 Other Publications.

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

2.4 References for Extracts in Mandatory Sections

NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 2010 edition.

NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, 2010 edition.

NFPA 70°, National Electrical Code®, 2011 edition.

NFPA 110, Standard for Emergency and Standby Power Systems, 2013 edition.

NFPA 1451, Standard for a Fire Service Vehicle Operations Training Program, 2007 edition.
NFPA 5000®, Building Construction and Safety Code®, 2012 edition.
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CHAPTER

Definitions

Chapter 3 contains definitions of terms that are used in NFPA 20, Standard for the Installation of
Stationary Pumps for Fire Protection. For the purpose of applying this standard, these definitions
take precedence over definitions provided in other documents and should be used in con-
junction with subjects covered throughout the standard. Where definitions are not provided,
definitions in other NFPA codes and standards apply. For definitions not found in any NFPA
document, the ordinary meanings of terms as defined in Merriam-Webster’s Collegiate® Diction-
ary apply. For definitions of other fire protection—related terms that do not appear in either
NFPA 20 or Merriam-Webster’s Collegiate Dictionary, see the NFPA Glossary of Terms, available at
www.nfpa.org.

3.1 General

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

3.2 NFPA Official Definitions
3.2.1* Approved. Acceptable to the authority having jurisdiction.

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

» FAQ

What is the difference between the terms approved and listed?

As used in this standard, the term approved means only that the product is acceptable to the
authority having jurisdiction (AHJ); use of the term approved does not imply that the product
has been evaluated by a testing laboratory. In fact, a component or equipment that is required
to be approved is not necessarily also required to be listed. The term approved is not the same
as the term listed, which is defined in 3.2.3. The term listed indicates that a specific component
or piece of equipment has been evaluated by an approved testing laboratory, while the term
approved, which is defined in 3.2.1, indicates acceptance by the AHJ. In general, all compo-
nents in a fire pump installation are required by NFPA 20 to be approved, but only specific
components, such as the fire pump itself, are required to be listed.
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3.2.2* Authority Having Jurisdiction (AHJ). An organization, office, or individual
responsible for enforcing the requirements of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “authority having jurisdiction,”
or its acronym AHJ, is used in NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where public safety is primary, the author-
ity having jurisdiction may be a federal, state, local, or other regional department or individual
such as a fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health
department; building official; electrical inspector; or others having statutory authority. For
insurance purposes, an insurance inspection department, rating bureau, or other insurance
company representative may be the authority having jurisdiction. In many circumstances, the
property owner or his or her designated agent assumes the role of the authority having juris-
diction; at government installations, the commanding officer or departmental official may be
the authority having jurisdiction.

The term authority having jurisdiction (AHJ) is intended to include anyone responsible for
enforcing the requirements of NFPA 20. On many construction projects, multiple AHJs — such
as the building owner’s representative, a code official (e.g., a fire marshal), and an insurance
representative — are present. All of the aforementioned AHJs are involved in the plan review
and acceptance process and can issue an approval or comment on plan reviews and accep-
tance tests.

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

Components critical to proper system operation are required to be listed. One testing labora-
tory uses the designation classified as an indication that a specific product meets its evaluation
criteria. Materials with this designation meet the intent of the term listed.

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

3.2.4 Shall. Indicates a mandatory requirement.

The term shall indicates a requirement of this standard and mandates that a specific provision
of NFPA 20 be followed. When the term shall is used with a specific provision of the standard,
compliance with that provision is mandatory. Any exceptions to a requirement of this standard
are specifically stated. The use of the term shall in an exception indicates that the exception
is applicable only under the conditions specified in the exception. Mandatory requirements of
NFPA 20 are found in the main body of the standard (see Chapters 1 through 14).

3.2.5 Should. Indicates a recommendation or that which is advised but not required.
The term should indicates a recommendation of the standard. When the term should is used

with a provision of the standard, the provision is not intended to be mandatory. Recom-
mended provisions are limited to Annexes A and B of NFPA 20. The term should identifies a
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good idea or a better practice. If the recommendation is not followed, the fire pump is still
expected to perform satisfactorily. Any paragraph number preceded by a letter (e.g., A.1.1) is
an annex item. Terms such as should and recommended are prevalent in annex paragraphs.

3.2.6 Standard. A document, the main text of which contains only mandatory provisions
using the word “shall” to indicate requirements and which is in a form generally suitable
for mandatory reference by another standard or code or for adoption into law. Nonmanda-
tory provisions are not to be considered a part of the requirements of a standard and shall be
located in an appendix, annex, footnote, informational note, or other means as permitted in
the Manual of Style for NFPA Technical Committee Documents.

3.3 General Definitions

3.3.1 Additive. A liquid such as foam concentrates, emulsifiers, and hazardous vapor sup-
pression liquids and foaming agents intended to be injected into the water stream at or above
the water pressure.

The term additive was added to the standard in the 1999 edition, because the document scope
was expanded to include positive displacement pumps, which are used for pumping foam
concentrate and emulsifiers.

3.3.2 Aquifer. An underground formation that contains sufficient saturated permeable
material to yield significant quantities of water.

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

A thorough analysis of the water supply for a fire protection system is critical to determine
the supply’s adequacy and reliability. See the extracts from and commentary for NFPA 291,
Recommended Practice for Fire Flow Testing and Marking of Hydrants, in Part Il of this handbook
for water supply testing requirements.

3.3.4 Automatic Transfer Switch. See 3.3.50.2.1.

3.3.5 Branch Circuit. See 3.3.7.1.

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

—— What is the purpose of a break tank?

A break tank, as its name suggests, provides a break or separation between a fire pump and a
city water supply. Traditionally, a break tank is a small tank intended to isolate the fire pump
from the water supply. However, as defined and used in this standard, a break tank may be
quite large.
If the discharge from an automatic tank fill valve is located a sufficient distance above the <4 DESIGN ALERT

highest tank water level, the air gap offers backflow protection to avoid contamination of the
city water supply. This arrangement provides the highest level of protection against backflow
contamination. A break tank may also be used to eliminate pressure fluctuations at the pump
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suction. Severe fluctuations in suction pressure make it difficult to properly size a fire pump
without overpressurization of the fire protection system.

A break tank may also be used when the water source is reliable but lacks sufficient
volume to supply the full fire protection demand. The combination of the water source and
stored water can meet the full fire protection demand.

The definition of the term break tank and break tank requirements were added in the
2007 edition to provide guidance for sizing and using break tanks. A break tank (or full-size
tank) is required in some municipalities where direct connection of a fire pump to a water
main is not permitted.

3.3.7 Circuit.

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

3.3.7.2 Fault Tolerant External Control Circuit. Those control circuits either entering or
leaving the fire pump controller 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 controller to start the pump under these conditions.

3.3.8 Circulation Relief Valve. See 3.3.57.5.1.

3.3.9 Corrosion-Resistant Material. Materials such as brass, copper, Monel®, stainless
steel, or other equivalent corrosion-resistant materials.

The list of corrosion-resistant materials in this definition is not intended to be comprehensive.
The causes of corrosion vary, and the examples given in this definition are effective against
certain types of water conditions that can cause corrosion. However, in the context of this
standard, a corrosion-resistant material must resist the type of corrosion anticipated. [Monel®
is a type of nickel alloy used in the manufacturing of pipe and certain metal components used
within a pump (i.e. pump shaft).]

3.3.10 Diesel Engine. See 3.3.13.1.

3.3.11 Disconnecting Means. A device, or group of devices, or other means by which
the conductors of a circuit can be disconnected from their source of supply. [70: Art. 100]

Disconnecting means are usually devices used within fire pump controllers for electrically
driven fire pumps. Means of disconnecting are usually accomplished through a circuit breaker
or a locked-rotor overcurrent protection device. See 10.4.3, 10.6.3, and 10.6.8.

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

The term drawdown is usually associated with vertical shaft turbine-type pumps that take
water from a supply below the discharge flange of the pump, such as a well, river, or pond.
When these pumps operate at peak capacity, the water level of the supply will usually drop a
certain distance. The level of the water before the fire pump starts is referred to as the static
liquid level. The level to which the water drops when the pump is operating at 150 percent of
its rated capacity is referred to as the pumping liquid level. The difference between these two
levels is referred to as the drawdown. See Figure A.7.2.2.1.

3.3.13 Engine.
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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.

» FAQ

Are diesel engines the only type of internal combustion engine permitted by
NFPA 20?

Diesel engines have proven to be very reliable and effective, and they are currently the only
type of internal combustion engine permitted by NFPA 20 for driving fire pumps (See Chap-
ter 11). Diesel engines used to power fire pumps must be listed for such use and, therefore,
only specific engines are permitted. (See Chapter 9.) Spark-ignited internal combustion engines
have not been permitted as a means of driving fire pumps since 1974. Exhibit 11.3.1 illustrates
a diesel engine—driven fire pump.

A.3.3.13.1 Diesel Engine. The oil-diesel engine operates on fuel oil injected near top dead
center of the compression stroke. The combustion is effected within the working cylinder and
not in external chambers.

3.3.13.1.1 Internal Combustion Engine. Any engine in which the working medium con-
sists of the products of combustion of the air and fuel supplied.

The diesel engine is the only type of internal combustion engine permitted by NFPA 20 to
drive fire pumps. See Chapter 11.

".-""r ‘|| "l.
1 e - _I__-.:'-'
'.: -,_:-"_""-. ] E

EXHIBIT I11.3.1 Diesel Engine—Driven Fire Pump. (Courtesy of Liberty Mutual Property)
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3.3.14 Fault Tolerant External Control Circuit. See 3.3.7.2.

3.3.15 Feeder. All circuit conductors between the service equipment, the source of a sepa-
rately derived system, or other power supply source and the final branch-circuit overcurrent
device. [70: Art. 100]

3.3.16 Fire Pump Alarm. A supervisory signal indicating an abnormal condition requir-
ing immediate attention.

3.3.17 Fire Pump Controller. A group of devices that serve to govern, in some prede-
termined manner, the starting and stopping of the fire pump driver and to monitor and signal
the status and condition of the fire pump unit.

Different types of controllers are available for electric motor—driven and diesel engine—driven
fire pumps. Controllers must be listed for fire pump service and incorporate both automatic
and manual features for pump operation. Controllers for electrically driven fire pumps are
available for full voltage and reduced voltage starting. Limited-service controllers for electri-
cally driven fire pumps are also qualified for certain applications but are not required by NFPA
20 to meet the same requirements as full-service controllers. Chapter 10 addresses controllers
for electric motor—driven pumps, and Chapter 12 addresses controllers for diesel engine—
driven pumps. Exhibit I1.3.2 illustrates an electric fire pump controller, and Exhibit I1.3.3 illus-
trates the internal components of a diesel engine fire pump controller.

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

Exhibit 11.3.4 illustrates an example of a fire pump unit.

EXHIBIT I1.3.3 Diesel Engine Fire Pump Controller.
(Photograph courtesy of Firetrol Products, ASCO Power
EXHIBIT 11.3.2 Electric Fire Pump Controller. Technologies)
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EXHIBIT I1.3.4 Fire Pump
Unit. (Photograph courtesy
of Xylem, Inc.)

3.3.19 Flexible Connecting Shaft. A device that incorporates two flexible joints and a
telescoping element.

Subsection 11.2.3 indicates where a flexible connecting shaft is required.

3.3.20 Flexible Coupling. A device used to connect the shafts or other torque-trans-
mitting components from a driver to the pump, and that permits minor angular and parallel
misalignment as restricted by both the pump and coupling manufacturers.

Subsections 6.5.1 and 11.2.3 indicate where a flexible coupling is needed.

3.3.21 Flooded Suction. The condition where water flows from an atmospheric vented
source to the pump without the average pressure at the pump inlet flange dropping below
atmospheric 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 (aquifer).

3.3.23* Head. A quantity used to express a form (or combination of forms) of the energy
content of water per unit weight of the water referred to any arbitrary datum.

In the context of fire pumps, the pressure component is usually expressed in terms of feet (ft)
or meters (m) of head rather than in pounds per square inch (psi) or bar.

A.3.3.23 Head. The unit for measuring head is the foot (meter). The relation between pres-
sure expressed in pounds per square inch (bar) and pressure expressed in feet (meters) of head
is expressed by the following formulas:

Pressure in psi
0.433 specific gravity

Head in feet =

Pressure in bar

Head i ters =
ead I meters 0.098 specific gravity
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In terms of foot-pounds (meter-kilograms) of energy per pound (kilogram) of water, all head
quantities have the dimensions of feet (meters) of water. All pressure readings are converted
into feet (meters) of the water being pumped. (See Figure A.3.3.23.)

Pump shaft centerline
and datum elevation

Horizontal double-suction pump

Pump centerline

¢ First-stage volute

Datum elevation

Vertical double-suction pump

Notes:

(1) For all types of horizontal shaft pumps (single-stage double-
suction pump shown). Datum is same for 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.

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

In NFPA 20, the two types of net positive suction head (NPSH) that need to be considered are
termed the NPSH required and the NPSH supplied. The NPSH required by the pump is deter-
mined by the pump manufacturer and is a function of both the speed and capacity of the
pump. Curves indicating the NPSH versus flow can be obtained from the manufacturer. The
NPSH supplied is the pressure head at the pump inlet that causes water to flow through the
pump into the eye of the impeller. The NPSH supplied is a function of the water supply.

For any pump installation, the NPSH supplied must be at least equal to the NPSH required
for the operating conditions specified. If the NPSH supplied is less than the NPSH required,
some of the incoming water vaporizes and forms bubbles. These bubbles can collapse within
the pump, producing noise and vibration and causing significant damage to the pump. This
phenomenon is referred to as cavitation.
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3.3.23.2 Total Discharge Head (h,). The reading of a pressure gauge at the discharge of the
pump, converted to feet (meters) of liquid, and referred to datum, plus the velocity head at the
point of gauge attachment.

Figure A.3.3.23.3.1 and Figure A.3.3.23.3.2 illustrate the components of total discharge head.

h, (discharge)
(velocity
H head)
(total head) Water level
equivalent to
discharge
gauge reading
I hy, (suction) (velocity head) hy
h (total
s Water level discharge
(total equivalent to head)
suction suction gauge
head) reading

Discharge

Note: Installation with suction head above atmospheric pressure shown.

FIGURE A.3.3.23.3.1 Total Head of All Types of Station-
ary (Not Vertical Turbine-Type) Fire Pumps.

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, imparted to the liquid by the pump, and therefore the algebraic dif-
ference between the total discharge head and the total suction head. Total head, as determined
on test where suction lift exists, is the sum of the total discharge head and total suction lift.
Where positive suction head exists, the total head is the total discharge head minus the total
suction head.

A.3.3.23.3.1 Total Head (H), Horizontal Pumps. See Figure A.3.3.23.3.1. (Figure
A.3.3.23.3.1 does not show the various types of pumps applicable.)

Total head is the energy (pressure) added to the water supply by the pump. It is expressed in
feet (ft) or meters (m). For horizontal pumps, where a positive suction pressure exists, the total
head is usually calculated by subtracting the pressure at the suction gauge from the pressure at
the discharge gauge. Where the suction and discharge flanges are not of the same diameter, the
velocity head for the volume of water passing through the flanges must be calculated using the
formula identified in the definition of velocity head (see 3.3.23.6). Where the suction and dis-
charge flanges have the same diameter, the incoming and outgoing velocities are not different.

3.3.23.3.2* Total Head (H), Vertical Turbine Pumps. The distance from the pumping lig-
uid level to the center of the discharge gauge plus the total discharge head.
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h, (discharge) (velocity head)

Water level
equivalent to
hq (total discharge head)  suction gauge
reading

Discharge
gauge
Datum

H

(total head) = Ground level

h (vertical distance, datum to
pumping water level)

T Static water level
Drawdown

[;] Pumping water level

FIGURE A.3.3.23.3.2 Total Head of Vertical Turbine-Type
Fire Pumps.

A.3.3.23.3.2 Total Head (H), Vertical Turbine Pumps. See Figure A.3.3.23.3.2.

As noted in the commentary following A.3.3.23.3.1, total head is the energy (pressure) added
to the water supply by the pump and is expressed in feet (ft) or meters (m). For vertical turbine
pumps, a discharge gauge is located at the top of the pump column pipe. While the discharge
pressure gauge indicates the pressure available to the fire protection system, the total pres-
sure provided by the pump is determined by adding the reading of the discharge gauge to
the suction lift (from the pumping water level up to the discharge flange) and the friction loss
though the pipe column.

3.3.23.4 Total Rated Head. The total head developed at rated capacity and rated speed for
a centrifugal pump.

The total rated head is the amount of energy given to water as it passes through a specific
pump when that pump is operating at its rated speed and at its rated flow.

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

Figure A.3.3.23.3.1 provides a graphical description of total suction head.

3.3.23.6* Velocity Head (h ). The kinetic energy of a unit weight of fluid moving with
velocity (v) determined at the point of the gauge connection.

A.3.3.23.6 Velocity Head (h ). For the purpose of this standard, the velocity head is calcu-
lated using the average velocity, which can be obtained by dividing the flow in cubic feet per
second (or cubic meters per second) by the actual area of pipe cross section in square feet (or
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square meters). The velocity head is the vertical distance a body would have to fall to acquire
the velocity (v). The velocity head (h,) is expressed by the following formula:

V2
"

where:

<
I

= velocity in the pipe [ft/sec (m/sec)]

acceleration due to gravity: 32.17 ft/sec? (9.807 m/sec?) at sea level and
45 degrees latitude

3.3.24 High-Rise Building. A building where the floor of an occupiable story is greater
than 75 ft (23 m) above the lowest level of fire department vehicle access. [5000, 2012]

The definition of the term high-rise building was added to the 2007 edition to assist the user in
determining the appropriate protection criteria for fire pump rooms in high-rise buildings. Fire
pump rooms must be protected by 2-hour fire-rated enclosures in high-rise buildings.

3.3.25 In Sight From (Within Sight From, Within Sight). Where this Code speci-
fies that one equipment shall be “in sight from,” “within sight from,” or “within sight of,” and
so forth, another equipment, the specified equipment is to be visible and not more than 15 m
(50 ft) distant from the other. [70: Art. 100]

The definition of the phrase in sight from was added to the 2013 edition to provide enforceable
language when this phrase is used.

3.3.26 Internal Combustion Engine. See 3.3.13.1.1.
3.3.27 Isolating Switch. See 3.3.50.1.

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

3.3.29 Liquid Level.

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

The term pumping liquid level is usually associated with vertical turbine—type pumps that take
water or additives from an unpressurized source below the discharge flange of the pump,
such as a well, river, or pond. See the commentary following the definition of static liquid level
(3.3.29.2) for more information.

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

The term static liquid level is usually associated with vertical turbine—type pumps that take
water or additives from an unpressurized source below the discharge flange of the pump,
such as a well, river, or pond. When these pumps operate at peak capacity, the liquid level
of the supply usually drops a certain distance. The level of the liquid before the fire pump
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starts is referred to as the static liquid level. The level to which the liquid drops when the pump
is operating at 150 percent of its rated capacity is referred to as the pumping liquid level (see
3.3.29.1). The difference between these two levels is referred to as the drawdown (see 3.3.12).
See Figure A.7.2.2.1.

3.3.30 Loss of Phase. The loss of one or more, but not all, phases of the polyphase power
source.

3.3.31 Manual Transfer Switch. See 3.3.50.2.2.

3.3.32 Maximum Pump Brake Horsepower. The maximum brake horsepower
required to drive the pump at rated speed. The pump manufacturer determines this by shop
test under expected suction and discharge conditions. Actual field conditions can vary from
shop conditions.

When selecting a driver for a pump, the maximum brake horsepower demand of the pump
when operating at its rated speed must be determined. The pump driver must be capable
of supplying this horsepower. A pump’s maximum brake horsepower can be obtained from
the horsepower curve supplied by the pump manufacturer. The maximum demand of most
pumps usually occurs between 140 percent and 170 percent of the pump’s rated capacity.
Exhibit 11.3.5 illustrates the range in brake horsepower required to operate a hypotheti-
cal 750 gpm (2839 L/min) rated horizontal split-case fire pump. Notice that, as the pump
produces larger flows, the brake horsepower required increases and the pressure produced
by the pump decreases. Pump manufacturers provide similar curves for each of their pumps.

3.3.33 Motor.

3.3.33.1 Dripproof Guarded Motor. A dripproof machine whose ventilating openings are
guarded in accordance with the definition for dripproof motor.

2950 rpm
750 gpm
320
H Head
280 N Rated flow
= A e e
] 9]
o 200 =
= o
—_ o
< % M T T T T e T T T T eSS T T T T T T T T
e 160 5 N
T
120 80 Rated flow
Brake horsepower
80 60 -
40 D 8
Il Performance at 1.0 Sp. Gr.
20 t
0 200 400 600 800 1000 1200 1400 1600

Gallons per minute

EXHIBIT I1.3.5 Brake Horsepower Curve.
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3.3.33.2 Dripproof Motor. An open motor in which the ventilating openings are so con-
structed that successful operation is not interfered with when drops of liquid or solid particles
strike or enter the enclosure at any angle from 0 to 15 degrees downward from the vertical.

3.3.33.3 Dust-Ignition-Proof Motor. A totally enclosed motor whose enclosure is designed
and constructed in a manner that will exclude ignitible amounts of dust or amounts that might
affect performance or rating and that will not permit arcs, sparks, or heat otherwise generated
or liberated inside of the enclosure to cause ignition of exterior accumulations or atmospheric
suspensions of a specific dust on or in the vicinity of the enclosure.

3.3.33.4 Electric Motor. A motor that is classified according to mechanical protection and
methods of cooling.

Electric motors are a reliable, effective means of supplying power to fire pumps; however, at
the time of publication of this handbook, only listed motors were permitted to be used. Electric
motors must be selected so that they are of sufficient size to turn the pump at its rated speed
under the required range of operating conditions. When an electric motor is considered, the
power supply to the motor must be from a reliable source. Power supplies that can be compro-
mised due to storms, fires, or other accidents can leave electric motors without power and ren-
der the fire pump useless. Where reliable sources cannot be secured, backup supplies, such as
an emergency generator or diesel engine, are necessary. See Chapter 9 for more information.
Electric motors used to drive fire pumps are required to withstand severe changes in
operating conditions and should be arranged to accommodate large electric loads that might
cause the motor to be destroyed. This strategy is contrary to the design and arrangement of
most other electric motor applications. However, the reliability of the fire pump is the primary
concern. The fire pump must continue to operate during a fire emergency for as long as is
necessary. Exhibit [.3.6 shows a horizontal split-case fire pump driven by an electric motor.

EXHIBIT 11.3.6 Electric
Motor—Driven Fire Pump.
(Photograph courtesy of
Peerless Pump Company)

3.3.33.5 Explosionproof Motor. A totally enclosed motor whose enclosure is designed and
constructed to withstand an explosion of a specified gas or vapor that could occur within it and
to prevent the ignition of the specified gas or vapor surrounding the motor by sparks, flashes,
or explosions of the specified gas or vapor that could occur within the motor casing.

3.3.33.6 Guarded Motor. An open motor in which all openings giving direct access to live
metal or rotating parts (except smooth rotating surfaces) are limited in size by the structural
parts or by screens, baffles, grilles, expanded metal, or other means to prevent accidental con-
tact with hazardous parts. Openings giving direct access to such live or rotating parts shall not
permit the passage of a cylindrical rod 0.75 in. (19 mm) in diameter.

3.3.33.7 Open Motor. A motor having ventilating openings that permit passage of external
cooling air over and around the windings of the motor. Where applied to large apparatus
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without qualification, the term designates a motor having no restriction to ventilation other
than that necessitated by mechanical construction.

3.3.33.8 Totally Enclosed Fan-Cooled Motor. A totally enclosed motor equipped for exte-
rior cooling by means of a fan or fans integral with the motor but external to the enclosing
parts.

3.3.33.9 Totally Enclosed Motor. A motor enclosed so as to prevent the free exchange of
air between the inside and the outside of the case but not sufficiently enclosed to be termed
airtight.

3.3.33.10 Totally Enclosed Nonventilated Motor. A totally enclosed motor that is not
equipped for cooling by means external to the enclosing parts.

3.3.34 Net Positive Suction Head (NPSH) (h_). See 3.3.23.1.

3.3.35 On-Site Power Production Facility. The normal supply of electric power for
the site that is expected to be constantly producing power.

3.3.36* On-Site Standby Generator. A facility producing electric power on site as the
alternate supply of electrical power. It differs from an on-site power production facility, in
that it is not constantly producing power. [70:695.2]

A.3.3.36 On-Site Standby Generator. It differs from an on-site power production facility in
that it is not constantly producing power.

3.3.37 Pressure-Regulating Device. A device designed for the purpose of reducing,
regulating, controlling, or restricting water pressure. [14, 2010]

3.3.38 Pump.
3.3.38.1 Additive Pump. A pump that is used to inject additives into the water stream.

3.3.38.2 Can Pump. A vertical shaft turbine—type pump in a can (suction vessel) for instal-
lation in a pipeline to raise water pressure.

Vertical shaft turbine—type pumps are used primarily to pump water from nonpressurized
water sources such as wells, ponds, and rivers. Can pumps are an application of vertical
turbine—type pumps that boosts pressure from a pressurized water source such as a public
water main. A cylinder or canister into which the pressurized water flows is constructed. The
can pump, when placed into this cylinder, boosts the pressure of the incoming water sup-
ply. A can pump is essentially a vertical turbine—type pump that is used as a booster pump.
Exhibit 11.3.7 illustrates a typical vertical can pump installation.

3.3.38.3 Centrifugal Pump. A pump in which the pressure is developed principally by the
action of centrifugal force.

Water in centrifugal pumps enters the suction inlet and passes to the center of the impeller.
Rotation of the impeller drives the water by centrifugal force to the rim, where it discharges.

3.3.38.4 End Suction Pump. A single suction pump having its suction nozzle on the oppo-
site side of the casing from the stuffing box and having the face of the suction nozzle perpen-
dicular to the longitudinal axis of the shaft.

Exhibit 11.3.8 illustrates an end suction pump.

3.3.38.5 Fire Pump. A pump that is a provider of liquid flow and pressure dedicated to fire
protection.
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Suction gauge
<— Discharge

1 EXHIBIT 11.3.8 End Suction Pump Driven by an Electric
Motor.

Suction <

=

Suction vessel —»|

EXHIBIT I11.3.7 Vertical Can Pump.

3.3.38.6 Foam Concentrate Pump. See 3.3.38.1, Additive Pump.

3.3.38.7 Gear Pump. A positive displacement pump characterized by the use of gear teeth
and casing to displace liquid.

3.3.38.8 Horizontal Pump. A pump with the shaft normally in a horizontal position.
Chapter 6 addresses the installation of horizontal pumps.

3.3.38.9 Horizontal Split-Case Pump. A centrifugal pump characterized by a housing that
is split parallel to the shaft.

With this type of pump, the case in which the shaft and impeller are housed is split in the
middle and can be separated. This type of housing allows for easy access for repair or replace-
ment of internal components. These pumps are not self-priming and must be supplied with
water at the suction flange at some positive pressure. Exhibit 11.3.9 illustrates a horizontal split-
case pump. (See Chapter 6 for information on the installation of this type of pump.)

3.3.38.10 In-Line Pump. A centrifugal pump whose drive unit is supported by the pump
having its suction and discharge flanges on approximately the same centerline.

Exhibit 11.3.10 shows a diagram of an in-line pump. See Chapter 6 for more information.
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. Motor
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Impeller

Suction
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Discharge
flange

EXHIBIT 11.3.9 Horizontal Split-Case Pump. (Courtesy of
Hydraulics Institute)

Casing wear ring

EXHIBIT I11.3.10 In-Line Pump.

3.3.38.11 Packaged Fire Pump Assembly. Fire pump unit components assembled at a
packaging facility and shipped as a unit to the installation site. The scope of listed 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
or without an enclosure.

See Section 4.29 for packaged fire pump assembly requirements and associated commentary.

3.3.38.12 Piston Plunger Pump. A positive displacement pump characterized by the use of
a piston or plunger and a cylinder to displace liquid.

3.3.38.13 Positive Displacement Pump. A pump that is characterized by a method of pro-
ducing flow by capturing a specific volume of fluid per pump revolution and reducing the
fluid void by a mechanical means to displace the pumping fluid.

3.3.38.14 Pressure Maintenance (Jockey or Make-Up) Pump. A pump designed to main-
tain the pressure on the fire protection system(s) between preset limits when the system is not
flowing water.

See Section 4.25 for pressure maintenance (jockey or make-up) pump requirements and asso-
Ciated commentary.

3.3.38.15 Rotary Lobe Pump. A positive displacement pump characterized by the use of a
rotor lobe to carry fluid between the lobe void and the pump casing from the inlet to the outlet.

3.3.38.16 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.

3.3.38.17 Vertical Lineshaft Turbine Pump. A vertical shaft centrifugal pump with rotat-
ing impeller or impellers and with discharge from the pumping element coaxial with the shaft.
The pumping element is suspended by the conductor system, which encloses a system of
vertical shafting used to transmit power to the impellers, the prime mover being external to
the flow stream.
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Vertical lineshaft turbine pumps were originally designed to pump water from wells; however,
vertical lineshaft turbine pumps can be used wherever a nonpressurized water source serves
as the water supply. These pumps are most often used where horizontal fire pumps are pro-
hibited from use because horizontal pumps would operate under a suction lift condition.

Although vertical lineshaft turbine pumps move water up to the discharge flange of the
pump, they do not operate under a suction lift condition. The impellers for these pumps are
located within the water supply and force water up to the discharge flange. Because the impel-
lers sit in the water source, these pumps do not require priming (see Chapter 7). Exhibit 11.3.11
shows a typical vertical lineshaft turbine pump.

3.3.38.18* Water Mist Positive Displacement Pumping Unit. Multiple positive displace-
ment pumps designed to operate in parallel that discharges into a single common water mist
distribution system.

The definition of, and requirements associated with, the term water mist positive displacement
pumping unit was added to the 2013 edition to address newer technology that allows mul-
tiple small-volume positive displacement pumps operating in parallel to supply water mist
fire protection systems. These pumps are mounted in a common rack and are listed as a unit.
The concepts involved are significantly different from those used for traditional stand-alone
pumps, or even for traditional pumps operating in series or parallel that still must be treated
as individual pumps. Because of the low volume of an individual pump, the unit is allowed
to serve as its own pressure maintenance pump. One (or more) of the individual pumps may EXHIBIT 11.3.11 Vertical
operate with a variable speed driver to control the discharge pressure. The flow rate from the  Lineshaft Turbine Pump.

pump unit is not a smooth curve, but rather a “step” function that increases whenever another  (Photograph courtesy of
pump is activated or when a variable speed drive changes speed. Patterson Pump)

A.3.3.38.18 Water Mist Positive Displacement Pumping Unit. It is not the intent of this
standard to apply this term to individual pumps used to supply water mist systems. This term
is intended to apply to water mist systems designed with multiple pumps where a pump oper-
ates individually or multiple pumps operate in parallel based on the demand of the system
downstream and the number of nozzles that discharge. These pumps work together as a single
unit to provide the necessary flow and pressure of the water mist system.

3.3.39 Pumping Liquid Level. See 3.3.29.1.

3.3.40 Quialified Person. A person who, by possession of a recognized degree, certifi-
cate, professional standing, or skill, and who, by knowledge, training, and experience, has
demonstrated the ability to deal with problems related to the subject matter, the work, or the
project. [1451, 2007]

3.3.41 Record Drawing. A design, working drawing, or as-built drawing that is submit-
ted as the final record of documentation for the project.

3.3.42* Series Fire Pump Unit. All fire pump units located within the same building
that operate in a series arrangement where the first fire pump takes suction directly from a
water supply and each sequential pump takes suction under pump pressure from the preceding
pump. Two pumps that operate in series through a tank(s) or break tank(s) are not considered
part of a series fire pump unit.

This definition does not include pumps that may operate in series but are separated by a dis-
tribution system that supplies other uses between the pumps. An example of a series pumping
arrangement that is not included within this definition is a fire pump that takes suction from a
municipal supply that is supplied by a pump. The primary application for fire pumps operating

Stationary Fire Pumps Handbook 2013



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout vitten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

44 Part Il « NFPA 20 « Chapter 3 Definitions

in series is high-rise buildings, where the pressure required to supply fire protection systems
on upper floors exceeds the pressure of the components in the fire protection systems on the
lower floors. One pump supplies the lower floors, and a second pump, in series with the first
pump, supplies upper floors.

A.3.3.42 Series Fire Pump Unit. Pumps that fill tanks are not considered to be in series
with the pumps supplied by those tanks. Water utilities and “campus type” water distribution
systems that supply a fire pump within a building can have pumps that operate independently
of, but are necessary to, the operation of a fire pump within the building. These pumps are not
included within the definition of series fire pump unit, but the arrangement of these pumps
should be reviewed as part of evaluating the water supply.

3.3.43* Service. The conductors and equipment for delivering electric energy from the
serving utility to the wiring system of the premises served. [70: Art. 100]

A.3.3.43 Service. For more information, see NFPA 70, National Electrical Code, Article 100.

3.3.44* Service Equipment. The necessary equipment, usually consisting of a circuit
breaker(s) or switch(es) and fuse(s) and their accessories, connected to the load end of service
conductors to a building or other structure, or an otherwise designated area, and intended to
constitute the main control and cutoff of the supply. [70: Art. 100]

A.3.3.44 Service Equipment. For more information, see NFPA 70, National Electrical
Code, Article 100.

See also Chapters 9 and 10.

3.3.45 Service Factor. A multiplier of an ac motor that, when applied to the rated horse-
power, indicates a permissible horsepower loading that can be carried at the rated voltage,
frequency, and temperature. For example, the multiplier 1.15 indicates that the motor is per-
mitted to be overloaded to 1.15 times the rated horsepower.

The motor for a fire pump installation must be of sufficient capacity so that it is not overloaded
beyond the limit of the service factor at the pump’s maximum brake horsepower when operat-
ing at its rated speed. For example, a 75 hp (56 kW) motor with a service factor of 1.12 could
safely meet the demand of 84 hp (63 kW) [75 hp (56 kW) X 1.12]. The service factor is a func-
tion of the type of motor and is determined by the manufacturer (see 9.5.2.2).

3.3.46 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.

3.3.47* Signal. An indicator of status.

A.3.3.47 Signal. A response to signals is expected within 2 hours.
3.3.48 Speed.

3.3.48.1 Engine Speed. The speed indicated on the engine nameplate.
3.3.48.2 Motor Speed. The speed indicated on the motor nameplate.

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

3.3.49 Static Liquid Level. See 3.3.29.2.
3.3.50 Switch.
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3.3.50.1 Isolating Switch. A switch intended for isolating an electric circuit from its source
of power. It has no interrupting rating, and it is intended to be operated only after the circuit
has been opened by some other means.

Isolating switches typically are used within controllers for electric motor—driven pumps. They
are used to isolate the power source from the controller and must be operable from the out-
side of the controller (see 10.4.2).

3.3.50.2 Transfer Switch.

3.3.50.2.1 Automatic Transfer Switch (ATS). Self-acting equipment for transferring the
connected load from one power source to another power source. [110, 2013]

Where an emergency or backup power source is supplied for electric motors driving fire
pumps, an automatic transfer switch is used to transfer power spontaneously from the primary
supply to the backup supply when the primary power supply fails. The transfer switch may be
provided as an integral part of the fire pump controller, or it may be installed as a separate
piece of equipment. Where the transfer switch is used independently from the controller, the
transfer switch is required to be listed. Where the transfer switch is integrated into the control-
ler, the entire assembly is required to be listed (see Section 10.8).

3.3.50.2.2 Manual Transfer Switch. A switch operated by direct manpower for transferring
one or more load conductor connections from one power source to another.

» FAQ

Does NFPA 20 allow the use of manual transfer switches?

Where an emergency or backup power source is supplied for electric motors driving fire
pumps, a manual power transfer switch allows for the manual (nonautomatic) transfer of
power from the normal power supply to the secondary supply. However, NFPA 20 prohibits
the use of manual transfer switches (see 10.8.2). In some facilities, a common practice is to
have multiple sources of power to improve reliability. As a result, the intention of the Technical
Committee on Fire Pumps is to prohibit the use of manual transfer switches.

3.3.51 Total Discharge Head (h ). See 3.3.23.2.

3.3.52 Total Head (H), Horizontal Pumps. See 3.3.23.3.1.
3.3.53 Total Head (H), Vertical Turbine Pumps. See 3.3.23.3.2.
3.3.54 Total Rated Head. See 3.3.23.4.

3.3.55 Total Suction Head (h). See 3.3.235.

3.3.56 Total Suction Lift (h). Suction lift that exists where the total suction head is
below atmospheric pressure. Total suction lift, as determined on test, is the reading of a lig-
uid manometer at the suction nozzle of the pump, converted to feet (meters) of liquid, and
referred to datum, minus the velocity head at the point of gauge attachment.

NFPA 20 no longer permits fire pumps to operate under a suction lift condition — that is, a <4 DESIGN ALERT
negative pressure is not permitted at the suction flange. Prior to the 1974 edition of the stan-
dard, however, horizontal shaft pumps were permitted to take suction lift. The difficulty in tak-
ing a suction lift with a horizontal shaft fire pump is that the pump must remain primed with
water at all times. The priming mechanism was required to have sufficient capacity to remove
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air from the pump and suction pipe within 3 minutes. At one point, NFPA 20 contained
7 methods for priming pumps and suction pipes. This provision was removed from the stan-
dard beginning with the 1974 edition, because failure of the priming mechanism results in
failure of the pump to move water. Exhibit 11.3.12 illustrates one priming method that was
permitted in previous editions of the standard. This exhibit is included for information only,
as some of these installations may still be in service.

EXHIBIT 11.3.12 Centrifugal

Fire Pump Installation . T & —
41in. 6

Where Pump Has Suction min.”_y ]
j : 5
Lift. O .
2 in. overflow 7 5
i ®
Screen 5 . DE
raised — | . 13 ) (N
N E
Screen in 1 ' 3
position H | ||
\ |
m —Not less @

Low water [ [||[] than 24 in.

Yard system —>

A

wl®
L Not less
than 12 in.
1. Trash rack ("2 in. flat or % in. round steel bars 11. Suction gauge
spaced 2 to 3 in. apart) 12. Umbrella cock

2. Double screens 13. Horizontal fire pump

3. Approved foot valve 14. Discharge gauge

4. Suction pipe from water supply to pump 15. Concentric reducer

5. Priming tank 16. Relief valve (if required)

6. Automatic float valve 17. Discharge check valve

7. Priming connection 18. Priming bypass

8. OS&Y gate valves 19. Discharge pipe

9. Priming check valve 20. Drain valve or ball drip
10. Eccentric reducer 21. Hose valve manifold with hose valves
3.3.57 Valve.

3.3.57.1 Dump Valve. An automatic valve installed on the discharge side of a positive dis-
placement pump to relieve pressure prior to the pump driver reaching operating speed.

3.3.57.2 Low Suction Throttling Valve. A pilot-operated valve installed in discharge piping
that maintains positive pressure in the suction piping, while monitoring pressure in the suction
piping through a sensing line.

3.3.57.3 Pressure Control Valve. A pilot-operated pressure-reducing valve designed for the
purpose of reducing the downstream water pressure to a specific value under both flowing
(residual) and nonflowing (static) conditions. [14, 2010]

3.3.57.4 Pressure-Reducing Valve. A valve designed for the purpose of reducing the down-
stream water pressure under both flowing (residual) and nonflowing (static) conditions. [14, 2010]
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3.3.57.5 Relief Valve. A device that allows the diversion of liquid to limit excess pressure
in a system.

3.3.,57.5.1 Circulation Relief Valve. A valve used to cool a pump by discharging a small
quantity of water. This valve is separate from and independent of the main relief valve.

3.3.57.6 Unloader Valve. A valve that is designed to relieve excess flow below pump capac-
ity at set pump pressure.

3.3.58 Variable Speed Pressure Limiting Control. A speed control system used to
limit the total discharge pressure by reducing the pump driver speed from rated speed.

Variable speed pressure limiting control (VSPLC) systems are similar to conventional fire pump
systems but with the addition of a pressure-sensing line that prevents the pump from over-
pressurizing the fire protection system. Prevention of overpressurization is accomplished by
altering the speed of the driver. A VSPLC can be used in place of a break tank or a pressure-
reducing or pressure relief valve when the pressure varies in the attached water supply. The
VSPLC can be driven by either an electric or a diesel engine.

3.3.59 Variable Speed Suction Limiting Control. A speed control system used to
maintain a minimum positive suction pressure at the pump inlet by reducing the pump driver
speed while monitoring pressure in the suction piping through a sensing line.

3.3.60 Velocity Head (h ). See 3.3.23.6.

3.3.61 Wet Pit. A timber, concrete, or masonry enclosure having a screened inlet kept
partially filled with water by an open body of water such as a pond, lake, or stream.

References Cited in Commentary

National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169-7471.
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NFPA Glossary of Terms, 2008 (available online at www.nfpa.org).
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CHAPTER

General Requirements

Chapter 4 contains general requirements for fire pumps. It is important to note that NFPA 20,
Standard for the Installation of Stationary Pumps for Fire Protection, does not establish the require-
ment to install a fire pump. Such requirements are based on the hydraulic demand of sup-
pression systems. In some cases, where supplemental water supplies are needed, other types
of water supplies can be used, such as elevated water tanks or pressure tanks. Where a fire
pump(s) is part of the fire protection system, the design, installation, and acceptance testing
requirements should be in accordance with this standard.

The chapter begins with design and operational requirements for fire pumps, including
information related to required approvals, pump operation and performance, and water sup-
plies. Standardized fire pump rated capacities are also established. The chapter concludes with
specifications and installation requirements for all pump components and equipment, except
for pump controllers and drivers.

4.1 Pumps

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.

Positive displacement pumps were added to the 1999 edition to provide guidance on the design
and installation of pumps that are typically used for foam systems. Previously, no guidance for
the design and installation of positive displacement pumps existed. Requirements for multiple
positive displacement pumps designed and listed to operate as a single unit were added to the
2013 edition and referred to by the term water mist positive displacement pumping unit.

4.2* Approval Required

A.4.2 Because of the unique nature of fire pump units, the approval should be obtained prior
to the assembly of any specific component.

4.2.1 Stationary pumps shall be selected based on the conditions under which they are to be
installed and used.

The fire protection system designer should verify the fire pump suction and discharge pres-
sures over the operating range of the fire pump. The fire pump should provide sufficient
discharge pressure to supply the fire protection system demands, but the discharge pressure
should not subject the fire protection system components to pressures in excess of their listed
pressure rating.

The fire pump should be located in a suitable environment. See Section 4.12, Equipment
Protection, for further guidance.
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4.2.2 The pump manufacturer or its authorized representative shall be given complete infor-
mation concerning the liquid and power supply characteristics.

Pump capacities are based on the calculated system demand. Pressure boost or output of
the pump is determined by the difference between the pressures available from the attached
water supply and the pressure required by the fire protection system. The characteristics of
that water supply — whether positive pressure or static — must be determined in order to select
the correct type of pump and its performance characteristics.

The available power supply for electric pumps must be suitable for the fire pump control-
ler. The power supply must be analyzed for reliability, capacity, and suitability. This informa-
tion must be made available to the pump manufacturer or manufacturer’s representative for
analysis.

While fire pumps are traditionally associated with water, they are also used for pumping
foam concentrate, foam water, water with other water additives, seawater, and possibly other
liquids. The characteristics of the liquid are part of the critical information needed by the pump
manufacturer.

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 prepared
for approval.

Ordinarily, upon purchase of a fire pump, the manufacturer or supplier provides the buyer with
product data for the pump, the driver, the controller, and all accessories. This data package
should include the pump’s rated capacity and speed in addition to other performance char-
acteristics. The data package should be submitted to the registered design professional (RDP)
and authority having jurisdiction (AHJ) for approval before shipment of the pump and acces-
sories. The reviewing authority should be contacted prior to submittal to determine the num-
ber of plans, calculations, or product data needed for review. The submitter should include
an additional number of copies of the package to be returned documenting the approval or
comments from the AHJ.

In addition to this data package, a complete plan of the proposed installation, drawn to
scale, should be submitted, indicating, as a minimum, the information outlined in Exhibit 11.4.1.

4.2.3.1 Plans shall be drawn to an indicated scale, on sheets of uniform size, and shall indi-
cate, as a minimum, the items from the following list that pertain to the design of the system:

(1) Name of owner and occupant

(2) Location, including street address

(3) Point of compass

(4) Name and address of installing contractor

(5) Pump make and model number

(6) Pump rating gpm @ psi rpm

(7) Suction main size, length, location, weight, type of material, and point of connection to
water supply, as well as size and type of valves, valve indicators, regulators, meters, and
valve pits, and depth to top of pipe below grade

(8) Water supply capacity information including the following:

(a) Location and elevation of static and residual test gauge with relation to the riser
reference point

(b) Flow location

(c) Static pressure, psi (bar)

(d) Residual pressure, psi (bar)

(e) Flow, gpm (L/min)
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PUMP INSTALLATION PLAN CHECKLIST

General

1J Name of owner or occupant

[ Location including street address
[ Point of compass

1J Name and address of designer and installing
contractor

1 Listed pump, make, model number, driver
type, and rated capacity

1 Type of system supplied by pump

1 Design standard used including edition

Water Supply Characteristics
1 Flow test data not more than 5 years old
1 Underground main of adequate size

1 Water storage tank of adequate capacity
with automatic refill connection

Suction Piping
1 Proper size

1 Galvanized or painted on the inside for
corrosion protection

(1 Isolation valve (OS&Y) in the proper location

1 Backflow prevention or other device in
proper location

1 Elbows in the proper orientation or more
than 10 pipe diameters away from suction
flange of pump

[ Eccentric reducer (if needed) installed
correctly

1 Pump bypass
1 Suction and discharge pressure gauges
1 Circulation relief valve

Discharge Piping

1 Proper size

1 Check valve

1 Discharge isolation valve

Notes:

Fire Pump Controller

(1 Listed for type of pump served

3 If electric, type and arrangement of power
supply

Water Flow Test Devices
1 Test header or flowmeter

J Proper number of 22 in. hose valves on
test header

1 Test header piping of proper size
1 Proper size of flowmeter (if provided)

Jockey Pump

1 Jockey pump bypasses fire pump

J Separate and dedicated sensing line for
jockey pump

[J Sensing lines Y2 in. diameter and of brass,
copper, or stainless steel piping

1 No shutoff valves in sensing lines

Isolation Valves

1 All isolation valves supervised in the open
position

1 Test header and flowmeter valves supervised
in the closed position

Diesel Fire Pump

1 Relief valve (if provided) with no isolation
valves

[ Two storage batteries provided with charger

1 Cooling system from heat exchanger or
cooling water supply from pump discharge

1 Diesel tank located above ground

1 Diesel tank of sufficient capacity 1 gallon per
horsepower (gal/hp) plus 10 percent

1. For all types of pumping equipment, a complete bill of material should be provided. This list should include

the make, model, and part numbers of all components.

2. For all electrically operated pumps, provide an electrical schematic drawing that depicts which compo-
nents are proposed for the power supply from the utility connection to the pump motor controller.

3. Ratings of all equipment and components and settings of breakers, fuses, switches, and transformers
should be indicated. Size and length of all circuit conductors should also be noted.

EXHIBIT 11.4.1 Checklist for Plan of Proposed Installation.

(f) Date
(g) Time

(h) Name of person who conducted the test or supplied the information
(i) Other sources of water supply, with pressure or elevation

See 4.6.1.1 for a discussion of water supply evaluation.

(9) Pump driver details including manufacturer, horsepower, voltage, or fuel system details
(10) Controller manufacturer, type, and rating
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(11) Suction and discharge pipe, fitting, and valve types

(12) Test connection piping and valves

(13) Flow meter details (if used)

(14) Jockey pump and controller arrangement, including sensing line details

4.2.4 Each pump, driver, controlling equipment, power supply and arrangement, and liquid
supply shall be approved by the authority having jurisdiction for the specific field conditions
encountered.

4.3 Pump Operation

4.3.1 In the event of fire pump operation, qualified personnel shall respond to the fire pump
location to determine that the fire pump is operating in a satisfactory manner.

A qualified person is one who is familiar with the purpose and function of the fire pump and
related equipment. This person should be trained in the operation of the pump. The regularly
scheduled nonflow test required by NFPA 25, Standard for the Inspection, Testing, and Mainte-
nance of Water-Based Fire Protection Systems, is an excellent training opportunity that can be
used to demonstrate the proper operation of pumping equipment. One of the reasons for
placing a fire pump in a protected enclosure, as required in Section 4.12, is to provide protec-
tion for both the pump operator and the pumping equipment. Consideration should be given
to locating the fire pump room at grade level, with direct access to the exterior of the building,
to afford quick and easy egress for the pump operator and access to the pumping equipment
for fire department personnel.

4.3.2 System Designer.
4.3.2.1 The system designer shall be identified on the system design documents.

4.3.2.2 Acceptable minimum evidence of qualifications or certification shall be provided
when requested by the authority having jurisdiction.

4.3.2.3 Qualified personnel shall include, but not be limited to, one or more of the following:

(1) Personnel who are factory trained and certified for fire pump system design of the spe-
cific type and brand of system being designed

(2)* Personnel who are certified by a nationally recognized fire protection certification orga-
nization acceptable to the authority having jurisdiction

(3) Personnel who are registered, licensed, or certified by a state or local authority

A.4.3.2.3(2) Nationally recognized fire protection certification programs include, but are not
limited to, those programs offered by the International Municipal Signal Association (IMSA)
and the National Institute for Certification in Engineering Technologies (NICET). Note: These
organizations and the products or services offered by them have not been independently veri-
fied by the NFPA, nor have the products or services been endorsed or certified by the NFPA
or any of its technical committees.

4.3.2.4 Additional evidence of qualification or certification shall be permitted to be required
by the AHJ.

4.3.3 System Installer.

4.3.3.1 Installation personnel shall be qualified or shall be supervised by persons who are
qualified in the installation, inspection, and testing of fire protection systems.

4.3.3.2 Minimum evidence of qualifications or certification shall be provided when requested
by the authority having jurisdiction.
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4.3.3.3 Qualified personnel shall include, but not be limited to, one or more of the following:

(1) Personnel who are factory trained and certified for fire pump system design of the spe-
cific type and brand of system being designed

(2)* Personnel who are certified by a nationally recognized fire protection certification orga-
nization acceptable to the authority having jurisdiction

(2) Personnel who are registered, licensed, or certified by a state or local authority

A4.3.3.3(2) See A.4.3.2.3(2).

4.3.3.4 Additional evidence of qualification or certification shall be permitted to be required
by the AHJ.

4.3.4* Service Personnel Qualifications and Experience.
A.4.3.4 Service personnel should be able to do the following:

(1) Understand the requirements contained in this standard and in NFPA 25, Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems, and the
fire pump requirements contained in NFPA 70, National Electrical Code

(2) Understand basic job site safety laws and requirements

(3) Apply troubleshooting techniques and determine the cause of fire protection system trou-
ble conditions

(4) Understand equipment-specific requirements, such as programming, application, and
compatibility

(5) Read and interpret fire protection system design documentation and manufacturers’
inspection, testing, and maintenance guidelines

(6) Properly use tools and equipment required for testing and maintenance of fire protection
systems and their components

(7) Properly apply the test methods required by this standard and NFPA 25, Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems

4.3.4.1 Service personnel shall be qualified and experienced in the inspection, testing, and
maintenance of fire protection systems.

4.3.4.2 Qualified personnel shall include, but not be limited to, one or more of the following:

(1) Personnel who are factory trained and certified for fire pump system design of the spe-
cific type and brand of system being designed

(2)* Personnel who are certified by a nationally recognized fire protection certification orga-
nization acceptable to the authority having jurisdiction

(3) Personnel who are registered, licensed, or certified by a state or local authority

(4) Personnel who are employed and qualified by an organization listed by a nationally rec-
ognized testing laboratory for the servicing of fire protection systems

A4.3.4.2(2) See A.4.3.2.3(2).

4.3.4.3 Additional evidence of qualification 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, driver, and controller, shall perform in
compliance with this standard as an entire unit when installed or when components have
been replaced.

A.4.4.1 A single entity should be designated as having unit responsibility for the pump,
driver, controller, transfer switch equipment, and accessories. Unit responsibility means the
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accountability to answer and resolve any and all problems regarding the installation, com-
patibility, performance, and acceptance of the equipment. Unit responsibility should not be
construed to mean purchase of all components from a single supplier.

Unit responsibility should be the responsibility of the installer until the equipment is accepted
and officially turned over to the building owner. A representative of the installing contractor
(usually a designer, a project manager, or an engineer) is normally involved with the fire pump
installation from purchase of the equipment to acceptance testing. On projects where a formal
commissioning program is used, the responsibility for the fire pump may be given to a com-
missioning agent.

When individual components have been replaced, the contractor who installed the
replacement components must verify that the entire unit functions as intended — see NFPA 25
for component replacement testing requirements after the initial acceptance test.

A water mist positive displacement pumping unit and a series fire pump unit should also
meet the requirements of Section 4.4.1.

» FAQ

Must a fire pump, driver, and all related accessories/components be purchased
from a single source?

NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection, does not require
the purchase of all components of a fire pump from a single source. However, consideration
should be given to the listing and compatibility of all system components.

4.4.2 The complete fire pump unit shall be field acceptance tested for proper performance
in accordance with the provisions of this standard. (See Section 14.2.)

Upon completion of the installation and prior to final acceptance, the installation contractor
should coordinate the field acceptance test, which includes participation of all interested par-
ties, such as the pump manufacturer’s representative and the fire pump controller manufac-
turer’s representative, the building owner or his or her representative, the RDP, and the AHJ.
The acceptance test should demonstrate to the building owner’s representative and the AHJ
that the pump performs as intended and complies with the requirements of this standard and
any project specification. Ordinarily, the services of both the pump manufacturer and control-
ler manufacturer are part of the fire pump purchase order and include the necessary labor
hours to complete the acceptance test.

A water mist positive displacement pumping unit and a series fire pump unit should also
meet the requirements of 4.4.2.

4.5 Certified Shop Test

4.5.1 Certified shop test curves showing head capacity and brake horsepower of the pump
shall be furnished by the manufacturer to the purchaser.

The certified shop test provides verification that the fire pump was tested by the manufacturer
prior to shipment to the job site and performs properly under ideal conditions. This test report
should be submitted to the RDP and AHJ for review and approval. The data collected during
the acceptance test are compared to the certified shop test report to reveal differences in
pump performance from the shop test to the acceptance test. Variations in the pump speed
can cause discrepancies between the certified shop test curve and the field results. Minor dif-
ferences between these test results may be corrected by applying affinity laws as referenced
in Chapter 14.
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4.5.1.1 For water mist positive displacement pumping units, certified shop test data, including
flow, pressure, and horsepower, shall be provided for each independent pump.

While a water mist positive displacement pumping unit is acceptance tested as a unit, indi-
vidual fire pump performance curves are useful for evaluating performance degradation and
replacement of individual pumps within the unit.

4.5.1.2 For water mist positive displacement pumping units, certified shop test data, includ-
ing flow, pressure, and horsepower, shall also be provided for the fire pump unit with variable
speed features deactivated.

4.5.1.2.1 The certified fire pump unit shop test data shall be developed by activating the indi-
vidual fire pumps in the same operating sequence that the controller will utilize.

The variable speed feature is deactivated for part of the acceptance testing for water mist
positive displacement pumping units. This curve is also useful for evaluating performance
degradation and replacement of individual pumps within the unit.

4.5.1.3 For water mist positive displacement pumping units with variable speed features, cer-
tified shop test data, including flow, pressure, and horsepower, shall also be provided for the
fire pump unit with variable speed features activated.

4.5.1.3.1 The certified fire pump unit shop test data shall be developed by activating the indi-
vidual fire pumps in the same operating sequence that the controller will utilize.

A water mist positive displacement pumping unit normally operates with the variable speed
features activated. Acceptance testing of the unit includes operating the unit with the variable
speed features activated.

4.5.2 The purchaser shall furnish the data required in 4.5.1 to the authority having
jurisdiction.

The certified shop test is performed when the fire pump and driver are assembled at the
manufacturing facility. In some cases, the commissioning agent or project engineer may wish
to witness the shop test. In such cases, the shop test should be coordinated with the manufac-
turer, purchaser, and commissioning agent. The certified shop test results should be submitted
for review and approval as part of the commissioning process.

4.6 Liquid Supplies
4.6.1* Reliability.

Determining and verifying reliability requires a complex evaluation that should take into
account life safety, economic, and environmental risks. For a more thorough discussion
regarding water supply adequacy and reliability, see Part Il of this handbook.

A.4.6.1 For water supply capacity and pressure requirements, see the following documents:

(1) NFPA 1, Fire Code

(2) NFPA 13, Standard for the Installation of Sprinkler Systems

(3) NFPA 14, Standard for the Installation of Standpipe and Hose Systems
(4) NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection
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(5) NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray
Systems
(6) NFPA 750, Standard on Water Mist Fire Protection Systems

4.6.1.1 The adequacy and dependability of the water source are of primary importance and
shall be fully determined, with due allowance for its reliability in the future.

Water supplies should be thoroughly investigated to identify how system operation and varia-
tions in water usage may affect the waterflow test. Many water utilities use a combination of
elevated tanks and pumps in the distribution system, which affects the available flows and
pressures. Tank filling, which may occur at night, can cause changes in system pressures. The
need for increased usage in the future, especially in rapidly developing areas, should be evalu-
ated. These variations should be taken into account to ensure that the fire pump will provide
sufficient discharge pressure to supply the fire protection system demands under reasonable,
anticipated, worst-case conditions while not subjecting the fire protection system components
to pressures in excess of their listed pressure rating.

4.6.1.2 Where a water flow test is used to determine the adequacy of the attached water sup-
ply, the test shall have been completed not more than 12 months prior to the submission of
working plans, unless otherwise permitted by the authority having jurisdiction.

4.6.2* Sources.

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.

4.6.2.1 Any source of water that is adequate in quality, quantity, and pressure shall be permit-
ted to provide the supply for a fire pump.

Appropriate measures should be taken to protect the fire protection system from excessive
corrosion, tabulation, and debris when using raw water sources such as ponds, lakes, and riv-
ers. Debris, biological life, mineral content, and other pollutants can cause rapid deterioration
of the fire protection system.

4.6.2.2 Where the water supply from a public service main is not adequate in quality, quan-
tity, or pressure, an alternative water source shall be provided.

4.6.2.3 The adequacy of the water supply shall be determined and evaluated prior to the speci-
fication and installation of the 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 greater of
100 percent of rated flow or the maximum flow demand of the fire protection system(s), the
water 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.

Paragraph 4.6.2.3 does not apply to wells (see 7.2.7). It is the intent of this standard to size
fire pumps based on the flow requirements of the attached fire protection system. The water
supply, when operating under reasonable, anticipated, worst-case conditions, must be capable
of maintaining a positive pump suction pressure while providing the rated pump flow rate at
a residual pressure that is acceptable to the AHJ. The water supply, when operating under
reasonable, anticipated, worst-case conditions, must also be capable of maintaining a posi-
tive pump suction pressure while providing the maximum fire protection system demand at a
residual pressure that is acceptable to the AHJ. If the water supply meets these conditions, but
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cannot provide sufficient flow to meet 150 percent of the rated flow of the pump, the water
supply may be used to supply the fire pump and still meet the requirements of this standard.
This commentary is consistent with the requirements of 14.2.6.2.8.

4.6.2.3.2 Where the water supply cannot provide 150 percent of the rated flow of the pump,
a placard shall be placed in the pump room indicating the minimum suction pressure that the
fire pump is allowed to be tested at and also indicating the required flow rate.

This information is intended to help evaluate the fire pump performance when flow testing
required for the acceptance test or by NFPA 25 is conducted.

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

4.6.3 Level. The minimum water level of a well or wet pit shall be determined by pumping
at not less than 150 percent of the fire pump rated capacity.

4.6.4* Stored Supply.

A.4.6.4 Water sources containing salt or other materials deleterious to the fire protection
systems should be avoided.

Where the authority having jurisdiction approves the start of an engine-driven fire pump
on loss of ac power supply, the liquid supply should be sufficient to meet the additional cool-
ing water demand.

Automatically starting a diesel fire pump on the loss of electrical power is not a recommended
practice. Paragraph 11.2.7.2.1.5 requires that batteries be sized to start the diesel engine after
72 hours without recharging.

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.

A stored supply of water for any fire protection system should be designed and installed <4 CALCULATION
in accordance with NFPA 22, Standard for Water Tanks for Private Fire Protection. The required

quantity of water is determined by multiplying the system demand in gallons per minute

(liters per minute) [gpm (L/min)] by the discharge duration specified by the appropriate system

installation standard. The stored water available for fire protection is the water between the

discharge and the overflow connection(s) on the storage tank. The total water available for

fire protection is the stored fire protection water plus the water automatically refilled during

the discharge duration. Even if the total water demand is stored, an automatic refill connection

is preferable and should be designed and installed with sufficient flow capacity to refill the

stored supply within 8 hours in accordance with NFPA 22.

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

As the term is used in 4.6.5, head refers to the pressure available at the fire pump suction at
the maximum pump test flow. A positive head is required for a horizontal centrifugal fire pump

(except where a tank is the suction supply) when the tank is at the lowest level available to
maintain discharge and the pump is operating at 150 percent of rated flow.
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4.6.5.1 Except as provided in 4.6.5.2, the head available from a water supply shall be figured
on the basis of a flow of 150 percent of rated capacity of the fire pump.

The capacity of a fire pump should be selected based upon the anticipated system demand
(see Section 4.8). However, consideration should be given to performance of the pump when
operating at overload (150 percent of rated capacity). Oversizing a fire pump can place an
undue demand on the attached water supply, while undersizing the fire pump can cause dif-
ficulty in meeting system demand. Further, some water authorities prohibit flowing a quantity
of water that causes residual pressures to drop below 20 psi (1.4 bar) at any point in the water
system. Note that 4.14.3.1 limits suction pressure to not less than O psi (0 bar). Because of
the aforementioned limitations, careful consideration of pump sizing must be exercised. It is
also important to note that failure to operate a pump at 150 percent of rated capacity during
the acceptance test does not constitute an unacceptable installation, provided that the pump
meets 100 percent of rated capacity and also meets the system demand (see 14.2.6.2.6). The
entire system must be considered when the water utility limits minimum residual pressure
[typically 20 psi (1.4 bar)]. Residual pressures at sites located at higher elevations may be less
than the residual pressure at sites at lower elevations.

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 supply can provide the greater of 100 percent of the rated flow or the flow
demand of the fire protection system(s), the head available from the water supply shall be
permitted to be calculated on the basis of the maximum flow available as allowed by 4.6.2.3.1.

This paragraph is consistent with 4.6.2.3.1 and reaffirms that the attached water supply need
not be capable of flowing 150 percent of the fire pump rated capacity. The attached water
supply must, however, be capable of providing sufficient flow to exceed the fire protection
system demand.

4.6.5.3 The head described in 4.6.5.2 shall be as indicated by a flow test.

When evaluating the ability of the fire pump to supply the system demand, the head available
from a storage tank should be based on a water level measured at the lowest discharge level
(tank nearly empty).

Flow test data should never be more than 12 months old (see 4.6.1.2), since many factors
affecting the flow test results may change during that time. See Part Il of this handbook for
information regarding fire flow testing.

4.7 Pumps, Drivers, and Controllers
4.7.1* Fire pumps shall be dedicated to and listed for fire protection service.

A.4.7.1 This subsection does not preclude the use of pumps in public and private water sup-
plies that provide water for domestic, process, and fire protection purposes. Such pumps are
not fire pumps and are not expected to meet all the requirements of this standard. Such pumps
are permitted for fire protection if they are considered reliable by the analysis mandated in
Section 4.6. Evaluating the reliability should include at least the levels of supervision and
rapid response to problems as are typical in municipal water systems.

If a private development (campus) needs a fire protection pump, this is typically accom-
plished by installing a dedicated fire pump (in accordance with this standard) in parallel with
a domestic pump or as part of a dedicated fire branch/loop off a water supply.
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Subsection 4.7.1 is intended to prohibit the use of fire pumps for other purposes, as A.4.7.1
points out. However, other pumps, such as those used for domestic or industrial purposes, can
be used to supply fire protection water, provided that they are evaluated for reliability and
are properly supervised. Fire pumps that are installed in parallel with domestic pumps on a
combined fire/domestic water distribution system require special consideration. The domestic
pumps should operate at or close to the fire pump pressures. The operation of one or two fire
protection devices may not lower the system pressure sufficiently to activate the fire pump. In
such cases, the domestic pumps may not provide adequate pressure for the initial demand in
the fire protection system.

4.7.2 Acceptable drivers for pumps at a single installation shall be electric motors, diesel
engines, steam turbines, or a combination thereof.

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

A.4.7.3 ltis not the intent of this subsection to require replacement of dual driver installations
made prior to the adoption of the 1974 edition of this standard.

4.7.4 Each fire pump shall have its own dedicated driver unless otherwise permitted
in 8.6.3.1.

Pumps in a water mist positive displacement pumping unit are allowed to share a common
driver, because they are listed as a unit and they are operating as a unit — as multiple low
volume pumps operating in parallel to supply a fire protection system.

4.7.5 Each driver or water mist positive displacement pumping unit shall have its own dedi-
cated controller.

The concept of a water mist positive displacement pumping unit with multiple positive dis-
placement pumps operating in parallel to serve the same fire protection system was intro-
duced in the 2013 edition. Because these pumps work as a unit to serve the same system, a
single controller is allowed for the unit.

4.7.6* The driver shall be selected in accordance with 9.5.2 (electric motors), 11.2.2 (diesel
engines), or 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.

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
displacement pumps, the maximum brake horsepower required to drive the pump typically
occurs when the relief valve is flowing 100 percent of the rated pump capacity. Pumps con-
nected to variable speed drivers can operate at lower 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.

4.7.7* Maximum Pressure for Centrifugal Pumps.

A.4.7.7 Apressure relief valve is not an acceptable method of reducing system pressure under
normal operating conditions. Prior to the 2003 edition, NFPA 20 did not strictly prohibit the
use of pressure relief valves for management of excessive pressure at churn or low water flow
conditions and only recognized it as a poor design practice as part of the 1999 edition. Exist-
ing installations designed under previous editions of NFPA 20 and containing pressure relief
valves designed for such purposes might still be in service.
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4.7.7.1 The net pump shutoff (churn) pressure plus the maximum static suction pressure,
adjusted for elevation, shall not exceed the pressure for which the system components are rated.

When selecting the fire pump, the maximum pump discharge pressure should not subject any
system component to a pressure that exceeds the component pressure rating. The maximum
discharge pressure normally occurs at zero flow (churn) and is calculated by adding the suc-
tion pressure to the net pump pressure. The maximum reasonably anticipated suction pres-
sure should be used for this calculation. All listed fire protection components have a pressure
rating of 175 psi (12.1 bar) or higher. If the system components have been properly selected,
some fire protection systems may be rated for 300 psi (20.7 bar). Pressures in excess of the
component rating can damage system components. The maximum pressure permitted in a
standpipe system per NFPA 14, Standard for the Installation of Standpipe and Hose Systems, cur-
rently is 350 psi (24.1 bar), although NFPA 14 does not restrict the pressure in express risers in
standpipe systems. See Exhibit I1.4.2 for a check valve rated for 300 psi (20.7 bar).

EXHIBIT 11.4.2. Check

Valve Listed for 300 psi [ R

(20.7 bar). (Courtesy of Aon
Fire Protection Engineering)

4.7.7.2* Pressure relief valves and pressure regulating devices in the fire 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:

= Diesel engine drivers where pressures developed may exceed the pressure rating of
system components if an overspeed condition occurs

= Variable speed drivers where pressures developed may exceed the pressure rating of
system components if a failure causes the driver to revert to rated speed

A pump should never be deliberately oversized so that a pressure reducing valve is needed.
Pressure reducing valves and 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 permitted 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 extra heavy pattern. It is not the intent of Section 4.7.7.2 to limit the use of pres-
sure 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
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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 1t 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 Pressure Limiting Control.

4.7.7.3.1 Variable speed pressure limiting control drivers, as defined in this standard, shall be
acceptable to limit system pressure.

Variable speed pressure limiting control (VSPLC) or variable speed drive (VSD) was first intro- <4 DESIGN ALERT
duced into NFPA 20 in the 2003 edition. As its name suggests, the pump speed is changed to
prevent overpressurization of the fire protection system. A VSD fire pump and controller can
be used when high flow and high pressure are needed but, due to the nature of fire pump
performance, pressures at lower flows may be at levels in excess of the rating of system
components. Examples of such systems are early suppression fast response (ESFR) sprinkler
systems and standpipe systems. For example, a standpipe system with a system demand of
1000 gpm (3785 L/min) at 150 psi (10.3 bar) would require a fire pump rated for 1000 gpm
(3785 L/min) at 160 psi (11.0 bar) [assuming O psi (0 bar) on the suction flange of the fire
pumpl]. A fire pump of this rated capacity can produce as much as 224 psi (15.5 bar) — well in
excess of the 175 psi (12.1 bar) rating of the system component. In this case, a VSD with a set
pressure of 165 psi (11.4 bar) would prevent overpressurization of the system while meeting
the fire protection system demand. Exhibit 11.4.3 shows an electric motor variable speed pump
drive controller with a transfer switch. Exhibit 11.4.4 illustrates constant speed pump operation,
and Exhibit I1.4.5 illustrates variable speed pump operation.

4.7.7.3.2* The set pressure plus the maximum pressure variance of the variable speed pres-
sure limiting controlled systems during variable speed operation and adjusted for elevation
shall not exceed the pressure rating of any system component.

Paragraph 4.7.7.3.2 is intended to be a performance requirement to address the pressure tol-
erance rather than establishing a prescriptive requirement for a specific tolerance. This para-
graph and A.4.7.7.3.2 also provide guidance for the fire protection system designer on how to
deal with the effects of the variable speed pressure tolerance.

A.4.7.7.3.2 This requirement is intended to take into consideration the set pressure tolerance
performance of the variable speed pressure limiting control as stated by the manufacturer.

EXHIBIT 11.4.3 Electric
Motor Variable Speed

Pump Drive Controller with
Transfer Switch. (Courtesy of
Master Control Systems, Inc.)
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4.8* Centrifugal Fire Pump Capacities

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 condi-
tions, the pump can operate at any point on its characteristic curve

—W AHJ FAQ

63

The required flow for a fire protection system
is higher than the rated flow for the fire pump
selected by the designer. Is this allowed?

ANSWER: Yes, a fire pump can satisfy any point
along its performance curve. This includes points up
to its overload point (150 percent of rated flow).

from shutoff to 150 percent of its rated capacity.

Selecting a pump so that the system demand falls between 90 percent and 140 percent of
rated capacity ensures that the pump is not oversized and conversely is not operating at
its maximum output. While NFPA 20 recommends selecting a pump of a size such that the
system demand falls between 90 percent and 140 percent, some insurance companies limit
pump sizing to 120 percent of rated capacity. The intent of this limitation is to avoid operat-
ing the pump at or near the overload point, which, over time, may compromise pump per-
formance. After years of service, a fire pump may begin to show signs of wear and may not
be capable of reaching 150 percent of rated capacity. If such a pump were selected based on
performance at 150 percent capacity, a deficiency would eventually result. Selecting a fire
pump of such a size that the system demand falls below 90 percent results in a fire pump that
is too large for the system. The results of such a design include a potential overpressurization
of the system and excessive cost.

4.8.1 A centrifugal fire pump for fire protection shall be selected so
that the greatest single demand for any fire protection system con-
nected to the pump is less than or equal to 150 percent of the rated
capacity (flow) of the pump.

—W AHJ FAQ

Plans for a campus-style arrangement of buildings
show a fire pump house with a single fire pump
serving several buildings. Can this arrangement be
approved?

ANSWER: As long as the greatest single demand of
any of the fire protection systems that the fire pump
serves is met by the fire pump, the plan is acceptable.

4.8.2* Centrifugal fire pumps shall have one of the rated capacities
in gpm (L/min) identified in Table 4.8.2 and shall be rated at net pres-
sure 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
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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.

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

4.9 Nameplate

The nameplate provides specific performance data on the fire pump. This information must be
maintained for the life of the system. Without the nameplate, it may be difficult to determine
the performance characteristics of the pump. See Exhibit 11.4.6 for an illustration of a typical
fire pump nameplate.

4.9.1 Pumps shall be provided with a nameplate.

4.9.2 The nameplate shall be made of and attached using corrosion resistant material.

EXHIBIT 11.4.6 Fire Pump
Nameplate. (Courtesy of Aon
Fire Protection Engineering)

4.10 Pressure Gauges

Suction and discharge gauges are used to measure pressure on both sides of the fire pump
when in operation and during the regularly scheduled nonflow testing required by NFPA 25.
The gauges should be of sufficient quality to provide a reasonably accurate pressure reading,
since they are used for testing purposes on a weekly and annual basis. These gauges should
be calibrated each year to maintain accuracy.

4.10.1 Discharge.

4.10.1.1 A pressure gauge having a dial not less than 3.5 in. (89 mm) in diameter shall be
connected near the discharge casting with a nominal 0.25 in. (6 mm) gauge valve.
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4.10.1.2 The dial shall indicate pressure to at least twice the rated working pressure of the
pump but not less than 200 psi (13.8 bar).

4.10.1.3 The face of the dial shall read in bar, pounds per square inch, or both with the manu-
facturer’s standard graduations.

4.10.2* Suction.

A.4.10.2 For protection against damage from overpressure, where desired, a gauge protector
should be installed.

4.10.2.1 Unless the requirements of 4.10.2.4 are met, a gauge having a dial not less than
3.5in. (89 mm) in diameter shall be connected to the suction pipe near the pump with a nomi-
nal 0.25 in. (6 mm) gauge valve.

4.10.2.1.1 Where the minimum pump suction pressure is below 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) for the suction range.

4.10.2.3 The gauge shall have a pressure range two times the rated maximum suction pressure
of the pump.

4.10.2.4 The requirements of 4.10.2 shall not apply to vertical shaft turbine-type pumps tak-
ing suction from a well or open wet pit.

4.11 Circulation Relief VValve
4.11.1 Automatic Relief Valve.

4.11.1.1 Unless the requirements of 4.11.1.7 are met, each pump(s) shall have an automatic
relief valve listed for the fire pump service installed and set below the shutoff pressure at
minimum expected suction pressure.

When a centrifugal fire pump is operating at churn, energy is continuously imparted to the
water in the impeller, causing the water to heat. For electrical drive fire pumps and radiator-
cooled engine—driven fire pumps, a listed circulation relief valve is needed to provide cool-
ing water when the pump is operating at churn. The pipe connection for this valve must be
located on the discharge side of the pump to cause flow through the pump casing and should
discharge outdoors or to a floor drain where discharge can be observed by the pump operator.
This valve should be installed in the vertical position, because installation in the horizontal
position may cause the valve to fail at an accelerated rate due to obstructing material collect-
ing in the valve seat. Failure or the omission of this valve can result in overheating and sub-
sequent damage to the fire pump. Exhibit 11.4.7 illustrates a %z in. (19 mm) circulation (casing)
relief valve. Exhibit 11.4.8 illustrates a cooling line to a diesel engine installed downstream of
the pump, which eliminates the need for a circulation relief valve.

4.11.1.2 The valve shall be installed on the discharge side of the pump before the discharge
check valve.

4.11.1.3 The valve shall provide flow of sufficient water to prevent the pump from overheat-
ing when operating with no discharge.

4.11.1.4 Provisions shall be made for discharge to a drain.

4.11.1.5 Circulation relief valves shall not be tied in with the packing box or drip rim drains.
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EXHIBIT 11.4.7 Circulation (Casing) Relief Valve. EXHIBIT 11.4.8 Cooling Line for a Diesel Engine Installed
Downstream of the Pump, Eliminating the Need for a
Circulation Relief Valve. (Courtesy of Aon Fire Protection
Engineering)

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 exceeding 2500 gpm (9462 L/min) and have a nominal size of 1 in.
_' AHJ FAQ (25 mm) for pumps with a rated capacity of 3000 gpm to 5000 gpm
(11,355 L/min to 18,925 L/min).

The plans for a centrifugal fire pump do not show

an automatic circulation relief valve. Are all centrif- 4.11.1.7 The requirements of 4.11.1 shall not apply to engine-
ugal pumps required to have an automatic circula- driven pumps for which engine cooling water is taken from the pump
tion relief valve? .

o ) ) discharge.
ANSWER: An automatic circulation relief valve on a
centrifugal fire pump is provided to keep the pump
from overheating at churn. If an engine-driven cen-
trifugal fire pump takes its cooling water from the Water taken from the discharge side of a fire pump for engine cooling
pump discharge, water will be flowing at churn and, provides the same cooling effect as a circulation relief valve. See Chap-
thergfore, an automatic circulation relief valve is not ter 11 for more details.
required.

4.12* Equipment Protection

Section 4.12 provides requirements and guidance on the proper placement of a fire pump and
related equipment. In this case, equipment protection is also intended to provide a relatively
safe environment for the equipment operator. In accordance with Section 4.3, a qualified fire
pump operator will report to the fire pump room to confirm that the equipment is operating
properly in the event of operation of the plant. By locating the fire pump room near an exte-
rior wall and enclosing the equipment in a fire-rated room, the operator is provided with a
means of egress, and both the operator and the equipment are protected from fire exposure.
Although not specifically addressed in this section, damage to fire pump systems can also
occur from careless installation and maintenance procedures. Exhibit 11.4.9 shows the effect
of one such incident.

» FAQ

Does the standard require a separate fire pump room for each fire pump
installation?
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EXHIBIT 11.4.9 Fire Pump Damage from Careless Installation and Maintenance
Procedures. (Courtesy of Aon Fire Protection Engineering)

—W AHJ FAQ

The intent of this section, by requiring fire separation, is to locate a fire The plans submitted for a fire pump installation

pump and its related equipment in a dedicated fire pump room. For
installations with multiple pumps, a single fire pump room is needed.
Fire pumps must not be located in mechanical equipment spaces,
which would expose the equipment and operator to damage and
potential injury.

A.4.12 Special consideration needs to be given to fire pump installa-
tions installed belowgrade. Light, heat, drainage, and ventilation 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
permit short and properly arranged piping. The suction piping should
receive first consideration. The pump house should preferably be a

show the pump located in the middle of a storage
room. Can the designer be required to alter the
location?

ANSWER: Yes, there are several requirements that
deal with the protection of the fire pump. The pump
needs to be separated with fire resistance—rated con-
struction in accordance with Table 4.12.1.1.2 and can-
not be used for any other purposes other than those
that are essential to the fire pump operation. In addi-
tion, since the fire department usually responds to
the pump room during an emergency, the AHJ is
allowed input regarding the location of, and access
to, the room. A new section (4.12.2.1.1) in the 2013
edition mandates a rated enclosure to the pump
room when the room is not directly accessed from

the exterior of the building.

detached building of noncombustible construction. A one-story pump
room with a combustible roof, either detached or well cut off from
an adjoining one-story building, is acceptable if sprinklered. Where a
detached building is not feasible, the pump room should be located and constructed so as to
protect the pump unit and controls from falling 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 construction of the pump room.
The pump room or pump house should not be used for storage purposes. Vertical shaft tur-
bine-type pumps might necessitate a removable panel in the pump house roof to permit the
pump to be removed for inspection or repair. Proper clearances to equipment should be pro-
vided as recommended by the manufacturer’s drawings.

4.12.1* General Requirements. The fire pump, driver, controller, water supply, and
power supply shall be protected against possible interruption of service through damage
caused by explosion, fire, flood, earthquake, rodents, insects, windstorm, freezing, vandal-
ism, and other adverse conditions.

A.4.12.1 A fire pump that is inoperative for any reason at any time constitutes an impairment
to the fire protection 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 enclosure. At a minimum, equipment installed outdoors should be
shielded by a roof or deck.
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4.12.1.1* Indoor Fire Pump Units.

A.4.12.1.1 Most fire departments have procedures requiring operation of a fire pump unit
during an incident. Building designers should locate the fire pump room to be easily acces-
sible during an incident.

4.12.1.1.1 Fire pump units serving high-rise buildings shall be protected from surrounding
occupancies by a minimum of 2-hour fire-rated construction or physically separated from the
protected building by a minimum of 50 ft (15.3 m).

A minimum of 50 ft (15.3 m) of separation or a 2-hour fire-rated enclosure will protect the
building’s fire pump and personnel from an exposure fire.

4.12.1.1.2* Indoor fire pump rooms in non-high-rise buildings or in separate fire pump build-
ings shall be physically separated or protected by fire-rated construction in accordance with
Table 4.12.1.1.2.

TABLE 4.12.1.1.2 Equipment Protection

Building(s) Exposing Pump

Pump Room/House Room/House Required Separation
Not sprinklered Not sprinklered 2 hour fire-rated
Not sprinklered Fully sprinklered or
Fully sprinklered Not sprinklered 50 ft (15.3 m)
Fully sprinklered Fully sprinklered 1 hour fire-rated

or
50 ft (15.3 m)

For the purposes of Table 4.12.1.1.2, a building with a fire protection system(s) supplied from
the fire pump is considered to be a building exposing the pump room/house. There may also
be other buildings or hazards that expose the pump room/house.

A.4.12.1.1.2 The purpose for the “Not Sprinklered” column in Table 4.12.1.1.2 is to pro-
vide guidance for unsprinklered buildings. This does not permit sprinklers to be omitted from
pump rooms in fully sprinklered buildings.

4.12.1.1.3 The location of and access to the fire pump room shall be preplanned with the fire
department.

4.12.1.1.4* Exceptas permitted in 4.12.1.1.5, rooms containing fire pumps shall be free from stor-
age, equipment, and penetrations not essential to the operation of the pump and related components.

It is the intent of the standard to prohibit the use of a fire pump room for the purposes of
storage. It is not the intent of the standard to prohibit the installation of other types of equip-
ment such as domestic water distribution equipment as indicated in 4.12.1.1.5. No materials or
equipment that add to the combustibility of the space should be placed in the fire pump room.
This provision is intended to provide protection to equipment as well as operating personnel.

A.4.12.1.1.4 Equipment that increases the fire hazard (such as boilers) and is not related to
fire protection systems should not be in a fire pump room.
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4.12.1.1.5 Equipment related to domestic water distribution shall be permitted to be located
within the same room as the fire pump equipment.

4.12.1.1.6 The pump room or pump house shall be sized to fit all of the components necessary
for the operation of the fire pump and to accommodate the following:

(1) Clearance between components for installation and maintenance

(2) Clearance between a component and the wall for installation and maintenance

(3) Clearance between energized electrical equipment and other equipment in accordance
with NFPA 70, National Electrical Code

(4) Orientation of the pump to the suction piping to allow compliance with 4.14.6.3

4.12.1.2 Outdoor Fire Pump Units.

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

4.12.1.2.2 Outdoor installations shall be required to be provided with protection against pos-
sible interruption, in accordance with 4.12.1.

4.12.1.3 Fire Pump Buildings or Rooms with Diesel Engines. Fire pump buildings or
rooms enclosing diesel engine pump drivers and day tanks shall be protected with an auto-
matic sprinkler system installed in accordance with NFPA 13, Standard for the Installation of
Sprinkler Systems.

4.12.2 Equipment Access.

Fire pump rooms should be accessible under fire conditions. Where a fire pump room cannot
be located on grade with direct access from outside of the building, a protected space with a
fire rating in accordance with Table 4.12.1.1.2 must be provided. The space must be accessible
through an enclosed passageway from an exterior exit or from an enclosed stairway.

4.12.2.1 The location of and access to the fire pump room(s) 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.

4.12.2.1.2 The enclosed passageway shall have a fire-resistance rating not less than the fire-
resistance rating of the fire pump room.

4.12.3 Heat.

4.12.3.1 An approved or listed source of heat shall be provided for maintaining the tempera-
ture of a pump room or pump house, where required, above 40°F (4°C).

4.12.3.2 The requirements of 11.6.5 shall be followed for higher temperature requirements
for 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 with NFPA 101, Life Safety
Code.

4.12.5.2 Emergency lights shall not be connected to an engine starting battery.
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4.12.6 Ventilation. Provision shall be made for ventilation of a pump room or pump house.

For an engine drive pump, the ventilation must be adequate to provide combustion air.
See 11.3.2.

4.12.7* Drainage.

A.4.12.7 Pump rooms and pump houses should be dry and free of condensate. To accomplish
a dry environment, heat might be necessary.

4.12.7.1 Floors shall be pitched for adequate drainage of escaping water away from critical
equipment such as the pump, driver, controller, and so forth.

4.12.7.2 The pump room or pump house shall be provided with a floor drain that will dis-
charge to a frost-free location.

Where a reduced pressure zone (RPZ) backflow prevention device is installed in a fire pump
room, the discharge from the middle chamber should be piped outside, or the floor drain
should be sized to accommodate the full discharge from the RPZ.

4.12.8 Guards. Couplings and flexible connecting shafts shall be installed with a coupling
guard in accordance with Section 8 of ANSI B15.1, Safety Standard for Mechanical Power
Transmission Apparatus.

4.13 Pipe and Fittings
4.13.1* Steel Pipe.

The type of steel piping used for fire pump installation should be identical to that specified for
the suppression system. See Commentary Table [1.4.1 for acceptable pipe types.

COMMENTARY TABLE I1.4.1 Pipe or Tube Materials and Dimensions

Materials and Dimensions Standard

Ferrous Piping (Welded and Seamless)

Specification for black and hot-dipped zinc-coated (galvanized) ASTM A 795
welded and seamless steel pipe for fire protection use
Specification for pipe, steel, black and hot-dipped, zinc-coated, ANSI/ASTM A 53
welded and seamless
Welded and seamless wrought steel pipe ANSI/ASME B36.10M
Specification for electric-resistance-welded steel pipe ASTM A 135
Copper Tube (Drawn, Seamless)
Specification for seamless copper tube ASTM B 75
Specification for seamless copper water tube ASTM B 88

Specification for general requirements for wrought seamless copper  ASTM B 251
and copper-alloy tube

Specification for liquid and paste fluxes for soldering of copper ASTM B 813
and copper alloy tube
Specification for filler metals for brazing and braze welding AWS A5.8

Specification for solder metal, Section 1: Solder alloys containing less ~ ASTM B 32
than 0.2% lead and having solidus temperatures greater than 400°F

Alloy materials ASTM B 446

Source: NFPA 13 Standard for the Installation of Sprinkler Systems 2013, Table 6.3.1.1.
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A.4.13.1 The exterior of aboveground steel piping should be kept painted.

4.13.1.1 Steel pipe shall be used aboveground except for connection 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 installation with a paint recommended for submerged surfaces.

In most cases, black steel, when used with any water, eventually corrodes to some extent. All
suction pipes are recommended to be protected from corrosion by galvanizing or painting
to protect the pump. If the suction pipe corrodes, rust or scale could dislodge from the inside
wall of the pipe and enter the pump, potentially damaging the pump impeller. Corrosion is
intensified where air pockets form. The pump installation should avoid trapped sections of
pipe where air pockets may form.

4.13.1.3 Thick bituminous linings shall not be used.
4.13.2* Joining Method.

The type of fittings used for the fire pump installation should be identical to those specified
for the suppression system. The fittings used in sprinkler systems have been evaluated for
that use and have been found to be acceptable. Using the same type of fittings for a system’s
fire pump installation eliminates performance and compatibility issues. See Commentary
Table 11.4.2 for acceptable fitting types.

COMMENTARY TABLE 11.4.2 Fittings Materials and Dimensions

Materials and Dimensions Standard

Gray Iron
Gray iron threaded fittings, Classes 125 and 250 ANSI/ASME B16.4
Gray iron pipe flanges and flanged fittings, Classes 25, 125, ANSI/ASME B16.1

and 250
Malleable Iron
Malleable iron threaded fittings, Classes 150 and 300 ANSI/ASME B16.3
Factory-made wrought buttwelding fittings ANSI/ASME B16.9
Buttwelding ends ANSI/ASME B16.25
Specification for piping fittings of wrought carbon steel and alloy ASTM A 234

steel for moderate and high temperature service
Pipe flanges and flanged fittings, NPS "2 through NPS 24 ANSI/ASME B16.5
Forged fittings, socket-welding and threaded ANSI/ASME B16.11
Wrought copper and copper alloy solder joint pressure fittings ANSI/ASME B16.22
Cast copper alloy solder joint pressure fittings ANSI/ASME B16.18

Source: NFPA 13 Standard for the Installation of Sprinkier Systems, 2013, Table 6.4.1.

Chlorinated polyvinyl chloride (CPVC) and copper pipe and fittings should not be used on
the suction side of a fire pump due to potential settlement of either the foundation on which
the fire pump rests or the water supply pipe.

A.4.13.2 Flanges welded to pipe are preferred.

4.13.2.1 Sections of steel piping shall be joined by means of screwed, flanged mechanical
grooved joints or other approved fittings.

4.13.2.2 Slip-type fittings shall be permitted to be used where installed as required by 4.14.6
and where the piping is mechanically secured to prevent slippage.
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4.13.3 Concentrate and Additive Piping.

4.13.3.1 Foam concentrate or additive piping shall be a material that will not corrode in this
service.

Pure foam concentrate is frequently corrosive; therefore, foam concentrate piping is normally
installed with either stainless steel or brass pipe. Galvanized pipe should never be used for
foam concentrate piping, because the concentrate may cause the galvanizing to “flake” and
detach from the pipe wall.

4.13.3.2 Galvanized pipe shall not be used for foam concentrate service.

4.13.4 Drain Piping. Drain pipe and its fittings that discharge to atmosphere shall be
permitted to be constructed of metallic or polymeric materials.

4.13.5 Piping, Hangers, and Seismic Bracing. Pipe, fittings, hangers, and seismic
bracing for the fire pump unit, including the suction and discharge piping, shall comply
with the applicable requirements of NFPA 13, Standard for the Installation of Sprinkler
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
accordance with NFPA 51B, Standard for Fire Prevention During Welding, Cutting, and
Other Hot Work.

A.4.13.6 When welding is performed on the pump suction or discharge piping with the pump
in place, the welding ground should be on the same side of the pump as the welding.

4.14 Suction Pipe and Fittings
4.14.1* Components.

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 AWWA C104, Cement-Mortar Lining for Cast-lron and Ductile-lron Pipe
and Fittings for Water, or equivalent standards.

Underground pipe frequently is coated with a material that prevents the formation of debris
or tuberculation. Steel pipe should never be used for underground piping, particularly on the
suction side of the pump.

4.14.1.1 The suction components shall consist of all pipe, valves, and fittings from the pump
suction flange to the connection to the public or private water service main, storage tank, or
reservoir, and so forth, that feeds water to the pump.

4.14.1.2 Where pumps are installed in series, the suction pipe for 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 Private Fire Service Mains and Their Appurtenances.

Trapped pipe sections that allow the formation of air pockets should be avoided. Air pockets
intensify corrosion and may interfere with the flow of water into the pump impeller. Automatic
air release valves should in installed at the high points on trapped pipe sections.
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4.14.3 Suction Size.

4.14.3.1 Unless the requirements of 4.14.3.2 are met, the size of the suction pipe for a single
pump or of the suction header pipe for multiple pumps (designed to operate together) shall
be such that, with all pumps operating at maximum flow (150 percent of rated capacity or the
maximum flow available from the water supply as discussed in 4.6.2.3.1), the gauge pressure
at the pump suction flanges shall be 0 psi (0 bar) or higher.

The suction pipe must be sized for all fire pumps that are designed to operate simultaneously
to meet the fire protection system demand. Redundant pumps installed to increase system reli-
ability are not considered when selecting the pipe size for simultaneous fire pump operation.

It is important to note that horizontal shaft fire pumps are not permitted to draft water. The
suction pipe must also be large enough so that a substantial pressure loss does not occur when
the pump is supplied by a water storage tank. For such applications, the suction pressure is per-
mitted to drop to not less than —3 psi (—0.2 bar). This negative pressure is permitted only after the
tank has provided the maximum system demand (flow rate and duration); the remaining water in
the tank is level with, or higher than, the pump; and the pump is operating at 150 percent of rated
flow. This negative pressure allowance is intended to compensate for the friction loss through the
suction pipe, fittings, and gate valve. The allowable negative pressure of —3 psi (0.2 batr) is based
on flowing 150 percent of the rated pump capacity after the tank has provided the full system
demand (flow rate and duration); the initial head, or any head caused by a water level above the
full system demand, is not included in the suction pressure calculation and should be subtracted
from the acceptance test results when verifying the acceptability of the suction supply.

4.14.3.2* The requirements of 4.14.3.1 shall not apply where the supply is a suction tank with
its base at or above the same elevation as the pump, and the gauge pressure at the pump suc-
tion flange shall be permitted to drop to —3 psi (=0.2 bar) with the lowest water level after the
maximum system demand and duration have been supplied.

A.4.14.3.2 1t is permitted that the suction pressure drop to —3 psi (-0.2 bar) for a centrifugal
pump that is taking suction from a grade level storage tank where the pump suction elevation
is at or below the water level in the water storage tank at the end of the required water flow
duration. This negative suction pressure is to allow for the friction loss in the suction piping
when the pump is operating at 150 percent capacity.

4.14.3.3 The size of that portion of the suction pipe located within 10 pipe diameters upstream
of the pump suction flange shall be not less than that specified in Section 4.26.

The size of the suction pipe is based on limiting water velocity to not more than 15 ft/sec
(4.57 m/seq) to limit turbulent flow in the pipe. Turbulent flow generates air bubbles in the
water, which adversely affect pump efficiency. As the pump impeller is imparting energy to
the water (which is relatively incompressible), the introduction of air bubbles (which are eas-
ily compressible) can create small regions of high pressure due to collapsed air bubbles and
causes inefficient pump operation.

4.14.4* Pumps with Bypass.
A.4.14.4 The following notes apply to Figure A.4.14.4:

(1) A jockey pump is usually required with automatically controlled pumps.

(2) Iftestingfacilitiesaretobe provided, alsosee Figure A.4.20.1.2(a)and Figure A.4.20.1.2(b).

(3) Pressure-sensing lines also need to be installed in accordance with 10.5.2.1 or 12.7.2.1.
See Figure A.4.30(a) and Figure A.4.30(b).
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A fire pump installation connected to an on-site
storage tank does not have a fire pump bypass
installed. Is this omission permitted?

ANSWER: The purpose of a fire pump bypass is to
allow water to flow into the system without pass-
ing through the impeller if the pump fails. The water
available through this bypass will not meet the
demand of the fire protection system. If it could, a
pump would not have to be installed. The bypass
provides some degree of safety if a pump experi-
ences a locked rotor condition or other catastrophic
failure. In the case of an on-site storage tank, the
pressure available would not be of any significant
value without the pump operating, and, therefore, a
bypass can be omitted.

74 Part Il « NFPA 20 « Chapter 4 General Requirements
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FIGURE A.4.14.4 Schematic Diagram of Suggested
Arrangements for a Fire Pump with a Bypass, Taking
Suction from Public Mains.
4.14.4.1 Where the suction supply is of sufficient pressure to be of material value without the
pump, the pump shall be installed with a bypass. (See Figure A.4.14.4.)
In most cases, a pump that is connected to a public or private water supply should include a
bypass. Only in rare cases, where the pressure available is so low that the water supply is of
no value without the pump, should a fire pump be installed without a bypass. When a pump
is supplied by a suction tank, a bypass is not needed [see Figure A.6.3.1(a)], because a suction
tank will not provide sufficient pressure to be of value without the fire pump operating. The
valves on the bypass are required to be normally open so that the attached water supply
is available automatically. In this case, “normally open” refers to the
— W AHJ FAQ Y Y oP

valve being in the open position at all times. The bypass valves should
be closed only for system maintenance. The function of the pump
bypass is sometimes mistakenly thought to be for use only when the
fire pump is out of service. This is not the use intended by the standard,
because the water from the bypass must be available automatically if
the pump fails to start.

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.

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,
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the gate valve should be located at the outlet of the container. A butterfly valve on the suction
side of the pump can create turbulence that adversely affects the pump performance and can
increase the possibility of blockage of the pipe.

The required placement of the valve in the suction line is intended to limit turbulence. While
the “gate” in an outside screw and yoke (OS&Y) valve is outside of the waterway when fully
open and does not interfere with flow, the “butterfly” in a butterfly valve is always suspended
in the pipe and causes turbulent flow. While previous editions of NFPA 20 prohibited the use
of butterfly valves in the suction pipe, the standard now permits the use of this type of valve
if the valve is located at a sufficient distance from the suction flange of the pump. By locat-
ing the butterfly valve 50 ft (15.3 m) or more away from the suction flange of the pump, the
turbulence can be eliminated before the water reaches the suction flange.

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

4.14.5.2 No control valve other than a listed OS&Y valve and the devices as permitted in
4.27.3 shall be installed in the suction pipe within 50 ft (15.3 m) of the pump suction flange.

4.14.6* Installation.

A.4.14.6 See Figure A.4.14.6. (See Hydraulic Institute Standards for Centrifugal, Rotary and
Reciprocating Pumps for additional information.)

The layout and design of the suction pipe must be carefully considered in order to avoid the <4 DESIGN ALERT
generation of air bubbles in the suction pipe and to avoid unbalanced flow into the pump
suction flange. Where a reduction in pipe diameter is necessary, an eccentric reducer must be
used to prevent the development of an air pocket, as illustrated in Figure A.4.14.6. The flat por-
tion of the reducer must be on top, with the actual reduction in pipe diameter taking place on
the bottom of the fitting. Installing the reducer in this position will prevent an air pocket from
forming. Placing an elbow with the centerline in the horizontal plane within 10 pipe diameters
of the suction flange creates an unbalanced flow of water into the impeller. An unbalanced
flow causes an axial load to be placed on the pump shaft and bearings, causing excessive
wear to the bearings and subsequent damage to the pump over time and/or severe cavita-
tion if not corrected. The elbow shown in Exhibit [1.4.10 will eventually cause damage to the
pump and may result in pump shaft-bearing failure. A butterfly valve installed within 10 pipe
diameters will also cause turbulent flow and cavitation in the pump and should be avoided.
In the lower portion of Figure A.4.14.6, the correct method for designing a turn in the suc-
tion piping is illustrated. Although not required by NFPA 20, the suction elbow should be of the
long turn radius type. An elbow in the vertical position (either directed upward or downward)
should be used, and the elbow causing a turn in the pipe parallel with the pump shaft should
be installed only when located greater than 10 pipe diameters away from the suction flange.
For example, an elbow installed in the horizontal plane in a suction pipe with a diameter of
8 in. (200 mm) should be located 80 in. (2000 mm) away from the suction flange of the pump.

4.14.6.1 General. Suction pipe shall be laid carefully to avoid air leaks and air pockets,
either of which can seriously affect the operation of the pump.

Trapped pipe sections that allow the formation of air pockets should be avoided. Air pockets
intensify corrosion and may interfere with the flow of water into the pump impeller. Automatic

air release valves should be installed on trapped pipe sections.

4.14.6.2 Freeze Protection.
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FIGURE A.4.14.6 Right and Wrong Pump Suctions.
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EXHIBIT 11.4.10 Pump Suction Elbow Installed in the
Incorrect Plane.

4.14.6.2.1 Suction 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 underground or underwater.

4.14.6.3 Elbows and Tees.

4.14.6.3.1 Unless the requirements of 4.14.6.3.2 are met, elbows and tees with a centerline
plane parallel to a horizontal split-case pump shaft shall not be permitted. (See Figure A.4.14.6.)

Any fitting that causes a change in the direction of flow, including elbows, tees, and crosses,
when installed in the horizontal plane, should be located a minimum of 10 pipe diameters
away from the suction flange of the pump. While fittings in the vertical position usually do
not cause an unbalanced flow into the pump suction flange, such an installation should be
avoided if possible to prevent turbulence.

4.14.6.3.2 The requirements of 4.14.6.3.1 shall not apply to elbows and tees with a centerline
plane parallel to a horizontal split-case pump shaft where the distance between the flanges
of the pump suction intake and the elbow and tee is greater than 10 times the suction pipe
diameter.

4.14.6.3.3 Elbows and tees with a centerline plane perpendicular to the horizontal split-case
pump shaft shall be permitted at any location in the pump suction intake.
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An elbow perpendicular to the pump shaft will not produce an unbalanced flow condition.
Regardless of the position of the elbow in a fire pump suction pipe, when designing a change
in direction in the suction pipe of a pump, the elbows used should be of the long radius type
to permit as smooth a transition in the change in direction as possible. A long radius elbow
provides a smoother turn in direction, further limiting turbulence.

» FAQ

Does NFPA 20 require the installation of a long radius elbow in the suction pipe?

Although a long radius elbow is not required by NFPA 20, the use of such a fitting reduces
the likelihood of turbulence in the suction pipe. In all cases, even a long radius elbow should
never be installed in the parallel plane with the pump shaft.

4.14.6.4 Eccentric Tapered Reducer or Increaser. Where the suction pipe and pump suc-
tion flange are not of the same size, they shall be connected with an eccentric tapered reducer
or increaser installed in such a way as to avoid air pockets.

4.14.6.5 Strain Relief. Where the pump and its suction supply are on separate foun-
dations with rigid interconnecting pipe, the pipe shall be provided with strain relief. (See
Figure A.6.3.1(a).)

DESIGN ALERT » Strain relief can be accomplished by means of a flexible joint such as that depicted in
Exhibit 11.4.11 or by a series of grooved couplings as shown in Exhibit 11.4.12. Flanged fittings
are not flexible. When using grooved couplings for strain relief, rigid grooved couplings should
not be used. Deflection for most nonrigid grooved couplings is on the order of 3% in. to
42 in./20 ft (89 mm to 114 mm/6m) length of pipe in sizes 6 in. to 8 in. (150 mm to 200 mm).
A series of these grooved couplings in the suction pipe provides flexibility if the pump or tank
foundations begin to settle and should also provide for limited movement due to expansion
and contraction. The purpose of providing such strain relief is to prevent damage to the pump
suction flange, since misalignment or stress placed on the pump suction flange can cause the
flange to crack. The fire pump design should avoid the use of separate foundations for the
pump and the driver, particularly in earthquake-prone areas.

Seismic design should follow the design requirements found in ASCE/SEI 7, Minimum
Design Loads for Buildings and Other Structures, and NFPA 13, Standard for the Installation of Sprin-
Kkler Systems. Prior to the design of the installation, the locally adopted building code must be
checked for the seismic requirements for the fire pump piping installation.

A means of joint restrain other than thrust blocks should be used where a flanged spigot
passes through the floor. A thrust block may hold the pipe in place while the building settles
and cause strain on the pipe and fittings inside the building that are directly connected to the
flanged spigot.

4.14.7 Multiple Pumps. Where a single suction pipe supplies more than one pump, the
suction pipe layout at the pumps shall be arranged so that each pump will receive its propor-
tional supply.

Multiple pump installations are used to meet one of the following design scenarios:

1. Two or more pumps are installed in parallel to meet the minimum water demand of the
fire protection system.

2. Two or more pumps are installed in parallel to meet the minimum water demand of
the fire protection system, and one or more redundant pumps are installed to increase
reliability.
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EXHIBIT 11.4.11 Flexible
Joint for Use on Suction
Pipe. (Courtesy of Metraflex
Company)

EXHIBIT 11.4.12 Grooved Fittings and Couplings and Flanged Fittings. (Courtesy of Aon
Fire Protection Engineering)

3. Two or more pumps are installed in series to meet the pressure demand of the fire
protection system.

4. Two or more pumps are installed, and each of the pumps is individually required to
meet the minimum water supply and pressure demand required by the fire protection
system. One pump will serve as the primary source; the other(s) will serve as a backup
or reserve supply.
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In the first situation, the suction piping is required to be sized assuming that all of the
installed pumps are operating simultaneously. In the second situation, the suction piping is
required to be sized assuming that all of the installed pumps, except the redundant pumps, are
operating simultaneously. In the third situation, the piping is sized for the flow of both pumps
operating, but the flow will equal that of a single pump. The fourth arrangement will have pip-
ing sized for either (but not for both or multiple pumps) of the pumps operating.

4.14.8* Suction Screening.

Suction screens are located in a suction pit at the pump end of a channel, reservoir, pond, or lake
that allows water to flow from the source to the pump, as indicated in Figure A.7.2.2.2. The figure
shows a vertical shaft turbine—type pump. A horizontal pump may also be used, if the suction
pressure is positive. Any debris entering the channel can accumulate in the area in front of the
suction crib. If a fire occurs, it is possible that fire pump operation will draw some of this settled
material onto the first screen, reducing the flow area and restricting flow to the fire protection
system. The standard requires two screens to be installed to allow removal of the first screen if
it becomes obstructed. The opening size in the screens is intended to be small to provide protec-
tion to the distribution portion of the fire protection system. For example, the openings would be
restricted to less than %z in. (12.7 mm) for a sprinkler having an orifice of %2 in. (12.7 mm). Caution
should be exercised when removing a debris-loaded screen, because the removal may cause
the obstructing material to fall off and thereby obstruct the second screen.

A.4.14.8 In the selection of screen material, consideration should be given to prevention of
fouling from aquatic growth. Antifouling is best accomplished with brass or copper wire.

4.14.8.1 Where the water supply is obtained from an open source such as a pond or wet pit,
the passage of materials that might clog the pump shall be obstructed.

Where a pipe is used between the suction pipe and the water source, the end of the pipe
should turn vertically downward to prevent debris from settling into the suction pipe. A vortex
plate and a screen should be attached to the water source end of the pipe.

4.14.8.2 Double intake screens shall be provided at the suction 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 open-
ing of 1 in.2 for each 1 gpm (170 mm? for each 1 L/min) at 150 percent of rated pump capacity.

The following example illustrates how to correctly size a suction screen for a fire pump.
» EXAMPLE

CALCULATION p A 750 gpm (2839 L/min) vertical shaft turbine pump requires a screen to protect the wet pit
that takes water from an open lake or river. What size is needed for the screen?

Solution: Since the pump is rated for 750 gpm (2839 L/min), the pump delivers 1125 gpm
(4258 L/min) at overload (150 percent of 750 and 2839). Therefore, the screen must have
an area of 1125 in.2(0.72 m?). Since 4.14.8.6 requires a 0.50in. (12.7 mm) mesh and a No. 10 B&S
gauge wire, the total screen area must be 1800in.2(1.1 m?) (1.6 X 1125 in.2). This area is equivalent
to ascreen area of 12.5 ft2 (1.16 m?).

» FAQ

Does NFPA 20 prohibit the installation of any device in the suction pipe of a fire
pump?
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The installation of devices in the suction pipe of a fire pump is restricted to the devices listed
in 4.14.9.2. The installation of any device or fitting should be made at least 10 pipe diameters
upstream of the pump suction flange to avoid unnecessary turbulence.

4.14.8.5 Screens shall be so arranged that they can be cleaned or repaired without disturbing
the suction pipe.

4.14.8.6 Mesh screens shall be brass, copper, Monel, stainless steel, or other equivalent
corrosion-resistant metallic material wire screen of 0.50 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 entrance to the intake.

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

4.14.8.9 Periodically, the system shall be test pumped, the screens shall be removed for
inspection, and accumulated debris shall be removed.

4.14.8.10 Continuous slot screens shall be brass, copper, Monel, stainless steel, or other
equivalent corrosion-resistant metallic material of 0.125 in. (3.2 mm) maximum slot and pro-
file wire construction.

4.14.8.11 Screens shall have at least 62.5 percent open area.

4.14.8.12 Where zebra mussel infestation is present or reasonably anticipated at the site, the
screens shall be constructed of a material with demonstrated resistance to zebra mussel attach-
ment or coated with a material with demonstrated resistance to zebra mussel attachment at
low velocities.

With the introduction of zebra mussels into many United States waterways, extra care should
be exercised with the use of suction screens. While the introduction of zebra mussels was
first observed in the western end of Lake Erie, the organisms have since spread to all of the
Great Lakes and the Mississippi River, Ohio River, and lllinois River, including approximately
22 maijor lakes and tributaries. The mussels can spread rapidly once established in a water
source, with each female producing approximately 300,000 to 1,000,000 larvae annually. The
larvae, in turn, can grow from the size of fine sand to an adult size of 6 in. (150 mm) in length
in 2 to 3 years. They attach to many materials as well as to each other, forming obstructions
to piping and discharge device orifices.

NFPA 20 requires screens to be constructed of brass, copper, Monel™, stainless steel,
or other corrosion-resistant material. Copper-based materials have been tested and proven
resistant to the attachment of zebra mussels. Pure copper is resistant to attachments until cor-
rosion products form on its surface. Some copper alloys, Monel, and stainless steel have been
tested and found to offer no resistance to the attachment of zebra mussels. In areas where
zebra mussel infestation is present, screens should be constructed with materials or coated
with a corrosion-resistant material that has demonstrated long-term resistance to their attach-
ment in low-velocity conditions. Materials that require regular maintenance to remove zebra
mussels should not be used.

4.14.8.13 The overall area of the screen shall be 1.6 times the net screen opening area. (See
screen details in Figure A.7.2.2.2.)

4.14.9* Devices in Suction Piping.

A.4.14.9 The term device as used in this subsection is intended to include, but not be lim-

ited to, devices that sense suction pressure and then restrict or stop the fire pump discharge.
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Due to the pressure losses and the potential for interruption of the flow to the fire protection
systems, the use of backflow prevention devices is discouraged in fire pump piping. Where
required, however, the placement of such a device on the discharge side of the pump is to
ensure acceptable flow characteristics to the pump suction. It is more efficient to lose the
pressure after the 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 jockey 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.

4.14.9.1 No device or assembly, unless identified in 4.14.9.2, that will stop, restrict the start-
ing of, or restrict the discharge of a fire pump or pump driver shall be installed in the suction

piping.

The purpose of the requirement in 4.14.9.1 is to prohibit the use of certain devices in the suc-
tion pipe of a fire pump that would cause turbulence or excess friction loss or cut off waterflow
to the pump when flowing at 150 percent of rated capacity. If the water supply to a fire pump
is shut off while the pump is running, a catastrophic failure will occur. Only an OS&Y control
valve is permitted to be installed in the suction pipe of a fire pump to allow isolation of the
fire pump for maintenance and repair. Additional valves are permitted only where a piece
of equipment such as a backflow prevention device is installed at least 10 pipe diameters
upstream of the pump suction flange. All control valves, which should be of the approved
indicating type, are required to be supervised, preferably by a constantly attended monitoring
station. The problem is that they could be shut off before or during operation of the fire pump.

It is important to note that valves that have been shut off continue to be the leading
cause of fire protection system failure. A vigorous inspection program and constant electronic
surveillance of all water supply control valves are critical to the continued operation of any fire
protection system, particularly water supplies such as fire pumps.

4.14.9.2 The following devices shall be permitted in the suction piping where the following
requirements are met:

(1) Check valves and backflow prevention devices and assemblies shall be permitted where
required by other NFPA standards or the authority having jurisdiction and installed in
accordance with Section 4.27.

Check valves and backflow prevention devices are generally prohibited in the suction pipe due
to concerns over turbulence and friction loss; however, some jurisdictions require the installa-
tion of one of these devices in the suction pipe when backflow contamination is a possibility.

Backflow preventers and their isolation valves contribute to turbulence and friction loss,
usually more so than check valves. It is common for reduced pressure backflow preventers to
cause more than 10 psi (0.7 bar) of friction loss at the overload point (150 percent of pump
rated capacity).

CALCULATION » For example, consider a fire protection system connected to a public main where the
pump is at an elevation 20 ft (6.1 m) higher than the street main and, at maximum pump
flow, the residual pressure in the public main is 20 psi (138 kPa). Taking into account a 9 psi
(62.1 kPa) loss in pressure due to elevation [0.433 psi X 20 ft = 8.7 psi (0.098 bar X 6.1 m =
0.6 bar = 60 kPA)] and 5 psi (34.5 kPa) friction loss in the suction pipe, the pressure at the
suction flange will be 6 psi (41.4 kPa) [20 psi — 9 psi — 5 psi = 6 psi (138 kPa — 62.1 kPa —
34.5 kPa = 41.4 kPa)]. This situation is acceptable in accordance with 4.14.3.1. However, if a
backflow preventer were installed in this suction pipe with a friction loss of 10 psi (69 kPa),
the system would become inoperative [20 psi — 9 psi — 5 psi — 10 psi = —4 psi (138 kPa —
62.1 kPa — 34.5 kPa — 69 kPa = —27.6 kPa)]. The pump would not be able to obtain water at
a positive pressure and would be severely damaged if operated at maximum flow.
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For these reasons, the Technical Committee on Fire Pumps prefers that backflow pre-
venters be installed on the discharge side of the pump. In the preceding example, the pump
would receive water with adequate pressure at 6 psi (41.4 kPa), boost the pressure, and force
it through the backflow preventer, where it would then lose 10 psi (69 kPa). Although this
arrangement solves one concern, installation of backflow prevention on the discharge side of
pumps can also cause other concerns. Three of the more common concerns are as follows:

1. Maximum pressure. Backflow preventers are listed for maximum pressures of 175 psi
(1207 KkPa). The pressure on the discharge side of the pump frequently exceeds this
value.

2. Water authorities. \Water authorities sometimes assume that pumps are a possible cause
of contamination of the public water supply, and, therefore, they require the back-
flow preventer on the suction side. However, the water authorities are incorrect in this
assumption. As indicated by the American Water Works Association, fire pumps do not
cause contamination problems for potable water supplies. Their manual AWWA M14,
Recommended Practice for Backflow Prevention and Cross-Connection Control, states that
“booster pumps do not affect the potability of the system.” (See the definition of Class 2
Fire Protection Systems in AWWA M14.)

3. Jurisdiction. In some communities, the backflow preventer is the traditional point where
the jurisdiction of one labor trade group ends and another begins. Typically, work from
the water supply to the backflow preventer is done by mechanical contractors, and
work from the backflow preventer to the fire protection devices is done by fire protec-
tion contractors. If the backflow preventer is installed on the discharge side of the fire
pump, the fire protection contractor in many jurisdictions is prohibited from working on
the fire pump because of its location. This situation can result in the installation of the
fire pump by inadequately trained personnel inexperienced with fire pump functions
and operations. Installation of fire pumps by unqualified personnel should be a cause
of concern.

NFPA 20 does not mandate the location of backflow preventers. Instead, a technical
preference for the installation of the backflow preventer on the discharge side of the pump
is indicated. However, this arrangement is not always possible, so Section 4.27 is included,
which contains all of the regulations to follow if the backflow preventer is to be installed on
the suction side.

(2) Where the authority having jurisdiction requires positive pressure to be maintained on
the suction piping, a pressure sensing line for a low suction pressure control, specifically
listed for fire pump service, shall be permitted to be connected to the suction piping.

Prior to the 2003 edition, NFPA 20 appeared to permit the installation of low suction throttling
valves to be installed in the suction pipe of a fire pump. The 2003 edition of the standard
clarified that the industry term for a flow control valve is actually a low suction throttling valve
and that such a device is required to be installed on the discharge side of a fire pump, with the
sensing line connected to the suction piping. Since the 2003 edition, only a pressure-sensing
line serving a low suction throttling valve is referenced. The sensing line is connected to the
suction pipe but does not obstruct the waterway. A significant friction loss may be associated
with the low suction throttling valve, and this loss must be accounted for in determining the
pressure available for the fire protection system.

(3) Devices shall be permitted to be installed in the suction supply piping or stored water
supply and arranged to activate a signal if the pump suction pressure or water level falls
below a predetermined minimum.
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This list item permits the installation of a device such as a pressure switch to monitor the
pressure in the suction pipe (where the suction pipe is connected to the municipal water sup-
ply). The intent of this requirement is to permit monitoring of the suction pressure to activate
a signal indicating that the pressure has dropped below a predetermined level. This list item
does not permit shutting off the pump due to low pressure. In the 2007 edition, the technical
committee added a definition for the term signal in Chapter 3, which is defined as “an indica-
tor of status.” The purpose of the signal is to provide an indication that the suction pressure is
low; however, the signal does not allow the pump to be shut off due to low suction pressure
conditions.

(4) Suction strainers shall be permitted to be installed in the suction piping where required by
other sections of this standard.
(5) Other devices specifically permitted or required by this standard shall be permitted.

4.14.10* Anti-Vortex Plate. Where a tank is used as the suction source for a fire pump,
the discharge outlet of the tank shall be equipped with an assembly that controls vortex flow
in accordance with NFPA 22, Standard for Water Tanks for Private Fire Protection.

When water discharges at or near the bottom of an abovegrade storage tank or holding
basin, a vortex forms as the water level lowers, and without an anti-vortex plate, air will be
introduced into the suction pipe. A similar phenomenon occurs when a sink full of water emp-
ties through its drain. If this vortex were allowed to develop in a suction tank, it would result
in turbulence (air bubbles) in the suction pipe and cause damage to the pump. To prevent this
from happening, vortex plates (called anti-vortex plates in NFPA 22) are placed in the bottom
of the tank and connected to the discharge flange of the tank.

A vortex plate is a flat, square or round sheet of steel. The length of the sides or the
diameter of the plate must be at least twice the diameter of the suction pipe, although it is
recommended that the plate be at least 48 in. (1219 mm) along each side. A hole that is the
same size as the suction pipe is located in the center of the plate.

The plate is mounted parallel to the floor of the tank at a height at least half the diam-
eter of the suction pipe but not less than 6 in. (152 mm) above the floor and is connected
to a long turn elbow that connects to the discharge flange installed in the wall of the tank.
Water that flows out of the tank drops under the plate, up through the hole, up into the
elbow, and out the discharge flange into the suction pipe. By forcing the water to follow
this path, the creation of a vortex is prevented, which is why the NFPA 22 technical commit-
tee changed the name of this device to anti-vortex plate. See Exhibit 11.4.13 for vortex plate
details.

A.4.14.10 For more information, see the Hydraulic Institute Standards for Centrifugal,
Rotary and Reciprocating Pumps. (See Figure A.4.14.10.)

4.15 Discharge Pipe and Fittings

4.15.1 The discharge components shall consist of pipe, valves, and fittings extending from
the pump discharge flange to the system side of the discharge valve.

4.15.2 The pressure rating of the discharge components shall be adequate for the maximum
total discharge head with the pump operating at shutoff and rated speed but shall not be less
than the rating of the fire protection system.

The standard makes reference to “total discharge head” rather than working pressure to

require that discharge components be rated for the actual pressure as measured at the dis-
charge gauge of the fire pump. The intent of this subsection is to require the installation of
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FIGURE A.4.14.10 Anti-Vortex Plate Assembly.

discharge components that are rated for the maximum pressure that occurs with a VSPLC
turned off and the pump running at rated speed. The maximum pressure is normally the shut-
off or churn pressure developed by the pump, plus any suction head at the inlet to the pump.
For the purposes of applying 4.15.2, the maximum reasonably foreseeable suction pressure
should be used in determining the total discharge pressure.
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—W AHJ FAQ

4.15.3* Steel pipe with flanges, screwed joints, or mechanical grooved joints shall be used
above ground.

Subsection 4.15.3 prohibits the use of plain or beveled end locking valves or fittings in the
discharge piping.

A.4.15.3 Flanges welded to the pipe are preferred.

Threaded flanges are more subject to leakage and resulting corrosion over time than are
welded flanges.

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

4.15.5* The size of pump discharge pipe and fittings shall not be less than that given in
Section 4.26.

The discharge pipe in this case is considered to be the pipe between the fire pump discharge
flange and the discharge isolation valve specified in 4.15.7. Piping downstream of the dis-
charge isolation valve is beyond the scope of NFPA 20 and should be designed and installed
in accordance with the standard governing the system it supplies, such as NFPA 13 or NFPA 14.

A.4.15.5 The discharge pipe size should be such that, with the pump(s) operating at 150 per-
cent of rated capacity, the velocity in the discharge pipe does not exceed 20 ft/sec (6.1 m/sec).

4.15.6* A listed check valve or backflow preventer shall be installed in the pump discharge
assembly.

The plans for a fire pump installation show a back-

ANSWER: A means to keep water in the fire protec-
tion system when the pump is maintained is the rea-
son behind having a check valve installed. When a !
backflow preventer is included on the discharge side water hammer caused by backflow when the automatic control shuts

of the pump, it can serve as the check valve. down the fire pump. Where conditions can be expected to cause

The check valve or backflow preventer is necessary to prevent water

flow preventer on the discharge side of the pump from flowing back into the fire pump. Backflow on pump shutdown
but do not show a check valve. Is this an acceptable can be a source of pressure surges. Spring loaded, anti-slam check
installation? valves reduce pressure surges by minimizing backflow.

A.4.15.6 Large fire protection systems sometimes experience severe

objectionable water hammer, a listed anti-water-hammer check valve
should be installed in the discharge line of the fire pump. Automati-
cally 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 through the
bypass.

Where a backflow preventer is substituted for the discharge check valve, the connection
for the sensing line is permitted to be between the last check valve and the last control valve
if the pressure sensing line connection can be made without altering the backflow valve or
violating its listing. This method can sometimes be done by adding a connection through the
test port on the backflow valve. In this situation, the discharge control valve is not necessary,
because the last control valve on the backflow preventer serves this function.

Where a backflow preventer is substituted for the discharge check valve and the connec-
tion of the sensing line cannot be made within the backflow preventer, the sensing line should
be connected between the backflow preventer and the pump’s discharge control valve. In this
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situation, the backflow preventer cannot substitute for the discharge control valve because the
sensing line must be able to be isolated.

4.15.7* A listed indicating gate or butterfly valve shall be installed on the fire protection
system side of the pump discharge check valve.

Isolation valves on the discharge side of the fire pump do not affect the operation of the
pump, so approved indicating valves that are not OS&Y type are permitted. The exception to
this statement is when two or more pumps are installed in series (see 4.15.8) and the discharge
from one pump is part of the suction of the next pump. Therefore, OS&Y gate valves must be
used as both the suction valve and the discharge valve for the lead pump(s) installed in series.
See Exhibit 11.4.14 for an example of OS&Y gate valves.

A.4.15.7 See A.4.15.6 for circumstances where a backflow preventer can be substituted for
the discharge control valve.

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

4.15.9 Low Suction Pressure Controls.

4.15.9.1 Low suction throttling valves or variable speed suction limiting controls for pump
drivers that are listed for fire pump service and that are suction pressure sensitive shall be
permitted where the authority having jurisdiction requires positive pressure to be maintained
on the suction piping.

The use of low suction pressure throttling valves is discouraged but permitted if required by
an AHJ. A low pressure throttling valve reduces the pressure available to the fire protection
system and provides another potential point of failure. When used, a low pressure throttling
valve is installed in the discharge piping, with the sensing line for the device connected to the
suction piping. Exhibit 11.4.15 shows a low suction throttling valve.

EXHIBIT 11.4.15 Low Suction Throttling Valve. (Courtesy
EXHIBIT 11.4.14 OS&Y Gate Valves. of Aon Fire Protection Engineering)

Stationary Fire Pumps Handbook 2013



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout vitten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

88 Part Il « NFPA 20 « Chapter 4 General Requirements

4.15.9.2 When a low suction throttling valve is used, it shall be installed according to manu-
facturers’ recommendations in the piping 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 given for dis-
charge piping in Section 4.26.

The intent of this paragraph is to require that the size of the low suction throttling valve be not
less than that specified in Table 4.26(a) and Table 4.26(b) for discharge piping. This valve must
be sized properly so that the system design is not compromised.

4.15.9.4 The friction loss through a low suction throttling valve in the fully open position
shall be taken into account in the design of the fire protection system.

CALCULATION » Low suction throttling valves should operate in the fully open position as long as the suction
pressure is above the valve pressure setting. Friction loss though a fully open low suction
throttling valve is usually determined using a friction loss graph or can be calculated using the
valve’s Cv value in the following formula:

F=(Q/Cv)?
Where:
F = friction loss (psi)
Q = flow through valve (gpm)

Cv = valve friction loss factor [(gpm/psi)°?]

4.15.9.5 System design shall be such that the low suction throttling valve is in the fully open
position at system design point.

The residual suction pressure at the system demand must be above the low suction control
valve pressure setting.

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

Subsection 4.15.10 was added to the 2003 edition to prohibit the use of pressure regulating
valves in the discharge piping, except where allowed by NFPA 20 to address special issues. The
intent of the technical committee is to encourage matching the pump to the system demands
without overpressurizing the system and then using pressure regulating valves to compensate.
Although data has not been collected to evaluate the reliability of pressure devices that operate
in a primarily static condition, the committee believes pressure regulating valves operating in
this environment are not sufficiently reliable for use and should be avoided when possible. The
valves require regular maintenance, especially in a static environment, to prevent strainers in
pilot-operated valves from clogging and causing the valve to fail open. These valves can also
fail in the closed position, especially if the seats are not exercised regularly. It is important to
note that the scope of NFPA 20 stops at the discharge control valve, and nothing in NFPA 20
prohibits the use of pressure regulating devices downstream of the discharge isolation valve.
Any pipe, fitting, valve, or other device downstream of the discharge isolation valve is beyond
the scope of NFPA 20, and such pipe, fittings, valves, or other devices should be installed in
accordance with the appropriate listing and installation standard, such as NFPA 13 or NFPA 14.

Fire pumps taking suction from a long dead-end main, and fire pumps upstream of large
dry-pipe valves, may be subject to pressure surges (water hammer). A surge analysis can be
conducted to check the pressure surge potential with different design options for minimizing
pressure surges.
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A.415.10 See 4.7.7.2.

4.16* Valve Supervision

A.4.16 Isolation valves and control valves are considered to be identical when used in con-
junction with a backflow prevention assembly.

4.16.1 Supervised Open. Where provided, the suction valve, discharge valve, bypass
valves, and isolation valves on the backflow prevention device or assembly shall be super-
vised open by one of the following methods:

(1) Central station, proprietary, or remote station signaling service

(2) Local signaling service that will cause the sounding of an audible signal at a constantly
attended point

(3) Locking valves open

(4) Sealing of valves and approved weekly recorded inspection where valves are located
within fenced enclosures under the control of the owner

The four methods of supervision represented in 4.16.1 help to ensure that a common mode of
sprinkler system failure is reduced to a minimum. Approximately one-third of system failures
are attributable to closed or partially closed sprinkler system control valves. The methods
listed are in descending order of preference.

Central station, proprietary, or remote station supervision methods are preferred over
the other methods listed. Supervisory signals received at such alarm facilities are usually for-
warded to maintenance staff who are responsible for the protected property. This method also
allows for much more efficient notification of the fire department that will respond (the signal
is not considered a fire alarm signal and, therefore, does not require an immediate response).
Early notification that a control valve has been closed for any reason may alter the fire depart-
ment response and fire-fighting tactics. However, central station, proprietary, or remote sta-
tion supervision methods have not been mandated by NFPA 20.

All bypass valves are required to be supervised open. Where a bypass is installed, water
is expected to flow through the bypass into the fire protection system automatically, that is,
without human intervention, in the event that the fire pump does not start. When the control
valves are open, water can flow through the bypass automatically. A check valve, therefore,
needs to be installed in the bypass line so that, when the pump is running, water does not
circulate through the bypass back to the pump.

4.16.2 Supervised Closed. Control valves located in the pipeline to the hose valve
header shall be supervised closed by one of the methods allowed in 4.16.1.

For test headers that are installed outside, or where freezing is a danger, an isolation valve
as required by 4.20.3.3.1 must be installed. This valve is normally closed and is only opened
for testing purposes. The valve is required to be supervised in the closed position to prevent
accidental freezing of the test header. The hose header is required to have an automatic drain
valve (typically a ball drip valve) where it is subject to freezing conditions.

4.17* Protection of Piping Against Damage Due to Movement

A clearance shall be provided around pipes that pass through walls, ceilings, or floors of the
fire pump room enclosure.

A.4.17 Pipe breakage caused by movement can be greatly lessened and, in many cases, pre-
vented by increasing flexibility between major parts of the piping. One part of the piping
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should never be held rigidly and another free to move without provisions for relieving the
strain. Flexibility can be provided by the use of flexible couplings at critical points and by
allowing clearances at walls and floors. Fire pump suction and discharge pipes should be
treated the same as sprinkler risers for whatever portion is within a building. (See NFPA 13,
Standard for the Installation of Sprinkler Systems.)

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 founda-
tion 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 filled with asphalt mastic.

4.17.1 Unless the requirements of 4.17.2 through 4.17.4 are met, where pipe passes through
walls, ceilings, or floors of the fire pump room enclosure, the holes shall be sized such that
the diameter of the hole is nominally 2 in. (50 mm) larger than the pipe.

4.17.2 Where clearance is provided by a pipe sleeve, a nominal diameter 2 in. (50 mm)
larger than the nominal diameter of the pipe shall be acceptable.

4.17.3 No clearance is required if flexible couplings are located within 1 ft (305 mm) of
each side of the wall, ceiling, or floor.

4.17.4 Where protection of piping against damage caused by earthquakes is required, the
provisions of Section 4.28 shall apply.

4.17.5 Where required, the clearance shall be filled with flexible material that is compatible
with the piping materials and maintains any required fire resistance rating of the enclosure.

In the 2010 edition, a 1 in. (25 mm) clearance was required. In the 2013 edition, clearance
requirements were modified, establishing consistency with the seismic requirements of
NFPA 13.

4.18 Relief Valves for Centrifugal Pumps
4.18.1* General.

A.4.18.1 The pressure is required to be evaluated at 121 percent of the net rated shutoff pres-
sure because the pressure is proportional to the square of the speed that the pump is turned.
A diesel engine governor is required to be capable of limiting the maximum engine speed to
110 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 nor-
mal, 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.

A circulation relief valve located downstream of the pressure reducing valve is required by
4.18.7.1 whenever the pressure relief valve is piped back to suction. This is in addition to the
circulation relief valve required by Section 4.11, which is designed to provide cooling water
under churn conditions. The purpose of the circulation relief valve required in 4.18.7.1 is to
provide cooling of the fire pump when water is flowing through the pressure relief valve back
to the pump suction. The pressure setting on this circulation relief valve should be well below
the pressure setting of the pressure relief valve, but above the maximum suction pressure.

4.18.1.1* Pressure relief valves shall be used only where specifically permitted by this
standard.
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» FAQ

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

Paragraph 4.18.1.1 states that main relief valves should only be used where specifically permit-
ted by this standard. 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 constant rated speed operation in the event the vari-
able speed driver fails. If operating at constant rated speed can result in system overpressur-
ization, a pressure relief valve is required. The pressure relief valve setting must be above the
set pressure of the variable speed driver. 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 avail-
able to cope with excessive pressures, such as the following:

1. A break tank (see Section 4.31)
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.4.18.1.1 In situations where the required system pressure is close to the pressure rating of
the system components and the water supply pressure varies significantly over time, to elimi-
nate system overpressurization, 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

4.18.1.2 Where a diesel engine fire 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.

—W AHJ FAQ

The plans for a diesel engine—driven centrifugal
pump do not show the installation of a pressure

Prior to the 1996 edition, NFPA 20 required the installation of pres-
sure 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, the technical com-
mittee believes that a pressure relief valve is not needed on all diesel
fire pump installations. Pumps that create pressures less than the pres-
sure rating of the fire protection system components [typically 175 psi
(912.1 bar)] at 110 percent of rated speed do not need a pressure relief
valve. The example that follows illustrates the procedure used to deter-
mine if a pressure relief valve is needed.

» EXAMPLE

relief valve. Is this omission permitted?

ANSWER: Yes, this is acceptable in some installa-
tions. The pressure relief valve requirement on diesel
engine—driven pumps is intended to prevent the pip-
ing from overpressurization if the fire pump malfunc-
tions 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 work-
ing pressure of the system components, a pressure
relief valve is not required.

A fire pump rated for 1500 gpm (5677 L/min) and 100 psi (6.9 bar) at 1750 rpm has a shutoff
pressure of 120 psi (8.3 bar). The shutoff 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%? = 121%
120 psi (8.3 bar) x 1.21 = 145 psi (10 bar)
145 psi + 45 psi (10 bar + 3.1 bar) = 190 psi (13.1 bar)
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EXHIBIT 11.4.16 Pressure
Relief Valve. (Courtesy

of Aon Fire Protection
Engineering)

In this case, a pressure relief valve (see Exhibit 11.4.16) is needed if the fire protection system
components are rated at 175 psi (912.1 bar). A pressure relief valve is not required if the fire
protection system components are rated for 200 psi (13.8 bar) or higher.

4.18.1.3 Where an electric variable speed pressure limiting controller or a diesel pressure
limiting driver is installed, and the maximum total discharge head adjusted for elevation with
the pump operating at shutoff and rated speed exceeds the pressure rating of the system com-
ponents, a pressure relief valve shall be installed.

The maximum discharge pressure for a variable speed pump is the churn pressure at rated
speed plus the maximum suction pressure. It is not expected that a diesel engine governor
will fail and cause overspeed conditions at the same time that the variable speed driver fails;
therefore, the maximum pressure for the diesel engine drive fire pump should be evaluated
at rated speed.

4.18.2 Size. The relief valve size shall be determined by one of the methods specified in
4.18.2.10r4.18.2.2.

4.18.2.1* The relief valve shall be permitted to be sized hydraulically to discharge sufficient
water to prevent the pump discharge pressure, adjusted for elevation, from exceeding the pres-
sure rating of the system components.

Sizing the relief valve piping hydraulically can reduce the loss of water to the fire protection
system if the pressure relief valve fails to close and conserves water during the weekly operat-
ing test when the pump is running at churn. The intent of the technical committee is to allow
a performance-based option for the sizing of the relief valve piping for this reason. The pur-
pose of a performance-based design option is to establish a set of stated goals. In this case,
the goal is conservation of water discharge from the pressure relief valve. Performance-based
design options are used in place of prescriptive design options that, in the case of pressure
relief valves, may not consider water conservation or short runs of piping where smaller pipe
diameters can be used to advantage through hydraulic calculations.
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When the net pressure from the fire pump plus the suction pressure will not subject any
system component to a pressure that exceeds the pressure rating of the component, the pres-
sure relief valve piping should be sized for a minimum flow equal to or greater than the flow
through the fire pump.

A.4.18.2.1 See Figure A.4.18.2.1.

4.18.2.2 If the relief valve is not sized hydraulically, the relief valve size shall not be less than
that given in Section 4.26. (See also 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 dis-
charge check valve and shall be so attached that it can be readily removed for repairs without
disturbing the piping.

4.18.4 Type.

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

Listed pressure relief valves are required by the listing standard to limit the pressure upstream
of the valve to 125 percent of the pressure relief valve setting. Therefore, a pressure relief
valve set at 175 psi (12.1 bar) could allow pressures as high as 218 psi (15 bar) and still pass
the listing requirement. Spring-operated pressure relief valves do not fully open until the pres-
sure exceeds the set pressure. Pilot-operated valves should be capable of limiting the maxi-
mum pressure closer to the set pressure. The operating characteristics of pressure relief valves
should be reviewed before selecting a valve.

4.18.4.2 Pilot-operated pressure relief valves, where attached to vertical shaft turbine pumps,
shall be arranged to prevent relieving of water at water pressures less than the pressure relief
setting of the valve.

4.18.5* Discharge.

A.4.18.5 The relief valve cone should be piped to a point where water can be freely dis-
charged, preferably outside the building. If the relief valve discharge pipe is connected to an
underground drain, care should be taken that no steam drains enter near enough to work back
through the cone and into the pump room.

The discharge of the relief valve should preferably be piped to a water storage tank for safe
discharge or to the outside to discharge at a safe point. If discharge to a tank or a safe point
outside is not possible, discharge to a drain of adequate size and capacity to accept the maxi-
mum flow from any discharge should be arranged.

4.18.5.1 The relief valve shall discharge into an open pipe or into a cone or funnel secured to
the outlet 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 If a closed-type cone is used, it shall be provided with means for detecting motion
of water through the cone.

Relief valve discharge is permitted to be piped back to the suction side of a fire pump (closed
loop). Where this piping arrangement is used, a method to detect flow must be provided. This
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SAMPLE PRESSURE RELIEF VALVE CALCULATION
DISCHARGE TO ATMOSPHERE

For a 1,500 gpm at 100 psi Fire Pump

1. Pressure rating of the system components 175
2. Maximum pump over speed 110%
3. Pump size 1,500
4. Rated pump pressure 100
Maximum
Normal Pressure Static
Static Pressure | (at Max Pump
(at rated speed) Over speed)
5. Pump net pressure (rated pressure at 100%) 100 121.0
6. Pump net churn pressure (0 flow) 120 145.2
7. Pump net pressure @ 150% of rated flow 65 78.7
8. Maximum static pressure at pump suction 50 50
9. Available flow at pump suction 1,320 1,320
10. Residual pressure at pump suction 45 45
11. Maximum pump discharge pressure at churn 170 195.2
12. Maximum allowable net discharge pressure 125
13. Pump flow rate at maximum net pressure adjusted to normal speed
[#12/(#2*#2)] = 103.3 psi 1,360.4
14. Required flow rate through the pressure relief valve (pump flow rate
at 125 psi and overspeed or [#13*#2]) 1,496.5
15. Set pressure for pressure relief valve 175
16. Pressure relief valve size 4
17. Pressure relief valve pipe size 4.026
18. Nozzle (pipe) discharge coefficient 0.9
19. C factor 120
20. Pressure relief valve Cv (P=[Q/CV]?) 240
Number Equivalent Total Equivalent
Type Fitting of Fittings Length Length
21. Pressure Relief 45° 1 4 4
Valve Fittings Ells 2 10 20
LRE 0 6 0
22. Pressure relief valve pipe length 30
23. Total equivalent length 54
24. Friction loss per foot in pipe at flow #14 0.594
25. Total loss in pressure relief valve piping (#23 x #24) 32.1
26. Friction loss in pressure relief valve at estimated flow (valve wide open)
([#14/#20]2) 38.9
27. Pressure at pressure relief piping discharge (#1 —#26 —#26) 104.1
28. Elevation difference (0.433*Elev difference in feet) 0

29. Required pressure at relief piping discharge (pitot pressure at a flow of #14)
({#14/[29.83 x #18 x #172]}2) 11.8

Conclusion: The discharge pressure at the pressure relief piping (with the pressure relief valve
wide open) exceeds the pitot pressure required for the flow; therefore the pressure relief components
are adequately sized.

FIGURE A.4.18.2.1 Sample Pressure Relief Valve Calculation.
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Water tank

Pressure
relief valve

Suction  _a »  Discharge

Waste cone

Pressure
relief valve

EXHIBIT 11.4.18 Pressure Relief Valve Piped to Pump
Suction (Closed). (Courtesy of Stephan Laforest, Summit

Discharge Sprinkler Design Services, Inc.)

Suction

EXHIBIT 11.4.17 Pressure Relief Valve Piped to Drain.
(Courtesy of Stephan Laforest, Summit Sprinkler Design
Services, Inc.)

method may be a flow connected to a local bell or a closed waste cone (which is pictured in
Exhibit 11.4.16). When this method is used, a circulation relief valve must be installed for cool-
ing purposes (see A.4.18.1 for additional details). The pressure setting of the circulation relief
valve should be well below the pressure relief valve setting but above the maximum suction
pressure. For relief valve arrangements (open and closed discharge), see Exhibit [1.4.17 and
Exhibit 11.4.18.

4.18.5.5 If the relief valve is provided with means for detecting 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 permitted in 4.18.6.2, the relief valve discharge pipe shall be of a size not
less than that given in Section 4.26.

4.18.6.2 The discharge pipe shall be permitted to be sized hydraulically to discharge suffi-
cient water to prevent the pump discharge pressure, adjusted for elevation, from exceeding the
pressure rating of the system components.

4.18.6.2.1 If the pipe 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 independently and not be combined with the discharge
from other relief valves.

4.18.7* Discharge to Source of Supply. Where the relief valve is piped back to the
source of supply, the relief valve and piping shall have sufficient capacity to prevent pressure
from exceeding that for which system components are rated.

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 pressure restriction.
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4.18.7.1 Where a pressure relief valve has been piped back to suction, a circulation relief
valve sized in accordance with 4.11.1.6 and discharged to atmosphere shall be provided down-
stream of the pressure relief valve.

Where a pressure relief valve discharge is piped back to the suction side of a fire pump
(closed loop), a circulation relief valve must be installed for cooling purposes (see A.4.18.1 for
additional detail). The pressure setting of the circulation relief valve should be well below the
pressure relief valve setting but above the maximum suction pressure.

4.18.7.2 Where pump discharge water is piped back to pump suction and the pump is driven
by a diesel engine with heat exchanger cooling, a high cooling water temperature signal at
104°F (40°C) from the engine inlet of the heat exchanger water supply shall be sent to the
fire pump controller, and the controller shall stop the engine provided that there are no active
emergency requirements for the pump to run.

This requirement is intended to prevent damage to the engine under nonemergency condi-
tions; under emergency conditions, the engine should continue to run, even if it results in
damage to the engine.

4.18.7.2.1 The requirements of 4.18.7.2 shall not apply when pump discharge water is being
piped back to a water storage reservoir.

The temperature change from energy added by the fire pump to water that is recirculated
through a water storage tank should be minimal.

4.18.8* Discharge to Suction Reservoir. Where the supply of water to the pump is
taken from a suction reservoir of limited capacity, the drain pipe shall discharge into the
reservoir at a point as far from the pump suction as is necessary to prevent the pump from
drafting air introduced by the drain pipe discharge.

A.4.18.8 When discharge enters the reservoir below minimum water level, there is not likely
to be an air problem. If it enters over the top of the reservoir, the air problem is reduced by
extending the discharge to below the normal water level.

4.18.9 Shutoff Valve. A shutoff valve shall not 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 pump unit (pumps, drivers, controllers, and accessories) shall perform
in compliance with this standard as an entire unit.

4.19.1.2 Within 20 seconds after a demand to start, pumps in series shall supply and 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 adjusted and restabilized whenever
the flow condition changes.

The requirement for stable discharge pressures applies while conditions affecting flow (primar-
ily valve positions and open orifices) stay the same. The discharge pressures will change and
restabilize when the conditions affecting flow change.
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4.19.1.3 The complete series fire pump unit shall be field acceptance tested for proper perfor-
mance in accordance with the provisions of this standard. (See Section 14.2.)

4.19.2 Fire Pump Arrangement.
4.19.2.1 No more than three pumps shall be allowed to operate in series.
The addition of each pump in a series results in some decrease in overall reliability. High pres- <4 DESIGN ALERT

sures, increasing complexity, and decreasing reliability make it undesirable to have more than
three pumps operating in series.

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

4.19.2.3 No pressure reducing or pressure regulating valves shall be installed between fire
pumps arranged in series.

4.19.2.4 The pressure at any point in any pump in a series fire pump unit, with all pumps
running at shutoff and rated speed at the maximum static suction supply, shall not exceed any
pump suction, discharge, or case working pressure rating.

4.20 Water Flow Test Devices
4.20.1 General.

Acceptance testing includes testing at rated speed without flow through a pressure relief valve
(pressure relief valves may be required on variable speed pumps and diesel engine drive
pumps). The pipe, valves, and fittings in the pump discharge piping must be rated for the maxi-
mum discharge pressure. If the discharge pressure exceeds 175 psi (12.1 bar), flanged fittings
must be of extra heavy pattern.

4.20.1.1* A fire pump installation shall be arranged to allow the test of the pump at its
rated conditions as well as the suction supply at the maximum flow available from the
fire pump.

Every fire pump installation needs a method for performing the acceptance test required in
Chapter 14. NFPA 25 permits the following three methods for testing fire pumps:

1. Test header. This device is connected to the discharge side of the pump and has a num-
ber of hose outlets as illustrated in Exhibit [1.4.19. When testing the pump, the hose
is connected to the outlets with water discharged in a safe location as illustrated in
Exhibit 11.4.20 and Exhibit I1.4.21. Flow readings are usually taken from the end of the
hose with a Pitot tube or other flow measuring device.

2. Flowmeter. A special pipe is run from the discharge side of the pump back to the water
supply (or to some other acceptable discharge point) with a flowmeter and control valve
in the line. When testing the pump, the control valve is partially opened (with the pump
already running) to achieve the 100 percent flow condition. The valve is then opened
more to achieve the 150 percent flow condition.

3. Closed loop metering. This method consists of a bypass line with a flowmeter and
control valves (before and after the flowmeter), which leads directly from the pump

Stationary Fire Pumps Handbook 2013



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

98 Part Il « NFPA 20 « Chapter 4 General Requirements

discharge to the pump suction. This test is run the same way as method 2, but the water
does not come from the supply. The water is recirculated in a small loop through the
pump, as illustrated in Exhibit 11.4.22. It should be noted that A.4.20.2.1 recommends
that metering devices discharge to drain, to the water supply tank, or to the outside. It
should also be noted that acceptance testing must include operating the pump at 100
percent and 150 percent without recirculating the water back to the pump suction (that
is, the water must discharge though a test header or other safe location).

Because closed loop metering (method 3) does not test the water supply’s ability to get
water to the pump, this method cannot be used for an acceptance test. NFPA 25 also limits
the application of this method. Once every 3 years, testing must be performed in accordance
with method 1 or method 2. Therefore, the designer must make sure that equipment used
to perform the annual flow test in accordance with method 1 or method 2 is included in the
original design. Otherwise, the acceptance test cannot be completed, and, 3 years after instal-
lation, the building owner will be unable to comply with NFPA 25.

» FAQ

If the fire pump has no means to discharge water, must a test header or flow-
meter be provided for a test that cannot be completed?

Under no circumstances can a fire pump be placed into service without an acceptance test.
NFPA 25 requires an annual test of the fire pump by means of observing discharge of water at
least once every 3 years. A flowmeter in a closed loop arrangement permits testing the pump
without discharging water; however, water discharge is required for acceptance testing at least
once every 3 years thereafter.

EXHIBIT 11.4.19 Test Header. (Courtesy of Aon Fire EXHIBIT 11.4.20 Test Header with Hose Attached.
Protection Engineering) (Courtesy of Aon Fire Protection Engineering)
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EXHIBIT 11.4.21 Fire Hose Connected to Hose Monsters. EXHIBIT 11.4.22 Closed Loop Metering. (Courtesy of Aon
(Courtesy of Aon Fire Protection Engineering) Fire Protection Engineering)

A.4.20.1.1 The two objectives of running a pump test are to make sure that the pump itself is
still functioning properly and to make sure that the water supply can still deliver the correct
amount of water to the pump at the correct pressure. Some arrangements of test equipment
do not permit the water supply to be tested. Every fire pump installation needs to have at least
one arrangement of test equipment where the water supply can be tested. Inspection, testing,
and maintenance standards (NFPA 25, Standard for the Inspection, Testing, and Maintenance
of Water-Based Fire 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 water to the pump.

4.20.1.2* Where water usage or discharge is not permitted for the duration of the test speci-
fied in Chapter 14, the outlet shall be used to test the pump and suction supply and determine
that the system is operating in accordance with the design.

A.4.20.1.2 Outlets can be provided through the use of standard test headers, yard hydrants,
wall hydrants, or standpipe hose valves.
The following notes apply to Figure A.4.20.1.2(a) and Figure A.4.20.1.2(b):

(1) The distance from the flowmeter to either isolation valve should be as recommended by
the meter manufacturer.

(2) There 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 diameters 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 air.

(4) The fire protection system should have outlets available to test the fire pump and suction
supply piping. (See A.4.20.3.1.)

(5) The closed loop meter arrangement will test only net pump performance. It does not 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 end
up in the eye of the pump impeller.

(7) Turbulence in the water 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 recommended.
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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 permitted to discharge to a drain or
to the fire pump water source. (See the text for information on the notes.)

(8) Prolonged recirculation can cause damaging heat buildup, unless some water is
wasted.
(9) The flowmeter should be installed according to manufacturer’s instructions.
(10) Pressure sensing lines also need to be installed in accordance with 10.5.2.1. [See Fig-
ure A.4.30(a) and Figure A.4.30(b).]

4.20.1.3 The flow shall continue until the flow has stabilized. (See 14.2.6.4.)

4.20.1.4* Where a test header is installed, it shall be installed on an exterior wall or in another
location outside the pump room that allows for water discharge during testing.

A.4.20.1.4 The hose valves of the fire pump test header should be located on the building
exterior. This is because the test discharge needs to be directed to a safe outdoor location, and
to protect the fire pumps, controllers, and so forth, from accidental water spray. In instances
where damage from theft or vandalism is a concern, the test header hose valves can be located
within the building but outside of the fire pump room if, in the judgment of the AHJ, the test
flow can be safely directed outside the building without undue risk of water spray to the fire
pump equipment.

4.20.2 Meters and Testing Devices.

4.20.2.1* Metering devices or fixed nozzles for pump testing shall be listed.
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FIGURE A.4.20.1.2(b) Typical Arrangement for Measuring Fire Pump Water Flow with
Meter. Discharge from the flowmeter is recirculated to the fire pump suction line. (See the

text for information on the notes.)

A.4.20.2.1 Metering devices should discharge to drain.

In the case of a limited water supply, the discharge should be back to the water source (e.g.,
suction tank, small pond). If this discharge enters the source below minimum water level, it is
not likely to create an air problem for the pump suction. If it enters over the top of the source,
the air problem is reduced by extending the discharge to below the normal water level.

4.20.2.2 Metering devices or fixed nozzles shall be capable of water flow of not less than

175 percent of rated pump capacity.

4.20.2.3 All of the meter system piping shall be permitted to be sized hydraulically but shall

not be smaller than as specified by the meter manufacturer.

Sizing the meter piping hydraulically can reduce the cost of installation without sacrificing
system performance. The intent of the technical committee is to allow a performance-based
option for sizing the flowmeter piping. In a closed loop system, the meter piping should be
sized so that, at 150 percent flow, the friction loss through the meter, meter piping valves (fully
open), and fittings is less than the net pressure of the fire pump and so that sufficient pressure
is available to perform an acceptance test by discharging and measuring flow through the

pump test header or other means.
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If the meter piping discharges to atmosphere, the meter piping should be sized so that,
at 150 percent flow, the friction loss through the meter, meter piping valves (fully open) and
fittings is less than the net pressure of the fire pump plus the residual suction pressure and so
that sufficient pressure is available to perform an acceptance test by discharging and measur-
ing flow through the pump test header or other means.

4.20.2.4 If the meter system piping is not sized hydraulically, then all of the meter system
piping 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 For nonhydraulically sized piping, the minimum size meter for a given pump capac-
ity 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 nonhydraulically 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 through meter, the next larger size of piping shall be used to minimize friction loss.

4.20.2.7 The primary element shall be suitable for that pipe size and pump rating.
4.20.2.8 The readout instrument shall be sized for the pump-rated capacity. (See Section 4.26.)

4.20.2.9 When discharging back into a tank, the discharge nozzle(s) or pipe shall be located
at a point as far from the pump suction as is necessary to prevent the pump from drafting air
introduced by the discharge of test water into the tank.

4.20.2.10* Where a metering device is installed in a loop arrangement for fire pump flow
testing, an alternate means of measuring flow shall be provided.

A.4.20.2.10 The testing arrangement should be designed to minimize the length of fire hose
needed to discharge water safely [approximately 100 ft (30 m)]. Where a flow test meter is
installed, an alternate means of testing, such as hydrants, hose valves, test header(s), and so
forth is needed as an alternate means of testing the performance of the fire pump, and to verify
the accuracy of the metering device.

4.20.2.10.1 The alternate means of measuring flow shall be located downstream of and in
series with the flow meter.

The alternate means of measuring flow allows verification of the accuracy of a flow test meter,
acceptance testing, and verification of the suction supply every 3 years as required by NFPA 25.

4.20.2.10.2 The alternate means of measuring flow shall function for the range of flows nec-
essary to conduct a full flow test.
4.20.2.10.3 An appropriately sized test header shall be an acceptable alternate means of mea-

suring flow.

Locating a test header downstream of the flowmeter allows verification of the accuracy of
a flow test meter, acceptance testing, and verification of the suction supply every 3 years as
required by NFPA 25.

4.20.3 Hose Valves.
4.20.3.1* General.

A.4.20.3.1 The hose valves should be attached to a header or manifold and connected by
suitable piping to the pump discharge piping. The connection point should be between the
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discharge check valve and the discharge gate valve. Hose valves should be located to avoid
any possible water damage to the pump driver or controller. If there are other adequate pump
testing facilities, the hose valve header can be omitted when its main function is to provide
a method of pump and suction supply testing. Where the hose header also serves as the
equivalent of a yard hydrant, this omission should not reduce the number of hose valves to
less than two.

4.20.3.1.1 Hose valves shall be listed.

4.20.3.1.2 The number and size of hose valves used for pump testing shall be as specified in
Section 4.26.

4.20.3.1.3 Where outlets are being utilized as a means to test the fire pump in accordance with
4.20.1.1, one of the following methods shall be used:

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

(2) Wall hydrants, yard hydrants, or standpipe outlets of sufficient number and size to allow
testing of the pump

A.4.20.3.1.3(1) Outlets are typically provided through a standard test header. The test header
is usually connected to the pump system between the discharge check valve and the discharge
control valve for the pump so that the fire protection system can be isolated from the pump
during testing if desired. However, the objective of testing the pump can be achieved with
other arrangements as well.

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 external thread for the valve size specified, as
stipulated in NFPA 1963, Standard for Fire Hose Connections.

(2) Where local fire department connections do not conform to NFPA 1963 and the connec-
tion is to be utilized as a wall hydrant, the authority having jurisdiction shall designate
the threads to be used.

4.20.3.3 Location.

4.20.3.3.1 A listed indicating butterfly or gate valve shall be located in the pipeline to the
hose valve header.

4.20.3.3.2 A drain valve or automatic ball drip shall be located in the pipeline at a low point
between the valve and the header. [See Figure A.6.3.1(a) and Figure A.7.2.2.1.]

4.20.3.3.3 The valve required in 4.20.3.3.1 shall be at a point in the line close to the pump.
[See Figure A.6.3.1(a).]

4.20.3.4 Pipe Size. The pipe size shall be in accordance with one of the following two
methods:

(1) Where the pipe between the hose valve header and the connection to the pump dis-
charge pipe is over 15 ft (4.5 m) in length, the next larger pipe size than that required by
4.20.3.1.3 shall be used.

(2)* This pipe is permitted to be sized by hydraulic calculations based on a total flow of
150 percent of rated pump capacity, including the following:

(a) This calculation shall include friction loss for the total length of pipe plus equivalent
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 proven by a test flowing the maximum water available.

A.4.20.3.4(2) See Figure A.4.20.3.4(2).
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SAMPLE PUMP TEST HEADER SIZE CALCULATION
Pump size 1500
Number of test hose streams 6
Size of hose 2V
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 ! 18 18
Pipe Fittings LRE 0 13 0
T 1 35 35
BV 0 12 0
GV 1 4
SwW 1 45 45
Pump test header pipe length 30
Total equivalent length 141
Maximum test flow 2250
Friction loss per ft in pipe 0.0392
Total loss in pump test header pipe 5.5
Flow in each hose 375
Friction loss in 100 ft of hose 28.125
Total friction loss in hose 14.1
Equivalent pipe length 2% in. valve 7
Friction loss in 2%z in. pipe 0.4561
Friction loss through 27z in. valve 3.2
Required pitot pressure 18
Elevation difference 0
Required pump discharge 40.8

FIGURE A.4.20.3.4(2) Sample Pump Test Header Calculation.

4.21 Steam Power Supply Dependability

Existing steam-driven fire pump installations are rare, and new installations of steam-driven
fire pumps are very rare. However, NFPA 20 still recognizes steam turbine drivers with a reli-
able source of steam as acceptable fire pump drivers.

4.21.1 Steam Supply.

4.21.1.1 Careful consideration shall be given in each case to the dependability of the steam
supply and the steam supply system.
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4.21.1.2 Consideration shall include the possible effect of interruption of transmission piping
either on the property or in adjoining buildings that could threaten the property.

4.22 Shop Tests

Shop test results are used for comparison to acceptance testing results during the field accep-
tance test (for annual testing requirements, see NFPA 25). See Chapter 14 for more information
regarding shop and acceptance tests.

4.22.1 General. Each individual pump shall be tested at the factory to provide detailed
performance data and to demonstrate its compliance with specifications.

4.22.2 Preshipment Tests.

4.22.2.1 Before shipment from the factory, each pump shall be hydrostatically tested by the
manufacturer for a period of not less than 5 minutes.

4.22.2.2 The test pressure shall not be less than one and one-half times the sum of the pump’s
shutoff head plus its maximum allowable suction head, but in no case shall it be less than
250 psi (17.24 bar).

4.22.2.3 Pump casings shall be essentially tight at the test pressure.
4.22.2.4 During the test, no objectionable leakage shall occur at any joint.

4.22.2.5 In the case of vertical turbine-type pumps, both the discharge casting and pump
bowl assembly shall be tested.

4.23* Pump Shaft Rotation

Pump shaft rotation shall be determined and correctly specified when fire pumps and equip-
ment involving that rotation are ordered.

The rotation of a fire pump dictates the entire layout of piping and equipment in the fire pump <« DESIGN ALERT
room. The correct rotation must be determined before attempting a piping layout and design,

and the rotation should be specified on the fire pump purchase order. It is important to note

that not all fire pump manufacturers view rotation from the same perspective. Therefore, the

manufacturer’s catalog should be consulted for the proper procedure for determining pump

rotation. Some diesel engine drives are only available using a single rotation direction.

A.4.23 Pumps are designated as having right-hand, or clockwise (CW), rotation or left-hand,
or counterclockwise (CCW), rotation. Diesel engines are commonly stocked and supplied
with clockwise rotation.

Pump shaft rotation can be determined as follows:

(1) Horizontal Pump Shaft Rotation. The rotation of a horizontal pump can be determined by
standing at the driver end and facing the pump. [See Figure A.4.23(a).] If the top of the
shaft revolves from the left to the right, the rotation is right-handed, or clockwise (CW).
If the top of the shaft revolves from right to left, the rotation is left-handed, or counter-
clockwise (CCW).

(2) Vertical Pump Shaft Rotation. The rotation of a vertical pump can be determined by look-
ing down at the top of the pump. If the point of the shaft directly opposite revolves from
left to right, the rotation is right-handed, or clockwise (CW). [See Figure A.4.23(b).]
If the point of the shaft directly opposite revolves from right to left, the rotation is left-
handed, or counterclockwise (CCW).
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FIGURE A.4.23(a) Horizontal Pump Shaft Rotation.

SIDE VIEW

FIGURE A.4.23(b) Vertical Pump Shaft Rotation.

EXHIBIT 11.4.23 Pump Shaft Rotation Marking.
(Courtesy of Aon Fire Protection Engineering)

See Exhibit 11.4.23 for an example of a pump marked with the shaft rotation direction.

4.24* Other Signals

Where required by other sections of this standard, signals shall call attention to improper con-
ditions in the fire pump equipment.
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A.4.24 In addition to those conditions that require signals for pump controllers and engines,
there are other conditions for which such signals might be recommended, depending upon
local conditions. Some of these conditions are as follows:

(1) Low pump room temperature

(2) Relief valve discharge

(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 into the trouble signals already provided on the
controller, or they can be independent.

4.25* Pressure Maintenance (Jockey or Make-Up) Pumps

Depending on factors such as the nature of the water supply or leakage through the system
piping, pressure drops or fluctuations can occur within the fire protection system. These pres-
sure fluctuations can cause the fire pump to operate even though the fire protection system
has not been activated — that is, a sprinkler did not activate, or a standpipe valve was not
opened. It is not the intent to operate the fire pump frequently for short durations to maintain
system pressure. Fire pumps are not designed for, nor are they intended for, this purpose. Sub-
section 4.25.6 prohibits the use of fire pumps as pressure maintenance devices.

The benefits of a pressure maintenance pump go beyond maintaining system pressure. A
pressure maintenance pump will provide a higher pressure for the first sprinklers that activate
and may improve their effectiveness, thus limiting the total number of sprinklers that activate.
The pump will also reduce the likelihood of a pressure surge and thereby improve the effec-
tiveness of waterflow alarms by avoiding false alarms created by pressure surges.

It is important to note that pressure maintenance pumps (also called make-up pumps or
jockey pumps) are not required by NFPA 20. NFPA 20 provides requirements for jockey pumps
only when they are installed; however, some method of maintaining system pressure, other
than through the fire pump(s), should be provided. The pump, as illustrated in Exhibit [1.4.24,
is the most frequently used method to maintain system pressure. For systems that use the
underground piping for both domestic and fire protection purposes, the operating pressure
must be coordinated, and the domestic pumps can operate as pressure maintenance pumps.

Since pressure maintenance pumps are not required, this section was revised for the 2010
edition to indicate that valves and other components are not required to be listed. The suction
isolation valve no longer needs to be an OS&Y, and isolation valves are not required to be
supervised. These changes were made because failure of the pressure maintenance pump will
not compromise the fire protection features of the fire pump system. Therefore, the level of
protection required of a fire pump is not necessary for a pressure maintenance pump.

» FAQ

Is a pressure maintenance (jockey or make-up pump) required on all fire pump
installations?

A fire pump cannot be used to maintain system pressure (see 4.25.6). A nonautomatic start-
ing fire pump may not require a pressure maintenance pump. For a fire pump that starts
automatically on a pressure drop, a pressure maintenance pump is required unless a means
(other than a fire pump) of maintaining system pressure above the fire pump start pressure is
provided. Some combination fire protection/water distribution systems have domestic pumps
that operate in parallel with the fire pump and provide domestic water at a pressure above the
fire pump start pressure setting.
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EXHIBIT 11.4.24 Pressure
Maintenance Pump.

Although not recommended, it is also possible that the water pressure in the piping to a
deluge system supplied by a fire pump may be maintained at the pressure provided by the
water department. The large flow that occurs when the deluge system operates drops the
residual pressure below the fire pump start pressure setting; alternatively, the fire pump may
be started electronically by a signal from the detection system. This scenario is not recom-
mended for the following reasons:

1. The normal pressure is substantially below the pump discharge pressure, and activating
the fire pump against the lower initial pressure will cause a higher pressure surge.

2. The residual pressure may not drop sufficiently to activate the fire pump.

3. Fluctuations in the water supply pressure could cause the fire pump to activate without
the deluge system tripping.

A.4.25 Pressure maintenance (jockey or make-up) pumps should be used where it is desirable
to maintain a uniform or relatively high pressure on the fire protection system.

A domestic water pump in a dual-purpose water supply system can function as a means
of maintaining pressure.

4.25.1 Pressure maintenance pumps shall not be required to be listed. Pressure maintenance
pumps shall be approved.

4.25.1.1* The pressure maintenance pump shall be sized to replenish the fire protection sys-
tem pressure due to allowable leakage and normal drops in pressure.
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A4.25.1.1 The sizing of the pressure maintenance pump requires a thor-
ough analysis of the type and size of system the pressure maintenance
pump will serve. Pressure maintenance pumps on fire protection systems
that serve large underground mains need to be larger than pressure mainte-
nance pumps that serve small aboveground fire protection systems. Under-
ground mains are permitted by NFPA 24, Standard for the Installation of
Private Fire Service Mains and Their Appurtenances, to have some leak-
age (see 10.10.2.2.6 of NFPA 24), while aboveground piping systems are
required to be tight when new and should not have significant leakage.
For situations where the pressure maintenance pump serves only
aboveground piping for fire sprinkler and standpipe systems, the pres-
sure maintenance pump should be sized to provide a flow less than a

—W8 AHJ FAQ

109

The submittal for a fire pump installation does not
show a listing for the jockey pump. Is a nonlisted
pump permitted?

ANSWER: Yes. Pressure maintenance pumps are
not a critical component in the functioning of a fire
protection system, and, therefore, a failure of such a
device does not cause the system to fail. The failure
of the pump will eventually cause the fire pump to
run and, hopefully, to be identified and corrected at
that time. Based on the fact that the pump is not a
critical component of the system, it is required only
to be approved and is not required to be listed.

single fire sprinkler. The main fire pump should start and run (provid-
ing a pump running signal) for any waterflow situation where a sprinkler has opened, which
will not happen if the pressure maintenance pump is too large.

One guideline that has been successfully used to size pressure maintenance 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.

4.25.2 Pressure maintenance pumps shall have rated capacities not less than any normal
leakage rate.

Pressure maintenance pumps, also called jockey pumps, are generally low-flow, high-pressure <4 CALCULATION
pumps. For sprinkler systems, jockey pumps are usually sized to flow a quantity of water less
than or equal to that required by a single sprinkler. When sized in this manner, if a sprinkler
opens on the system, the jockey pump will not be able to keep up with system demand, the
pressure will continue to fall, and the fire pump will start, usually after an additional 5 psi
(0.3 bar) has been lost to friction following the start of the jockey pump. See Chapter 14,
Annex A.14.2.5, for recommendations on starting pressures for jockey pumps and fire pumps.
The pressure differential between the pressure maintenance pump and the fire pump should
be a minimum of 10 psi (0.7 bar) to avoid false starting of the fire pump due to pressure fluc-
tuations in the system piping.

A general rule of thumb for sizing jockey pumps supplying underground piping has been

to use 1 percent of the fire pump rated capacity and add 10 psi (0.7 bar) to the pressure rat-
ing of the fire pump. For example, a fire pump with a rated capacity of 1000 gpm at 100 psi
(3785 L/min at 6.9 bar) should be provided with a jockey pump of 10 gpm at 110 psi (37.8 L/min
at 7.6 bar) rated capacity. An exception to this general rule is when older underground systems
leak excessively. In such a case, the jockey pump capacity should be increased further, based
on the leakage rate of the underground system.

4.25.3 Pressure maintenance pumps shall have discharge pressure sufficient to maintain the
desired fire protection system pressure.

4.25.4* Excess Pressure.

A.4.25.4 A centrifugal-type pressure maintenance pump is preferable.
The following notes apply to a centrifugal-type pressure maintenance pump:

(1) A jockey pump is usually required with automatically controlled pumps.

(2) Jockey pump suction can come from the tank filling supply line. This situation would
allow high pressure to be maintained on the fire protection system even when the supply
tank is empty for repairs.

(3) Pressure sensing lines also need to be installed in accordance with 10.5.2.1. [See Fig-
ure A.4.30(a) and Figure A.4.30(b).]
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4.25.4.1 Where a centrifugal-type pressure maintenance pump has a total discharge pressure
with the pump operating at shutoff exceeding the working pressure rating of the fire protection
equipment, or where a turbine vane (peripheral) type of pump is used, a relief valve sized to
prevent overpressuring of the system shall be installed on the pump discharge to prevent dam-
age to the fire protection system.

Unless a pressure relief valve is provided, a positive displacement pressure maintenance pump
that fails to shut off for any reason will continue to build up pressure until the motor seizes or
something breaks. In general, the pressure maintenance pump is not electrically supervised,
and no one will be warned of its continued operation.

4.25.4.2 Running period timers shall not be used where jockey pumps are utilized that have
the capability of exceeding the working pressure of the fire protection systems.

A running period timer could cause the pump to continue to operate after the pressure demand
is satisfied, which could cause a significant discharge of water though the pressure relief valve.

4.25.5 Piping and Components for Pressure Maintenance Pumps.

4.25.5.1 Steel pipe shall be used for suction and discharge piping on pressure maintenance
pumps, which includes packaged prefabricated systems.

4.25.5.2 Valves and components for the pressure maintenance 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 maintenance
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, and miscellaneous fittings accessible for repair.

A.4.255.5 See Figure A.4.25.5.5.

4.25.5.6 The pressure sensing line for the pressure maintenance pump shall be in accordance
with Section 4.30.

4.25.5.7 The isolation valves serving the pressure maintenance pump shall not be required to
be supervised.

I R

From tank or < <
tank fill line
— Hose | 0s&Y pli 0OS&Y gate valve or
1 header gate valve indicating butterfly valve

-~ Check | F |Fire pump Jockey pump —><— Isolation
valve valve

FIGURE A.4.25.5.5 Jockey Pump Installation with Fire
Pump.
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4.25.6 Except as permitted in Chapter 8, the primary or standby fire pump shall not be used
as a pressure maintenance pump.

4.25.7 The controller for a pressure maintenance pump shall be listed but shall not be
required to be listed for fire pump service.

4.25.8 The pressure maintenance pump shall not be required to have secondary or standby
power.

4.26 Summary of Centrifugal Fire Pump Data
The size indicated in Table 4.26(a) and Table 4.26(b) shall be used as a minimum.

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

Minimum Pipe Sizes (Nominal) (in.)

Number
Pump Relief and Size of Hose
Rating Relief Valve Meter Hose Header
(gpm)  Suction®*¢ Discharge?  Valve  Discharge Device Valves Supply

25 1 1 Ya 1 1% 1—1% 1

50 1% 1% 1% 1% 2 1—1% 1%
100 2 2 1% 2 2% 1—2% 2%
150 2Y% 2Y% 2 2Y% 3 1—2% 2Ys
200 3 3 2 2% 3 1—2% 2%
250 3% 3 2 2% 3% 1—2% 3
300 4 4 2% 3% 3% 1—2% 3
400 4 4 3 5 4 2—2% 4
450 5 5 3 5 4 2—2% 4
500 5 5 3 5 5 2—2% 4
750 6 6 4 6 5 3—2% 6
1000 8 6 4 8 6 4 —2% 6
1250 8 8 6 8 6 6 — 2% 8
1500 8 8 6 8 8 6 — 2% 8
2000 10 10 6 10 8 6 — 2% 8
2500 10 10 6 10 8 8 —2% 10
3000 12 12 8 12 8 12 — 2% 10
3500 12 12 8 12 10 12 — 2% 12
4000 14 12 8 14 10 16 — 2% 12
4500 16 14 8 14 10 16 — 2% 12
5000 16 14 8 14 10 20— 2% 12

Notes:

(1) The pressure relief valve shall be permitted to be sized in accordance with 4.18.2.1.

(2) The pressure relief valve discharge shall be permitted to be sized in accordance with 4.18.6.2.

(3) The flowmeter device shall be permitted to be sized in accordance with 4.19.2.2.

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

aActual diameter of pump flange is permitted to be different from pipe diameter.

®Applies only to that portion of suction pipe specified in 4.14.3.4.

cSuction pipe sizes in Table 4.26(a) and Table 4.26(b) are based on a maximum velocity at 150 percent rated
capacity to 15 ft/sec (4.6 m/sec) in most cases.
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TABLE 4.26(b) Summary of Centrifugal Fire Pump Data (Metric)

Minimum Pipe Sizes (Nominal) (mm)

Number
Pump Relief and Size  Hose
Rating Relief Valve Meter of Hose  Header
(L/min)  Suction#®¢ Discharge* 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 1—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 75 125 125 2—65 100
2,839 150 150 100 150 125 3—65 150
3,785 200 150 100 200 150 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
9,462 250 250 150 250 200 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:

(1) The pressure relief valve shall be permitted to be sized in accordance with 4.18.2.1.

(2) The pressure relief valve discharge shall be permitted to be sized in accordance with 4.18.6.2.

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

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

aActual diameter of pump flange is permitted to be different from pipe diameter.

®Applies only to that portion of suction pipe specified in 4.14.3.4.

cSuction pipe sizes in Table 4.26(a) and Table 4.26(b) are based on a maximum velocity at 150 percent rated
capacity to 15 ft/sec (4.6 m/sec) in most cases.

4.27 Backflow Preventers and Check Valves

4.27.1 Check valves and backflow prevention devices and assemblies shall be listed for fire
protection service.

4.27.2 Relief Valve Drainage.

4.27.2.1 Where the backflow prevention device or assembly incorporates a relief valve, the
relief valve shall discharge to a drain appropriately sized for the maximum anticipated flow
from the relief valve.
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Relief valves on reduced pressure backflow preventers (shown in Exhibit I.4.25) can discharge
a large volume of water. The drain for these devices needs to be adequately sized to handle
this flow. When reduced pressure backflow preventers are used, the pressure maintenance
pump sensing line connection should be made on the supply side of the reduced pressure
backflow preventers. If the pressure maintenance pump is permitted to pressurize the system
side of a reduced pressure backflow preventer, the pressure relief valve remains open, con-
tinually discharging water into the drain.

The air gap on a reduced pressure backflow preventer is necessary for two reasons.
First, without an air gap, the backflow preventer becomes a potential cross connection that
could contaminate the water supply from the drain. Second, the drain sometimes leads to an
unheated area, in which case the cold temperatures could freeze the inside of the backflow
preventer if it is not separated by an air gap.

EXHIBIT 11.4.25 Reduced Pressure Backflow Preventer.
(Courtesy of Aon Fire Protection Engineering)

4.27.2.2 Anairgap shall be provided in accordance with the manufacturer’s recommendations.
4.27.2.3 Water discharge from the relief valve shall be readily visible or easily detectable.

4.27.2.4 Performance of the requirements in 4.27.2.1 through 4.27.2.3 shall be documented
by engineering calculations and tests.

4.27.3 Devices in Suction Piping. Where located in the suction pipe of the pump, check
valves and backflow prevention devices or assemblies shall be located a minimum of 10 pipe
diameters from the pump suction flange.

Installation of a backflow preventer on the suction side of a fire pump should be avoided if
possible, because the water discharging from a backflow prevention device is extremely turbu-
lent. Before this water enters the fire pump, turbulent flow must be minimized. The distance of
10 pipe diameters is considered acceptable in the water control industries for performing this
task. Exhibit 11.4.26 illustrates a double check backflow preventer assembly that should have
been located 10 pipe diameters from the fire pump suction flange.
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EXHIBIT 11.4.26 Double
Check Valve Assembly
Installed on Suction Side of
Fire Pump. (Courtesy of Aon
Fire Protection Engineering)

4.27.3.1 Where a backflow preventer with butterfly control valves is installed in the suction
pipe, the backflow preventer is required to be at least 50 ft (15.2 m) from the pump suction
flange (as measured along the route of pipe) in accordance with 4.14.5.2.

4.27.4 Evaluation.

4.27.4.1 Where the authority having jurisdiction requires the installation of a backflow pre-
vention device or assembly in connection with the pump, special consideration shall be given
to the increased pressure loss resulting from the installation.

Water must enter the suction flange of the pump at a positive pressure. See the commentary
following 4.14.3.1 for more information on this subject. The friction loss from the backflow
prevention device and two accompanying isolation OS&Y gate valves is significant and must
be included in the system calculations.

4.27.4.2 Where a backflow prevention device is installed, the final arrangement shall provide
effective pump performance with a minimum pump suction pressure of 0 psi (0 bar) at the
gauge at 150 percent of rated capacity.

4.27.4.3 If available suction supplies do not permit the flowing of 150 percent of rated pump
capacity, the final arrangement of the backflow prevention device shall provide effective pump
performance with a minimum suction pressure of 0 psi (0 bar) at the gauge at the maximum
allowable discharge.

4.27.4.4 The discharge shall exceed the fire protection system design flow.

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

4.28 Earthquake Protection

The potential for seismic activity is higher than previously thought for most areas of the United
States and for a significant portion of the world. Fire protection systems, including fire pump
installations, need to be designed so that they can function during and following a seismic
event, because post-earthquake fires are relatively common.
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In general, fire protection systems are designed to handle horizontal forces equal to
one-half of their weight (0.5 g, where g is force of gravity). This design covers most of the
areas where earthquakes are an infrequent, but still possible, occurrence. In some areas,
the building code allows systems to be designed to withstand horizontal forces less than
one-half the weight of the component. In these situations, the lower value specified by the
building code is acceptable. For more active and intense earthquake areas, fire protection
systems need to be designed to withstand larger horizontal and vertical forces. In such
cases, the design factors will be provided in the building code. NFPA 13 should be used
for guidance related to seismic support. The building codes specify very strict earthquake
design parameters for vitally necessary buildings such as hospitals, fire stations, schools,
and other similar occupancies.

4.28.1 General.

4.28.1.1 Where local codes require fire protection systems to be protected from damage sub-
ject to earthquakes, 4.28.2 and 4.28.3 shall apply.

4.28.1.2* Horizontal seismic loads shall be based on NFPA 13, Standard for the Installation
of Sprinkler Systems, SEI/ASCE 7, Minimum Design Loads for Buildings and Other Struc-
tures, local, state, or international codes, or other sources acceptable to the authority having
jurisdiction.

A.4.28.1.2 NFPA 13, Standard for the Installation of Sprinkler Systems, contains specific
requirements for seismic design of fire protection systems. It is a simplified approach that was
developed to coincide with SEI/ASCE 7, Minimum Design Loads for Buildings and Other
Structures, and current building codes.

4.28.2 Pump Driver and Controller. The fire pump, driver, diesel fuel tank (where
installed), and fire pump controller shall be attached to their foundations with materials
capable of resisting lateral movement from horizontal loads.

4.28.2.1 Pumps with high centers of gravity, such as vertical in-line pumps, shall be mounted
at their base and braced above their center of gravity.

4.28.3 Piping and Fittings.

4.28.3.1 Pipe and fittings shall be protected in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems.

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

4.29 Packaged Fire Pump Assemblies

See Exhibit 11.4.27 for an illustration of a packaged fire pump system.

4.29.1 A packaged fire pump assembly, with or without an enclosure, shall meet all of the
following requirements:

(1) The components shall be assembled and affixed onto a steel framing structure.

(2) Welders shall be qualified in accordance with the Section 9 of ASME Boiler and Pres-
sure Vessel Code or with the American Welding Society AWS D1.1, Structural Welding
Code — Steel.

(3) The assembly shall be listed for fire pump service.
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EXHIBIT 11.4.27 Packaged
Fire Pump System. (Courtesy
of Aon Fire Protection
Engineering)

(4) The total assembly shall be engineered and designed by a system designer as referenced
in4.3.2.

(5) All plans and data sheets shall be submitted and reviewed by the authority having juris-
diction, with copies of the stamped approved submittals used in the assembly and for
record keeping.

4.29.2 All electrical components, clearances, and wiring shall meet the minimum require-
ments of the applicable NFPA 70, National Electrical Code, articles.

4.29.3 Packaged and prefabricated skid unit(s) shall meet all the requirements in this stan-
dard, including those described in Sections 4.12 through 4.17.

4.29.4 Careful consideration shall be given to the possible effects of system component
damage during shipment to the project site.

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

4.29.4.2 The necessary supports and restraints shall be installed to prevent damage and break-
age during transit.

4.29.5 The packaged fire pump shall have the correct lifting points marked to ensure safe
rigging of the unit.

4.29.6 All packaged pump house or pump skids, or both, shall meet the requirements of
Section 4.28.

4.29.7 Suction and discharge piping shall be thoroughly inspected, including checking all
flanged and mechanical connections per manufacturers’ recommendations, after the pump
house or skid unit is set in place on the permanent foundation.

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

4.29.9* The interior floor shall be solid with grading to provide for proper drainage for the
fire pump components.

A.4.29.9 Figure A.4.29.9illustrates a typical foundation detail for a packaged fire pump assembly.

4.29.9.1 The structural frame for a packaged pump shall be mounted to an engineered foot-
ing designed to withstand the live loads of the packaged unit and the applicable wind loading
requirements.
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X Notes:

. (1) This drawing shows the minimum quantity of anchor bolts
Skids under 20 ft|  X/4 _, X/2 e X4 needed for most skid installations. The actual anchor bolt
Skids over 20 ft St XI2 St size and type are to be determined by the installing

contractor. Some building codes might require additional
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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.
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or along outside edge (typ. of 6)

Metal deck plate (optional)
grout with concrete floor with use of deck plate

Skid structure —_—

Foam polystyrene or
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Exterior skid insulated ——

for colder climates
(optional)
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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.

4.29.9.2 The foundation footings shall include the necessary anchor points required to secure
the package to the foundation.

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 all incidental pump
room spillage or leakage.

4.30* Pressure Actuated Controller Pressure Sensing Lines

The pressure sensing line specified in Section 4.30 is intended to control the starting of the
pump motor and the running cycle of the fire pump. The sensing line specified in Section 4.30
is in addition to the pressure sensing lines required by 10.5.2.1.7.5 and 11.2.4.3.4. The pressure
sensing lines required by 10.5.2.1.7Z.5 and 11.2.4.3.4 are intended to control the variable speed
pressure limiting control function of the fire pump controller.

A.4.30 See Figure A.4.30(a) and Figure A.4.30(b).
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If water pulsation causes erratic operation Not less than
of the pressure switch or the recorder, a Y2in. (15 mm)
supplemental air chamber or pulsation brass pipe with
damper might be \ brass f_|tt|ngs
needed. or equivalent

) Notless than 51t 0 in.
Cp (1524 mm)*»\/)

Bronze check valves with || €ontrol panel

%21in. (2 mm) orifice in

Connect to a clapper
tapped boss 7 Suction Ergssure
or other switch
suitable = || 0 [
outlet between . -~
the indicating / :fall\r/]eél\S mm) gl@f T
control valve >.4 }
and check valve Yain. (6 mm) plug Yain. (6 mm) plug
Y in. (15 mm) globe A B
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 %2 in. orifices can be used in place of the check valves.

FIGURE A.4.30(a) Piping Connection for Each Automatic
Pressure Switch (for Electric-Driven and Diesel Fire Pump
and Jockey Pumps).

See Note
Fire ~ /
pump 7?
controller Minimum L
( Fire )
Water J % pump [ 't:Iret'
supply pro etc ion
system
& Jockey
pump
Minimum
5ft(1.5 m)ﬂ
Jockey \ F
pump L—— \
controller T~
See Note

Note: Check valves or ground-face unions complying with 10.5.2.1.

FIGURE A.4.30(b) Piping Connection for Pressure Sens-
ing Line (Diesel Fire Pump).

4.30.1 For all pump installations, including jockey pumps, each controller shall have its own

individual pressure sensing line.

» FAQ

Can the sensing line for a fire pump and pressure maintenance pump be com-
bined and installed as a single pipe?

Each pump controller, including the pressure maintenance pump controller, must have its
own dedicated sensing line. Except for water mist positive displacement pumping units, each
pump, including the pressure maintenance pump in multiple pump installations, must also
be provided with a separate dedicated sensing line. Providing separate dedicated pressure
sensing lines adds reliability to the starting and control of the pumps. For example, if one
line becomes obstructed, the other line is not affected. See Exhibit 11.4.28 for an illustration
of pressure sensing lines for a diesel- driven fire pump that are combined and, therefore, not

compliant with 4.30.1.

4.30.2 The pressure sensing line connection for each pump, including jockey pumps, shall
be made between that pump’s discharge check valve and discharge isolation valve.

Subsection 4.30.5 does not allow a shutoff valve in the pressure sensing line. Subsection
4.30.2 requires the pressure sensing line to be connected between the fire pump discharge
check valve and the pump side of the discharge isolation valve. The following are the two

reasons for this requirement:

1. This arrangement allows the fire pump to be tested and the pressure settings to be veri-
fied with the fire protection system isolated.

2. This arrangement allows servicing of the pressure sensing line without draining the
entire fire protection system.
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EXHIBIT 11.4.28 Combined
Sensing Lines.

4.30.3* The pressure sensing line shall be brass, rigid copper pipe Types K, L, or M, or
Series 300 stainless steel pipe or tube, and the fittings shall be of % in. (15 mm) nominal size.

A.4.30.3 The use of soft copper tubing is not permitted for a pressure sensing line because it
is easily damaged.

4.30.4 Check Valves or Ground-Face Unions.

4.30.4.1 Where the requirements of 4.30.4.2 are not met, there shall be two check valves
installed in the pressure sensing line at least 5 ft (1.52 m) apart with a nominal 0.09375 in.
(2.4 mm) hole drilled in the clapper to serve as dampening. [See Figure A.4.30(a) and
Figure A.4.30(b).]

The check valves referred to in 4.30.4.1 are intended to absorb the pressure surge created
when the fire pump starts. Without this feature, the pressure switch inside the fire pump con-
troller could be damaged. The check valves should be installed as shown in Figure A.4.30(a)
to restrict flow from the pump to the controller but should open upon flow from the controller
to the pump.

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 place of the check valves.

4.30.4.3 There shall be two inspection test valves attached to the pressure sensing line that
shall consist of a tee, a valve, a second tee with the branch plugged, and a second valve. [See
Figure A.4.30(a) and Figure A.4.30(b).]
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DESIGN ALERT »

4.30.5 Shutoff Valve. There shall be no shutoff valve in the pressure sensing line.

4.30.6 Pressure Switch Actuation. Pressure switch actuation at the low adjustment set-
ting shall initiate the pump starting sequence (if the pump is not already in operation).

4.31 Break Tanks

Where a break tank is used to provide the pump suction water supply, the installation shall
comply with Section 4.31.

As defined in 3.3.6, a break tank is not intended to provide a storage capacity equal to the
entire system demand (required flow rate times duration) as specified by a fire protection system
installation standard such as NFPA 13 or NFPA 14. The break tank is also not intended to be a
pressurized source, except for the initial pressure that is developed by the depth of water in the
tank. A break tank must be equipped with an automatic fill connection to a source of water that
is considered reliable in normal circumstances. If a tank is required because the water source
is not sufficiently reliable, or a tank is required by the applicable codes and standards, the tank
should be sized for the entire system demand. If the water source is reliable but cannot supply
the required flow rate, a break tank can be used. For example, in an area subject to earthquakes,
a city supply would not be considered reliable, and the tank would be sized for the required total
facility water supply. Using a break tank to augment a reliable water source that is inadequate
in volume allows a smaller tank. A break tank can also be used as a backflow prevention device
by providing an air gap between the automatic fill valve and the highest water level.

The fire pump technical committee added information on the use of break tanks for the
2007 edition of NFPA 20, because guidance was needed on the design and testing of this
type of water tank, which does not have the capacity to meet the full fire protection system
demand. The tank design, construction, and installation must comply with the requirements
of NFPA 22. The following are the primary purposes for using break tanks:

1. To augment a reliable water source that cannot supply the required flow rate

2. To address situations where the municipality or water purveyor prohibits the direct con-
nection of a fire pump to the water main

3. To serve in situations where the pressure fluctuation causes overpressurization of the
fire protection system

See Exhibit 11.4.29 for an altitude-type (pressure actuated) automatic fill valve and
Exhibit 11.4.30 for a typical break tank with an automatic fill valve and bypass.

4.31.1 Application. Break tanks shall be used for one or more of the following reasons:

(1) As abackflow prevention device between the water supply and the fire pump suction pipe

When acting only as a backflow device, the tank will typically be the minimum size allowed
and will require two automatic fill valves and lines, each sized to match the maximum flow
through the fire pump (150 percent of pump rated capacity). The second fill valve and line is a
backup and does not have to operate simultaneously with the first fill line.

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

When used to level out pressure fluctuations, the break tank will typically be the minimum size
allowed and will require two automatic fill valves and lines, each sized to match the maximum
flow through the fire pump (150 percent of pump rated capacity). The second fill valve and line
is a backup and does not have to operate simultaneously with the first fill line.
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EXHIBIT 11.4.30 Break Tank Installation with Automatic
Fill Valve and Bypass. (Courtesy of Aon Fire Protection
Engineering)

EXHIBIT 11.4.29 Altitude-Type (Pressure Actuated)
Automatic Fill Valve. (Courtesy of Aon Fire Protection
Engineering)

(3) To provide a quantity of stored water on site where the normal water supply will not pro-
vide the required quantity of water required by the fire protection system

When augmenting a reliable water supply, the tank will typically be sized to make up the
difference between the available flow rate and the system demand. As an example, if the
system demand is 1000 gpm (3785 L/min) for 90 minutes and the water supply provides
500 gpm (1892 L/min) with a 10 percent safety factor, the tank would be sized for [1000 gpm
(3785 L/min) — 500 gpm (1892 L/min) X (90 minutes)], or 45,000 gal (170,344 L). The tank
would then hold a 45-minute water supply and be required to have one automatic fill line,
sized for a flow rate of 500 gpm (1892 L/min).

4.31.2 Break Tank Size. The tank shall be sized for a minimum duration of 15 minutes
with the fire pump operating at 150 percent of rated capacity.

A redundant automatic fill line is required to ensure that the tank does not run out of water
before the fire department can respond and verify the operation of the tank fill valve. It is
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anticipated that the fire department will respond and review the tank and tank fill within
30 minutes. An example of sizing a tank for 15 minutes under the requirements of 4.31.2 is
the following:
CALCULATION » A 1000 gpm (3785 L/min) fire pump flows 1500 gpm (5678 L/min) at 150 percent of
rated demand. A 15-minute supply, therefore, equals 15 min X 1500 gpm (5678 L/min) or
22,500 gal (85,163 L).
This requirement is based on the fire pump rating, not the fire protection demand.

» FAQ

Does NFPA 20 specify the flow rate of an automatic fill connection for all water
storage tanks?

The tank size and refill rate is based on the NFPA 20 requirement that the stored supply plus
automatic refill must meet the fire protection system demand. Note that the intent of NFPA 20
is to establish the requirements for the application, sizing, and refill of break tanks only. For
capacity and filling requirements for water storage tanks for private fire protection systems,
see NFPA 22.

4.31.3 Refill Mechanism. The refill mechanism shall be listed and arranged for auto-
matic 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 4.31.3.1.1 through 4.31.3.1.5.

The requirement in 4.31.3.1 is intended to provide the fire department with time to respond
and verify the conditions.

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.

The requirement for a redundant automatic tank fill is intended to provide the fire department
with time to respond and check the fill valve operation.

4.31.3.1.2 If available supplies do not permit refilling the tank at a minimum rate of 150 per-
cent of the rated pump capacity, each refill line shall be capable of refilling the tank at a rate
that meets or exceeds 110 percent of the maximum fire protection system design flow.

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

4.31.3.1.4 If available supplies do not permit refilling the tank at a minimum rate of 150 per-
cent of the rated pump capacity, the manual fill bypass shall be capable of refilling the tank at
a rate that meets or exceeds 110 percent of the maximum fire protection system design flow.

4.31.3.1.5 A local visible and audible low liquid level signal shall be provided in the vicinity
of the tank fill mechanism.

In addition to the local audible and visual signal, it is recommended that a supervisory signal
be transmitted to a constantly attended location.

4.31.3.2 If the break tank is sized to provide a minimum duration of 30 minutes of the maxi-
mum system demand, the refill mechanism shall meet the requirements in 4.31.3.2.1 and
4.31.3.2.2.
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4.31.3.2.1 The refill mechanism shall be designed for and capable of refilling the tank at 110
percent of the rate required to provide the total fire protection system demand [110% X (total
demand — tank capacity) / duration].

The 110 percent fill rate is intended to provide some allowance for future water supply deg-
radation. As an example, a system demand of 1000 gpm (3785 L/min) for 90 minutes would
require 90,000 gal (340,687 L) of water. If the tank is sized for 45,000 gal (170,344 L), the
water supply must provide the following:

90,000 gal (340,687 L) — 45,000 gal (170,344 L) tank or 45,000 gal (170,344 L) in 90 minutes
45,000 gal (170,344 L) / 90 min = 500 gpm (1892 L/min)

Applying the 10 percent safety factor to 500 gpm (1892 L/min) requires a tank refill rate of
550 gpm (2082 L/min).

4.31.3.2.2 A manual tank fill bypass shall be designed for and capable of refilling the tank at
110 percent of the rate required to provide the total fire protection system demand [110% x
(total demand - tank capacity) / duration].

4.31.3.3 The pipe between the municipal connection and the automatic fill valve shall be
installed in accordance with NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances.

4.31.3.4 The automatic filling mechanism shall be maintained at a minimum temperature of
40°F (4.4°C).

4.31.3.5 The automatic filling mechanism shall activate a maximum of 6 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 completion of the entire fire pump installation, an acceptance test shall be conducted in
accordance with the provisions of this standard. (See Chapter 14.)
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CHAPTER

Fire Pumps for
High-Rise Buildings

Chapter 5 was added in the 2010 edition of NFPA 20, Standard for the Installation of Stationary
Pumps for Fire Protection, to delineate special requirements for fire pumps in high-rise buildings.
A special chapter on high-rise buildings was removed from NFPA 20 in 1996 after a review
revealed that only one requirement in the chapter was unique to high-rise buildings — standby
power was required whenever a fire pump served a portion of a building that was beyond the
pumping capacity of the fire department. This requirement was moved to another chapter,
and the high-rise chapter was eliminated.

Sections 5.1 through 5.4 apply to high-rise buildings as defined in 3.3.24. Sections 5.5
and 5.6 are additional requirements that apply when the building height exceeds the pumping
capacity of the fire department apparatus.

» FAQ

Why was a chapter on fire pumps in high-rise buildings, which was removed from
earlier editions of NFPA 20, reinstated in the 2010 edition?

The chapter was reinstated in the 2010 edition because some of the most complex fire pump
installations exist in high-rise buildings. The chapter does not, however, provide a complete
guideline for fire protection design in high-rise buildings. Tanks, standpipes, and fire pumps
are highly interrelated and, therefore, must be coordinated and require the use of multiple
standards.

The technical committee for NFPA 20 understands that the high-rise chapter has sig-
nificant implications for high-rise fire protection and may also impact cost and some current
design practices. The requirements were developed after reviewing current code requirements,
current design practices, fire-fighting operations, maintenance implications, and overall reli-
ability and risk exposure.

NFPA 20 is a standard of minimum requirements. The requirements of NFPA 20 attempt
to create a balance between installation cost and risk. Typically, high-value and high-risk facili-
ties are built with higher performance requirements than are mandated in NFPA 20. It is also
appropriate within minimum requirements standards such as NFPA 20 to provide for higher
performance requirements, especially whenever the known life safety risk is high.

The following characteristics of high-rise buildings are the basis of the requirements in
this chapter:

1. High-rise buildings require some of the most complex fire pump installations.
a. Most series fire pump arrangements are found in high-rise buildings.
b. High-rise buildings may contain multiple vertical zone standpipe systems, tanks, and
automatic refill valves.

2. More than in any other occupancy type, high-rise occupants are dependent on the
building fire pump(s) to function reliably during a fire. High-rise evacuation plans, which
can incorporate “refuge floors,” depend on the building’s automatic and manual fire-
fighting systems to be fully operational.

3. High-rise buildings are high-value buildings.

Direct access to the fire pump(s) is needed during fire-fighting operations.

5. The occupancy fire load can be significant in many high-rise buildings.

Ea
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6. For buildings that exceed 300 ft (91 m) in height, fire-fighting and fire department opera-
tions in most jurisdictions are totally reliant on fire pumps within the building.

7. For buildings that exceed 500 ft (152.4 m) in height, it can be impractical to evacuate the
occupants, in which case the occupants must be “protected in place.”

—— What is the intent of this chapter?

The requirements in this chapter are intended to provide a highly reliable fire pump installa-
tion as part of the fire protection system(s). For high-rise buildings with floors above the pump-
ing capacity of the fire department, the fire pump and water supply arrangement requirements
are intended to be such that, even with any single piece of equipment impaired, the full fire
protection demand can be met.

5.1 General
5.1.1 Application.

5.1.1.1 This chapter applies to all fire pumps within a building wherever a building is defined
as high-rise in accordance with 3.3.24.

5.1.1.2 The provisions of all other chapters of this standard shall apply unless specifically
addressed by this chapter.

5.2* Equipment Access

Location and access to the fire pump room shall be preplanned with the fire department.

In general, preplanning and coordination with the fire service are critical to successfully fight-
ing a fire in a high-rise building. The fire service should have specific knowledge of the loca-
tion, type, pressures, and operation of the building fire pumps.

A.5.2 The location of a pump room in a high-rise building requires a great deal of consider-
ation. Personnel are required to be sent to the pump room to monitor the operation of the pump
during fire-fighting activities in the building. The best way to protect these people who are
being sent to the pump room is to have the pump room directly accessible from the outside,
but that is not always possible in high-rise buildings. In many cases, pump rooms in high-rise
buildings will need to be located many floors above grade or at a location below grade, or both.
For the circumstance where the pump room is not at grade level, this standard requires
protected passageways of a fire resistance rating that meets the minimum requirements for exit
stairwells at the level of the pump room from the exit stairwell to the pump room. Many codes
do not allow the pump room to open directly onto an exit stairwell, but the distance between an
exit stairwell and the pump room on upper or lower floors needs to be as short as possible with
as few openings to other building areas as possible to afford as much protection as possible to
the people going to the pump room and staying in the pump room during a fire in the building.
In addition to the need for access, pump rooms need to be located such that discharge
from pump equipment including packing discharge and relief valves is adequately handled.

5.3 Water Supply Tanks

5.3.1 Where provided, water tanks shall be installed in accordance with NFPA 22, Standard
for Water Tanks for Private Fire Protection.
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5.3.2 When a water tank serves domestic and fire protection systems, the domestic supply
connection shall be connected above the level required for fire protection demand.

Connecting the domestic water supply above the level required for fire protection demand
prevents domestic water usage from depleting the fire protection water reserve.

5.4 Fire Pump Test Arrangement

Where the water supply to a fire pump is a tank, a listed flowmeter or a test header discharging
back into the tank with a calibrated nozzle(s) arranged for the attachment of a pressure gauge
to determine pitot pressure shall be required.

Holding a pitot tube in a hose stream discharging into a water tank in tight spaces is difficult,
can create safety issues, and, therefore, should be avoided. Permanently affixed flowmeters or
calibrated nozzles with fixed attachment points avoid this problem.

High-rise buildings tend to be located in congested areas where testing may present a
hazard to the public and test times may be restricted. Annual flow testing in accordance with
NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Sys-
tems, verifies that the pump system is fully functional. Omission of this testing can result in an
unreliable pump. There are many high-rise buildings where pump flow testing is difficult or
impractical. Locating the pump test header on an outside wall facilitates testing and allows
quicker setup and takedown time, while minimizing hose usage. Special consideration should
be given to the pressure rating of the test header and the pressure developed by the pump,
which, in most cases, will exceed 175 psi (12.1 bar).

5.5 Auxiliary Power

Where electric motors are used and the height of the structure is beyond the pumping capabil-
ity of the fire department apparatus, a reliable emergency source of power in accordance with
Section 9.6 shall be provided for the fire pump installation.

While it is appropriate to provide standby power for all electric motor fire pumps serving a
high-rise building, it is specifically required if the fire department cannot provide an alternative
source of fire protection water.

5.6* Very Tall Buildings

Where the building height exceeds the pumping capacity of the fire department apparatus, an
adequate auxiliary water supply is needed. Subsection 5.6.1 provides guidance on arranging
water supply tanks for this purpose, and 5.6.2 provides guidance on backup fire pumps.

The auxiliary means of providing the full fire protection water demand allows for service
and maintenance of the primary system without the loss of fire protection. Exhibit I1.5.1 shows
one possible means of meeting this requirement using a redundant fire pump fed from a water
tank. Gravity feed from a tank located on a higher level might be another way to meet this
requirement.

A.5.6 When trying to determine the pumping capability of the fire department, the concern
is for the height of the building. There are some buildings that are so tall that it is impossible
for the fire department apparatus to pump into the fire department connection at the street and
overcome the elevation loss and friction loss in order to achieve 100 psi at the hose outlets
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EXHIBIT I1.5.1 Redundant Fire Pump Fed from a Water Tank. (Courtesy of Schirmer
Engineering Corp.)

up in the building. In these cases, the fire protection system in the building needs to have
additional protection, including sufficient water supplies within the building to fight a fire
and sufficient redundancy to be safe. Since fire departments all purchase different apparatus
with different pumping capabilities, this standard has chosen to address this concern with per-
formance-based criteria rather than a specified building height. Most urban fire departments
have the capability of getting sufficient water at sufficient pressure up to the top of 200 ft
(61 m) tall buildings. Some have the ability to get water as high as 350 ft (107 m). The design
professional will need to check with the local fire department to determine its capability.

5.6.1 Water Supply Tanks for Very Tall Buildings.

Section 5.6.1 is intended to ensure the following:

1. The stored water supply will meet the full fire protection water demand.

2. The tanks are automatically refilled at the minimum rate of the fire protection water
demand.

3. With any single tank or tank compartment (and automatic refill valve for that tank) out
of service, the full fire protection water demand can still be met through stored water
and automatic tank refill.

| 5.6.1.1 Where the primary supply source is a tank, two or more water tanks shall be provided.

This paragraph allows maintenance and servicing of a tank without impairing the building
fire protection.

5.6.1.1.1 A water tank shall be permitted to be divided into compartments such that the com-
partments function as individual tanks.

5.6.1.1.2 The total volume of all tanks or compartments shall be sufficient for the full fire
protection demand.

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Section 5.6 * Very Tall Buildings 129

5.6.1.1.3 Each individual tank or compartment shall be sized so that at least 50 percent of the
fire protection demand is stored with any one compartment or tank out of service.

5.6.1.2 An automatic refill valve shall be provided for each tank or tank compartment.
5.6.1.3 A manual refill valve shall be provided for each tank or tank compartment.

5.6.1.4 Each refill valve shall be sized and arranged to independently supply the system fire
protection demand.

5.6.1.5 The automatic and manual fill valve combination for each tank or tank compartment
shall have its own connection to one of the following:

(1) A standpipe riser that is supplied with a backup fire pump
(2) Areliable domestic riser sized to meet the requirements of 5.6.1.4

5.6.1.5.1* Each connection shall be made to a different riser.

Exhibit 11.5.1 shows one way of meeting the requirements of Section 5.6 with a divided <« DESIGN ALERT
water tank with refill valves supplying a two-zone standpipe system with backup fire pumps.
Exhibit [1.5.2 shows a divided water tank with refill valves supplying a two-zone standpipe
system, with the lower zone gravity fed and the upper zone supplied by a fire pump with a
backup fire pump.
The refill valves do not have to be designed to operate simultaneously. When operating
independently, the refill rate must be the minimum of the system’s fire protection demand.
Under conditions where the refill valves are operating simultaneously, the total refill must be
the minimum of the system’s fire protection demand.
Exhibit [1.5.3 shows a tank with duplicate automatic refill.

A.5.6.1.5.1 The different connections should be arranged so that the tank refill rate required
in 5.6.1.4 can be maintained even with the failure of any single valve, pipe, or pump.
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EXHIBIT I1.5.2 Divided Water Tank. (Courtesy of Schirmer Engineering Corp.)
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EXHIBIT 11.5.3 Tank with Duplicate Automatic Refill.

5.6.2 Fire Pump Backup. Fire pumps serving zones that are partially or wholly beyond
the pumping capability of the fire department apparatus shall be provided with one of the
following:

(1) A fully independent and automatic backup fire pump unit(s) arranged so that all zones can
be maintained in full service with any one pump out of service.

(2) Anauxiliary means that is capable of providing the full fire protection demand and that is
acceptable to the authority having jurisdiction.
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CHAPTER

Centrifugal Pumps

Chapter 6 covers the basic physical and performance characteristics of centrifugal fire pumps
for fire protection service. Centrifugal fire pumps are generally compact, reliable, and easy
to maintain. The hydraulic characteristics of the pump and variety of drivers available have
made the centrifugal pump the most common of all pumps for fire protection.

A desirable feature of the centrifugal pump is its relationship between flow and pressure
at a constant speed — that is, when flow is decreased, pressure increases. A centrifugal pump
functions by converting kinetic energy to pressure and velocity energy through centrifugal
force. As water enters the eye of the impeller, centrifugal force from the rotation of the impel-
ler forces water through the impeller to the discharge outlet of the pump.

Centrifugal fire pumps are not appropriate for suction lift applications and are limited to
applications where the water source can provide a positive pressure to the suction side of the

pump.

6.1 General
6.1.1* Types.

» FAQ

What is an impeller?

An impeller is the rotating element of the pump that imparts energy in the form of increased
pressure to the water passing through the pump. Exhibit [1.6.1 illustrates a typical centrifugal
pump impeller.

» FAQ

What is an overhung impeller design?

In an overhung impeller design, an overhung impeller is located at the end of the impeller
shaft. The shaft is supported on only one side of the impeller.

» FAQ

What is an impeller between bearings design?

In an impeller between bearings design, the pump shaft extends through the impeller, and
shaft bearings are located on both sides the impeller to provide support for the loads imposed
by the impeller, as well as by the shaft.

A.6.1.1 See Figure A.6.1.1(a) through Figure A.6.1.1(h).

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 Figure A.6.1.1(a) and Figure A.6.1.1(b)] or in-line-type [see
Figure A.6.1.1(c) through Figure A.6.1.1(e)] pumps.
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EXHIBIT 1.6.1 Centrifugal Pump Impeller. (Courtesy of

Peerless Pump Fire Segment) FIGURE A.6.1.1(a) Overhung Impeller — Close Coupled

Single Stage — End Suction.
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FIGURE A.6.1.1(b) Overhung Impeller — Separately Coupled Single Stage — Frame
Mounted.
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FIGURE A.6.1.1(d) Overhung Impeller — Separately
Coupled Single Stage — In-Line — Rigid Coupling.

» FAQ

What do the terms close coupled, separately coupled, and multistage pump mean?

The driver on a close coupled pump is attached to the pump housing, and the impeller of the
pump is assembled onto the shaft of the driver. On a separately coupled pump, the pump and
the driver have separate drive shafts that must be connected. A multistage pump has multiple
impellers; as water passes from one impeller to the next, the pressure increases. Exhibit [1.6.2
illustrates a typical two-stage centrifugal pump.

» FAQ

What is an end suction—type pump?

An end suction—type pump is a device in which water enters the end of the pump perpendicu-
lar to the plane of the impeller.
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/ \ 33 37 6580 1B 7 8 14 20 35 16 6
[ | \ /] ‘
| 1
| ! !
L T L =
|
|
J 22 18 40 1A Z ZZ 2 32 40 31
TN NI
\ | / T 7 AN —
42 \ 33
L 1A Casing, lower half 22 Locknut
88 Ll 18 1B Casing, upper half 31 Housing, bearing inboard
2 Impeller 32 Key, impeller
44 99 6 Shaft 33 Housing, bearing outboard
— 7 Ring, casing 35 Cover, bearing inboard
49 o /_6 8 Ring, impeller 37 Cover, bearing outboard
81—/ T 14 Sleeve, shaft 40 Deflector
/_ 16 16 Bearing, inboard 65 Seal, mechanical stationary
I 18 Bearing, outboard element
A7 “ —") 14 20 Nut, shaft sleeve 80 Seal, mechanical rotating element
JER— I
40 I 1 FIGURE A.6.1.1(f) Impeller Between Bearings —
1 \ 89 Separately Coupled — Single Stage — Axial (Horizontal)
Split Case.
73 T 1u
2 |
1 Casing 42 Coupling half, driver
2 Impeller 44 Coupling half, pump
6 Shaft, pump 47 Seal, bearing cover, inboard
11 Cover, seal chamber 49 Seal, bearing cover, outboard
14 Sleeve, shaft 73 Gasket
16 Bearing, inboard 81 Pedestal, driver
17 Gland 88 Spacer, coupling
18 Bearing, outboard 89 Seal
33 Cap, bearing, outboard 99 Housing, bearing

40

Deflector

FIGURE A.6.1.1(e) Overhung Impeller — Separately
Coupled Single Stage — In-Line — Flexible Coupling.

EXHIBIT 11.6.2 Two-Stage Centrifugal Pump. (Courtesy
of Peerless Pump Fire Segment)
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37 18B 18A 40 50

22 33 60 11 20 14 1 40 60 31 40

1 Casing 16 Bearing, inboard, sleeve 33 Housing, bearing, outboard
2 Impeller 18A Bearing, outboard, sleeve 37 Cover, bearing, outboard

6 Shaft 18B Bearing, outboard, ball 40 Deflector

7 Ring, casing 20 Nut, shaft sleeve 50 Locknut, coupling

8 Ring, impeller 60 Ring, oil
11 Cover, stuffing-box

14 Sleeve, shaft

22 Locknut, bearing
31 Housing, bearing, inboard
32 Key, impeller

FIGURE A.6.1.1(g) Impeller Between Bearings — Separately Coupled — Single Stage —
Radial (Vertical) Split Case.

End suction (including
Close coupled, submersibles)

single and two stage

In-line

— In-line
r— Overhung impeller — Frame mounted

— Centerline support

Separately coupled, ___|
single and two stage
— Frame mounted

— Wet pit volute

Axial flow impeller (propeller)
volute type (horizontal or vertical)

— Centrifugal — Axial (horizontal) split case

Separately coupled,
single stage ; ; ;
| Impeller between Radial (vertical) split case
bearings ; ; ;
Separately coupled, Axial (horizontal) split case

multistage Radial (vertical) split case

Deep well turbine
(including submersibles)

___\Vertical type, single

and multistage Barrel or can pump

Kinetic —] Short setting or

'— Turbine type close coupled

Axial flow impeller (propeller)

or mixed flow type (horizontal
or vertical)
| Regenerative Impeller overhung or [~ Single stage
turbine between bearings [ Two stage

|— Reversible centrifugal

L Rotating casing (Pitot)

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.

— Special effect

Figure A.6.1.1(a)
Figure A.6.1.1(c)
Figures A.6.1.1(d) and (e)
Figure A.6.1.1(b)

Not shown

Not shown

Not shown

— Not shown

Figure A.6.1.1(f)
Figure A.6.1.1(g)
Not shown
Not shown

Not shown

Not shown

Not shown

Not shown

Not shown
Not shown
Not shown

Not shown

FIGURE A.6.1.1(h) Types of Stationary Pumps.
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6.1.1.3 The impeller between bearings design shall be separately coupled single-stage or
multistage axial (horizontal) split-case-type [see Figure A.6.1.1(f)] or radial (vertical) split-
case-type [see Figure A.6.1.1(g)] pumps.

» FAQ

What is an axial (horizontal) split-case-type pump?

An axial (horizontal) split-case-type pump is a device in which the impeller shaft is located in
a horizontal plane and the impeller rotates in a vertical plane. Exhibit 11.6.3 illustrates a typical
single-stage axial (horizontal) split-case-type centrifugal pump.

EXHIBIT 11.6.3 Single-
Stage Axial (Horizontal)
Split-Case-Type Centrifugal
Pump. (Courtesy of Schirmer
Engineering Corp.)

EXHIBIT 11.6.4 Radial
(Vertical) Split-Case-Type
Centrifugal Pump. (Courtesy
of Schirmer Engineering
Corp.)
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» FAQ

What is a radial (vertical) split-case-type pump?

A radial (vertical) split-case-type pump is a device in which the impeller shaft is located in a
vertical plane and the impeller rotates in a horizontal plane. Exhibit 11.6.4 illustrates a typical
radial (vertical) split-case-type centrifugal pump.

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

» FAQ

Why are centrifugal pumps not allowed where a suction lift is required?

A centrifugal pump is not self-priming — that is, it will not pump unless water covers the impel-
ler. Once primed, a centrifugal pump can theoretically operate with a suction lift up to atmo-
spheric pressure. Earlier editions of NFPA 20, Standard for the Installation of Stationary Pumps
for Fire Protection, allowed centrifugal pumps to operate under suction lift when they were
provided with a tank of priming water. This arrangement did not prove to be sufficiently reli-
able and was removed from the standard beginning with the 1974 edition. (Problems included
leaky foot valves that caused the loss of priming water.)

Unlike positive displacement pumps, which continue to build pressure when operating
against a closed system (until something breaks or the power source can no longer drive the
pump), a centrifugal pump reaches a maximum pressure and can operate against a closed
system indefinitely, provided that adequate water is discharged to cool the pump. When oper-
ating against a closed system, the energy the pump is imparting to the water is converted to
heat, so water must be discharged to keep the pump from overheating.

A.6.1.2 The centrifugal pump is particularly suited to boost the pressure from a public or
private supply or to pump from a storage tank where there is a positive static head.

6.2* Factory and Field Performance

A.6.2 Listed pumps can have different head capacity curve shapes for a given rating. Fig-
ure A.6.2 illustrates the extremes of probable curve shapes. Shutoff head will range from a
minimum 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.

» FAQ

How does a fire pump characteristic curve impact fire protection system design?

The suction pressure from the water supply must be added to the fire pump characteristic
curve to determine the fire pump discharge curve. See Exhibit I11.6.5.

Fire protection systems can operate at any point along the pump discharge curve; how-
ever, all system components must be rated for the maximum pressure developed by the fire

pump.
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EXHIBIT 1.6.5 Sample Fire Pump Discharge Curve.

6.2.1 Pumps shall furnish not less than 150 percent of rated capacity at not less than 65 per-
cent of total rated head. (See Figure A.6.2.)

CALCULATION » A fire pump is required to have a characteristic curve that meets the following three criteria:

1. The shutoff head (churn) is limited to 140 percent of the rated head.

2. The rated head at the rated flow, commonly referred to as the pump pressure and
capacity ratings, is marked on the pump nameplate.

3. A minimum of 65 percent of the rated head is provided at 150 percent of the rated
capacity.

It is recommended that the maximum system demand flow correlate to a point on
the pump curve between 90 percent and 140 percent of the rated pump flow (capacity),
but in no case is the maximum system demand flow permitted to exceed 150 percent of
pump rated flow. NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based
Fire Protection Systems, allows 5 percent degradation in performance before requiring an
investigation.

The actual fire pump curve typically provides less pressure than the maximum limit estab-
lished by NFPA 20 (140 percent of rated pressure at churn) when flowing less than 100 percent
of rated flow and provides a higher pressure than the minimum limit (65 percent of rated pres-
sure at 150 percent of rated flow) when flowing more than the rated flow. Although NPFA 20
requires the pump performance to be measured against the original pump curve when evalu-
ating pump performance, the test results are sometimes compared against the previously
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FIGURE A.6.2 Pump Characteristics Curves.

mentioned criteria when the original pump curve is not readily available. When designing
to flow rates that exceed 100 percent of the rated flow, designers should consider the pump
performance characteristic limitations referenced in NFPA 20 (65 percent of rated pressure at
150 percent of rated flow).

6.2.2 The shutoff head shall not exceed 140 percent of rated head for any type pump. (See
Figure A.6.2.)

Historically, vertical turbine pumps have a higher churn pressure than horizontal centrifugal
pumps. Earlier editions of NFPA 20 limited the horizontal centrifugal pump’s churn pressure
(shutoff head) to 120 percent of the rated head. Although the distinction was removed from
NFPA 20 in the 1990 edition, several horizontal centrifugal fire pumps still churn at less than
120 percent of the rated pressure.

The fire pump characteristic curve is required to meet the minimum and maximum
flow and pressure requirements of Section 6.2, as indicated in Figure A.6.2. The fire pump
output can vary significantly. For an example of fire pump outputs, see Commentary
Table 11.6.1.

The pump should be carefully selected to meet the fire protection system demand.
Based upon daily and seasonal fluctuations in the flow demand on a water supply, adjust-
ments should be made to the water supply measurements taken during the flow test. With
these adjustments, the pump discharge pressure should not be less than the required system
demand pressure and should not exceed the pressure rating of the system components at
the churn pressure. To plot a fire pump curve using the sample fire pump discharge curve in
Figure A.6.2, the first rated capacity of the pump (which should be a known value) should be
plotted. In this case, the value is 1500 gpm at 100 psi (5677 L/min at 6.8 bar). The maximum
pump output, commonly referred to as overload, can then be plotted as 2250 gpm at 65 psi
(8516 L/min at 4.5 bar) (150 percent of rated flow at 65 percent of rated pressure). The shutoff
or churn point can be estimated at midrange, or 120 percent of rated pressure at 0 gpm (0 bar)
flow, or may be obtained from the manufacturer’s shop test curve, if available. In this case,
120 psi (8.3 bar) was used.
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COMMENTARY TABLE 11.6.1 Fire Pump Selection Table

Item Value Comments
1. Maximum system demand flow (gpm) 1700 Determined by hydraulic calculations based on design
criteria.
2. Required system demand pressure at the pump 107 Determined by hydraulic calculations based on design
discharge (psi) criteria.
3. Pump suction pressure at zero (0) flow (psi) 40 Based on the available water supply pressure at the
pump inlet.
4. Pump suction pressure at maximum system demand 30 Based on a flow test of the available water supply; the
flow (psi) residual pressure at the pump inlet at a flow of 1700
gpm is determined.
5. Rated pump flow [capacity(gpm)] 1500 Maximum system demand flow should be between

90% and 140% of pump’s rated capacity, but, in
no case, greater than 150% of the pump’s rated
capacity.

6. Net pump pressure rating (psi) 100 Selected so that the discharge pressure (net pump
pressure plus suction pressure) provides not less than
the pressure required for the fire protection system(s).

7. Net pump churn pressure (psi) 120 Review pump curves from manufacturer to
approximate churn pressure (120% of rated pressure
used for this example).

8. Net pump pressure at 150% of rated flow (psi) 65 Must be a minimum of 65% of rated pressure. Actual
pump curve may be higher.
9. Net pump pressure at maximum system demand 92 From pump curve at maximum system demand flow
flow (psi) (1700 gpm used for this example).
10. Pump discharge pressure at zero (0) flow (psi) 160 Items 3 + 7: Pump suction pressure plus net pump

pressure at zero (0) flow (psi). The pump discharge
pressure, after adjusting for elevation, cannot exceed
the rating of the system components.
11. Pump discharge pressure at maximum system 122 Iltems 4 + 9: Must be higher than the maximum system
demand flow (psi) demand plus any required safety factors.

For pumps attached to a city water supply, the city water flow test data must be adjusted
to the fire pump curve (elevation difference and friction loss). These data should be plot-
ted next and are shown on the sample fire pump discharge curve in Exhibit 11.6.5 as 40 psi
(2.8 bar) static pressure and 2070 gpm at 25 psi (7835 L/min at 1.7 bar) residual pressure. To
determine the combined fire pump/city water supply curve, the pressures (churn, rated capac-
ity, and overload) from the city water supply must be added to each point on the fire pump
curve. Performing this calculation on the sample curve results in the following data: 160 psi
(11 bar) at 0 flow (churn); 132 psi at 1500 gpm (9.1 bar at 5677 L/min) (rated capacity); and
92 psi at 2250 gpm (6.3 bar at 8516 L/min) (overload). This procedure can be used for any
size fire pump that is connected to a city water supply.

6.3 Fittings

6.3.1* Where necessary, the following fittings for the pump shall be provided by the pump
manufacturer or an authorized representative:
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(1) Automatic air release valve
See 6.3.3 for more information on automatic air release.
(2) Circulation relief valve
A circulation relief valve (see Exhibit 11.6.6) allows a small amount of water to discharge from

the pump to keep the fire pump from overheating when operating at no flow or very low
flows.

EXHIBIT 11.6.6 Circulation Relief Valve.
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(3) Pressure gauges

The pressure gauge on the suction side of the fire pump should be a compound gauge to
register negative pressures whenever the water supply is a ground level storage tank or has a
low residual pressure. Liquid-filled gauges dampen pressure fluctuations, making the gauges
easier to read during pump testing.

A.6.3.1 See Figure A.6.3.1(a) and Figure A.6.3.1(b).

©

1 Aboveground suction tank Horizontal split-case fire pump
2 Entrance elbow and square steel 10 Automatic air release
vortex plate with dimensions at 11 Discharge gauge

least twice the diameter of the 12 Reducing discharge tee
suction pipe. Distance above the 13 Discharge check valve
bottom of tank is one-half the 14 Relief valve (if required)
diameter of the suction pipe with 15 Supply pipe for fire protection
minimum of 6 in. (152 mm). system

3 Suction pipe 16 Drain valve or ball drip

4 Frostproof casing 17 Hose valve manifold with

5 Flexible couplings for strain relief hose valves

6 OS&Y gate valve (see 4.14.5and 18 Pipe supports
A.4.14.5) 19 Indicating gate or indicating

7 Eccentric reducer butterfly valve

8 Suction gauge

FIGURE A.6.3.1(a) Horizontal Split-Case Fire Pump
Installation with Water Supply Under a Positive Head.

Fire pump bypass

To fire department
connection

FIGURE A.6.3.1(b) Backflow Preventer Installation.
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6.3.2 Where necessary, the following fittings shall be provided:
(1) Eccentric tapered reducer at suction inlet
When the pump suction pipe is larger than the pump suction flange, an eccentric tapered

reducer (see Exhibit 11.6.7) is required to minimize the possibility of air pockets forming at the
pump suction. See 4.14.6.4.

(2) Hose valve manifold with hose valves

See 4.20.3 for more information on hose valves. Exhibit [1.6.8 illustrates a hose valve manifold.

(3) Flow measuring device

See Exhibit 11.6.9 for an illustration of a venturi-type flowmeter. See 4.20.2 for more informa-
tion related to the requirements for installing flow measuring devices.

(4) Relief valve and discharge cone

See Section 4.18 for the allowable use and the requirements associated with the installation of
pressure relief valves and discharge cones (see Exhibit 11.6.10).

(5) Pipeline strainer

Earlier editions of NFPA 20 required a strainer in the suction lines of pumps that required
removal of the driver to remove rocks or debris from the pump impeller. This requirement
was removed from the 2007 edition. See 7.2.2.2.4,7.3.4,8.5.5, 11.2.8.5.3.2, and 11.2.8.6.2 for
strainer requirements.

Correct installation:
eccentric reducer,
no air pocket

E:ENQN:E

Incorrect installation:
eccentric reducer,
possible air pocket

EXHIBIT 11.6.7 Correct and Incorrect Installation of an
Eccentric Reducer.(Courtesy of Stephan Laforest, Summit
Sprinkler Design Services, Inc.) EXHIBIT 11.6.8 Hose Valve Manifold.
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Discharge cone
with sight glass

Pressure
relief valve

EXHIBIT 11.6.9 Venturi-Type Flowmeter.(Courtesy of
Global Vision Inc.)

EXHIBIT 11.6.10 Pressure Relief Valve Piped Back to
Suction.(Courtesy of Peerless Pump Fire Segment)

EXHIBIT 11.6.11 Automatic Air Release Valve.(Courtesy
of Global Vision Inc.)

6.3.3 Automatic Air Release.

6.3.3.1 Unless the requirements of 6.3.3.2 are met, pumps that are automatically controlled
shall be provided with a listed float-operated air release valve having a nominal 0.50 in.
(12.7 mm) minimum diameter discharged to atmosphere.

Air in the impeller can cause cavitation, damage the impeller, and negatively impact the pump
performance. Exhibit 11.6.11 illustrates an automatic air release valve.
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6.3.3.2 The requirements of 6.3.3.1 shall not apply to overhung impeller—type pumps with
top centerline discharge or that are vertically mounted to naturally vent the air.

6.4 Foundation and Setting

6.4.1* Overhung impeller and impeller between bearings design pumps and driver shall be
mounted on a common grouted base plate.

A.6.4.1 Flexible couplings are used to compensate for temperature changes and to permit end
movement of the connected shafts without interfering with each other.

6.4.2 Pumps of the overhung impeller close coupled in-line type [see Figure A.6.1.1(c)]
shall be permitted to be mounted on a base attached to the pump mounting base plate.

6.4.3 The base plate shall be securely attached to a solid foundation in such a way that pump
and driver shaft alignment is ensured.

6.4.4* The foundation shall be sufficiently substantial to form a permanent and rigid support
for the base plate.

A.6.4.4 A substantial foundation is important in maintaining alignment. The foundation pref-
erably should be made of reinforced concrete.

6.4.5 The base plate, with pump and driver mounted on it, shall be set level on the foundation.

6.5* Connection to Driver and Alignment

A.6.5 A pump and driver shipped from the factory with both machines mounted on a common
base plate are accurately aligned before shipment. All base plates are flexible to some extent
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 alignment should be checked after the
unit is piped and rechecked periodically. To facilitate accurate field alignment, most manufac-
turers either do not dowel the pumps or drivers on the base plates before shipment or, at most,
dowel the pump only.

After the pump and driver unit has been placed on the foundation, the coupling halves
should be disconnected. The coupling should not be reconnected until the alignment opera-
tions have been completed.

The purpose of the flexible coupling is to compensate 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.

The two forms of misalignment between the pump shaft and the driver shaft are as follows:

(1) Angular misalignment — shafts with axes concentric but not parallel
(2) Parallel misalignment — shafts with axes parallel but not concentric

The faces of the coupling halves should be spaced within the manufacturer’s recom-
mendations and far enough apart so that they cannot strike each other when the driver rotor
is moved hard over toward the pump. Due allowance should be made for wear of the thrust
bearings. The necessary tools for an approximate check of the alignment of a flexible coupling
are a straight edge and a taper gauge or a set of feeler 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 points
spaced at 90-degree intervals around the coupling. [See Figure A.6.5(a).] The unit will be in
angular alignment when the measurements show that the coupling faces are the same distance
apart at all points.
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FIGURE A.6.5(b) Checking Parallel Alignment. (Courtesy
FIGURE A.6.5(a) Checking Angular Alignment. (Courtesy of Hydraulic Institute, www.pumps.org.)
of Hydraulic Institute, www.pumps.org.)

A check for parallel alignment is made by placing a straight edge across both coupling
rims at the top, bottom, and both sides. [See Figure A.6.5(b).] The unit will be in parallel
alignment when the straight edge rests evenly on the coupling rim at all positions.

Allowance might be necessary for temperature changes and for coupling halves that are
not of the same outside diameter. Care should be taken to have the straight edge parallel to the
axes of the shafts.

Angular and parallel misalignment are corrected by means of shims under the motor
mounting feet. After each change, it is necessary to recheck the alignment of the coupling
halves. Adjustment in one direction can disturb adjustments already made in another direc-
tion. It should not be necessary to adjust the shims under the pump.

The permissible amount of misalignment will vary with the type of pump, driver, and
coupling manufacturer, model, and size.

The best method for putting the coupling halves in final accurate alignment is by the use
of a dial indicator.

When the alignment is correct, the foundation bolts should be tightened evenly but not too
firmly. The unit can then be grouted to the foundation. The base plate should be completely
filled with grout, and it is desirable to grout the leveling pieces, shims, or wedges in place.
Foundation bolts should not be fully tightened until the grout has hardened, usually about 48
hours after pouring.

After the grout has set and the foundation bolts have been properly tightened, the unit
should be checked for parallel and angular alignment, and, if necessary, corrective measures
taken. After the piping of the unit has been connected, the alignment should be checked again.

The direction of driver rotation should be checked to make certain that it matches that
of the pump. The corresponding direction of rotation of the pump is indicated by a direction
arrow on the pump casing.

The coupling halves can then be reconnected. With the pump properly primed, the unit
should be operated under normal operating conditions until temperatures have stabilized. It
then should be shut down and immediately checked again for alignment of the coupling. All
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alignment checks should be made with the coupling halves disconnected and again after they
are reconnected.

After the unit has been in operation for about 10 hours, the coupling halves should be
given a final check for misalignment caused by pipe or temperature strains. This check should
be repeated after the unit has been in operation for about 3 months. If the alignment is correct,
both pump and driver should be dowelled to the base plate. Dowel location is very important,
and the manufacturer’s instructions should be followed, especially if the unit is subject to
temperature changes.

The unit should be checked periodically for alignment. If the unit does not stay in line
after being properly installed, the following are possible causes:

(1) Settling, seasoning, or springing of the foundation and pipe strains distorting or shifting
the machine

(2) Wearing of the bearings

(3) Springing of the base plate by heat from an adjacent steam pipe or from a steam turbine

(4) Shifting of the building structure due to variable loading or other causes

(5) If the unit and foundation are new, need for the alignment to be slightly readjusted from
time to time

6.5.1 Coupling Type.

6.5.1.1 Separately coupled—type pumps with electric motor drivers shall be connected by a
flexible coupling or flexible connecting shaft.

The couplings referred to in 6.5.1.1 connect the pump to the driver—either an electric motor
or a diesel engine. The two types of couplings used are a flexible coupling, as illustrated in
Exhibit 11.6.12, or a flexible shaft, as illustrated in Exhibit 11.6.13.

6.5.1.2 All coupling types shall be listed for the service referenced in 6.5.1.1.

Due to concerns related to the performance of flexible couplings in field installations, and due
to the occurrence of some failures, flexible couplings were required to be listed in the 1993
edition of NFPA 20. While this listing requirement has existed for many years, no manufactur-
ers obtained a listing until 2007. Currently, there are listed flexible couplings and connecting
shafts available from several manufacturers. These products are required to be installed in
accordance with the instructions provided by the manufacturer, which include information
related to the maximum permitted angular and parallel misalignment. Requirements for listing
flexible couplings are included in ANSI/UL 448A, Standard for Flexible Couplings and Connecting
Shafts for Stationary Fire Pumps, and Class Number 1336.

Flexible couplings and connecting shafts are required, and they must be selected in the
proper size to accommodate the torque associated with the horsepower rating of the driver.
A service factor, which is specified by the coupling or connecting shaft manufacturer, but
is not to be less than those specified in Commentary Table 11.6.2, should be included in the
assessment to determine the appropriate rating of coupling or connecting shaft. This service
factor is intended to account for conditions not considered in the flexible coupling or connect-
ing shaft design, including vibratory torque loads. The manufacturer’s instructions include
detailed information as to how to apply the service factor.

6.5.2 Pumps and drivers on separately coupled—type pumps shall be aligned in accordance
with the coupling and pump manufacturers’ specifications and the Hydraulic Institute Stan-
dards for Centrifugal, Rotary and Reciprocating Pumps. (See A.6.5.)

Stationary Fire Pumps Handbook 2013



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

148  Part Il » NFPA 20 « Chapter 6 Centrifugal Pumps

Commentary Table 11.6.2 Service Factors for Determining Application of Torque

Driver Type
Electric Diesel engine — Diesel engine —
Load Type Motor 5 or fewer cylinders 6 or more cylinders

Centrifugal Pump 1.00 2.00 150
Reciprocating Pump — double acting 2.00 3.00 2.50
Reciprocating Pump — 1 or 2 cylinders 2.25 3.25 2.75
Reciprocating Pump — 3 or more cylinders 1.75 2.75 2.25
Rotary — gear, lobe or vane 1.50 2.50 2.00

Note — The service factors for the load type specified in this Table are referenced in the Load Classification and Service Factors for Flexible
Couplings Information Sheet, AGMA-A96, published by the American Gear Manufacturers Association.

EXHIBIT 11.6.12 Flexible Coupling.(Courtesy of Xylem EXHIBIT 11.6.13 Flexible Connecting Shaft.(Courtesy of
Inc) Clarke Fire Protection)

References Cited in Commentary

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

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

American Gear Manufacturers Association, 100 North Fairfax Street, Suite 500, Alexandria,
VA 22314-1587.

AGMA 922-A96, Load Classification and Service Factors for Flexible Couplings Information Sheet,
1996.
FM Approvals LLC, 1151 Boston-Providence Turnpike, P. O. Box 9102, Norwood, MA 02062.

Approval Standard for Flexible Fire Pump Couplings and Flexible Connecting Shafts for Fire Protection
Service, Class Number 1336, September 2011.
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 448A, Standard for Flexible Couplings and Connecting Shafts for Stationary Fire Pumps,
2008.
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CHAPTER

Vertical Shaft
Turbine-Type Pumps

The vertical turbine pump is designed to provide suction lift from a static source of water;
therefore, it differs in design and installation requirements from other pumps covered in this
handbook. The installation type, either a well or wet pit, drives the requirements for design
and installation. In either case, this chapter provides specific requirements for the design and
construction of the pump and the design of the well or wet pit. This chapter also defines the
necessary accessoties for the installation and proper operation of the pump.

7.1* General

A.7.1 Satisfactory operation of vertical turbine—type pumps is dependent to a large extent
upon careful and correct installation of the unit; therefore, it is recommended that this work be
done under the direction of a representative of the pump manufacturer.

The actual installation and setting of a vertical turbine is critical to its operation and service
life. Ideally, a vertical turbine should be level and plumb. This enables the pump shaft to hang
vertically, theoretically making no contact at all with the pump sleeve bearings. A film of
water then creates a protective barrier between the shaft and bearings during operation. This
enables vertical turbines to provide very long service life.

If a vertical turbine pump is not level and plumb, the offset can cause the pump shaft to
make contact with the sleeve bearings, resulting in potential vibration, premature wear, and
ultimate failure of the pump. Therefore, it is critical that precise and correct installation is per-
formed under the proper supervision of a representative of the pump manufacturer.

7.1.1* Suitability. Where the water supply is located below the discharge flange cen-
terline and the water supply pressure is insufficient for getting the water to the fire pump, a
vertical shaft turbine—type pump shall be used.

A.7.1.1 The vertical shaft turbine—type pump is particularly 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 permitted to be used to lift water from lakes, streams, open swamps, and other
subsurface sources. Both oil-lubricated enclosed-line-shaft and water-lubricated open-line-shaft
pumps are used. (See Figure A.7.1.1.) Some health departments object to the use of oil-lubricated
pumps; such authorities should be consulted before proceeding with oil-lubricated design.

Horizontal pumps are limited by 4.14.3.2 to operate with a suction lift of =3 psi (0.2 bar) at
the lowest water level and at 150 percent of the rated flow. Therefore, the vertical shaft tur-
bine—type pump is the best choice for locations that cannot provide positive pressure to the
suction side of the fire pump. As shown in Figure A.7.2.2.1 and Figure A.7.2.2.2, vertical shaft
turbine—type pumps have their impellers submerged in the water supply. The operating impel-
lers force the water up the pipe column to the discharge flange and into the system piping.
(See Exhibit 11.3.11 for an example of a vertical turbine fire pump.)
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FIGURE A.7.1.1 Water-Lubricated and Oil-Lubricated
Shaft Pumps.

7.1.2 Characteristics.

Fire pumps are designed and built so that they can operate over a range of pressure and flow
conditions in relation to their rating. Subsection 7.1.2 identifies the endpoints of this range,
and all listed pumps must have characteristic curves somewhere within the range. The shut-
off head corresponds to the maximum pressure the pump can produce when the pump is
operating in a churn condition — that is, when no water is flowing. When the pump operates
at churn pressure, the shutoff head or pressure cannot exceed 140 percent of the pump’s
pressure rating. For example, a pump with a rating of 100 psi at 1000 gpm (6.7 bar at 3785
L/min) cannot produce a shutoff head in excess of 140 psi (9.7 bar). A pump can be designed
and manufactured so that the shutoff head falls below this value, such as at 100 psi (6.7 bar).
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The other endpoint identifies the minimum pressure the pump can produce. This mini-
mum pressure occurs when the pump is operating at 150 percent of its capacity and does not
fall below 65 percent of the pump’s rated pressure. Consider a pump with a rating of 125 psi
at 1000 gpm (8.6 bar at 3785 L/min). When the flow reaches 150 percent of the pump’s capac-
ity or 1500 gpm (5677 L/min), the minimum pressure cannot fall below 81.25 psi (5.6 bar).
Any pressure between 81.25 psi and 125 psi (5.6 bar and 8.6 bar) would be acceptable. Each
manufacturer’s pump can be different, but all must meet the minimum criteria.

7.1.2.1 Pumps shall furnish not less than 150 percent of rated capacity at a total head of not
less than 65 percent of the total rated head. (See Figure A.6.2.)

7.1.2.2 The total shutoff head shall not exceed 140 percent of the total rated head on vertical
turbine pumps. (See 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 the authority
having jurisdiction.

Water supplies need to be thoroughly evaluated. Without a sufficient and reliable water sup- <4 CALCULATION
ply, the entire fire protection system is in jeopardy. A fire pump augments an existing water

supply by increasing the pressure. The fire pump cannot create water; it only increases pres-

sure. The amount of water necessary for a fire protection system in terms of flow, pressure,

and capacity is obtained through other NFPA standards, such as NFPA 13, Standard for the

Installation of Sprinkler Systems, or NFPA 14, Standard for the Installation of Standpipe and Hose

Systems; an authority having jurisdiction (AHJ), such as an insurance company; and building

codes. The amount of water available from a supply can be evaluated using NFPA 291, Recom-

mended Practice for Fire Flow Testing and Marking of Hydrants. When the municipal water supply

is inadequate, the supply must be augmented using tanks, reservoirs, lakes, or rivers.

The components of a fire protection system are limited by their pressure rating. The
use of the correct components in the design of a fire pump system is important to eliminate
overpressure problems. The pump churn or shutoff pressure is often a restricting factor that is
missed in the design process, which then requires compensation in the form of the addition of
pressure relief or control devices that have less reliability than the fire pump or fire protection
system components. Where vertical shaft turbine—type fire pumps draw water from naturally
occurring water sources such as wells, lakes, rivers, or ponds, consideration should be given
to factors such as the seasonal fluctuation of water level, the presence of snow and ice, the
accumulation of trash, and chemical and/or organic factors that may cause corrosion and/or
tuberculation.

» FAQ

How is the depth of a suction pit determined?

The minimum water level required for vertical turbine pumps to draw suction must be con-
sidered for aboveground and belowground tanks. Generally, a suction pit needs to be con-
structed below the tank, so that the total capacity of the tank can be used by the pump. The
depth of the suction pit depends on the minimum submergence required for the application.

A.7.2.1.1 Stored water supplies from reservoirs or tanks supplying wet pits are preferable.
Lakes, streams, and groundwater supplies are acceptable where investigation shows that they
can be expected to provide a suitable and reliable supply.
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Lakes, streams, and groundwater supplies are subject to changes in operating water level,
which, in turn, affect the output flow and pressure of the fire pump. In extreme circumstances
(such as during a drought), these water supplies can run dry, which prevents the pump from
providing any fire protection. Another aspect that must be considered is that these natural
water supplies can carry abrasives (such as sand, silt, or gravel), as well as naturally occurring
chemicals (such as calcium, salts, and sulfides), which can lead to failure from wear or corro-
sion to pump components.

7.2.1.2* The acceptance of a well as a water supply source shall be dependent upon satisfac-
tory development of the well and establishment of satisfactory aquifer characteristics.

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 and the probable number that can be in use should be considered in relation to the
total amount of water available for fire protection purposes.

Lakes, streams, and groundwater supplies must be carefully analyzed for suitability and ser-
viceability. Data not older than 10 years should be used to determine the minimum conditions
regarding the water level expected. The following are some of the factors to be considered in
the aquifer analysis:

Water level in the source and how it changes from year to year and during the year
Seasonal changes in overall water elevation

Ground freezing conditions in cold climates

Presence of trash and debris in the water source

7.2.2 Pump Submergence.

Pump submergence requirements must be reviewed for each application. Pump manufactur-
ers publish minimum submergence requirements to prevent surface vortices. In addition, the
Hydraulic Institute has published minimum submergence guidelines for vertical turbine pumps
in the Hydraulic Institute Standards for Centrifugal, Rotary & Reciprocating Pumps. This minimum
submergence is intended to prevent surface vortices only and is not intended to prevent cavi-
tation. The designer must review the operating requirements of the pump and check the net
positive suction head rate (NPSHR) at runout as well to ensure that the pump will not cavitate.
The NPSHR may require additional water level over the minimum submergence required to
prevent surface vortices.

7.2.2.1* Well Installations.
A.7.2.2.1 See Figure A.7.2.2.1.

7.2.2.1.1 Submergence of the pump bowls shall be provided for reliable operation of the fire
pump unit.

7.2.2.1.2 Submergence of the second impeller from the bottom of the pump bowl assembly
shall be not less than 10 ft (3.2 m) below the pumping water level at 150 percent of rated
capacity. (See Figure A.7.2.2.1.)

7.2.2.1.3* The submergence shall be increased by 1 ft (0.3 m) for each 1000 ft (305 m) of
elevation above sea level.

The increase specified in 7.2.2.1.3 is in addition to any other increases that are required else-

where in the standard. Failure to include this increase can lead to cavitation in the pump when
operating at higher pump flows.
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FIGURE A.7.2.2.1 Vertical Shaft Turbine-Type Pump
Installation in a Well.

A.7.2.2.1.3 The acceptability of a well is determined by a 24-hour test that flows the well at
150 percent of the pump flow rating. This test should be reviewed by qualified personnel (usu-
ally a well drilling contractor or a person having experience in hydrology and geology). The
adequacy and reliability of the water supply are critical to the successful operation of the fire
pump and fire protection system.

A 10 ft (3.05 m) submergence is considered the minimum acceptable level to provide
proper pump operation in well applications. The increase of 1 ft (0.30 m) for each 1000 ft
(305 m) increase in elevation is due to loss of atmospheric pressure that accompanies eleva-
tion. Therefore, the net positive suction head (NPSH) available must be considered in selec-
tion of the pump. For example, to obtain the equivalent of 10 ft (3.05 m) of NPSH available at
an elevation of 1000 ft (305 m), approximately 11 ft (3.35 m) of water is required.

Several other design parameters need to be considered in the selection of a vertical tur-
bine pump, including the following:

(1) Lineshaft lubrication when the pump is installed in a well. Bearings are required to have
lubrication and are installed along the lineshaft to maintain alignment. Lubrication fluid
is usually provided by a fluid reservoir located aboveground, and the fluid is supplied
to each bearing by a copper tube or small pipe. This lubrication fluid should use a vege-
table-based material that is approved by the federal Clean Water Act to minimize water
contamination.

(2) Determination of the water level in the well. When a vertical turbine pump is tested, the
water level in the well needs to be known so that the suction pressure can be determined.
Often the air line for determining the depth is omitted, so testing of the pump for perfor-
mance is not possible. The arrangement of this device is shown in Figure A.7.3.5.3, and
its installation should be included in the system design.
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FIGURE A.7.2.2.2 \ertical Shaft Turbine-Type Pump
Installation in a Wet Pit.

7.2.2.2* Wet Pit Installations.

A.7.2.2.2 The velocities in the approach channel or intake pipe should not exceed approxi-
mately 2 ft/sec (0.7 m/sec), and the velocity in the wet pit should not exceed approximately
1 ft/sec (0.3 m/sec). (See Figure A.7.2.2.2.)

The ideal approach is a straight channel coming directly to the pump. Turns and obstruc-
tions are detrimental because they can cause eddy currents and tend to initiate deep-cored
vortices. The amount of submergence for successful operation will depend greatly on the
approaches of the intake and the size of the pump.

The Hydraulic Institute Standards for Centrifugal, Rotary and Reciprocating Pumps rec-
ommends 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 Institute Standards for Cen-
trifugal, Rotary and Reciprocating Pumps.

The quality of the water source is a concern if a pond, a lake, or other natural source is used
as a water supply. Open ponds and lakes may contain fish, debris, leaves, or other floating
materials that could cause problems with the pump’s operation.

The function of the intake structure — whether it is an open channel, a fully wetted tunnel,
a sump, or a tank — is to supply an evenly distributed flow to the pump suction. An uneven
distribution of flow, such as that caused by strong local currents, can result in the formation of
surface or submerged vortices. With certain low values of submergence, an uneven distribu-
tion of flow can introduce air into the pump, causing reduced capacity, increased vibration,
and additional noise. Uneven flow distribution can also increase or decrease the power con-
sumption with a change in total developed head.

Calculation of low average velocity, as recommended by A.7.2.2.2, is one means of judg-
ing the suitability of an intake structure. High velocities of isolated currents and swirls may be
present; however, in general, very low average velocities are present.

Water should not flow past one pump suction bell, suction pipe, or other intake to reach
the next intake. If the intakes must be placed in line with the flow, it might be necessary to
construct an open front cell around each pump intake or to place turning vanes under the
intake to deflect the water upward. Streamlining should be used to reduce alternating vortices
in the wake of an intake or other obstructions in the stream flow.
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The amount of submergence available is only one factor affecting vortex-free operation.
The pump can have adequate submergence and still be subject to submerged vortices that
may have an adverse effect on pump operation. Successful vortex-free operation depends
greatly on the design approach used upstream of the sump. The design of any suction inlet
structure should use the principles of the Hydraulic Institute Standards for Centrifugal, Rotary &
Reciprocating Pumps.

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 water
level in the open body of water supplying the pit.

7.2.2.2.2 For pumps with rated capacities of 2000 gpm (7570 L/min) or greater, additional
submergence is required to prevent the formation of vortices and to provide required net posi-
tive suction head (NPSH) in order to prevent excessive cavitation.

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

7.2.2.2.4 The distance between the bottom of the strainer and the bottom of the wet pit shall
be at least one-half of the pump bowl diameter but not less than 12 in. (305 mm).

7.2.3 Well Construction.

7.2.3.1 It shall be the responsibility of the groundwater supply contractor to perform the nec-
essary groundwater investigation to establish the reliability of the supply, to develop a well to
produce the required supply, and to perform all work and install all equipment in a thorough
and workmanlike manner.

Using a well is much more complex than using an underground tank as a water source. Reli-
ability of the water supply is critical. The groundwater investigation required by 7.2.3.1 must
be performed prior to well construction and purchase of the pump. A critically important
consideration in the well analysis is the well’s water level with the pump operating at churn
(zero flow). The fire protection components may not be installed to withstand the developed
pressures if a large drawdown of the water level occurs at zero flow and 150 percent flow. The
well casing may have to be perforated to allow additional flow into the casing and reduce the
drawdown.

7.2.3.2 The vertical turbine—type pump shall be designed to operate in a vertical position with
all parts in correct alignment.

7.2.3.3 To support the requirements of 7.2.3.1, the well shall be of ample diameter and suf-
ficiently plumb to receive the pump.

The vertical shaft turbine—type pump should be installed vertically, plumbed for straightness,
and checked for clearance between the pump bowls and well casing before the pump is
started. The longer the pump column, the more critical the well casing and pump straightness
become. If the well casing is not straight, it will push against the pump, causing the column
and shaft to bend. The pump shaft could then make contact with the pump sleeve bearings,
which can cause vibration and wear during operation, ultimately leading to premature pump
failure. The depth of the well is no longer limited when the well is used as a fire protec-
tion water supply. Therefore, as the depth increases, the requirements for vertical alignment
become more critical. See Exhibit I1.7.1.

The vertical shaft turbine—type pump should be mounted on a machined, level, grouted
sole plate. The mating surfaces between the sole plate and discharge head need to be clean
and free of dirt, rust, burrs, or scale.
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EXHIBIT 11.7.1 Well and Pump Centerlines. (Reprinted from AWWA Standard A100-06,
Water Wells, by permission. Copyright © 2006 by the American Water Works
Assodciation.)

7.2.4 Unconsolidated Formations (Sands and Gravels).

7.2.4.1 All casings shall be of steel of such diameter and installed to such depths as the forma-
tion could justify and as best meet the conditions.

7.2.4.2 Both inner and outer casings shall have a minimum wall thickness of 0.375 in.
(9.5 mm).

7.2.4.3 Inner casing diameter shall be not less than 2 in. (51 mm) larger than the pump bowls.
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7.2.4.4 The outer casing shall extend down to approximately the top of the water-bearing
formation.

7.2.4.5 The inner casing of lesser diameter and the well screen shall extend as far into the
formation as the water-bearing stratum could justify and as best meets the conditions.

The outer casing must protect the pump bowls and pump column from damage under all
conditions of service. The purpose of the outer casing is to keep the well walls from collapsing
onto the line shaft and pump.

7.2.4.6 The well screen is a vital part of the construction, and careful attention shall be given
to its selection.

7.2.4.7 The well screen shall be the same diameter as the inner casing and of the proper length
and percent open area to provide an entrance velocity not exceeding 0.15 ft/sec (46 mm/sec).

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

7.2.4.9 Monel shall be used where it is anticipated that the chloride content of the well water
will exceed 1000 parts per million.

7.2.4.10 The screen shall have adequate strength to resist the external forces that will be
applied after it is installed and to minimize the likelihood of damage during the installation.

7.2.4.11 The bottom of the well screen shall be sealed properly with a plate of the same mate-
rial as the screen.

Proper selection of the screen material and size is as critical to the successful operation of the
pump as is low entrance velocity of the water. If the screen fails or the screen size is incorrect,
sand or larger rock particles could enter the well and cause damage to the pump impellers,
bearings, and other pump components.

7.2.4.12 The sides of the outer casing shall be sealed by the introduction of neat cement
placed under pressure from the bottom to the top.

The well must be sealed by cement to prevent the ingress of sand or rock particles. This instal-
lation is usually a one-time event. Installation should be performed with extreme care by
experienced personnel.

7.2.4.13 Cement shall be allowed to set for a minimum of 48 hours before drilling operations
are continued.

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 This gravel shall be of such size and quality as will create a gravel filter to ensure
sand-free production and a low velocity of water leaving the formation and entering the well.

7.2.4.16 Tubular Wells.

7.2.4.16.1 Wells for fire pumps not exceeding 450 gpm (1703 L/min) developed in unconsoli-
dated formations without an artificial gravel pack, such as tubular wells, shall be acceptable
sources of water supply for fire pumps not 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.
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7.2.5* Consolidated Formations. Where the drilling penetrates unconsolidated forma-
tions above the rock, surface casing shall be installed, seated in solid rock, and cemented in
place.

The surface casing prevents sand and rock particles from unconsolidated areas above rock
formations from entering the well and also prevents the well walls from collapsing.

A.7.2.5 Where wells take their supply from consolidated formations such as rock, the specifi-
cations for the well should be decided upon by the authority having jurisdiction after consulta-
tion with a recognized groundwater consultant in the area.

It is critical that the water supply obtained from a well be of sufficient capacity and that it be
reliable. Consideration should be given to seasonal and yearly fluctuations in the water supply.

When installing vertical shaft turbine—type pumps in wells, consideration must be given
to the formation of the well before installation. Installing a unit in a crooked well may bind
and distort the pump column or pump—motor assembly, leading to potential malfunction. Well
straightness should be within 1 in./100 ft (25.4 mm/30.5 m) and without double bend. The well
should be “gauged” prior to installation by lowering a dummy assembly on a cable into the
well. This assembly should be slightly longer and larger in diameter than the actual pump or
pump—motor assembly. Gauging is also important when a stepped well casing is used — that
is, when the lower part of the well casing has a smaller inside diameter than the upper part.

Wells that have not been properly constructed or developed or wells that produce sand
can be detrimental to the pump. If a well is suspected of producing an excessive amount of
sand, a unit other than the fire pump must be used to clear the well. (See also 7.2.6.) If cor-
rosives are present, pump material selection must be made to accommodate this condition.
Special materials such as nickel-aluminum-bronze alloy, stainless steel, or other special alloys
can be specified.

7.2.6 Developing a Well.

7.2.6.1 Developing 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 development shall be performed with a test pump and not a fire pump.

7.2.6.3 Freedom from sand shall be determined when the test pump is operated at 150 percent
of rated capacity of the fire pump for which the well is being prepared.

7.2.7* Test and Inspection of Well.

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 (CO,) or hydrogen sulfide (H,S). 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 manufacturers’ recommendations.

7.2.7.1 A test to determine the water production of the well shall be made.

7.2.7.2 An acceptable water measuring device such as an orifice, a venturi meter, or a cali-
brated pitot tube shall be used.

7.2.7.3 The test shall be witnessed by a representative of the customer, contractor, and author-
ity having jurisdiction, as required.

7.2.7.4 The test shall be continuous for a period of at least 8 hours at 150 percent of the rated
capacity of the fire pump with 15-minute-interval readings over the period of the test.
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7.2.7.5 The test shall be evaluated with consideration given to the effect of other wells in the
vicinity and any possible seasonal variation in the water table at the well site.

7.2.7.6 Test data shall describe the static water level and the pumping water level at 100 per-
cent and 150 percent, respectively, 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 (305 m) radius of the fire well shall be monitored
throughout the test period.

7.3 Pump
7.3.1* Vertical Turbine Pump Head Component.
A.7.3.1 See Figure A.7.3.1.

Hollow shaft
electric motor (shown);
/ right-angle gear for Access
engine drive (not shown) manhole
‘"‘ Cone or Top
funnel

fI oor

P|pe to

waste
Y (& .

Discharge
tee

Service

floor o
= % ..‘
Column —| i
\ relief valve

pipe
Pump bow| Sump

assembly

t

Installation
without relief valve

Strainer

1 Automatic air release 6 Discharge pipe

2 Discharge gauge 7 Drain valve or ball drip

3 Reducing discharge tee 8 Hose valve manifold with hose valves

4 Discharge check valve 9 Pipe supports

5 Relief valve (if required) 10 Indicating gate or indicating butterfly
valve

FIGURE A.7.3.1 Belowground Discharge Arrangement.

7.3.1.1 The pump head shall be either 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 thrust, and the oil tube tension nut or packing container.
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7.3.2 Column.

7.3.2.1* The pump column shall be furnished in sections not exceeding a nominal length of
10 ft (3 m), 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 7.3.2.1(a) Pump Column Pipe Weights (U.S. Customary)

Nominal Oultside Weight per Unit Length
Size Diameter (O.D.) (Plain Ends)
(in.) (in.) (Ibrft)
6 6.625 18.97
7 7.625 22.26
8 8.625 24.70
9 9.625 28.33
10 10.75 31.20
12 12.75 43.77
14 14.00 53.57

TABLE 7.3.2.1(b) Pump Column Pipe Weights (Metric)

Nominal Outside Weight per Unit Length
Size Diameter (0.D.) (Plain Ends)
(mm) (mm) (kg/m)

150 161 28.230
200 212 36.758
250 264 46.431
300 315 65.137
350 360 81.209

A.7.3.2.1 In countries that utilize the metric system, there do not appear to be standardized
flow ratings for pump capacities; therefore, a soft metric conversion is utilized.

7.3.2.2 The ends 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 alignment of the pump column.

7.3.2.3 All column flange faces shall be parallel and machined for rabbet fit to permit accu-
rate alignment.

7.3.2.4 Where the static water level exceeds 50 ft (15.3 m) below ground, oil-lubricated-type
pumps shall be used. (See Figure A.7.1.1.)

When static water levels exceed 50 ft (15.3 m), the upper line shaft and stuffing box bearing on
a water-lubricated open line shaft construction pump can run dry at start-up, causing severe
damage and pump failure. Therefore, an oil-lubricated enclosed line shaft is employed to pro-
tect the upper pump bearings. Biodegradable food-grade oil is available for enclosed line shaft
arrangements when authorities or health departments show concern about oil use. No other
type of lubrication (such as grease or fresh water flush) is allowed.
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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 extra-
strong pipe.

7.3.2.6 An automatic sight feed oiler shall be provided on a suitable mounting bracket with
connection to the shaft tube for oil-lubricated pumps. (See Figure A.7.1.1.)

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.

When a vertical shaft turbine—type pump ramps up to speed, it generally passes through one
or more critical speeds. Critical speeds correspond to the speeds of the rotating pump shaft.
At critical speeds, the pump shaft reaches its natural frequency of vibration and becomes
unstable. A pump passing through a critical speed has no detrimental effect on the pump,
because it passes through this point in 1 second or less. However, running the pump at a
critical speed is not recommended for any pump; most pumps operate between two critical
speeds. Experience has shown that a 25 percent margin is a safe range for pump operation.
If a higher percentage were to be used, the results would be the gross oversizing of the pump
shaft and much closer bearing spacing than is required in present pump designs.

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.

In some cases, changing the size of the shafting alone will not move a critical speed outside
the operating range. Column length, and, consequently, line shaft bearing spacing, greatly
affects the location of the first and second lateral critical speeds. Often it is found that nominal
5 ft (1.5 m) column lengths are employed on vertical turbine pumps to move the first critical
speed above the pump operating speed. This enables the variable frequency drive (VFD) con-
troller to use the full speed range as needed without locking out a specific speed.

7.3.3 Bowl Assembly.

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

The proper material for the pump bowl must be specified when the pump is ordered. The
application, water conditions, and local conditions determine the material that is most suitable
for the application.

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

Enclosed impeller design is specified by 7.3.3.2 because, with the hydraulic design of a verti-
cal shaft turbine—type pump, shaft stretch can impact the operating efficiency of a semi-open
impeller. The efficiency of semi-open impellers decreases as the depth of the pumping water
level increases. Enclosed impellers also generate less downthrust than semi-open impellers.

7.3.4 Suction Strainer.

7.3.4.1 A castor heavy fabricated, corrosion-resistant metal cone or basket-type strainer shall
be attached to the suction manifold of the pump.
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Cone strainers are used on well installations because of their smaller diameter, enabling
them to fit down the well casing. Basket strainers are larger in diameter but shorter in height,
enabling vertical turbines to utilize the maximum available water in a wet pit.

7.3.4.2 The suction strainer shall have a free area of at least four times the area of the suc-
tion connections, and the openings shall be sized to restrict the passage of a 0.5 in. (12.7 mm)
sphere.

The openings in the strainer are sized to prevent clogging of the impeller, thus protecting the
pump from potentially damaging debris in the wet pit or well.

7.3.4.3 For installations in a wet pit, this suction strainer shall be required in addition to the
intake screen. (See Figure A.7.2.2.2.)

The intake screen usually allows passage of objects with sphere sizes larger than 0.5 in.
(12.7 mm). Screens serve to protect the pump from objects falling into the wet pit or biological
growth that may occur in an open pond or stream. These objects may clog the impeller or
suction strainer.

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

(1) Automatic air release valve as specified in 7.3.5.2

(2) Water level detector as specified in 7.3.5.3

(3) Discharge pressure gauge as specified in 4.10.1

(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

The pump installation must also include piping for interconnection of the fittings per the
design.

The installation of a flowmeter is preferred to measure the flow during the acceptance
testing required by Chapter 14 and the periodic testing required by NFPA 25, Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems, although the installa-
tion of a test header can be beneficial for use as a fire hydrant.

7.3.5.2 Automatic Air Release.

NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection, requires an air release
valve because it is critical that air within the pump column and pump head be vented when
the pump is started. The presence of trapped air can damage the vertical turbine pump and
system components and impair operation of the fire protection system.

It is equally important that, when the pump stops, a vacuum condition does not exist
within the pump column. For this reason, the air release valve must be a type that also allows
air to enter the pump column when the pump stops. See Exhibit I11.7.2 for an illustration of an
air release valve.

7.3.5.2.1 A nominal 1.5 in. (38 mm) pipe size or larger automatic air release valve shall be
provided to vent air from the column 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 dissipate the vacuum upon stopping
of the pump.
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EXHIBIT 11.7.2 Air Release Valve.

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 tur-
bine pumps installed in wells to monitor the suction pressure available at the shutoff, 100 per-
cent flow, and 150 percent flow points, to determine if the pump is operating within its design
conditions.

NFPA 20 requires water level detectors because the water level must be determined in order
to calculate the net pump discharge pressure. Water level detectors of other than the air line
type can be used if they are approved for the intended use. The electronic type is preferred for
pumps taking suction from below-grade tanks and suction cribs.

A.7.3.5.3 Water level detection using the air line method is as follows:

(1) A satisfactory method of determining the water level involves the use of an air line of
small pipe or tubing of known vertical length, a pressure or depth gauge, and an ordinary
bicycle or automobile 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 anticipated water level in the
well, to ensure more reliable gauge readings, and should be properly installed. An air
pressure gauge is used to indicate the pressure in the air line. (See Figure A.7.3.5.3.)

(2) The 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 fitted 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 pressure recorded by the gauge is equivalent to that necessary 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.
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Pressure gauge f W

Air pump

Draw down

Approximately 2 in. (50 mm) above i T H
strainer flange to keep clear from

water flow in pump 1

*Must be known.

FIGURE A.7.3.5.3 Air Line Method of Determining Depth
of Water Level.

(3) Deducting this pressure converted to feet (meters) (pressure in psi X 2.31 = pressure in
feet, and pressure in bar X 10.3 = pressure in meters) from the known length of the air
line will give the amount of submergence.

CALCULATION p»  Example: The following calculation will serve to clarify Figure A.7.3.5.3.
Assume a length (L) of 50 ft (15.2 m).

The pressure gauge reading before starting the fire pump (p,) = 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 pumpwouldbeB=L —A=50ft—23.1ft=269ft(B=L—-A=152m—7m=8.2m).

The pressure gauge reading when the pump is running (p,) = 8 psi (0.55bar). ThenC =8 x2.31 =
18.5 ft (0.55 X 10.3 = 5.6 m). Therefore, the water level in the well when the pump is running
wouldbeD=L—-C=50ft—185ft=315ft(D=L—-C=152m —5.6m = 9.6 m).

The draw down can be determined by any of the following methods:

(1) D—B=315ft—269ft=46f(9.6m—82m=14m)
(2) A—C=231ft—185ft=46ft(7.0m —56m = 1.4m)
(3) p,—p,=10—8=2psi =2x231 =46(0.68 — 055 =0.13bar = 0.13 X 103 = L.4m)

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout wtten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Section 7.4 - Installation 165

7.3.5.3.1 Each well installation shall be equipped with a suitable water level detector.
7.3.5.3.2 If anair line is used, it shall be brass, copper, or series 300 stainless steel.
7.3.5.3.3 Air lines shall be strapped to column pipe at 10 ft (3 m) intervals.

7.4* Installation

Exhibit 11.7.3(a) through Exhibit [1.7.3(d) show the process of installing a vertical turbine fire pump.

A.7.4 Several methods of installing a vertical pump can be followed, depending upon the
location of the well and facilities available. Since most of the unit is underground, extreme

EXHIBIT 11.7.3 Vertical
Turbine Fire Pump
Installation. (a) Unloading
a vertical turbine pump.

(b) Lowering a vertical
turbine fire pump through a
fire pump house roof hatch.
(c) Lowering a vertical
turbine fire pump into a wet
pit. (d) Installing a motor
on a vertical turbine fire
pump. (Chris Gray, Fire Spec
Sprinkler Supply Co.)

(@)
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care should be used in assembly and installation, thoroughly checking the work as it pro-
gresses. The following simple method is the most common:

(1) Construct a tripod or portable derrick and use two sets of installing clamps over the open
well or pump house. After the derrick is in place, the alignment should be checked care-
fully 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 to the pump stage assembly, bring the assembly over the well, and
install pump stages to the suction pipe, until each piece has been installed in accordance
with the manufacturer’s instructions.

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 con-
venient handling and hoisting of vertical pump parts.

The pump house normally includes a roof hatch at least 4 ft X 4 ft (1219 mm X 1219 mm)
in size to provide access to the pump room so that the line shaft can be removed for main-
tenance. When establishing clearances, NFPA 70°, National Electrical Code®, requirements,
as well as normal working distances, need to be taken into consideration. External access
needs to be large enough to remove a pump driver or other component. Heating, cooling,
and combustion air units (for diesel engines) need to be included and sized for the location
of the unit. Floor drainage and spill protection must also be included in any design to protect
the environment.

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 outdoors, the driver shall be screened or enclosed and protected against
tampering.

The design of the pump and related equipment must still comply with the requirements
of 4.12.1.

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

7.4.3 Foundation.
In earthquake-prone areas, the foundation is required to be designed by a licensed profes-

sional engineer certified in the design of earthquake-resistant structures. The provisions for
earthquake design are found in the applicable building code and in NFPA 13.

7.4.3.1 Certified dimension prints shall be obtained from the manufacturer.

7.4.3.2 The foundation for vertical pumps shall be built to carry the entire weight of the pump
and driver plus the weight of the water contained in it.

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

7.4.3.4 The foundation shall be of sufficient area and strength that the load per square inch
(square millimeter) on concrete does not exceed design standards.
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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 awell pump, the pump head shall be positioned plumb over the well, which is not
necessarily level.

7.4.3.7 Sump or Pit.

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

7.4.3.7.2 Where a right-angle gear is used, the driver 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 capacity so that it will have an average life rating of 5 years continuous
operation.

7.5.1.2 All drivers shall be so constructed that axial adjustment of impellers can be made to
permit proper installation and operation of the equipment.

7.5.1.3 Vertical shaft turbine pumps shall be driven by a vertical hollow shaft electric motor
or vertical hollow shaft right-angle gear drive with diesel 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 diesel engines and steam turbines
designed and listed for vertical installation with vertical shaft turbine-type pumps, which
shall be permitted to employ solid shafts and shall not require a right-angle gear drive but shall
require a nonreverse ratchet.

7.5.1.5 Motors shall be of the vertical hollow-shaft type and comply with 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 drive, 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
and drive.

7.5.1.6.2 The torsional analysis specified in 7.5.1.6.1 shall include the mass elastic charac-
teristics for a wetted pump with the specific impeller trim, coupling, right-angle gear, flexible
connecting shaft, and engine, plus the excitation characteristics of the engine.

7.5.1.6.3 For variable speed vertical hollow shaft electric motors, the pump manufacturer
shall provide a complete mass elastic system torsional analysis to ensure there are no damag-
ing stresses or critical speeds within 25 percent above and below the operating speed of the
pump and drive.

7.5.1.6.4 For vertical turbine pumps using angle gear drives driven by a diesel engine, a tor-
sional vibration damping type coupling shall be used and mounted on the engine side of the
driver shaft.

7.5.1.6.4.1 The torsional vibration damping type coupling shall be permitted to be omitted
when a mass elastic system torsional analysis is provided and accepted by the authority hav-
ing jurisdiction.
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7.5.1.7 Gear Drives.

7.5.1.7.1 Gear drives and flexible connecting shafts shall be acceptable to the authority hav-
ing jurisdiction.

7.5.1.7.2 Gear drives shall be of the vertical hollow-shaft type, permitting adjustment of the
impellers for proper installation and operation of the equipment.

7.5.1.7.3 The gear drive shall be equipped with a nonreverse ratchet.

7.5.1.7.4 All gear drives shall be listed and rated by the manufacturer at a load equal to the
maximum horsepower and thrust of the pump for which the gear drive is intended.

7.5.1.7.5 Water-cooled gear drives shall be equipped with a visual means to determine whether
water circulation is occurring.

7.5.1.8 Flexible Connecting Shafts.
7.5.1.8.1 The flexible connecting shaft shall be listed for this service.

7.5.1.8.2 The operating angle for the flexible connecting shaft shall not exceed the limits
specified by the manufacturer for the speed and horsepower transmitted under any static or
operating conditions.

The operating angle is usually set for a minimum offset angle of 1 degree up to a maximum
of 3 degrees. This angle is intended to prevent failure of the universal joints during operation.

7.5.2 Controls. The controllers for the motor, diesel engine, or steam turbine shall comply
with specifications for either electric-drive controllers in Chapter 10 or engine drive control-
lers in Chapter 12.

» FAQ

When should the use of a variable speed controller be considered?

Coordination of the variable speed controller manufacturer, engineers, electric power supplier,
owner, installing contractor, and the AHJ is essential in the proper selection of the controller
and the required features. A full-service controller is preferred for electric motor drives. Use of
a variable speed controller should be considered when high discharge pressures are required
and electric costs are excessive.

7.5.3 Variable Speed Vertical Turbine Pumps.

7.5.3.1 The pump supplier shall inform the controller manufacturer of any and all critical
resonant speeds within the operating speed range of the pump, which is from zero up to full
speed.

7.5.3.2 When water-lubricated pumps with line shaft bearings are installed, the pump manu-
facturer shall inform the controller manufacturer of the maximum allowed time for water to
reach the top bearing under the condition of the lowest anticipated water 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 installation, all field-installed electri-
cal connections and discharge piping from the pump shall be checked.
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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 ser-
vice. The top shaft nut should be locked or pinned after proper setting.

7.6.1.2 With the top drive coupling removed, the drive shaft shall be centered in the top drive
coupling for proper alignment and the motor shall be operated momentarily to ensure that it
rotates in the proper direction.

The following method may be used to mount and align vertical hollow shaft drivers:

1. Remove the coupling from the top of the hollow shaft and mount the driver on top of
the discharge head/driver stand.

2. For designs requiring the pump head to be installed prior to mounting the driver (i.e.,

short cast heads with one-piece head shafts), lower the hollow shaft driver with care

over the head shaft to ensure the latter is not damaged.

Check the driver for correct rotation, as given in the manufacturer’s installation instructions.

4. Install the head shaft (if this has not already been done), and check that it is centered in

the hollow shaft. If the head shaft is off-center, check for runout in the head shaft mis-

alignment from the discharge head to the driver, or check whether the suspended pump
is out of plumb. Shims can be placed under the discharge head to center the head shaft,
but shims should not be placed between the motor and the discharge head.

Install the driver coupling and check the nonreverse ratchet for operability.

6. Install the coupling gib key and the adjusting nut, and raise the shaft assembly with
the impeller(s) to the correct running position in accordance with the manufacturer’s
instructions.

7. Secure the adjusting nut to the clutch; double-check the driver hold-down bolts for
tightness.

8. Most hollow shaft drivers have register fits. Therefore, further recentering of these driv-
ers normally is not required, and dowels are not recommended.

9. Always consult the manufacturer's manual for proper installation and operation.

)

2

7.6.1.3 With the top drive coupling reinstalled, the impellers shall be set for proper clearance
according to the manufacturer’s instructions.

7.6.1.4* With the precautions of 7.6.1.1 through 7.6.1.3 taken, the pump shall be started and
allowed to run.

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 condi-
tions 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.

7.6.1.5 The operation shall be observed for vibration while running, with vibration limits
according to the Hydraulic Institute Standards for Centrifugal, Rotary and Reciprocating
Pumps.
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The responsible installing contractor should generate a written report of the testing and run-
ning for inclusion in the acceptance test report.

7.6.1.6 The driver shall be observed for proper operation.
7.6.2 Maintenance.

7.6.2.1 The manufacturer’s instructions shall be carefully followed in making repairs and
dismantling and reassembling pumps.

7.6.2.2 When spare or replacement parts are ordered, the pump serial number stamped on the
nameplate fastened to the pump head shall be included in order to make sure the proper parts
are provided.

The pump manufacturer must know the serial number in order to provide replacement parts
that duplicate the original construction of the listed fire pump. This information ensures that
the correct components are supplied, which maintains the listing of the pump if component
replacement is required. Consult the operating manual for information regarding the ordering
of parts.

7.6.2.3 Ample head room and access for removal of the pump shall be maintained.
Accessibility for pump repairs and maintenance should be considered when the pump house

or pump room is designed. Accessibility information is available from all major pump manu-
facturers to assist the designer with proper design.
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CHAPTER

Positive Displacement Pumps

The requirements in Chapter 8 for positive displacement fire pumps first appeared in the 1999
edition of NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection. Positive
displacement pumps, sometimes referred to as PD pumps, are more apt to be found as part of
water mist and foam-based fire protection system installations. Note that, in most instances,
NFPA 20 uses the term liquid rather than the term water, due to the type of pumps addressed in
Chapter 8. New to Chapter 8 are requirements for water mist positive displacement pumping
units, which are assemblies of pumps, driver(s), and a controller as complete operating units.
Requirements for pressure maintenance were also added to recognize the capability of water
mist positive displacement pumping units to perform this function. The following relevant
NFPA installation standards reference NFPA 20 for the installation of positive displacement
pumps:

NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam

NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray Systems
NFPA 750, Standard on Water Mist Fire Protection Systems

8.1* General

A.8.1 All the requirements in Chapter 4 might not apply to positive displacement pumps.

» FAQ

When the requirements in Chapter 8 conflict with those in Chapter 4, which chap-
ter takes precedence?

For positive displacement fire pumps, in cases where requirements in Chapter 8 conflict with
requirements in Chapter 4, the requirements in Chapter 8 take precedence.

8.1.1 Types. Positive displacement pumps shall be as defined in 3.3.38.13.

A positive displacement pump is defined in 3.3.38.13 as “a pump that is characterized by a
method of producing flow by capturing a specific volume of fluid per pump revolution and
reducing the fluid void by a mechanical means to displace the pumping fluid.” Exhibit 11.8.1
illustrates one style of positive displacement pump; Exhibit 11.8.1 does not represent the only
acceptable pump design or style.

» FAQ

How do positive displacement pumps differ from (traditional) centrifugal pumps?

All fire pumps create pressure by imparting energy into the fluid being pumped. A positive
displacement pump differs from (traditional) centrifugal pumps because a positive displace-
ment pump imparts energy into the fluid by “pushing” the fluid, whereas a centrifugal pump
imparts energy into the fluid through spinning action. In a common example, displacement
forces keep a heavy boat from sinking through the pressure created by the displacement of
water created by the bottom of the boat.
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EXHIBIT I11.8.1 Positive Displacement Pump with Electric EXHIBIT I1.8.2 Reciprocating Positive Displacement
Motor Driver. (Courtesy of Pentair Water, North Aurora Pump — Pump Action.
Operations)

» FAQ

Certain positive displacement pumps involve a spinning action to create pressure.
Why isn’t this type of pump addressed in Chapter 6 on centrifugal pumps?

Two common displacement techniques are used in which a positive displacement pump
imparts energy into the liquid. The first technique imparts energy through a two-way piston
stroke in a chamber (see Exhibit 11.8.2), which clearly differs from the mechanism used in the
common centrifugal pump.

The second technique imparts energy through a series of gears or vanes rotating in a
chamber (see Exhibit 11.8.3). As the gears or vanes rotate inside the pump casing, a void is
created by the gears or vanes passing by the suction port. Liquid is captured by the rotating

EXHIBIT I1.8.3 One Type elements, and, as the void volume is decreased on the discharge side of the pump, the liquid
of Rotary Gear Positive is “displaced” and exits the pump discharge port.

Displacement Pump —

Interior Cross Section. 8.1.2* Suitability.

(Courtesy of Fire Lion Global ) . . S
LLC, www firelionglobal.com) A.8.1.2 Special attention to the pump inlet piping size and length should be noted.

8.1.2.1 The positive displacement-type pump shall be listed for the intended application.
In order for the pump installation to comply with NFPA 20, the positive displacement pump
and the system type must be listed for fire protection use as follows:

1. Water mist pumps:
a. UL Listed Category — ZDPJ
b. FM Approval Standard for Water Mist Systems, Class Number 5560
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2. Foam concentrate pumps:
a. UL Listed Category — GKWT
b. FM Approval Standard for Positive Displacement Fire Pumps (Rotary Gear Type), Class
Number 1313

8.1.2.2* The listing shall verify the characteristic performance curves for a given pump model.

A.8.1.2.2 This material describes a sample pump characteristic curve and gives an example
of pump selection methods. Characteristic performance curves should be in accordance with
HI 3.6, Rotary Pump Tests.

Example: An engineer is designing a foam-water fire protection system. It has been deter-
mined, after application of appropriate safety factors, that the system needs a foam concentrate
pump capable of 45 gpm at the maximum system pressure of 230 psi. Using the performance
curve (see Figure A.8.1.2.2) for pump model “XYZ-987,” this pump is selected for the appli-
cation. First, find 230 psi on the horizontal axis labeled “differential pressure,” then proceed
vertically to the flow curve to 45 gpm. It is noted that this particular pump produces 46 gpm
at a standard motor speed designated “rpm-2.” This pump is an excellent fit for the applica-
tion. Next, proceed to the power curve for the same speed of rpm-2 at 230 psi and find that
it requires 13.1 hp to drive the pump. An electric motor will be used for this application, so
a 15 hp motor at rpm-2 is the first available motor rating above this minimum requirement.

Example Pump Company
Pump Model: XYZ-987
UL listed for capacity range of 20 gpm to 60 gpm*
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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.
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Positive displacement pump performance curves determined through the pump’s listing
and approval tests must be provided by the manufacturer so that the fire protection system
designer can properly select the correct size positive displacement pump.

8.1.3 Application.

8.1.3.1 Positive displacement pumps shall be permitted to pump liquids for fire protection
applications.

Paragraph 8.1.3.1 was changed for the 2007 edition to recognize that the requirements of
Chapter 8 apply to any stationary positive displacement fire pump installation that must com-
ply with NFPA 20, regardless of the liquid that the pump handles.

8.1.3.2 The selected pump shall be appropriate for the viscosity of the liquid.

The selected pump is required to be verified for the maximum viscosity of the liquid to be
pumped. Liquid viscosity maximums are a part of the listings and approvals process and are
posted in UL Listed Category GKWT, UL Listed Category ZDPJ, and FM Approvals.

All pumps have maximum viscosities listed as part of the listing process. Since foam
concentrates and additives have widely ranging viscosities, it is important that users of the
standard refer to the listing itself, which shows the maximum viscosity for a given pump.

8.1.4 Pump Seals.

8.1.4.1 The seal type acceptable for positive displacement pumps shall be either mechanical
or lip seal.

8.1.4.2 Packing shall not be used.

Note the difference in packing requirements between the positive displacement pump and the
common horizontal split-case centrifugal pump covered in Chapters 4 and 6. Packing seals,
which are found on the common horizontal split-case centrifugal pump, are prohibited for
positive displacement pumps.

8.1.5* Pump Materials. Materials used in pump construction shall be selected based on
the corrosion potential of the environment, fluids used, and operational conditions. (See 3.3.9
for corrosion-resistant materials.)

Foam concentrates and solutions can be significantly more corrosive to common fire protec-
tion system materials than domestic water.

A.8.1.5 Positive displacement pumps are tolerance dependent. Corrosion can affect pump
performance and function. (See HI 3.5, Standard for Rotary Pumps for Nomenclature, Design,
Application and Operation.)

8.1.6 Dump Valve.

A dump valve is required to be provided for diesel-driven foam concentrate or additive pumps to
allow the positive displacement pump to bleed off excess pressure during the start cycle. It is not
necessary for a dump valve to be used for electric-driven foam concentrate or additive pumps.

Electric-driven foam pumps have never required a dump valve. The requirement origi-
nated because of the crank cycle of diesel engines trying to start the engine against a pressur-
ized system. Dump valves are only needed for diesel-driven foam or additive pumps.
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8.1.6.1 A dump valve shall be provided on all closed head systems to allow the positive dis-
placement pump to bleed off excess pressure and achieve operating speed before subjecting
the driver to full load.

The driver for a positive displacement pump is not generally sized to overcome the backpres-
sure created if none of the fire protection system discharge devices have activated while start-
ing. Backpressure can result in a phenomenon similar to the “banana in the tailpipe” prank,
whereby a car engine is prevented from being started by blocking the exhaust pipe. The
requirement in 8.1.6.1 is meant to address the same problem.

8.1.6.2 The dump valve shall operate only for the duration necessary for the positive displace-
ment pump to achieve operating speed.

8.1.6.3 Dump Valve Control.

8.1.6.3.1 Automatic Operation. When an electrically operated dump valve is used, it shall
be controlled by the positive displacement pump controller.

» FAQ

Why does NFPA 20 require the use of a dump valve control?

Requiring that the dump valve control be part of the fire pump controller ensures that the fire
pump operator can monitor all fire pump functions in one location.

8.1.6.3.2 Manual Operation. Means shall be provided at the controller to ensure dump
valve operation during manual start.

8.1.6.4 Dump valves shall be listed.
8.1.6.5 Dump valve discharge shall be permitted to be piped to the liquid supply tank, pump
suction, drain, or liquid supply.

When the discharge is piped to the pump suction, the design must take into consideration that
the maximum suction pressures are not to be exceeded.

8.2 Foam Concentrate and Additive Pumps

The requirements in Section 8.2 are intended to apply to any positive displacement pump in a
fire protection system that is pumping any liquid other than water-only solutions.

8.2.1 Additive Pumps. Additive pumps shall meet the requirements for foam concentrate
pumps.

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

The net positive suction head (NPSH), which is defined in 3.3.23.1, is the total liquid head-
absolute (in feet) at the suction nozzle minus the head pressure of the liquid (in feet). To
convert pressure in psi to head in feet, multiply the pressure in psi by 2.31 and divide by the
specific gravity of the liquid.

A.8.2.2 Specific flow rates should be determined by the applicable NFPA standard. Viscose con-
centrates and additives have significant pipe friction loss from the supply tank to the pump suction.
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8.2.3 Seal Materials. Seal materials shall be compatible with the foam concentrate or
additive.

Incompatibility of the seal material with the foam or additive being pumped could lead to
degradation of the seal and inadequate performance of the pump.

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

The time of 10 minutes specified in 8.2.4 permits the fire pump operator time to shut down the
positive displacement pump after the foam/additive tank has been depleted and before dam-
age occurs to the pump. Positive displacement pumps typically rely on the fluid being pumped
to provide pump lubrication.

A.8.2.4 This requirement does not apply to water mist pumps.

8.2.5* Minimum Flow Rates. Pumps shall have foam concentrate flow rates to meet the
maximum foam flow demand for their intended service.

The required flow rate is determined through other NFPA fire protection system installation
standards, such as the following:

NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam

NFPA 13, Standard for the Installation of Sprinkler Systems

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

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection

NFPA 16, Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray Systems

A.8.2.5 Generally, pump capacity is calculated by multiplying the maximum water flow by
the percentage of concentration desired. To that product is added a 10 percent “over demand”
to ensure that adequate pump capacity is available under all conditions.

The “over demand” is not fixed at 10 percent, but the ten percent figure is intended to be a
guide.

8.2.6* Discharge Pressure. The discharge pressure of the pump shall exceed the maxi-
mum water pressure under any operating condition at the point of foam concentrate injection.

A.8.2.6 Generally, concentrate pump discharge pressure is required to be added to the maxi-
mum water pressure at the injection point plus 25 psi (2 bar).

The required positive displacement pump discharge pressure is based on the calculated dis-
charge pressure of the foam system, which, in turn, is determined through other NFPA fire
protection system installation standards, such as NFPA 11 and NFPA 16. The required dis-
charge pressure of the foam concentrate pump has an added safety factor to ensure that foam
concentrate enters the system.

8.3 Water Mist System Pumps

8.3.1* Positive displacement pumps for water shall have adequate capacities to meet the
maximum system demand for their intended service.
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A.8.3.1 It is not the intent of this standard to prohibit the use of stationary pumps for water
mist systems.

» FAQ

Can a (traditional) centrifugal fire pump be used in a water mist system?

A listed (traditional) centrifugal fire pump meeting the system demand is permitted to be
used in a water mist fire protection system. It is more common to see a positive displacement
pump(s) supplying a water mist fire protection system, because positive displacement pumps
can produce relatively higher pressures.

8.3.2 NPSH shall exceed the pump manufacturer’s required NPSH plus 5 ft (1.52 m) of
liquid.

The NPSH is the total liquid head-absolute (in feet) at the suction nozzle minus the head pres-
sure of the liquid (in feet). To convert pressure in psi to head in feet, multiply the pressure in
psi by 2.31 and divide by the specific gravity of the liquid.

8.3.3 The inlet pressure to the pump shall not exceed the pump manufacturer’s recom-
mended maximum inlet pressure.

8.3.4 When the pump output has the potential to exceed the system flow requirements, a
means to relieve the excess flow such as an unloader valve or orifice shall be provided.

In order to meet the pressure requirements, a larger pump that produces excess flow might
be needed. A common fire protection goal of reducing water discharge in the protected space
often leads to the use of water mist fire protection systems.

8.3.5 Where the pump is equipped with an unloader valve, it shall be in addition to the safety
relief valve as outlined in 8.5.2.

8.4 Water Mist Positive Displacement Pumping Units

8.4.1 Water mist positive displacement pumping units shall be dedicated to and listed as a
unit for fire protection service.

» FAQ

How do water mist positive displacement pumping units differ from other water
mist system pumps or (traditional) centrifugal pumps?

A water mist positive displacement pumping unit is defined in 3.3.38.18 as “multiple positive dis-
placement pumps designed to operate in parallel that discharge into a single common water
mist distribution system.” For water mist positive displacement pumping units, it is not required
that each driver have its own dedicated controller, since the unit includes redundant moni-
toring and protection schemes that ensure that a single point of failure will not prevent the
system from performing as intended. Using current microprocessor-based control technolo-
gies and architecture, a single controller with redundancy schemes can provide equivalent
or superior reliability to other fire suppression systems while providing the added benefit
of a central control location. This central control location allows for advanced system diag-
nostics and status, and the option of remote monitoring advances fire-fighting efforts and
system availability. In order for the pump installation to comply with NFPA 20, the positive
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displacement pumping unit as part of the system.

displacement pump and the system type must be listed for fire protection use. Exhibit [1.8.4
illustrates a complete water mist fire suppression system, incorporating a water mist positive

Controller

Motor

Bell housing

Water mist positive
displacement pump unit

v

—

=~

Section valve

e
-

North America)

EXHIBIT 11.8.4 Water Mist Positive Displacement Pumping Unit. (Courtesy of Marioff

2013 Stationary Fire Pumps Handbook



Opript MNational Fire Protection Association NFPA) lcensedp ageeent, br inddal use andsinte dmloadn Bcebr 880 Fire Bpession 8rices hc.br dsigatediser Fire Bpession 8rices hc.No other repodction or transiasion
in any brrprittedthout vitten primsion ofNFPA.For ingires or to reprt unauthoriedise, contact licensin@org

Section 8.4 « Water Mist Positive Displacement Pumping Units 179

8.4.2 Except as provided in 8.4.3 through 8.4.8, all the requirements of this standard shall |
apply.

Section 8.4 contains requirements for water mist positive displacement pumping units that
supplement or modify the basic requirements of NFPA 20 and differentiate them from other
types of pumps having separate drivers and controllers.

8.4.3 Water mist positive displacement pumping units shall include pumps, driver(s), and
controller as a complete operating unit.

» FAQ

What makes a water mist positive displacement pumping unit unique compared
to other types of pumps addressed by NFPA 20?

Water mist positive displacement pumping units are unique in that they have a single control-
ler for multiple pumps and a driver(s).

8.4.4 The pump controller shall manage the performance of all pumps and drivers to pro-
vide continuous and smooth operation without intermittent pump cycling or discharge pres-
sure varying by more than 10 percent during pump sequencing after rated pressure has been
achieved.

8.4.5 Redundancy shall be built into the units such that failure of a line pressure sensor or
primary control board will not prevent the system from functioning as intended.

» FAQ

Why is it necessary to have redundancy?

Redundant monitoring and protective functions are incorporated into water mist positive dis-
placement pumping units. These redundancies are necessary, because there is only one con-
troller in a system employing multiple pumps.

8.4.6 Where provided with a variable speed control, failure of the variable speed control
feature shall cause the controller to bypass and isolate the variable speed control system.

» FAQ

Why is it acceptable to bypass the variable speed control system?

When a water mist positive displacement pumping unit is provided with a variable speed
control, it is required to bypass and isolate the variable speed control in the event of failure of
the variable speed control system. In this mode, the fire suppression system may be overpres-
surized, but it is more important to maintain waterflow than it is to prevent damage to the
system. This mirrors the requirement of 10.10.3.1 for controllers with variable speed pressure
limiting control.

8.4.7 The unit controller shall be arranged so that each pump can be manually operated
individually without opening the enclosure door.

Each pump must be able to be controlled manually from outside the controller enclosure; this
operation is similar to that required for an electric motor or diesel engine fire pump controller
and allows for bypassing of all automatic starting means, whether or not in failure mode. This
is the same type of performance required for other types of fire pump equipment.
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| 8.4.8 The requirement in 10.3.4.3 shall apply to each individual motor and the entire unit.

» FAQ

Why is it important that all line currents and all line voltages are able to be read
from the exterior of the controller?

Paragraph 10.3.4.3 requires that a means be provided on the exterior of the controller to read
all line currents and all line voltages within an accuracy of £5 percent of motor nameplate
voltage and current. It is important to measure these parameters to verify the correct opera-
tion of each pump motor and the entire pumping unit. Providing the means for reading these
parameters on the exterior of the controller minimizes the exposure of electric shock hazard
to test personnel.

8.5 Fittings

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

A compound suction gauge is a gauge that is capable of reading negative and positive pres-
sures. The discharge pressure gauge is not required to be a compound gauge, because it is
assumed that the discharge pressures will never be negative. Both gauges are needed to indi-
cate the pressure boost across the pump.

8.5.2* General Information for Relief Valves.

A.8.5.2 Positive displacement pumps are capable of quickly exceeding their maximum
design discharge pressure if operated against a closed discharge system. Other forms
of protective devices (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 or by the user, or both. (See Figure A.8.5.2 for proposed schematic layout of
pump requirements.)

Foam flow test loop

Acceptable method to return relief valve flow

Sight glass /ylji)]

(____________y

3% in. (89 mm) discharge gauge

Orifice plate test device
Test isolation valve \.4.‘
E3
OS&Y discharge L{"
isolation gate valve

Foam tank

e

Pressure relief valve

Pump suction port
3%in. (89 mm)
compound suction
gauge

To foam _7,
system  Check valve Pipe te t OS&Y suction isolation
gate valve

X
n
"

- ] L1

Pump discharge port
Suctlon strainer

10 pipe diameters minimum

FIGURE A.8.5.2 Typical Foam Pump Piping and Fittings.
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8.5.2.1 All pumps shall be equipped with a listed safety relief valve capable of relieving 100
percent of the rated pump capacity at a pressure not exceeding 125 percent of the relief valve
set pressure.

Without a properly sized pressure relief valve, positive displacement pumps continue to
increase pressure when pumping against a fire protection system that has few or no openings
until the driver stalls or the fire protection system fails because it has exceeded component
failure pressures.

8.5.2.2 The pressure relief valve shall be set such that the pressure required to discharge the
rated pump capacity is at or below the lowest rated pressure of any component.

8.5.2.3 The relief valve shall be installed on the pump discharge to prevent damage to the fire
protection system.

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

The relief valve discharge needs to be piped back to the supply so that the foam/additive sup-
ply is not depleted. The quantity of foam concentrate is based on a specific discharge duration
and should not be depleted by pressure relief valve discharge. The routine testing of the pump
installation with no flow is frequently performed where the relief valve discharges.

A.8.5.3 Only the return to source and external styles should be used when the outlet line can
be closed for more than a few minutes. Operation 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 after
the outlet line is reopened.

8.5.4* Relief Valves for Water Mist Pumps.
A.8.5.4 Backpressure on the discharge side of the pressure relief valve should be considered.
(See Figure A.8.5.4 for proposed schematic layout of pump requirement.)

Flow test loop

K™t i
I I
|
I Acceptable method to return relief valve flow o :
A A 4
I *
I
|
Orifice plate test device : A bl
) ) | Sight glass lccetp))ta de to
Test isolation valve | \ plumb to rain,
! Pressure relief valve pump suction,
3%in. (89 mm) | I or supply
discharge gauge L Pump suction port +*
) E3
i(gciit\i(oﬂlsgngr\?;ve T 3%in. (89 mm) compound
suction gauge
V;7 gaug
Q7
<« ) [ ] | ] | ( I y <«—
To water / '\_ From
mist system Check valve Pipe tee OS&Y suction isolation supply

gate valve
Pump discharge port
Suctlon strainer

10 pipe diameters minimum

FIGURE A.8.5.4 Typical Water Mist System Pump Piping and Fittings.
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Mesh 20 40 60 80 100
Opening (in.) 0.034 | 0.015 | 0.0092 | 0.007 | 0.0055
Opening (m) 860 380 230 190 140

FIGURE A.8.5.5 Standard Mesh Sizes.

8.5.4.1 For positive displacement water mist pumps, safety relief valves shall discharge to a
drain or to a water supply at atmospheric pressure.

8.5.4.2 A means of preventing overheating shall be provided when the relief valve is plumbed
to discharge to the pump suction.

Two possible means of preventing overheating are the installation of a pressure relief valve as
a circulation relief valve and discharge to a drain.

8.5.5* Suction Strainer.

Positive displacement pumps are more susceptible than other types of pumps to damage from
debris in the pumped fluid; therefore, a strainer in the suction piping is required for all positive
displacement pumps.

A.8.5.5 Strainer recommended mesh size is based on the internal pump tolerances. (See Fig-
ure A.8.5.5 for standard mesh sizes.)

8.5.5.1 Pumps shall be equipped with a removable and cleanable suction strainer installed at
least 10 pipe diameters from the pump suction inlet.

8.5.5.2 Suction strainer pressure drop shall be calculated to ensure that sufficient NPSH is
available to the pump.

See 3.3.23.1 for the definition of net positive suction head (NPSH)
ing 8.2.2 for more detailed information on the term.

nsyy@Nd the commentary follow-

8.5.5.3 The net open area of the strainer shall be at least four times the area of the suction
piping.

8.5.5.4 Strainer mesh size shall be in accordance with the pump manufacturer’s
recommendation.

8.5.6 Water Supply Protection. Design of the system shall include protection of pota-
ble water supplies and prevention of cross connection or contamination.

The system designer must plan for backflow prevention devices in the design of the system.
Many water purveyors require protection of water supplies when chemicals such as foam/
additives are used in a fire protection system. NFPA 20 permits the use of a backflow preven-
tion device or a break tank (see Chapter 4) when water supply protection is required by local
authorities.
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8.5.7 Pressure Maintenance.

8.5.7.1 Except as permitted in 8.5.7.2, the primary or standby fire pump shall not be used as
a pressure maintenance pump.

8.5.7.2 Water mist positive displacement pumping units that are designed and listed to alter-
nate pressure maintenance duty between two or more pumps with variable speed pressure lim-
iting control, and that provide a supervisory signal wherever pressure maintenance is required
more than two times in one hour, shall be permitted to maintain system pressure.

» FAQ

Why are water mist positive displacement pumping units allowed to provide pres-
sure maintenance in lieu of a jockey or make-up pump?

For water mist positive displacement pumping units listed for pressure maintenance duty,
the primary or standby fire pump can be used as a pressure maintenance pump, since
there is a discrete signaling means to indicate system activation in response to a fire.
Using current microprocessor-based control and variable-voltage variable-frequency drive
technologies, a water mist system may be designed to use the primary motors/pumps to
maintain system pressure. This function can be rotated from pump to pump to improve
system reliability.

8.5.7.3 When in the pressure maintenance mode, water mist positive displacement pumping
units used for pressure maintenance shall not provide more than half of the nozzle flow of the
smallest system nozzle when the standby pressure is applied at the smallest nozzle.

The requirement in 8.5.7.3 is intended to set a limit for the water mist positive displace-
ment pumping unit relative to the amount of pressure it can create when in the pressure
maintenance mode and to distinguish between the need for pressure maintenance and a
fire event.

8.5.7.4 A single sensing line shall be permitted to be used for a water mist positive displace-
ment pumping unit controller where the unit also serves for pressure maintenance on a water
mist system.

> FAQ

Why are multiple sensing lines not needed for a water mist positive displacement
pumping unit?

Multiple sensing lines are not needed for a water mist positive displacement pumping unit,
because the unit is able to distinguish between the need for pressure maintenance and a
fire event. This is based on the controller’s ability to sense the pressure differential from the
permissible limited flow demand of 8.5.7.3, while in the pressure maintenance mode, and the
pressures required from a larger flow demand, such as those required in a fire scenario.

8.6 Pump Drivers

8.6.1* The driver shall be sized for and have enough power to operate the pump and drive
train at all design points.

A.8.6.1 Positive displacement pumps are typically driven by electric motors, internal com-
bustion engines, or water motors.
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EXHIBIT I1.8.5
Premanufactured Fire
Pump Unit with Positive
Displacement Pump and
Diesel Engine Driver.
(Courtesy of Pentair Water,
North Aurora Operations)

» FAQ

Does the motor driving a positive displacement pump have to be installed in
accordance with Chapter 9?

A positive displacement pump is considered a type of fire pump. Therefore, the intent is that
all NFPA 20 requirements apply to a fire pump installation involving a positive displacement
pump (see Exhibit 11.8.5), unless specific NFPA 20 provisions dictate otherwise. The driver must
comply with Chapter 9, Chapter 11, or Chapter 13.

8.6.2 Reduction Gears.

8.6.2.1 If a reduction gear is provided between the driver and the pump, it shall be listed for
the intended use.

8.6.2.1.1 Reduction gears shall meet the requirements of AGMA 390.03, Handbook for Heli-
cal and Master Gears.

If gears are designed improperly, or if gears are selected on speed change alone, the reduction
gear can become a failure point, resulting in loss of the fire pump. The Technical Committee
on Fire Pumps has received reports that gear failures have occurred in fire pump installations.

8.6.2.2 Gears shall be AGMA Class 7 or better, and pinions shall be AGMA Class 8 or better.

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 com-
plete 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.
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EXHIBIT 11.8.6 Acceptable

and Unacceptable Common
P | [Po|Po| | Pe|Pef Driver Arrangements.

Acceptable
arrangements

D D D

D
Unacceptable
arrangements E

D

D = Driver

Py = Primary pump
Pc = Redundant/emergency pump

8.6.3 Common Drivers.

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

Subsection 8.6.3.1 overrides the requirements in 4.7.3 and permits one motor/engine to drive
multiple pumps. The flow demands of a water mist fire protection system, combined with low
operating 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 preassembled unit.

8.6.3.2 Redundant pump systems shall not be permitted to share a common driver.

» FAQ

Does the requirement specified in 8.6.3.2 conflict with the requirement in 8.6.3.1?

The intention of NFPA 20 is that the requirement in 8.6.3.2 does not conflict with the <« CALCULATION
requirement in 8.6.3.1. NFPA 750 requires that a redundant pump installation be provided

for a water mist fire protection system in case a failure occurs in the primary pump instal-

lation. For example, if two pumps are needed to meet the system demand, then four

pumps are needed to comply with NFPA 750. If electric motors are installed as drivers, at

least two motors are required — one motor for the primary set of pumps as, allowed by

8.6.3.1, and another motor for the redundant (emergency) set of pumps, as allowed by

8.6.3.1. The requirement in 8.6.3.2 prohibits a single motor to drive all four pumps. See

Exhibit 11.8.6 for an example of a comparison of acceptable and unacceptable common

driver arrangements.

8.7* Controllers

See Section 8.4 and Chapters 10 and 12 for requirements for controllers.
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The requirements in NFPA 20 for controllers of positive displacement pumps are the same as
those for (traditional) centrifugal pumps.

A.8.7 These controllers can incorporate means to permit automatic unloading or pressure
relief when starting the pump driver.

8.8 Foundation and Setting

The requirements in NFPA 20 for foundations and setting of positive displacement pumps are
similar to those for (traditional) centrifugal pumps.
8.8.1 The pump and driver shall be mounted on a common grouted base plate.

8.8.2 The base plate shall be securely attached to a solid foundation in such a way that
proper pump and driver shaft alignment will be maintained.

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

8.9 Driver Connection and Alignment

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

» FAQ

Does NFPA 20 permit the use of a belt drive to connect a positive displacement
pump to a driver?

A positive displacement pump is permitted to be connected to the driver through a belt drive,
which is not permitted for any other type of pump complying with NFPA 20.

8.9.2 The coupling shall be selected to ensure that it is capable of transmitting the horse-
power of the driver and does not exceed the manufacturer’s maximum recommended horse-
power and operating speed.

8.9.3 Pumps and drivers shall be aligned once final base plate placement is complete.
8.9.4 Alignment shall be in accordance with the coupling manufacturer’s specifications.

8.9.5 The operating angle for the flexible coupling shall not exceed the recommended
tolerances.

8.10 Flow Test Devices

8.10.1 A positive displacement pump installation shall be arranged 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.

A means of testing the suction supply by actually flowing liquid through the pump from the
supply — not just through a test loop — must be available. Due to the viscosity of foam/
additive solutions, significant friction loss can occur in the suction supply piping while under
flow conditions during a fire.
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8.10.2 Additive pumping systems shall be equipped with a flow meter or orifice plate
installed in a test loop back to the additive supply tank.

A test loop is required to discharge back to the foam/additive tank so that the foam/additive
tank is not depleted during routine testing of the foam/additive supply.

8.10.3 Water pumping systems shall be equipped with a flowmeter or orifice plate installed
in a test loop back to the water supply, tank, inlet side of the water pump, or drain.
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CHAPTER

Electric Drive for Pumps

Chapter 9 describes the sources and transmission of electric power for motors driving station-
ary fire pumps. Also covered are the performance and installation criteria for motors that
provide the prime mover for stationary fire pumps. The transmission of power includes all
equipment between the source(s) and the fire pump motor, with the exception of the con-
trollers, transfer switches, and accessories, which are covered in Chapter 10. The focus of
this chapter is the proper installation of electrical equipment associated with a stationary fire

pump.
» FAQ

What is the relationship between Chapter 9 of NFPA 20, Standard for the Installa-
tion of Stationary Pumps for Fire Protection, and Article 695 of NFPA 70", National
Electrical Code®™?

Article 695 of NFPA 70 is the authority on (is responsible for) the electrical installation
of fire pumps. Article 695 also contains text on power supplies extracted from Chapter 9 of
NFPA 20. Paragraph 1.1.2, which is part of the scope of NFPA 20, specifies that NFPA 20 has
primary responsibility (authority) for power supplies for fire pumps. Adherence to Article 695 is
required for the safe and reliable installation of both electric motor—driven and diesel engine—
driven fire pumps, including the protection of power and control circuits. Article 700 and
Article 701 of NFPA 70 apply where emergency power or legally required standby power is
utilized for fire pumps.

9.1 General

9.1.1 This chapter covers the minimum performance and testing requirements of the sources
and transmission of electrical power to motors driving fire pumps.

Although performance and testing are critical, the emphasis of Chapter 9 is the proper selec-
tion and installation of the sources and equipment used to transmit power to the fire pump
motor. The objective is the continuity of power to drive the fire pump motor in the event of a
fire, as well as the reliability of the power sources.

9.1.2 This chapter also covers the minimum performance requirements of all intermediate
equipment between the source(s) and the pump, including the motor(s) but excepting the
electric fire pump controller, transfer switch, and accessories (see Chapter 10).

All equipment necessary to ensure the minimum performance of sources of electric power to
the fire pump motor is subject to the requirements of this chapter. This equipment includes
motors, generators, junction boxes, and any overcurrent protection (fuses or circuit breakers)
and switches other than those within a fire pump controller.

9.1.3 All electrical equipment and installation methods shall comply with NFPA 70,
National Electrical Code, Article 695, and other applicable articles.
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> FAQ Which articles of NFPA 70, other than Article 695, most affect the installation of

fire pumps?

Some of the other significant articles in NFPA 70 include Article 230, Services; Article 250,
Grounding and Bonding; Article 700, Emergency Systems; and Article 708, Critical Operations
Power Systems (COPS), among others.

9.1.4* All power supplies shall be located and arranged to protect against damage by fire
from within the premises and exposing hazards.

Damage from fire exposure to conductors or equipment that supplies power to the fire pump
could render the fire pump inoperable. Keeping this equipment safe from fire includes ade-

quate installation and protection of overhead lines, if used.

A.9.1.4 Where the power supply involves an on-site power production facility, the protection
is required for the facility in addition to the wiring and equipment.

The requirement for protection in 9.1.4 also applies to the building housing the on-site power
production facility. This facility is an integral part of the fire protection for the premises.

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

» FAQ

Since fire pumps operate infrequently, is any of the fire pump equipment rated for
less than continuous duty?

Although fire pumps are not expected to run continuously, they can run for long periods of
time, such as over a holiday weekend or for many hours when fighting a high-rise building
fire. Therefore, no reliable method exists for sizing the power supply based on a duty cycle
other than that of continuous duty (100 percent duty cycle). For example, operation of the
fire pump where there is a signal for a specific fire may not be a one-time event. In some
instances, fire pumps may operate for days in order to prevent rekindling of a fire after the
main extinguishing is completed. Also, in some cases, the fire pump is used for other purposes,
sometimes by design, but not always. Whatever the specific circumstances, the integrity of the
power supply is critical to both reliable and adequate fire pump operation; therefore, all power
supplies should be rated for continuous duty.

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

In some cases, the capacity of a power supply may need to be increased in order to meet the
voltage drop requirements of Section 9.4.

9.1.7* Phase converters shall not be used to supply power to a fire pump.

» FAQ

Are phase converters acceptable for use in a fire pump circuit?

Phase converters are used to provide three-phase power from a single-phase power source,
such as is often found in rural locations. However, a phase converter is not considered a reli-
able source of power for a fire pump motor because of the imbalance in the voltage between
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the phases when there is no load on the equipment. Additionally, a phase converter would
need to be run continuously in order for the fire pump controller to remain in the standby
condition. When three-phase power is not available, a single-phase fire pump controller and
motor would need to be used. Single-phase fire pump controllers are available to 10 hp max
at 240 V.

A.9.1.7 Phase converters that take single-phase power and convert it to three-phase power
for the use of fire pump motors are not recommended because of the imbalance in the voltage
between the phases when there is no load on the equipment. If the power utility installs phase
converters in its own power transmission lines, such phase converters are outside the scope
of this standard and need to be evaluated by the authority having jurisdiction to determine the
reliability of the electric supply.

9.1.8* Interruption.

A.9.1.8 Ground fault alarm provisions are not prohibited.

Ground-fault alarms can alert users of the presence of a fault, but the power to the fire pump
is not to be interrupted by the ground fault. It is imperative that the cause of the alarm be
investigated immediately, so that the hazardous condition can be corrected. This requirement
is intended to maintain fire protection before or during a fire. Likewise, arc-fault devices must
sound an alarm but must not interrupt power to the pump.

9.1.8.1 No ground fault interruption means shall be installed in any fire pump control or
power circuit.

9.1.8.2 No arc fault interruption means shall be installed in any fire pump control or power
circuit.

9.2* Normal Power

A.9.2 See Figure A.9.2 for typical power supply arrangements from source to the fire pump
motor.

Figure A.9.2, which was formerly Figure A.9.3.2, showed Arrangement A and Arrangement B <4 DESIGN ALERT
only. The figure has been revised to show the single upstream disconnect and possible over-
current protection (OCP) when permitted by 9.2.3 in order to provide a more complete picture
of the three common types of connection to the power supply. Arrangement A remains illus-
trative of a direct service connection, whereby the fire pump controller or the normal source
side of a fire pump power transfer switch acts as the service entrance equipment. Arrange-
ment B remains illustrative of a transformer connection, whereby the transformer primary
overcurrent protection is attached to the service in compliance with 9.2.2(5). New Arrange-
ment C is illustrative of the indirect connection of 9.2.2(3) and 9.2.3, whereby the fire pump
controller or the normal source side of a fire pump power transfer switch connects to upstream
service entrance equipment.

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

If a normal source of power is not continually available, an alternate source of power must be
provided as described in Section 9.3 in order to main the liquid source for the fire protection
system.
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Arrangements
A B C
Service at fire Note 1 Service at fire
pump motor Service at other pump motor
utilization than the fire utilization
voltage pump motor voltage
utilization voltage
To other
Note 1 service switches Note 1
and plant loads © .
oY & Service
Equipment
[see 9.2.2(5)
and NFPA 70, 695(B)]
Transformer
(see NFPA 70, A A ®
Article 695.5) ™ Ref. 9‘2.30 *
3 Service
entrance
equipment
Note 2 >* Note 2 >* &*
| | v
To fire pump To fire pump To fire pump
auxiliary loads auxiliary loads auxiliary loads
(optional) (optional) (optional)
Note 4 Note 5
Fire Fire Fire
pump pump pump
controller controller controller
Note 3 Note 3 Note 3
@ @ @
*Circuit breakers or fusible switches can be used.
Note 1: Service conductors (see NFPA 70, Article 230)
Note 2: Overcurrent protection (SUSE rated) per NFPA 70, Article 240 or 430
Note 3: Branch circuit conductors [see NFPA 70, 695.6(B)(2)]
Note 4: Feeder conductors [see NFPA 70, 695.6(B)(2)]
Note 5: Dedicated feeder connection [see 9.2.2(3)]
FIGURE A.9.2 Typical Power Supply Arrangements from Source to Motor.

9.2.2 The normal source of power required in 9.2.1 and its routing shall be arranged in
accordance with one of the following:

(1) Service connection dedicated to the fire pump installation
The intent of the requirement of 9.2.2(1) is that this service is to supply no loads other than

those associated with the fire pump. This requirement is normally met by providing a sepa-
rate service or a tap ahead of the main service equipment (disconnect) for the building that is
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entered by the conductors supplying power to the fire pump. Fre- _'AHJ FAQ
quently, the fire department shuts down power to the building during The plans for a fire pump installation show the
a fire to provide for fire fighter safety. In such situations, power must building electrical service powering the fire pump.
remain available for the fire pump. Is this permitted?

ANSWER: No, the fire pump must have a dedicated
service connection. During a fire, the electric pump
must remain energized; having the fire pump con-

nected to the main service may result in shutdown
during fire-fighting operations.

(2) On-site power production facility connection dedicated to the fire
pump installation

An on-site standby or emergency generator does not meet the require-
ment for an on-site power production facility in accordance 9.2.2(2).
See the definitions of on-site power production facility and on-site standby generator in 3.3.35
and 3.3.36, respectively. An on-site power production facility produces power continuously
(that is, 24 hours per day, 7 days per week, 365 days per year). In many cases, on-site power
production sources are electric-generating stations dedicated to a particular facility or to a par-
ticular facility campus-style distribution system. Fire protection is lost when fire pump power
is lost. Information on fire protection systems for on-site generating stations can be found in
NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants and High Voltage
Direct Current Converter Stations.

(3) Dedicated feeder connection derived directly from the dedicated service to the fire pump
installation

» FAQ

Can a fire pump feeder circuit supply loads other than those associated with the
fire pump?

The dedicated service and feeder connection referred to in 9.2.2(3) are not permitted to supply
loads other than those associated with the fire pump; these must be tapped ahead of the fire
pump controller(s) and not from within any fire pump controller.

(4) As afeeder connection where all of the following conditions are met:

» FAQ

Can a fire pump feeder circuit supply loads other than those associated with
the fire pump if an alternate source of power is provided for the fire pump
motor?

The feeder connection referred to in 9.2.2(4) may supply loads other than those associated
with the fire pump. This practice is acceptable and not considered to reduce the reliability of
the power supplied to the fire pump, since a backup source of power is required in 9.2.2(4)(b),
and all feeder circuits supplying a fire pump(s) must be selectively coordinated. Most of these
installations are fed from two separate utility connections via double-ended switch gear (main-
tie-main) with automatic or manual switchover means.

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

(b) A backup source of power is provided from a source independent of the normal
source of power.

(c) It is impractical to supply the normal source of power through the arrangement in
9.2.2(1), 9.2.2(2), or 9.2.2(3).

(d) The arrangement is acceptable to the authority having jurisdiction.

(e) The overcurrent protection device(s) in each disconnecting means is selectively coor-
dinated with any other supply side overcurrent protective device(s).
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Selective coordination in the context of this chapter ensures that, when an overcurrent con-
dition occurs in a fire pump branch circuit, power is not interrupted to any loads served by
upstream protective devices. This avoids cascading faults, which Kill other emergency loads,
such as emergency lighting, annunciators, and alarm systems.

(5) Dedicated transformer connection directly from the service meeting the requirements of
Article 695 of NFPA 70, National Electrical Code

» FAQ

What is meant by a “dedicated transformer connection”?

A fire pump is permitted to be powered by a transformer if the transformer is dedicated to
the fire pump and does not serve any other loads not associated with the fire pump. The
exception is stated in 695.5(C) of NFPA 70: “Where a feeder source is provided in accordance
with 695.3(C), transformers supplying the fire pump system shall be permitted to supply other
loads.” Section 695.3(C) applies to multi-building, campus-style complexes.

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 shall be installed in the power supply to the fire pump
controller.

The requirement of 9.2.3 allows the installation of a single disconnecting switch and fuse or a
circuit breaker only if in compliance with one of the four arrangements specified. Some juris-
dictions, such as large U.S. cities, prohibit this practice in their local codes, while other jurisdic-
tions require it. Some jurisdictions revert to NFPA 20, while others permit the determination to
be made by the local utility.

» FAQ

Why does NFPA 20 place a limit on the number of disconnecting means allowed
upstream of the fire pump controller?

The single upstream disconnect permitted in 9.2.3 affords disconnection of the fire pump
feeder circuit for activities such as maintenance and is not intended to be operated under fire
conditions. Additional disconnecting means would reduce the reliability of the power supplied
to the fire pump, since these disconnects can be remote from the pump room and are not eas-
ily located. Supervising multiple disconnects can be difficult to manage, especially during a fire.

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

(1) They shall be identified as being suitable for use as service equipment.
It is vital for both personnel safety and fire protection reliability that the disconnecting means

be listed and labeled as suitable for use as service entrance equipment, especially since very
high available short-circuit currents exist in many installations.

(2) They shall be lockable in the closed position.

» FAQ

Why does NFPA 20 require the disconnect external to the fire pump controller to
be capable of being locked in the closed position?
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As generally provided by the manufacturer, most disconnects are suitable for locking in the
“off” position, but not the “on” position. In order to provide the capability of locking in both
positions, a locking accessory with such capability may need to be field installed on the dis-
connect device. Locking in the closed position prevents inadvertent loss of power to the fire
pump motor.

(3)* They shall be located remote from other building disconnecting means.

» FAQ

Why does NFPA 20 require the disconnects external to the fire pump controller to
be located remote from other building disconnecting means?

The disconnects are required to be located remotely so that they are not confused with discon-
nects for building loads and inadvertently opened, such as by the fire department staff in the
event of a fire.

A.9.2.3.1(3) The disconnecting means should be located such that inadvertent simultaneous
operation is not likely.

It is important to avoid opening of multiple disconnects at the same time, which can result in
disabling fire protection in more than one location or building.

(4)* They shall be located remote from other fire pump source disconnecting means.

A.9.2.3.1(4) The disconnecting means should be located such that inadvertent simultaneous
operation is not likely.

(5) They shall be marked “Fire Pump Disconnecting Means” in letters that are no less than
1in. (25 mm) in height and that can be seen without opening enclosure doors or covers.

Disconnects need to be readily identifiable for maintenance and fire service personnel.

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
and the location of any key needed to unlock the disconnect.

» FAQ

Why does NFPA 20 require a placard adjacent to the fire pump controller?

A placard provides for easy identification of the single disconnect in the event the power pro-
vided to the controller needs to be disconnected.

9.2.3.3 Where the disconnecting means permitted by 9.2.3 is installed, the disconnect shall be
supervised in the closed position by one of the following methods:

(1) Central station, proprietary, or remote station signal device

(2) Local signaling service that will cause the sounding of an audible signal at a constantly
attended location

(3) Locking the disconnecting means in the closed position

(4) Sealing of disconnecting means and approved weekly recorded inspections where the dis-
connecting means are located within fenced enclosures or in buildings under the control
of the owner
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» FAQ

What is the purpose of the supervision methods for the disconnecting means
external to the fire pump controller?

All of the methods listed in 9.2.3.3(1) through (4) reduce the likelihood that the single discon-
necting means will be open when a fire event occurs and power needs to be supplied to the
fire pump motor.

9.2.3.4 Where the overcurrent protection permitted by 9.2.3 is installed, the overcurrent pro-
tection device shall be rated to carry indefinitely the sum of the locked rotor current of the
largest pump motor and the full-load current of all of the other pump motors and accessory
equipment.

The requirement in 9.2.3.4 ensures that, in the event that an overload occurs in the fire pump
branch circuit, the circuit breaker in the fire pump controller is the only protective device to
disconnect power to the fire pump motor. This arrangement is necessary, as the overload
may only be temporary. In such a case, the circuit breaker in the fire pump controller may be
reset and the fire pump motor restarted if needed. If protective devices upstream of the fire
pump controller open during an overload condition, it would be virtually impossible to reset or
replace them quickly enough to return the fire pump to service for the successful extinguish-
ment of the fire.

When sizing the overcurrent protection based on the requirements of 9.2.3.4 or 9.2.3.4.1,
compliance with the selective coordination requirement in 9.2.2(4)(e) also must be met. This
compliance is critical, since the power source is often capable of producing very high fault
currents, and since heavy short circuits do occur in fire pump circuits, particularly in the motor.
Note that the overcurrent device must be sized to hold at least the motor locked-rotor current
in amperes (LRA) continuously, along with any other connected loads. This value is typically
600 percent or more of the motor full-load current in amperes (FLA). However, the wiring
in this circuit is required to be only 125 percent of the motor FLA, so the lugs of the device
are often too large for the wire size (i.e.,, the marked minimum wire size rating of the lugs
may exceed the desired wire size). This problem is easily resolved by the use of inexpensive,
optional lug kits, which are available for smaller wire sizes.

The requirements in 9.2.3.4 have been revised to reduce the size of this device when mul-
tiple fire pumps are connected. Previous editions required carrying the LRA of all connected
pumps — that is, the fire pumps and the jockey pump(s) — in addition to the full-load current
of all connected loads.

9.2.3.4.1 Alternately, compliance with 9.2.3.4 shall be based on an assembly listed for fire
pump service complying with the following:

(1) The overcurrent protection device shall not open within 2 minutes at 600 percent full load
current.

(2) The overcurrent protection device shall not open with a restart transient of 24 times the
full load current.

(3) The overcurrent protection device shall not open within 10 minutes at 300 percent full
load current.

(4) Trip point for circuit breakers not field adjustable.

The alternate requirements of 9.2.3.4.1 change the duration of the motor rated locked-rotor
current (LRA) from indefinitely to 2 minutes and 300 percent of the motor full-load current rat-
ing (FLA) for 10 minutes. However, the fire pump controller no-trip is not less than 300 percent
of motor FLA. It is vital that this upstream overcurrent protection not trip before the circuit
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breaker in the fire pump controller. That breaker is prohibited from tripping at any current that
is less than 300 percent of motor FLA, and it must also trip between 8 seconds and 20 sec-
onds at motor LRA. Since the controller circuit breaker current can be higher, but not less than,
300 percent, the controller manufacturer should be consulted to determine how much above
300 percent the controller breaker is set to hold.

9.3 Alternate Power —W AHJ FAQ
9.3.1 Except for an arrangement described in 9.3.3, at least one The system design shows an electric fire pump
alternate source of power shall be provided where the height of the without backup power. Can this design be
structure is beyond the pumping capacity of the fire department approved?
apparatus. ANSWER.' Yes, if it is determined that thg source of
power is reliable and the height of the building is not
outside the pumping capability of the fire depart-
This requirement is vitally important for taller high-rise buildings, ment as specified in Section 5.5.
since supplying adequate sprinkler and hose pressure is beyond the

capability of fire pump trucks. As a result, the fire protection of the

upper portions of these buildings is solely dependant on the building’s own fire pump(s). In
most cases (such as those of pumps in series), fire protection is dependent on two, or usu-
ally three, fire pumps. This is known as “protection in place,” since the fire protection for the
upper reaches of the building must be completely self-contained. This self-containment is
most important where evacuation is not possible or unadvisable, or where people are likely
to be asleep.

The concept of the requirement in 9.3.1 can also apply to buildings with large square
footage, such as factories or warehouses, where the central portion of the building is beyond
the reach of fire department ladder or snorkel trucks, and/or where the required waterflow is
beyond that which can be delivered into the fire department connection by fire engine pump
trucks.

9.3.2* Other Sources. Except for an arrangement described in 9.3.3, at least one alternate
source of power shall be provided where the normal source is not reliable.

» FAQ

Are any guidelines available for determining the criteria that constitute a reliable
power source?

A reliable power source is not defined by NFPA 20. However, faitly detailed guidance is pro-
vided in A.9.3.2 to help determine whether or not the normal power source can be considered
reliable. For every project, the authority having jurisdiction (AHJ) should be consulted and veri-
fication received regarding whether the power source in question is reliable. Special attention
should be paid to cases where power is brought in by overhead lines.

A.9.3.2 Areliable power source possesses the following characteristics:

(1) The source power plant has not experienced any shutdowns longer than 4 continuous
hours in the year prior to plan submittal. NFPA 25, Standard for the Inspection, Testing,
and Maintenance of Water-Based Fire Protection Systems, requires special undertakings
(i.e., fire watches) when a water-based fire protection system is taken out of service for
longer than 4 hours. If the normal source power plant has been intentionally shut down
for longer than 4 hours in the past, it is reasonable to require a backup source of power.

(2) Power outages have not routinely been experienced in the area of the protected facility caused
by failures in generation or transmission. The standard is not intended to require that the normal
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source of power be infallible to deem the power reliable. NFPA 20 does not intend to require
a back-up source of power for every installation using an electric motor—driven fire pump.
Note that should the normal source of power fail in a rare event, the impairment procedures of
NFPA 25 could be followed to mitigate the fire risk. If a fire does occur during the power loss,
the fire protection system could be supplied through the fire department connection.

The text of A.9.3.2 was revised in this edition to include a reference to NFPA 25, Standard for
the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems, and a reference
to the fire department connection. However, it should be noted that the fire department con-
nection may or may not be able to provide fire protection to the entire facility, either because
limited pressure is available (e.g., in taller high-rise buildings) or because flow is limited (e.g.,
in large facilities and airplane hangars). The text of A.9.3.2 also references situations where
frequent interruption of a power source may warrant a backup standby power source.

(3) The normal source of power is not supplied by overhead conductors outside the protected
facility. Fire departments responding to an incident at the protected facility will not oper-
ate aerial apparatus near live overhead power lines, without exception. A backup source
of power is required in case this scenario occurs and the normal source of power must be
shut off. Additionally, many utility providers will remove power to the protected facility
by physically cutting the overhead conductors. If the normal source of power is provided
by overhead conductors, which will not be identified, the utility provider could mistak-
enly cut the overhead conductor supplying the fire pump.

(4) Only the disconnect switches and overcurrent protection devices permitted by 9.2.3 are
installed in the normal source of power. Power disconnection and activated overcurrent
protection should only occur in the fire pump controller. The provisions of 9.2.2 for
the disconnect switch and overcurrent protection essentially require disconnection and
overcurrent protection to occur in the fire pump controller. If unanticipated disconnect
switches or overcurrent protection devices are installed in the normal 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 motor are shown in Figure A.9.2.
Other configurations are also acceptable. The determination of the reliability of a service is
left up to the discretion of the authority having jurisdiction.

9.3.3 An alternate source of power for the primary fire pump shall not be required where a
backup engine-driven fire pump, backup steam turbine-driven fire pump, or backup electric
motor—driven fire pump with independent power source meeting 9.2.2 is installed in accor-
dance with this standard.

The use of a backup engine-driven or backup steam turbine—driven fire pump increases the
reliability of the fire suppression system for the premises being served and, therefore, an alter-
nate source of power is not required.

9.3.4 Where provided, the alternate source of power shall be supplied from one of the fol-
lowing sources:

Both the regular and the alternate source could be a service connection as specified in 9.2.2(1),
since the two sources derive from separate substations and are fed by different power lines.

(1) A generator installed in accordance with Section 9.6
(2) One of the sources identified in 9.2.2(1), 9.2.2(2), 9.2.2(3), or 9.2.2(5) where the power
is provided independent of the normal source of power
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» FAQ

What is meant by “power is provided independent of the normal source of
power”?

The phrase “power is provided independent of the normal source of power” in 9.3.4(2) means
the alternate sources of power are not derived from the service providing the normal source
of power.

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

The alternate power supply must not be transmitted through overhead power lines in close
proximity to the building being supplied so that fire department operations do not result in the
de-energization of these lines.

9.3.6 Two or More Alternate Sources. Where the alternate source consists of two or
more sources of power and one of the sources is a dedicated feeder derived from a utility ser-
vice separate from that used by the normal source, the disconnecting means, overcurrent pro-
tective device, and conductors shall not be required to meet the requirements of Section 9.2
and shall be permitted to be installed in accordance with NFPA 70, National Electrical Code.

The alternate source may consist of two or more sources of power. When one of those sources
is a dedicated feeder derived from a utility service separate from that used by the normal
source, the reliability of the power available to the fire pump controller is increased signifi-
cantly, and the special requirements of Section 9.2 are considered unnecessary.

9.4* Voltage Drop

A.9.4 Normally, conductor sizing is based on appropriate sections of NFPA 70, National
Electrical Code, Article 430, except larger sizes could be required to meet the requirements
of NFPA 70, Section 695.7 (NFPA 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
requirements of NFPA 70, Section 695.7.

Calculating starting voltage drops is more complex than calculating motor running voltage
drops. The reason is that a motor running at, or near, full load has a power factor (PF) of
approximately 0.85 (85 percent PF). As such, the calculation can usually be made with the
help of Chapter 9, Table 9, of NFPA 70 using the calculation method “effective Z at 0.85 PF.”
For starting voltage drop, the motor impedance has a PF of 30 percent to 40 percent (PF of
0.30 to 0.40). The PF of the source, the transformers, and all wiring — especially wiring to the
controller and motor — must be calculated vectorially. This is especially important with larger
size (higher horsepower) motors, since larger power sources and wiring tend to have lower
PFs. The reactance and ac resistance of wiring is provided in the other columns of Table 9
of NFPA 70. The reactance and resistance are part of the variables needed for the complex
impedance (vector) calculations. Another resource for calculating voltage drop is NEMA ICS
14, Application Guide for Electric Fire Pump Controllers, Section 2.1, Power Conductors Connected
to the Fire Pump Controller and Motor.

9.4.1 Unless the requirements of 9.4.2 or 9.4.3 are met, the voltage at the controller line
terminals shall not drop more than 15 percent below normal (controller-rated voltage) under
motor-starting conditions.
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» FAQ

Why is voltage drop critical in the operation of a fire pump?

Excessive voltage drop results in the motor magnetic contactor chattering, since the hold-
ing coils of magnetically operated devices are only required to hold the contacts closed at a
minimum of 85 percent of rated voltage. While some controllers are designed and tested to
allow a much greater voltage drop, the 85 percent minimum hold-in voltage is the minimum
requirement for contactors in general.

9.4.2 The requirements of 9.4.1 shall not apply to emergency-run mechanical starting.
(See 10.5.3.2.)

The most common field failure of electric fire pump controllers is a burnt-out contactor coil(s)
or the burnt-out circuitry that is supposed to energize the coil(s). The emergency-run mechani-
cal operator pushes in the contactor plunger mechanically (directly) to close the contacts in
order to energize the motor. However, some contactor designs locate the coil over the open
gap between the motor contactor plunger and the fixed magnetic core. When the coil melts
into this gap, it prevents the mechanical operator from working.

» FAQ

Why do the voltage drop requirements of Section 9.4 not apply to the emergency-
run mechanical starting operation of the fire pump controller?

Many controllers are of reduced voltage starting—type construction. These controllers are usu-
ally used where the capacity and/or voltage regulation of the normal or alternative source
(gen-set) is insufficient to start the motor under full voltage across-the-line (direct-on-line) ATL
(DOL) conditions. The emergency-run mechanical start operation of these controllers is accom-
plished by starting the motor at full available line voltage mechanically, so the consideration
of controller contactor chattering or other controller malfunction is irrelevant. The motor will
accelerate the pump to full speed, even at full pump load and even when the voltage drops
more than 115 percent (within reasonable limits).

9.4.3 The requirements of 9.4.1 shall not apply to the bypass mode of a variable speed pres-
sure limiting control (see 10.10.3), provided a successful start can be demonstrated on the
standby gen-set.

The voltage drop requirements of Section 9.4 do not apply to the bypass mode of a variable
speed pressure limiting control (VSPLC) device for the same reasons they do not apply to the
emergency-run mechanical starting operation of the fire pump controller. The requirement
that a successful start can be demonstrated on the standby generator, if provided, is neces-
sary, because the capacity of the standby generator may not be sufficient to allow for starting
of the fire pump motor in this mode. If successful start cannot be demonstrated, the bypass
mode is of no use in the event of failure of the normal power source. This risk of failure is
also why nearly all such controllers make use of reduced voltage (reduced in-rush) starting in
the bypass path, of which the two most common types are primary reactor start or soft start.
However, it should be noted that the starting currents in the variable speed mode are lower
than those of any other starting method, and the generator is often sized (selected) based on
this fact (the generator capacity is often selected based on meeting the 115 percent maximum
drop under “normal” motor starting conditions).

9.4.4 The voltage at the contactor(s) load terminals to which the motor is connected shall not
drop more than 5 percent below the voltage rating of the motor when the motor is operating
at 115 percent of the full-load current rating of the motor.
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The substantial revision to 9.4.4 is that the motor voltage drop measurement is now specified
at the motor contactor(s) in the controller, rather than “at the motor terminals” as stated in
previous editions. This revision means the voltage drop easier to measure and is also common
practice. However, the revised location also makes the requirement somewhat more difficult
to meet in marginal (close) situations, since the voltage drop in the wiring to the motor is now
included in the voltage drop measurement. Fortunately, this is a small factor in most installa-
tions due the normally short wiring run between the controller and the motor.
Note that the list of raceways (conduits) is also covered in 695.6(D) of NFPA 70.

» FAQ

Is voltage drop critical at any time other than during motor starting?

Voltage drop is critical during motor operation at the maximum allowable service factor (SF)
of 1.15, because lower voltages result in higher motor running currents. Higher currents occur
because the motor must draw more electrical current at lower available voltage in order to
deliver the required mechanical power (torque times speed) to the pump shaft. A drop of only
5 percent results in 121 percent motor current, which results in 46 percent greater motor wind-
ing heating. The following equations illustrate an example:

1.15 / 95% = 1.21 (121%)
and
121% squared (I.21?) heating = 1.46 (146%)%

9.4.4.1 Wiring from the controller(s) to the pump motor shall be in rigid metal conduit, inter-
mediate metal conduit, electrical metallic tubing, liquidtight flexible metal conduit, or liquid-
tight flexible nonmetallic conduit Type LFNC-B, listed Type MC cable with an impervious
covering, or Type Ml cable.

9.4.4.2 Electrical connections at motor terminal boxes shall be made with a listed means of
connection.

9.4.4.3 Twist-on insulation-piercing type and soldered wire connectors shall not be permitted
to be used for this purpose.

9.5 Motors
9.5.1 General.

9.5.1.1 All motors shall comply with NEMA MG-1, Motors 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.)

NEMA MG-1, Motors and Generators, covers ac and dc motors and generators. It establishes
minimum requirements and also establishes definitions and accepted values of numerous
parameters. Design B motors, as outlined by NEMA, are considered to be low starting current
and high starting torque motors, such as squirrel cage motors, which are widely used. The
applicable standard is UL 1004-5, Fire Pump Motors. These motors are tested for minimum
performance and electrical characteristics.

See Exhibit 11.9.1 for a typical fire pump motor nameplate.

9.5.1.2 The requirements of 9.5.1.1 shall not apply to direct-current, high-voltage (over
600 V), large-horsepower [over 500 hp (373 kW)], single-phase, universal-type, or wound-
rotor motors, which shall be permitted to be used where approved.
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TABLE 9.5.1.1 Horsepower and Locked Rotor Current Motor Designation for NEMA
Design B Motors

Locked Rotor Current Motor Designation (NFPA 70,

Rated Three-Phase Locked Rotor Indicating Code

Horsepower 460V (A) Letter) “F” to and Including
5 46 J
7% 64 H
10 81 H
15 116 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

EXHIBIT 11.9.1 Fire Pump
Motor Nameplate. (Courtesy
of Marathon Electric)
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Table 9.5.1.1 establishes the acceptable range of NEMA starting codes. These codes indirectly limit
the range of starting currents that the designated motors are allowed to draw. The table values
limit starting currents (LRA) to a range of approximately 5.0 times to 6.6 times motor FLA (500 per-
cent to 660 percent). This limit is absolutely essential, since fire pump controllers are designed,
tested, listed, and approved for starting currents of 600 percent of FLA. Some motors draw 700 per-
cent or 800 percent, but these motors result in unreliable and possibly unsafe installations. The
starting current is essential, even for reduced voltage and variable speed applications, since the
emergency-run mechanical operator always starts the motor in a full voltage ATL (DOL) mode.

» FAQ

Do any types of fire pump motors exist that are not required to be listed?

Paragraph 9.5.1.1 does not apply to the motors specified in 9.5.1.2. Currently, no published stan-
dards cover these motors for fire pump applications. In addition, motors for use with variable
speed controllers must meet the requirements of 9.5.1.4 (i.e., Part 30 and Part 31 of NEMA MG-1).
As of the publication of this handbook, no such motors are listed as fire pump motors under
ANSI/UL 1004-5, Standard for Fire Pump Motors. High voltage motors (now more typically known
as medium voltage motors) are used worldwide. These motors are more likely to be specific to the
application. Also, many variable speed high voltage motors are unsuitable for full voltage starting,
which is mandatory for a fire pump motor due to the emergency-run mechanical operator. It was
once common to find dc motors in downtown areas where buildings used to be supplied by either
200 VDC or 400 VDC service; however, mos